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AN ANALYSIS OF (n, 2n) CROSS-SECTION MEASUREMENTS 
FOR NUCLEI UP TO MASS 238 

by 

W. G. Davey, R. w.·Goin, 
and J. R. Ross 

ABSTRAC'J.' 

All suitable measurements of the energy dependence of 
(n, 2n) cross sections of all isotopes up to mass 238 have been 
analyzed. The objectives were to display the quality of the mea
sured data for each isotope and to examine the systematic de
pendence of the (n, 2n) cross section upon N, Z, and A. Graphs 
and tables are presented of the ratio of the asymptotic (n, 2n) 
and nonelastic eros s section to the neutron-asymmetry par am
eter (N - Z)/A. Similar data are presented for the derive.d nu
clear temperature, T, and level-density parameter, a, as a 
function of N, Z, and A. 

This analysis of the results of over 145 experiments on· 
61 isotopes is essentially a complete review of the current sta
tus of (n, 2n) eros s -section measurements. 

I. INTRODUCTION 

In a D- T fusion reactor, one neutron is produced for each tritium nu
cleus destroyed and, in a self-sustaining system, it is essential that this neu
tron be used to breed additional tritium by reactions in °Li and 7Li. To 
achieve this end, a breeding blanket containing lithium in some form must be 
wrapped around the fusioning region (plasma or pellet), and this blanket must 
not only allow a tritium breeding ratio greater than unity, but must also permit 
efficient removal (as heat) of about three -fourths of the energy generated in 
the fusion reactor and contribute substantially towards shielding. The inability 
in practice of surrounding the fusioning region completely results in leakage 
losses, and neutr.on capture in structural and coolant components causes addi
tional losses. Clearly, the initial single neutron per fusion must be multiplied 
to satisfy these and other sources of loss, and (n, 2n) reactions in the blanket 
generally provide the multiplication mechanism. 

In a given projected fusion-re:actor design, only a limited number of 
isotopes are included, b_ut ther·e are many existing projected designs and many 
more will undoubtedly evolve as fusion-reactor studies progress. Consequently, 

·' . . •. 
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there is a clear need for reasonably accurate knowledge of (n, 2n) cross sec
tions for a wide range of isotopes. Such high-energy cross sections as these 
tend to be incomplete both in the energy range covered and in the number of 
isotopes studied; furthermore, the many measurements obtained over the past 
two decades are, superficially at least; more characterized by their differences 
than by their agreements. Additionally, the fact that the resulting nucleus may 
often decay in more than one way can mean that some apparently good mea
surements are only measurements of part of the (n, 2n) eros s section. A well
known example of this latter case in fusion-reactor studies is that of niobium, 
where the earlier data used were in error by a factor of more than two. 

A possible solution is, of course, to attempt to establish the system
atics of the behavior of (n, 2n) cross sections. In this way, incomplete or er
roneous measurements may be identified, measurements made on different 
isotopes may be used to supplement each other, and, finally and hopefully, 
good predictions may be made of cross sections even where they have not been 
measured. This approach has been used many times but has not, in general, 
addressed itself to a wide range of data. In fact, as we discuss in the next 
·section, some widely used calculations are based upon an important early 
study which necessarily examined a limited range of experimental data. Con
sequently, although the conclusions of these studies are not necessarily in 
error, the experimental verification is limited and the degree of elaboration 
used may not introduce significant improvement in the accuracy of prediction. 

The intent in the present work is to e:xtend the range of the experi
rriental work studied to cover essentially all the experimental data available 
up to mass 238. We have also introduced some modifications and hopefully 
improvements over earlier work, but the prime objective has been complete
ness and not sophistication. In fact, we should state at the outset that our work 
indicates a considerable degree of confusion and even contradiction and does 
not provide sufficiently accurate predictions of (n, 2n) cross sections for all 
materials of fusion-reactor interest; one of our conclusions is that further 
experiments are needed. However, we believe that certain broad trends are 
confirmed, the existence of magic -number effects is examined, and, at mini
mum, a complete status report is provided with benefit to future studies. 

II. OUTLINE OF THE PRESENT STUDY 

This work consists of the study of the energy-dependent (shape) mea-:
surements of (n, 2n) eros s sections. 

The pioneer work in the elucidation of (n, 2n) systematics was per
formed in Los Alamos in 1961 by Barr, Browne, and Gilmore 1 in their analysis 
of the measurements of Prestwood and Bayhurst2 and one measurement of 
Knight, Smith, and Warren. 3 The data (for 15 isoto pe_s) were chosen on the 
basis that they were recent, covered an extensive energy range, and were 



performed in the same laboratory using consistent experimental methods. 
These conditions offered a good possibility of identifying systematic behavior. 

Barr, Browne, and Gilmore fitted each set of data assuming the statis
tical model was applicable and that the level density was described, first, by 
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Fig. 1. Typical Fit of Data to the Constant
temperature Nuclear Model. ANL 
Neg. No. 103-B11676. 

the Fermi -gas model and second by 
an alternative formula including the 
pa1rmg energy. In the fitting pro
cedure, data points for energies above 
the (n, 3n) thresholds were not included 
and each {n, 2n) cross section was ex
trapolated to a constant, asymptotic 
value, o ASYM• which was equated to 
the cross section for any compound 
nucleus decay by neutron emission.* 
In this procedure, the value of the 
level-density parameter, a, was de
termined by the shape of the cross 
section as a function of energy, but 
not by the absolute values of the erosE! 
sections. The asymptotic cross sec-.. 
tion was, of course, dependent upon 
the magnitude of the measured values· 
and also, to a varying degree, upon 
the choice of fitting formula and the 
fitted value of a, depending, in part, 
upon how near the highest-energy 
measured points approached an 
asymptotic value (see Fig. 1 ). 

Implicit in the fitting formula 
was the assumption that the compound-
nucleus -formation cross section was 

constant over the energy range of the measurements. The formula also as
sumed that the inelastic and the (n, 2n) reactions are competitive, and that.· 
reactions competing with the (n, 2n) cross section are either. constant over the 
range of the measurement, or are negligible. 

Using the Fermi-gas formula, Barr, Browne, and Gilmore found that 
the le~ei'-density parameter was reasonably well described by 

(1) 

where A is the target mass number for nuclei between the lowest mass studied, 
40, and about 120, but that a modified formula 

*The ;:tsymptotic cross section for any neutron emission from the compound nucleus was denoted by a (n, M) in 
Ref. 1. 
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had to be used to include the single additional point C~38U) above mass 120 
(see Fig. 2). 

14,-----,------,,-----.-------.-----.-------.-----~------,-----,------, 

12 

10 

a= 10 { 1-1.49 e-•-••'•) 
Cl 8 

6 

\ 
2L-----~----_i ______ L_ ____ -L----~------~-----L----~~--~~----~ 
40 60 80 100 120 140 . 160 180 200 220 240 

A 

Fig. 2. Correlation of the Level-density Parameter, a, from the Least-squar~ 
Calculations with Target Mass Number. ANL Neg. Nu. 103-511667. 

(2) 

Perhaps even more i~portantly, they found that the ratio o ASYM/one' 
where One is the nonelastic cross section (equated to the compound-nucleus 
formation cross section), was well described as a function of the neutron ex
cess parameter (N - Z) /A by the empirical relationship (see Fig. 3) 

0
ASYM = 1 _ 1 .754e-18.14(N-Z)/A. 

0 ne 
(3) 

Only one experimental point deviated significantly from the curve 
shown in Fig. 3, and this could plausibly be attributed to errors arising from 
the uncertainty in the decay scheme of the relevant isotope. 

In deriving this forn1.ula, they assurned that One was nut dependent on 
energy and was given by the formula of Flerov and Talyzin, 4 namely 

_ ( 1/3 )Z one- TT0.12A +0.21 barns. (4) 

This formula was der.ived in 1957 and was based entirely upon measurements 
at and near 14 MeV. 
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Fig. 3. Empirical Correlation of the Least-squares-fixed 
Parameter oASYM(n, 2n). ANL Neg. No. 103-B11578. 

0.17 0.19 

We have described, the work of Barr, Browne, and Gilmore in some 
detail because it is the basis of our own and other studies of {n, 2n) system
atics. Here we must note that the empirical relationship for a ASYM defined 
by Eqs. 3 and 4 is strictly valid only for the particular formulas used by Barr, 
Browne, and Gilmore, and the level-density parameters given by Eq. 1 or 2. 
Thus, for example, the widely used study by Pearlstein5 {recently extended to 
include other reactions6 ), which uses the relationships of Eqs. 3 and 4 but, for 
example, level-density formulas not derived from (n, 2n) measurements, and 
which include shell effects {and differing in Refs. 5 and 6), includes this 
inconsistency. 

Our own work is closely based upon the work of Barr, Browne, and 
Gilmore, but differs from it in the following respects: 

1. We have used the many measurements of the nonelastic cross 
section to allow for the significant decrease that occurs at energies above 
about 14 MeV. 

2. We have. analyzed essentially all the measured {n, 2n) energy
dependent data available up to mid-1973. The data obtained in each experiment 
were analyzed separately to avoid sources of error arising from mixing in-· 
consistent data and included about lSO sets of data for over six isotopes. 

9 



10 

3. We have fitted two formulas, based on a constant-temperature 
model and a level-density formulation. The level-density formula is some
what simpler than that used by Barr, Browne, and Gilmore. 

4. We have not included in the analysis any data points that lie close 
to the (n, 2n) threshold: since we believe that uncertainties in the neutron en
ergies could give inordinate errors in the fitted parameters if these data points 
are not deleted. As with Barr, Browne, and Gilmore, all data points at and 
above the (n, 3n) threshold are deleted. . 

The sources of data included all traceable sources up to and including 
the 1973 Supplement to the CINDA Index. 7 The microfilm data listing prepared 
by Livermore8 was very valuable in the data search, and references to that 
file are included in the sources given later. 

III. ENERGY DEPENDENCE OF THE NONELASTIC CROSS SECTION 

As discussed in the previous section, analyses of (n, 2n) cross sections 
must make some postulate regarding the energy dependence of the compound
nucleus formation cross section (or nonelastic eros s section), and in all prior 
analyses, it has been assumed that this is not energy-dependent. This assump
tion is certainly incorrect, since measurements exist that show that this eros s 
section decreases significantly in the 15- to 20 -MeV range, the energy of the 
onset of the decrease being less for lower-mass nuclei. Since (n, 2n) reac
tions lie largely in this energy range, significant errors can be made by not 
including this effect for medium- and low-mass nuclei, although the effect is 
small for high-mass nuclei. 

The procedure we have adopted here is to collect and analyze all avail
able measurements of the nonelastic eros s section in the range of about 10-
100 MeV and obtain empirical fits to these data as a function of neutron energy 
and target mass. The parameters entering into these fits were then plotted, 
and smoothed functions of these were used to correct for the energy and mass 
dependence. Details of these latter are given in Sec. IV. 

The experimental data available are very numerous and details are 
relegated to Appendix A, and only the results of the analyses and fits will be 
discussed at this point. However, we would note that the Flerov-Talyzin data 
often used to describe the nonelastic cross section (see Sec. II) represent only 
one set of experiments at one energy, whereas nearly 50 sets of data available 
from about 10 to 1400 MeV have been used in the present work. 

The measure.ments of the mass and energy dependence of crne are illus
trated in Fig. 4. Here we show weighted means of some of the experimental 
data obtained for the energy ranges 7-9, 9-11, 12-13, 13.9-14, and 14.8-20MeV, 
and at 21.0, 25.5, 29.2, 55, 81, 105, and 140 MeV, together with fitted curves. 
Here the plots are of ..rc;yn versus A 113 , since a linear relationship is anticipated 



for the simple case of a black, constant-density nucleus and many of the points 
are well-described by this relationship: Experimental errors have been omit
ted in the interest of clar~ty, but they are generally quite small and of the 
order of the deviations of the points from the fitted lines. 

I.Or---.----.....,-----,---,-----,---.-----, 
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6 55.0 Mev 

0.0'-----'-----1------L----1---L---.J...._ __ ...J 
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Fig. 4. Nonelastic Cross Section as a Function of A 
and Energy. ANL Neg. No. 103-B11669. 
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As can be seen, very many elements have been studied close to 14.2 MeV 
and, indeed, most of the_ experimental points plotted here are th~ weighted mean 
values of several separate experiments. At other energies the information is 
much more sparse, and at the higher energies the data points usually repre
sent the result of only one experiment. Clearly, a linear relationship is always 
satisfactory and usually an excellent representation of the data for nuclei of 
mass greater than about Z5 -30, and it is only in the case of the 14 -MeV data 
that there is sufficient detail to indicate that a better fit would be a higher
order curve passing through the origin. In general, a linear fit to each set of 
data for masses greater than about 25 does not pass through the origin and the 
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small number of lower mass points (often only one) indicate that the general 
shape for all energies is a downward-curving plot passing through the origin 
as shown by the 14-MeV data. Furthermore, the experimental data below 
14 MeV show no significant evidence that they differ from the more precise 
and complete 14-MeV values, and we conclude that the nonelastic cross sec
tion is constant for all nuclei up to at least this energy. 

In view of the above observations, we have chosen to represent the non
elastic cross section at each neutron energy by two :linear relationships be
twe~n ram and A 113

. For nuclear masses up to A 113 = 3, a "low-mass" line, 
which passes through the origin, was used. Above A 113 = 3, a "high-mass 11 

linear fit to the experimental data was used. The slope and intercepts of the 
"high -mass" line are determined by plotting these parameters for the experi
mental energies and fitting smooth curvesthrough these plots. These param-
eters are shown in Fig. 5. The slope of the low-mass line is determined by 
plotting the shapes of lines pas sing through the origin and the experimental 
./O(n data for carbon, the o~ly material for which a reasonably large number 
of measurements are available. 

0.24.----,---,---T"TI -r-..--.---r-r--r-,:---..----. 

0.22 

0.20 

0.18 

0.16 

0.14 

1-
Q.. 0.12 
UJ 
0 a:: 0.10 
UJ 

~ 0.08 

0.06 

0.04 

0.02 

0.00 

-0.02 

' I 

AI : 
I 

,/ 
I 
I 
I 
I 
• SLOPE 
I 

' ' I 

:'I) 
I 

: 
I 

II/ 
I 
I 

I 
I 

I 
I 
I 
I 

I 
I 
I 

I 
I 

I 
I 
I 

I 

/A 
I 
I 

I 
I : 

I 

A / 
-----6 

INTERCEPT 

6 

0 

0.140 

0.138 

0.136 

0.134 

0.132 

0.130 

0.128 UJ 
Q.. 

0.126 ~ 
en 

0.124 

0.122 

0.120 

0.118 

0.116 

0.114 

0.112 
150 200 -o.o1'="o-:--1~5--:2':-o---=3-!'::o-..:'4':-o-:!5':-o-:6-!-::o-:r-!-::o-'-~lo-:o-:--~~ 

NEUTRON ENERGY (Mev) 

Fig. 5 

Slope and Intercept for Higher Range 
of A. ANL Neg. No. 103-B11668. 

For energies :s;l4.2 MeV, one was defined by the lines 

for 0 :s; A 113 :s; 2 . 7 8 5, and 

.;-;-r; = 0.2317 + O.ll28A113 

for A 113 ~ 2.785. 



For energies >14 .. 2 MeV, somewhat more complicated relationships 
were found to be necessary, since a smooth plot was best obtained U$ing a 
logarithmic plot and the intersection of the two lines was energy-dependent. 

For the lower-mass range, we have (from the carbon data) 

~ = (0 .1960- 0.00 167(E - 14.2) )A113 , . 

and for the higher range, 

J;;7;r = 0.2317 - 0.2189(-tn E - tn 14.2) + 0.04777(-tn E - tn 14.2)2 

+ [0.1128 ± 0.03263(-tn t- tn 14.2))A113 , 

and these intersect at 

A 1 13 = 0.2317 - 0.2189(-tn E - tn 14.2) + 0.04777(-tn E - tn 14.2)2 

0.0832 - 0.00 167(E - 14.2) - 0.0326(-tn E - tn 14.2) 

The movement of the point of intersection with energy is not large and, 
for example, atE = 30 MeV .occurs at A 113 = 2.92, compared with the value of 
2. 785 at 14.2 MeV. 

These relationships should only be used up to about 30 MeV, since they 
do not fit well at higher energies (see Fig. 5). An illustration of the correc
tion for the energy dependence of one for several nuclear masses that results 
from this representation is shown in Fig. 6. It can be seen that very signifi
cant corrections are involved for many nuclei. The correction is approxi
mately linear over the most important energy range up to 20 MeV and leads 
to some probable nonphysical behavior. Most importantly, the correction for 
low-mass nuclei (illustrated by carbon) is actually less than for some higher
_mass nuclei (such as aluminum). This is hardly reasonable, but it is difficult 
to see how an improved description could be obtained using the existing ex
perimental data. 

+5~--~-----r----~----r---~----~----, 
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Fig. 6 

Percentage Change in a ne vs 
Incident Neutron Energy. 
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In addition, the percentage correction per MeV decreases slightly with 
'increasing energy (the lines of Fig. 6 are concave), whereas it might be ex
pected that the reverse behavior would be true (lines of Fig. 6 would be con
vex). This detail is hardly important in view of the error that must be 
associated with this correction, but it is an indication that an improved de
scription would be of value. However, for all but the lightest nuclei, the cor
rection increases with decreasing mass (for a given energy) as expected, and 
overall it is not unreasonable, considering the lack of precise and detailed 
measurements. 

We conclude that the nonelastic correction we apply is likely to be ade
quate for masses above about 27, but is doubtful for lower masses when the 
correction is large. In practice, this only affects the results for carbon, since 
the corrections for other elements (fluorine, sodium) are fairly small. 

The method of "correcting" for the decrease in one at higher energies 
is to divide the measured o(n, 2n) by the ratio One(E)/one(l4.2 MeV). This is 
described in Sec. IV. The fitted curves and tables discussed in Sec. V show 
the effect of the "correction" for one in the form of the "adjusted" eros s 
sections. 

IV. DATA-FITTING PROCEDURE 

A. Derivation of the Adjusted Cross Section 

The measured (n, 2n) cross sections above 14.2 MeV no :not include 
effects of the variation of the compound -nucleus -formation cross section. 
Therefore, the measured values were corrected to reflect the "true 11 total 
(n, 2n) cross sections. This correction was done by calculating one(E)/ 
one(l4.2 MeV) for each measured energy value (as discussed in Sec. III) and 
dividing the measured (n·, 2n) cross section by the ratio. Below 14.2 MeV, no 

·correction was made. 

The resulting "adjusted". (n, 2n) cross sections are given in each table 
in Appendix B, together with the measured values. The corrections were 
small (<20%, except for the iow mass isotopes. (See comments in Sec. III.) 

B. Energy Range of Fitted o(n, 2n) Data 

All data above the (n, 3n) threshold were rejected because the (n, 3n) re
action competes with and thus decreases o(n, 2n), and this was not included in 
the correction formulas. 

Data close to the (n, 2n) threshold, Et, were also rejected due to the 
. great effect of errors ip the measured energy data upon the fitting parameters. 
F'or all cases, data were rejected below Et + T, where T (the nuclear tempera
ture) is roughly estimated from the work of Barr, Browne, and Gilmore and 
was assumed to be T = A/13. 



Having an exact value of T for this purpose is not important, since it 
affects very few data points, but, because of the high fractional errors, it is 
important to reject data close to the threshold. 

This method follows the intent of the Barr, Browne, and Gilmore sug
gestion that the fit should be in the midportion of the energy range from the 
(11, 2n) threshold to the (n, 3n)threshold, although Barr, Browne, and Gilmore 
did not reject data near the (n, 2n) threshold. We speculate that the rejection 
of data between Et and Et + T is the primary reason that our fit of the 
Prestwood-Bayhurst data give a consistently better fit. (See, for example, 
58Ni in Appendix B.) 

C. Fitting Procedure 

The "corrected" (u, 2n) cross -section data were fitted to expressions 
that describe two nuclear models as suggested by Barr, Browne, and Gilmore. 
The first, the constant-temperature model, is 

(5) 

in which the asymptotic (n, 2n) cross section, a ASYM' and the nuclear tem
perature, T, were obtained by least-squares fitting of the corrected data. 

The second formula was the level-density model inwhich the level
density parameter, Q', was the fitting parameter rather than a constant tem
perature, T: 

( 6) 

The least-squares fitting was done using a generalized weighted least
squares -fitting program on the SEL 840 MP computer.* The data were 
weighted using the inverse square of the· experimental uncertainties as weights. 

V. RESULTS OF THE FITTING PROCEDURES 

The detailed experimental data, the same data corrected for the vari
ation of the nonelastic cross section, and the fitted parameters for the constant 
temperature fit are given in the tables and graphs of Appendix B. The equi va
lent data for the level-density Q' fit are also given in Appendix B. The results 
of all of these fits are summarized in Table I. In both appendixes and in 
Table I, the reference quoted is the listing given in Appendix A, which refers 
exclusively to the origins of the experimental data. ·The reference system 

*This computer program is based upon a least-squares-fitting code developed by J. Gardner Atkinson at The 
University of Texas ar Austin, Texas, which in turn was based upon the work in Ref. 9. 

15 
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TABLE I. Summary of Data Fits 

N X A T Fit a Fit z 
N-Z T MeV cr ASTI1/ crne a MeV- 1 crAsYM/crne 

A Ref. (!:IT) Mean (l:l cr/cr) Mean {!:Ia} Mean (l:l cr/cr2 Mean 

6c!2 A 73 6.173 4.690 0.1008 0.0479 0.339 0.454 0.1685 0.0529 
6 

0.0159 0.0038 0.137 0.127 0.0508 0.0067 0. 750 0.406 
(0.00000)· 

B 61 4.409. 0.0479 1.091 0.0559 
0.541 0.0043 0.335 0.0076 

B 52 2.790 0.0271 2.427 0.0315 
1.064 0.0100 2.143 0.0149 

7Nl4 B 65 1. 729 1. 738 0.0181 0.0182 4.005 3.938 0.0198 0.0199 7 
0.075 0.070 0.0006 0.0006 0.463 0.416 0.0010 0.0009 

(0.00000) B 61 1. 865 0.0171 3.914 0.0181 
0.633 0.0028 2. 723 0.0036 

. F 60 1.791 0.0192 3 .. 623 0.0215 
0.204 0.0017 1.0111 0.0027 

p 60 3.613a o. 01,98 0.473a 0.0965 
0.684 0.0137 0.287 0. 0477 

s 0 16 B 61 9.194 0.0666 No Fit 
8 

2.307 0.0214 
(0.000002 
1 OF 1 ~ v 68 3.689a 2. 770 4.5961a 0.1636 0.414a 1.063 9.4620a 0.2191 9 

0. 323 0.084 0.5894 0.0061 0.1J-7 0.104 2.2135 0.0147 
(0. 05263) 

M 67 L.bbL 0.1542 1.309 0.2019 
0.157 0.0105 o. 242 0.0242 

tl 65 2.895 0 .Hi4.J 1.068 o. 22'•2 
0.127 0.0081 0.157 0.0213 

p 65 1. 496a 0.1160a 5.752a 0.1206a 
0.161 0.0057 1.281 0.0069 

R 63 3.371 0.2338 0.610 0.3960 
0.3'>7 0.0342 . 0.213 0.1072. 

B 61 2.794 0.26lla 1. 353 0.3226a 
0.?.69 o. 0235 0.343 0.0448 

p 60 2.252 0.1694 1. 786 0.2236 
0.248 0.0216 0.484 0.0396 

12Na2 3 
11 H G7 1. 621 1.854 0.13'!6 0.162(/ 5.083 3, 463 0.1Mi1 0.1828c 

0.151 0.057 0.0094 0.0661 1.077 0.252 0.0129 0. 0779 
(0.04348) L 65 1.911 0. 2885 3.363 0.3323 

0.062 0.0099 0.259 0. 011+6 

PI 65 . 1. 027 0.0646 11.553 0.0701 
0.416 0.0175 8.940 0.0203 
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TABLE I. (Cont·d.) 

N X A T Fit a Fit z 
N-Z T MeV 0

tSYN
10

ne a Mev- 1 0ASYM/ 0ne 
A Ref. ·(ll T) Mean ll cr/cr) Mean ~q)_ Mean (ll cr/cr) Mean 

16p31 B 63 1.909 0.0721 3.439 0.0816 15 
0.133 0.0048 0.506 0.0063 

(0.03226~ ·-·---
20K39 A 65 3.338 2.263 0.0252 0.0312 0.761 2.061 0.0416 0.0389 19 

1. 667 0.196 0.0188 0.0030 1. 071 0.423 0.0476 0.0048 
(0.02564) B 65 2.248 0.0314 2.301 0.0389 

0.197. 0.0030 0.460 0.0048 
.24sc45 A 64 1.063 1. 420c 0.3524 0.4267c 11.102 7.424c 0.3651 0.4598c 21 

0.059 0 . .'358 0.0125 0.0743 1.434 3.678 0.0161 0.0947 
(0.06667) p 61 1. 778 0.5011 3.746 0.5546 

0.084 0.0260 0.500 0.0428 
24Ti46 p 66 2.548 2.050c 0.3189 0.2626c 1.817 3.593c 0.3990 0.3121c 22 

0.112 0.314 0.0158 0.0319 0.300 1. 378 0.0415 0.0501 
(0. 04 348) 

B 65 1.468 0.2084 6.306 0.2253 
0.056 0.0067 0.679 0.0111 

p 61 2.133 0.2606 2.655 0.3120 
0.292 0.0375 0.971 0.0665 

26cr5o 
24 B 66 1. 778 0.0850 4.129 0.0949 

0.111 0.0045 0.493 0.0053 
(0.04000~ 

L Bcr52 B 67 1.131 0.4194 10.374 0.4330 24 
0.0248 0.075 0.0186 1.6$8 

(0.07692) 

30Mn55 B 69 1.197 1.'1./9 0.6722 0.6855 8.729 7 .. 341 0.6914 0.7043 25 
0.087 0.024 0.0188 0.0124 1.440 0.273 0.0247 0.0158 

(0.09091) M 67 1. 224 0.6958 8.283 0.7133 
0.053 0.0165 0.823 0.0206 

p 65 1. 303 0.8592a 7.162 0.8918a 
0.028 0.0099 0.295 0.0106 

28Fe54 
26 B 72 1.268 1.284 0.0536 0.0538 8.539 4. 773 0.0576 0.0577 

0.089 0.088 0.0034 0.0034 1. 342 0.912 0.0043 0.0043 
(0.03704) A 68 2.588 0.2174 1.548 0.3004 

0.801 0.0903 1.242 0.1766 
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TABLE I. (Contd.) 

N X A T Fit a Fit z 
N-Z T MeV 0 ASYM/0 ne a Mev- 1 0 ASYM/ 0 ne 

A Ref. (!:IT) Mean (l:l cr/cr) Mean (l:la) Mean (l:l cr/cr) Mean --
32c0 59 D 68 1.175 1.190 0.5411 0.5599c 8~697 8.622 0.5594 0.5764c 
27 0.037 0.014 0.0083 0.0126 0.617 0.156 0.0106 0.0142 
(0.08475) 0 67 1.183 0.8748d 8.385 0.9254d 

0.122 0.0487 1.978 0. 0682 

B 66 1.124 0.5703 9.609 0.5883 
0.110 0.0282 1. 738 0.0291 

p 66 0.896a 0.5375 15.641a 0.5475 
0.087 0.0193 3.354 0.0238 

p 65 1.194 0.5908 8.610 0.6104 
0.015 0.0039 0.163 0.0034 

3()Ni58 2.158 1. 407 0.1010tl 0.0473c 2.083 6.191 d 0~0510c c 65 0.1354 
28 1.181 0.033 0.0711 0.0071 2.893 0.294 0.1327 0.0074 
(0.03448) 

p 65 1.367 0.0472 6.990 0.0502 
0.037 0.0009 0.370 0.0010 

J 6J 2.136 0.0350 2.940 0.0386 
0.341 0.0036 1.051 0.0052 

p 6i 1.524 0.0596 5.460 0.0643 
0.072 0.0030 0.552 0.0036 

34cu63 B 69 l. ')fi, L 7fi7 O.fi124 n. 7179 u.8"7 3.544 0.7057 0.7823 
£':! 0.080 ·0.017 0.0201 0.0053 0.466 0.090 0.0238 0.0066 
(0. 07937) L 65 1. 790 o. 7233 3.538 II. ~!J:i I 

0.020 0.0066 0.111 0.0115 

R 63 1. 703 0.5127 3 4.032 0.5560a 
0.038 0.0085 0.238 0.0136 

G 62 1. 741 0.5934 3.432 0.6980 
0.127 0.0414 0.581 0.0638 

K 62 1.814 0.6385 3.249 0.7279 
0.106 0.0315 0.619 0.0663 

F 60 2.036 0.6821 2.526 0.8064 
0.121 0.0394 0.271 0.0473 

p 60 1. 687 0.8683 3.676 1. 0125 
0.315 0.1553 1.624 0.2407 

A 59 1. 530a 0. 7236 4.970a 0. 7827 
0.066 0.0213 0.151 0.0091 

_C 56 0.951a 0.4041a 13.792a 0.4150a 
0.109 0.0204 3.272 0.0238 

B 52 1.643 0.7003 4.802 o. 7384 
0.240 0.0539 . 1. 303 0.0601 
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TABLE I. (Contd.) 

N X A T Fit a Fit z 

N-Z T MeV 0 ASYM/0 ne a Mev- 1 a /a 
ASYM ne 

A Ref. (11T) Mean (11 a/a) Mean (11a) Mean ~11 a/a) Mean 

36cu65 B 69 1.161 a 1.305 0.7161 0. 7072c 9.186a 6.847 0.7322 0.7247c 
29 . 

0.044 0.015 0.0099 0.0181 0.661 0.212 0.0107 0.0230 
(0.10769) 

c 69 0.914a 0.6708 16.397a 0.6745 
0.018 0.0017 o. 381 0. DOll 

s 66 1. 436a 0.8115d 4.984a 0.8955d 
0.036 0.0156 0.373 0.0289 

p 65 1. 330 o. 7755 6. 717 0.8082 
0.017 0.0052 0.2.30 0.0081 

R 111 0.94l 0.6482 15.309 0.6514 
0.145 0.0191 5.344 0.0229 

R 63 1.127 0. 7l11 9.628 0.7268 
0.068 0.0203 1. 376 0.0261 

p 61 1. 249 0. 7218 7.500 0.7550 
0.040 0.0124 0.635 0.0193 

p 60 1.591 1. 3699d 4.287 1. 5l11 d 
0.265 0.1568 1. 653 0.2336 

34znb4 B 69 2.476 2.307 0.4704 0.4004 1.633 1. 888 0.6142 0 .. 4999 30 0.069 0.032 0.0153 0.0308 0.135 0.081 0.0335 0.0398 
(0.06250) p 65 2.328 0.4204 1. 953 0.5214 

0.042 0.0082 0.112 0.0180 

B 63 1. 750a 0.2305d 4.205a 0.2493d 
0.149 0.0141 0.934 0.0221 

R 63' 2.045 0.3257 2.686 0.3816 
0.082 O.Ol19 0.322 0.0238 

K 60 1. 616a 0.2710d 4.469a 0.3047d 
0.058 0.0093 0.386 0.0139 

A 59 2.281 0.3298 1. 790 0.4467 
0.182 0.0329 0.434 0.0752 

c 56 1.913 0.4556 3.085 0.5357 
0.228 0.0406 0.872 0.0690 

36 zn b6 B 69 1.427 0.8333 6.326 0.8758 30 
0.052 0.0153 0.434 0.0173 

l_9.09091) 

3Bca69 B 65 1.401 0.8458 6.192 0.8856 31 
0.080 0.0267 0.731 0.0321 

(0.10145) 
40ca 71 · D71 0.837 o. 7603 18.383 0.7642 
31 0.085 0.0096 4.070 0. Ol18 
(0.12676~ 
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TABLE I. (Contd.) 

N X A· TFit a Fit z 
N-Z T MeV 0 ASYM/ 0ne a Mev- 1 0 ASYM/ 0 ne 

A Ref. (tiT) Mean (t! o/o) Mean (t~a) Mean (t! o/o~ Mean 

3Bce7o B 72 1.161 1.263 0.6318 0.6404 9:695 7.850 0.6549 0.6689 32 
0.071 0.034 0.0151 0.0114 1.131 0.452 0.0174 0.0136 

(0.08571) 
p 61 1.292 0.6520 7.499 0.6906 

0.038 0.0175 0.493 0.0216 

44ce76 s 70 1.735 1. 761 0.9595 0.9595 3.297 2.792 1. 0862 1. 0862 
32 0.102 0.100 0.0589 0.0589 0.509 0.434 0.0946 0.0946 
(0.15789) 0 67 2.441 1. 2998d 1.459 1. 6798d 

0.518 0.2645 0.827 0.5450 

42A5 7s D 71 1.269 1.286 0.8353 0.8206 7.280 7.034 0.8805 0.8575 33 0.138 0.038 0.0567 0.0151 1.681 0.543 0.0701 0.0221 
(0.12000) B 68 1. 346 O.HU7Y b./J~ 0.8416 

0.063 0.0220 0. 751 0.0298 

p 61 1. 248 0.8312 7.379 0.8759 
0.052 0.0222 0.889 0.0374 

4Dsel4 B 72 1. 741a 1.264 0.5304a 0.4526 3.928a 8.180 0.6018a 0.4745 
34 0.049 0.058 0. 0130 0.0136 0.213 0.803 0.0160 0.0167 
(0.0~108) A 69 1.185 0.4611 9.039 0.4906 

0.153 0.0384 2.644 0.0517 

B 66 1.277 0.4514 8.093 0.4726 
0.062 0.0146 0.843 0.0177 

44Brl9 B 67 0.804a 1.160 0.6275 0.6155 19.984a 8.761 0.6347 0.6304 35 
0.0.54 0.044 o. 014] 3.021 0.825 0.0174 0.0137 0.0104 

(0.11392) 
0 67 1.195 0.7454a 8' 165 0.7940a 

0.087 0.0328 1. 291 0.0432 

K 60 1.148 0.6023 9.172 0. 6235 
0.051 0.0150 1.072 0.0221 

46Br81 0 67 1. 389 0.5781 5.827 0.6239 
35 

0.102 0.0264 0.976 0.0377 (0.13580) 

4~bfl!) A72 0.998 1.12'• 0.7338 0. 7238 12.415 9.5]7 0.7533 0.7375 
3 0.233 0.034 0.0747 0.0095 6.379 0.712 0.0931 0.0128 
(0.12941) :B72 J..070 0.711fi 11.340 .o. 723.5 

0.057 o. 0131 1. 536 0.0183 

B 67 1.142 0.7376 9.897 0.7508 
0.049 0.0141 1.029 0. 0183 

p 61 1.232 1. 0861 b 7.703 1.1498b 
0 .. 112 0.0629 1. 545 0.0817 

T 60 1.243 1. 2677d 6.814 1. 4007d 
0.209 0.1863 2.473 0.2445 
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TABLE I. (Contd.) 

N X A T Fit a Fit 
z 

N-Z T MeV aAsYM/ane a MeV- 1 aAsYM/ane -
A Ref. (~T) .Mean (~ a/a) Mean (~a) Mean (~ a/a) Mean 

50Rb87 A72 0.904 !.lOR 0.7484 o. 7739 15.563 9.153 0.7571 0.7950 
37 

0.274 0.057 0.0564 0.0207 10.351 1.094 0.0696 0.0309 
(0.14943) B 72 1.162 1.1365a 9.456 1.157La 

0.219 0.0880 4.155 0.1126 

p 61 1.12:S 0. 7779 9.404 0.8043 
0.074 0.0223 1.631 0.0345 

T 60 1.091 1. 4624a 8. 715. 1. 5 706a 
0.103 0.1047 1. 596 0.1200 

46sr84 B 66 0.992 1.013 0.9444 0.9444 13.661 11.293 0.9640 0.9640 
38 

0.030 0.029 0.0167 0.0167 1.104 0.833 0.0239 0.0239 
(0.09524) 

p 61 1. 232 o.l8osb 8.170 0.1935b 
0.098 0.0154 1. 268 0.0168 

48sr 86 B 72 1.003 0.4606 12.818 0.4727 
38 0.044 0.0108 1.072 o. 0112 
(0.11628) 
50y8~ B 72 1.157 1.148 o. 7155 0.6464 9.277 8.460 0.7493 0.6501 
39 0.052 0.032 0.0228 0.0127 1.090 0.592 0.0334 0.0147 
(0.12360) 

A 69 0.842a 0.6130 18.024a 0.6245 
0.026 0.0154 1.156 0.0164 

p 61 1.129 0.0107b 9.790 0. 0112h 
0.041 0.0003 0.828 0.0004 

T 60 1. 639 0.8665 3.674 1. 0663 
0.252 0.1637 1. 3jQ 0.2609 

5Dzr9o K72 1.422 1.104 1. 0294 o. 7183 5.293 10.398 1. 2172 0.7534 4U 
0.576 0.025 0.4914 0.0152 5.103 0.433 0.7453 0.0152 

(0 .11111) A 69 1.161 0.7675 9.814 0.8020 
0.115 0.0458 1. 932 0.0521 

p 61 1.101 0. 7119 10~468 o. 7487 
0.026 0.0161 0.446 0.0159 

50M0 92 B 72 2.486 1.838 0.7339 0.6702 1. 675 2.258 0.9709 0.7661 42 
0.203 0.084 0.0712 0.0277 0.388 0.344 0.1497 0.0598 

(0.08696) K 72 0.799a 0.1410a 20.038a 0.1491a 
0.086 0.0132 4.653 0.0159 

A 69 1.600 0.3396a 4.689 0.3886a 
0.200 0.0496 1.371 0.0708 

B 52 1. 734 0.6588 4.294 0. 7273 
0.103 0.0301 0.889 0.0652 

52Ru96 B 70 1.191 0.5825 8.745 0.6015 44 
0.059 0.0141 1.062 0.0194 

(0.08333) 
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TABLE I. (Contd.) 

N X A 
z 

T Fit a Fit 

N-Z T MeV aASYM/ane a Mev- 1 a /a 

A Ref. (t.T) Mean (t. a/a) Mean (t.a) Mean t~~laYe Mean --
60Rul04 B 70 1.072 0.8550 10~144 0. 8727 
44 

0.089 0.0205 1.867 0.0268 
(0.15385) 
~8Rhl03 p 70 0.938 1.142 0.5636 0.5115c 12.990 6.960 0.5731 0.537lc 
45 

0.067 0.033 0.0097 0.0521 1.899 0.491 o. 0117 0.0360 
(0.12621) T 60 1.208 0.4594 6.528 0.5011 

0.038 0.0119 0.508 o. 0177 

56pdl02 B 70 1.082 0.6215 10.594 0.6358 
46 0.073 0.0183 1. 621 0.0229 
(0.09804) 
64pdll0 B 70 1.186 0.8510 7.054 O.RR~3 
46 O.UY/ 0.0275 1.271 0.0332 
~0.16364} 

s8cdlo6 B 68 1. 017 1.083 0. 858 7 0. 7281c 12.464 9.271 0.8719 0.7522c 
48 0.085 0.074 0.0333 0.1306 2.261 1. 417 0.0385 0.1196 
(0.09434) 

R 63 1.286 0.5976 7.206 0.6326 
0.149 0.0504 1. 818 0.0630 

68cdn6 p 61 0.933 0.8685 13.224 0.8795 48 0.076 0.0121 2.362 0.0160 
(0.17241) 

-~-- .. --· 
6'•rn 11 J G 70 1.159 0.8777 9.254 0.8962 
49 

.0.220 0.0427 3.936 0.0582 
lQ.l,3274) 

·---~ 

ob 111 llS G 70 LULl 0.9236 12. QL17 0.9331 49 
0.161 0.0294 4.273 0.0376 

{0.14783) 

62sn 112 B 68 0.945 0.991 0.6796 0.6837 14.267 10.798 0.6894 0.6952 
su 0.043 0.035 0.0131 0.0124 1.605 0.894 0.0175 0.0164 
(0.10714) R 6J l.172 1. 02Y4 8 . 8. 779 1. 07 39a 

0.075 0.0388 1.115 0.0439 

p 61 0.900 0. 7218 15.480 0. 7387 
0.111 0.0397 ~. •. no 0.0478 

7osbl21 B 68 1. 354 1.325 o.q5?9 0.8915 6.281 6.4GJ 0.9941 0.9330 
51 0.078 0.069 0.0239 0.0193 0. 742 0.701 0.0297 0.0245 
(0.15702) 

p 60 1.215 0. 7773 7.958 0.8030 
0.151 0.0326 2.129 0.0433 

nsb 12 3 B 68 1. 220 1 . 16 3 0.7030 0.6846 7.783 8.228 o. 7244 0.7016 51 . 
0.103 0.087 0.0206 0.0152 1. 469 1. 369 0.0278 0.0205 

(0.17073) p 61 1. 025 0.6624 11.155 0.6748 
0.161 0.0226 3. 770 0.0302 



23 

TABLE I. (Contd.) 

N X A 
z TFit a Fit 

N-Z T MeV a /a a Mev- 1 
a1SYM/a e ASYM )e 

A Ref. (llT) Mean (ll a/a Mean (lla) Mean ll a/a~ Mean 

76re128 B 70 1.462 1.0101 4.903 1. 0824 
52 0.122 0.0465 1.052 0.0758 
~0 .. 187 50) 

78re130 B 70 1.271 0.9582 6.811 0.9939 
52 

0.159 0.0461 2.042 0.0676 
(0.20000) 
141 121 B 72 1.530 1. 306 0.8286 0.7028 4.638 5.696 0.8873 0. 7288 
53 

0.187 0.064 0.0601 0.0085 1.200 0. 716 0.0783 0.0160 
(0.16535) 

B 62 1.065 0. 6770 10.736 0.6883 
0.118 0.0192 2.887 0.0274 

M 53 1. 383 0.7061 5.811 0.7405 
0.084 0.0096 0.937 0.0204 

78c 8 133 B 72 1. 687 1. 687 0.7909 0.6921c 3.688 3.688 0. 8632 0. 7282c 55 
0.065 0. 065. 0.0192 0.0988 0.254 0.254 0.0219 0.1350 

(0.17293) 
B 62 o. 654 . 0.5933 11.664 0.5932 

3.530 0.0463 542.5 0.0470 
82ce140 B 68 1. 232 0.9550 7.893 0.9808 
58 

0.079 0.0213 1.139 0.0282 
(0.17143) 

8~prl41 B 68 1. 228 1.188 0.8886 0.8735 7.894 8.194 0.9145 0.8976 59 
0.106 0.063 0.0277 0.0186 1. 348 0.929 0.0323 0.0227 

(0.16312) 
F 60 1.199 0.8069 8.135 o. 8302 

0.139 0.0371 1. 976 0.0448 

K 60 1.151 0.9066 8.703 0.9332 
0.094 0.0339 1. 683 0.0452 

82Nd 142 B 70 1. 282 0.8618 7.339 0.8922 
90 

0.055 0.0156 0.655 0.0192 
(0.154932 

A2sm144 B 68 1. 370 1. 405 0.8843 .0.8937 6.462 5.617 0.9259 0.9395 62 
0.061 0.057 0.0231 0.0220 0.706 0.570 0.0328 0.0314 

(0.13889) 
R 63 1. 667 0.9856 4.042 1. 0857 

0.168 0. 0723 0.964 0.1074 
1DDrm169 T 60 1.122 0.4501 7.225 0.4751 
6~ 

0.066 0.0163 1. 065 0.0240 
(0.183432 

120pt1~8 B 70 No Fit No Fit 6.089' 1. 0124 78 
0.373 0.0121 

(0.21212) 
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TABLE I. (Con td.) 

N XA T Fit a Fit z 
N-Z T MeV 

0
ASYM10ne a Mev- 1 0 ASYM/ 0 ne 

A Ref. (liT) Mean (6 cr/cr) Mean (M) Mean (6 cr/cr) ---
118Au197 T 60 1. 787 1.1051 2;215 1. 3910 79 . 

0.149 0.0928 0.524 0.1910 
{0 .197972 
122T12o3 T 60 2.283 0.8284 1.155 1.1842 
81 0.270 0.1113 0.421 0.2852 
(0. 20197) 
122pb204 65 1. 027 1.584 0.6979 0.8086c 9.331 1.827 0.7272 I 82 0.156 0.106 0.0432 0.1107 2.937 0.250 0.0548 
(0.19608) T 60 2.059 0.9193 1. 772 1.1769 

0.144 0.0500 0.251 0.0839 

142Thl32 BU 61 0.703 0.703 0. 7.197 0' 7287 111.051 14.080 0.7747 
9ll 

0.027 0.027 o.o:w~ 0.0192 i.4io 1. 389 0.0303 
(0.22414) 

T 60 o. 716 0.6507 15.048 0.6683 
0.191 0.0558 8.133 0. 0671 

14ou23e K 66 0. 770 0.6454 10.602 0.6978 92 
0.051 0.0394 1.685 0.0542 

~0.22689) 

aNot included in mean. Greater than 3 a from mean for either T or a fit. 

bNul lucluded in inean. Relative measurement only. 

cSimple mean used. Heasurements not consistent with weighted mean. 

dNot included in simple mean. 

Mean 

0.7'5117 
0.0276 

adopted is to use the initial letter of the first author and the last two digits 
of the year of publication for easy reference. 

In Table I, we list each individual measurement of the two output prl.
rarneters fo.r both the T and c.{ fits, and where there is more than one mea
surement, we have generally derived a. best-n~eau value for each isotope. As 
far as possible, we have attempted to derive weighted mean values using the 
reciprocals of the squares of derived errors as weights. We have also at
tempted to nse o~jective, Rtati.stical judgrnento on acceptauce or rejection of 
an individual measurement on the basis of deviation by less or more than three 
standard deviations from the weighted mean of the remainder of the data. 
These. attempts have met with reasonr1.ble, but not complete, success, and we 
should state clearly that the error assessment and selection of the best values 
is not, and cannot, be made on a completely objective basis. Some subjective 
judgments are inevitable because of inconsistencies between quoted errors and 
spreads of data, but we believe that these are of minor importance in the over
all picture. 
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Where the quoted errors are not consistent with a weighted mean, and 
there is no obvious correction by rejection of a measurement,. we have usually 
adopted a simple arithmetic mean and assessed the error on the basis of the 
spread of the measurements. This is a conservative mea~;ure, since the error 
on the mean is usually larger than where a weighted mean is used. In general, 
we find that the spreads of T and a are reasonably consistent with the indi
vidual errors, and weighted means can be used. This is expected, since it is 
reasonable that the shapes of the cross-section curves would not be subject 
to great error. By contrast, this is less true for the cross-section ratio, 
a ASYM/crne• and again this is as expected, since the accuracy of these data 
depends upon the nwre difficult absolute measurement of cross sections. 

VI. SYSTEMATICS OF a ASY'M/a ne 

As discussed in Sec. II, Barr, Browne, and Gilmore discovered that the 
ratio of the asymptotic (n, 2n) cross section to the nonelastic cross section 
(a ASYM/a ne) was smoothly dependent upon the neutron asymmetry parameter 
(N - Z )/A and was well represented by a function of the form 

(7) 

shown in Fig. 3. Accordingly, we have examined the data derived in the pres
ent work to see if they support this conclusion. 

In Table II we have summarized the relevant data of Table I, ordered 
in terms of increasing values of (N - Z)/A. In addition to the data taken from 
Table I, we have also listed the actual number of individual measurements 
used in obtaining the quoted value together with an "effective" number. The 
latter is the actual number when ·all the measurements contribute approxi-

' mately equally toward the mean, but where measurements are of widely vary-. 
ing accuracy, it is the smaller number of values whose relative weight is 
suffic.iently high that they alone contribute effectively to determining the mean. 
These "effective" numbers are only approximate quantities, but since they are 
only used as weighting parameters for certain fitting procedures, exact values 
are not of great importance. 

These experimental data are shown in Figs. 7 and 8, and it can be seen 
that they do indeed follow curves of the general form of Eq. 7. Some of the 
data lie well away from the general trend, and these data points can reasonably 
be considered to be probably in error, due to the difficulty in making the nec
essary absolute eros s- section measurements. In some instances (but not all), 
good supportive evidence for this contention can be made. For example, some 
relevant measurements were made at ehergies near 14 MeV by Mather et al. 10 

These are of the rlirect neutron-emission crO$S section (and thus not subiect 
to decay-scheme uncertainties in the active isotope) and have good inter~al 
consistency, and they indicate that the Rh103 and Tm169 data given in .Table II 
are too low and should be scaled up to values in the range 0. R-0. 9. 
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TABLE II. 0 ASYM/ 0 ne vs (N - Z) I A for T and a. Fits 

T Fit Data a Fit Data 

Number Number Comment 
N-Z Meas. Meas. (See 

A IsotoEe a/a Error Actua1/Eff. o/o Error Actua1/Eff. Footnotes) 

0.00000 c12 0.0479 0.0038 3/1 0.0529 0.0067 3/1 

0.00000 N14 0.0182 0.0006 4/3 .0.0199 0.0009 4/3 

0.00000 016 0.0666 0.0214 1/1 No Fit 0/0 

0.02564 K39 0.0312 0.0030 2/1 0.0389 0.0048 2/1 

0.03226 p31 0.0721 0.0048 1/1 0.0816 0.0063 1/1 

0.03448 N.58 . ~ 0.0473 0.0071 3/3 0.0510 0.0074 3/3 

0.03704 Fe 54 0.0538 0.0034 2/1 o. 0577 0.0043 2/1 

0.04000 crso 0.0850 0.0045 1/1 0.0949 0.0053 1/1 

U.U434~ Na23 0.1626 0.0661 3/3 0.1828 0.0779 3/3 

0.04348 Ti46 0.2626 0.0319 3/3 0.3121 0.0501 3/3 

0.05263 F19 0.1636 o. 006] 4/3 0.2191 0. 014 7 4/3 

0.06250 Zn64 0.4004 0.0308 5/3 0.4999 0.0398 5/3 

0.06667 Sc 45 0.4267 0.074~ 2/2 0.4598 0.0947 2/2 

0.07692 Cr 52 0.4194 0.0186 1/1 0.4330 0.0248 1/1 

0.07937 Cu63 o. 7129 0.0053 8/3 0.7823 0.0066 8/3 

0.08108 Se74 0.4526 0.0136 2/2 0.4745 0.0167 2/2 

0.08333 R}6 0.5825 0.0141 1/1 0.6015 0.0194 1/1 

0.08475 
. 59 
Co 0.5599 0.0126 4/4 0.5764 0.0142 4/4 

0.08571 Ge70 0.6404 0. 0114 2/2 0.6689 0.0136 2/2 

0.08696 Mo92 0.6702 0.0277 2/2 0.7661 0.0598 2/2 

0.09091 Mn55 0.6855 0.0124 2/2 0.7043 0.0158 2/2 

0.09091 Zn66 0.8333 0.0153 1/1 0.8758 0.0173 1/1 

0.09434 Cd 106 0. 7281 0.1306 - 2/2 0.7522 0.1196 2/2 

0.09524 " 84 .,r . 0. 9444 0.0167 1/1 0.9640 0.0239 1/1 

0.09804 Pd 102 0.6215 0.0183 1/1 0.6358 0.0229 1/1 

0.10145 Ga69 0.8458 0.0267 1/1 0.8856 0.0321 1/1 

0.10714 Sn llL 0.6837 0.0124 2/2 0.6952 0.0164 2/2 

0 0.10769 Cu65 o. 7072 0.0181 6/6 0. 7247 0.0230 6/6 

0.11111 Zr90 0.7183 0.0152· 3/2 0.7534 0.0152 J/2 

0.11392 Hr79 0.61S~ 0.6104 2/'2 0.6304 0.0137 '2/'2 •, 86 
0 0.11628 Sr 0.4606 0.0108 1/1 0.4727 0. 0112 1/1 

0 0.12000 As75 0.8206 0.0151 3/2 0.8575 0.0221 3/2 



N-Z 
A 

0.12360 

0.12621 

0.12676 

0.12941 

0.13274 

0.13580 

0.13889. 

0.14783 

0.14943 

0.15385 

0.15493 

0.15702 

0.15789 

0.16312 

0.16364 

0.16535 

0.17073 

0.17143 

0.17241 

0.17293 

0.18343 

0.18750 ' 

0.19608 

0.19797 

0.20000 

0.20197 

0.21212 

0.22414 

0.22689 

TABLE II. (Contd.) 

T Fit Data ____ a Fit_D_;_a_t-'-a ____ _ 

Isotope 
y89 

Rhl03 

Ga
71 

Rb85 

a/a Error 

0.6464 0-0127 

o.5115 o.·o521 

0.7603 0.0096 

o. 7238 0. 0095 

In 113 . 0.8777 0.0427 

Br
81 

0.5781 0.0264 

Sm 144 O.R937 0.0220 

Inll5 

Rb87 

Rul04 

Ndl42 

Sbl21 

76 Ge 

0.9236 0.0294 

0. 7739 0.0207 

0.8550 0.0205 

0.8618 0.0156 

0.8915 0.0193 

0.9595 0.0589 

Pr 141 0.8735 0.0186 

PdllO 0.8510 0.0275 

1 127 0.7028 O.OOH5 

Sb
123 

0.6846 0.0152 

ce 140 0.9550 0.0213 

Cd
116 

0.8685 0.0121 

ci133 0.6921 o.0988 

rm 169 
0.4501 0.0163 

Tel28 

Pb204 

Aul97 

1. 0101 0. 0465 

0.8086 0.1107 

1.1051 0.0928 

Te
130 

0.9582 0.0461 

T1 203 0.8284 0.1113 

Pt
198 

No Fit 

Tn232 
0.7287 0.0192 

u238 
0.6454 o.0394 

Number 
Meas. 

Actua1/Eff. 

3/2. 

2/2 

1/1 

3/2 

1/1 

1/1 

2/1 

1/1 

2/1 

1/1 

1/1 

2/2 

1/1 

3/3 

1/1 

3/2 

2/2 

1/1 

1/1 

2/2 

1/1 

1/1 

2/2 

1/1 

1/1 

1/1 

0/U 

2/1 

1/1 

a/a Error 

0.6501 0.0147 

0.5371 '0.0360 

o. 7642 o. 0118 

0.7375 0.0128 

0.8962 0.0582 

0.6239 0.0377 

0.9395 0.0314 

0.9331 0.0376 

0.7950 0.0~09 

0.8727 0.0268 

0 .. 8922 0. 0192 

0.9330 0.0245 

1. 0862 0. 0946 

0.8976 0.0227 

0.8833 0.0332 

0.7288 0.0160 

0.7016 0.0205 

0.9808 0.0282 

0.8795 0.0160 

0.7282 0.1350 

0.4751 0.0240 

1.082l, 0.0758 

0.9520 0.2249 

1.3910 0.1910 

0.9939 0.0676 

1.1842 0. 2852 

1. 0124 0. 0121 

0.7567 0.0276 

0.6978 0.0542 

Number 
Meas. 

Actua1/Eff. 

3/2 

2/2 

1/1 

3/2 

1/1 

1/1 

2/1 

1/1 

2/1 

1/1 

1/1 

2/2 

1/1 

3/3 

1/1 

3/2 

2/2 

1/1 

1/1 

2/2 

.l/1 

1/1 

2/2 

1/1 

1/1 

1/1 

1/1 

2/1 

1/1 

Comment 
(See 

Footnotes) 

a 

a 

b 

b 

aDirect neutron-emission measurements near 14 MeV indicate that these activation 
measurements are too low and should be disregarded (see Text). 

bThe asympt9tic cross section does not include the competitive (n,n~f) reaction and 
the ratios rise to about 0.9 if these are added (see Text). 
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In addition, for the fissionable isotopes Th232 and U238
, the data quoted 

in Table II are exclusively for the (n, 2n) reaction and do not allow for the ef
fect of the competitive (n, n' f) reaction (which, of course, does not occur in 
the other isotopes). The magnitude of the cross sections for these reactions 
cannot be obtained accurately, but an estimate can be made by extrapolating 
the (n, f) reaction data below the (n,· n' f) threshold and subtracting this from 
the total fission cross section. In this way, cr(n, n'f) for Th232 and U 238 were 
estimated to be about 0. 5b and 0. 7 5b, respeCtively. Addition of these values 
to cr (n, 2n) gives cr ASYMicr ne ratios of about 0. 9 for both isotopes. 

The "best" variation of cr ASYMicr ne with (N - Z) I A was obtained for 
both T and 0' fits using both polynomial functions and the form of Eq. 7. The 
polynomial form was used first because it is the most objective fit to the data, 
but it has the disadvantage of possibly introducing fluctuations in the fitted 
curve that are not real. In all instances, the cases that were believed to be 
inapplicable (that is, Rh103

, Tm169
, Th232

, and U 238 ) were excluded from the fits. 

Two forms of weighting the data were used: first, the assigned errors, 
and second, the effective number of measurements that contributed to each 
point. This procedure was adopted because the as signed errors are frequently 
likely to be inaccurate, and the alternative weighting assumes that all indi
vidual measurements are of equal accuracy. Hopefully, the choice of weights 
is not too important, and this is seen to be the case here. The final fits chosen 
here were made on the basis of the assigned errors. 

As can be seen from Figs. 7 and 8, the data are consistent with a con
stant value of cr ASYMicr ne for (N - Z )I A values below about 0.0 3 5, but the lack 
of data between 0.00 and 0.025 does not allow the curve to be defined in this 
region. Also, as discussed in Sec. VII, the. correction for the decrease in 
crne with increasing energy is so large for the nuclei of low mass that the data 
for C 12

, N 14
, and 0 16 are not believed to be accurate, although there is little 

doubt that the values given in Table II for these isotopes are approximately 
correct. For this reason, the data were fitted excluding the values at zero 
(N - Z)l A. 

Significantly better fits were obtained when the one additional lowest 
(N - Z)IA point (K39

) was also rejected; this is some indication that the smooth 
correlation deviates at the very lowest values of the neutron excess parame
ter. The data for K 39 were not included in the best fits. Polynomials of in- . 
creasing order were fitted, and the fit improved up to the fifth order; at which 
a good fit was obtained. Even with the fifth-order fit, some fluctuations are 
observed at high (N - Z) I A that are attributable to only a few experimental 
points' and are probably not real, while higher- order fits produced even 
larger effects. 

The best fits of the form of Barr, Browne, and Gilmore were 
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cr ASYM 

CJ ne 
= 1 - (1.645 ± 0.084)e~p[-(15.64 ±·1.09)N ;.,_ ZJ 

for the T fit, and 

cr ASYM [ . N - ZJ = 1- (1.749 ± 0.104)exp -(17.66 ± 1.33) A 
CJ ne 

for the a fit. The coefficients for the latter fit are close to those obtained 
for Barr, Browne, and Gilmore (Eq. 3). 

(8) 

(9) 

These are in good agreement with the polynomial fits (Figs. 7 and 8) 
and are, we believe, the best definitions of the variation of cr AfJYJ.vdcr ut: nh~ 
tainable from the existing data. We believe that the experimental points that 
deviate greatly from these curves are most probably the result of experimen
tal errors, but the only way to determine this is to obtain more ar:r:nri'l.t.P. P.X

perimental data. Clearly, the accuracy of the fitted curves cannot be estim.ated 
with any reliability, but we believe there is no strong evidence that deviations 
from the smooth variation of cr ASYM/cr ne with (N - Z) /A are larger than the 
experimental errors. 

Some indication of the relative quality of the T and a fits can be in
ferred from these data. Examination of the cr ASYM/cr ne data in Tables I and II 
shows that, when more than one mea"surement has been made, the spread of 
these values is always larger for a fits than for T fits. Similarly, the as
signed errors for a fits. in Table II are always larger than for T fits. The 
clear implication is that the constant-temperature n~odel gives a better fit 
than the level-density formulation usen hP.re, but both functions fit the experi
mental data within the errors. 

VII. SYSTEMATICS OF T AND a DATA 

In order to examine the systematics of the T. and a parameters, we 
have assembled the best values of these data in Table III. These are taken 
from Table I and are the weighted or arithmetic means where more tha~ one 
measurement is applicable, and are the single result where this is all that is 
available. 

The derived quantities T ./A and a/ A (where A is the mass number of 
the target nucleus) are also given in Table III, since these quantities might be 
expected to be constant if statistical models of the nuclei are applicable. 

Data for the lightest nuclei- -C 12
, N 14

, and 0 16 - -have not been inclun ed 
because we believe that the allowance for the energy variation of the nonelastic 

cross section is so large that the derived parameters are poorly established. 



Isotope 

N X A 
z 

1 gF 19 

tfNa23 

16p 31 
15 
20K39 
19 

Hsc45 

24r; 46 22 .... . 

~tcr 50 

~~Cr 52 

~gMn 55 

2eFe54 
26 

Hco59 

3UNi58 
28 
34c G 3 
29 u 

~~cu55 
34zn 54 
30 

~8zn65 
38GaG9 
31 

~~Ga71 

38Ge 70 
32 
44ce75 32 _, 

nAs75 

-~ase 7'' 

j~Br79 

1hr:fll 
~~Rb85 

~~Rb87 

j~sr84 

'+8sr86 
38 

~~y89 

so zr90 ,, 0 

50M 0 92 
42 

TABLE III. Systematics of T and a Parametersa 

Magic 
Number 

(N or Z) 

N 20 

N 28 

N 28 

z 28 

N 50 

N 50 

N 50 

N 50 

T Fit 

T (MeV) IJ.T riA 
2.770 0.084 12.07 0.37 

1.854 0.057 8.89 0.27 

1.909 0.133 10.63 0.74 

2.263 0.196 14.i3 1.22 

1.420 0.358 9.53 2.40 

2.050 0.314 13.90 2.13 

1. 063 

3.463 

3.439 

2.061 

7. 424. 

3.593 

1.778 . 0.111 12.57 0.78 4.129 

1.131 0.075 8.16 0.54 10.374 

1;279 0.024 9.49 0.18 7.341 

1.284 0.088 9.44 0.65 

1.190 0.014 9.14 0.11 

1.407 0.033 10.72 0.25 

1.767 0.017 14.03 0.13 

4. 773 

8.622 

6.191 

3.544 

1.305 0.015 10.52 0.12 . 6.847 

2.307 0.032 18.46 0.26 1.888 

1.427 0.052 11.59 0.42 6.326 

1.401 0.080 11.64 0.66 6.192 

0.837 0.085 7.05 0.72 18.383 

1.263 0.034 10.57 0.28 7.850 

1.761 0.100 15.35 0.87 2.792 

1~286 0.038 11.13 0.33 7.034 

1.264 0.058 10.87 0.50 

1.160 0.044 10.31 0.39 

1.389 0.102 12.50' 0.92 

1.124 0.034 10.36 0.31 

1.108 0.057 10.33 0.53 

1.013 

1.003 

1.148 

1.104 

1. 838 

0.029 9.28 0.27 

0.044 9.30 0.41 

0.032 10.83 0.30 

0.025 10.47 0.24 

0.084 17.63 0.81 

8.180 

8.761 

5.827 

9.517 

9.153 

11.293 

12.818 

8.460 

10.398 

2.258 

a Fit 

IJ.a -a/A IJ.a/A 

0~104 0.0559 0.0055 

0.252 0.1505 0.0109 

0.506 0.1109 0.0163 

0.423 0.0528 0.0108 

3.678 0.1650 0.0817 

1.378 0.0.781 0.0300 

0.493 0.0826 0~0099 

1.688 0.1995 0.032~ 

0.273 0.1334 0.0050 

0.912 0.0884 0.0169 

0.156 0.1461 0.0026 

0.294 0.1067 0.0051 

0.090 0.0563 0.0014 

0.212 0.1053 0.0033 

0.081 0.0295 0.0013 

0.434 0.0958 0.0066 
.. 

0.731 0.0897 0.0106 

4.070 0.2589 0.0573 

0.452 0.1121 0.0065 

0.434 0.0367 0.0057 

0.543 0.0938 0.0072 

0.803 0.1105 0.0109 

0.825 0.1109 0.0104 

0.976 0.0719 0.0120 

0.712 0.1120 0.0084 

1.094 0.1052 0.0125 

0.833 0.1344 0.0099 

1.072 0.1490 0.0125 

0.592 0.0951 0.0067 

0.433 0.1155 0.0048 

0.344 0.0245 0.0037 
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Isotope 

N X A 
z 
4~Ru96 

taRu 104 

4~Rh103 

t>6pd 102 
46 
t~Pd 110 

a~cdl06 

t~cd116 

6 4In 113 49 . 
66Inl15 
4Y 

6zsn 112 
50 
~~Sb121 

7 zsb 12 3 
51 
~~Tel2B 

7 8Te 130. 
52 
~~I127 

l8cs133 
55 
82cel40 
58 
82prl41 
5':! 
O~Ndl'r2 
60 
B2sm144 62 . 

100Tml69 
.6':! 

l~~Ptl98 

118Aul97 
/9 

l~jn2o3 

122pb204 
82 

Magic 
Number 

(N or Z) 

z 50 

N 82 

N 82 

N 82 

N 82 

z 82 

TABLE III. (Contd.) 

T Fit 

T (MeV) 

1.191 

1.072 

1.142 

1.082 

bT TIA 

0.059 11.67 

0.089 10.93 

0.033 11.59 

0.073 10.93 

t:.T./A. a (Mev- 1) 

0.58 8.745 

0.91 10.144 

0.33 6.960 

0.74 10.594 

1.186 0.097 12.44 1.02 

1.083 0.074 11.15 0.76 

0.933 0.076 10~05 0.82 

1.159 0.220 12.32 2.34 

7.854 

9.271 

13.224 

9.254 

1.021 0.161 10.95 1.73 12.047 

0.991 0.035 10.49 0.37 10.798 

1.325 0.069 14.58 0.76 6.463 

1.163 0.087 12.90 0.96 8.228 

1.462 0.122 16.54 1.38 

1.271 0.159 14.49 1.81 

1.306 0.064 14.72 0.72 

1.687 0.065 19.46 0.75 

1.232 0.079 14.58 0.93 

1.188 0.063 14.11 0.75 

1.202 0.055 15.28 0.66 

1.405. 0.057 16.86 0.68 

1.122 0.066 14.59 0.86 

No Fit No Fit 

1.787 0.149 25.08 2.09 

2.283 0.270 32.53 3.85 

1.584 0.106 22.62 1.51 

4.903 

6.811 

5.696 

3.688 

7.893 

8.194 

/.339 

5.617 

7.225 

6.089 

2.215 

1.155 

1.827 

acl2, N1 4 , o16, Th232, and u238 data are excluded; see Text. 

a Fit 

__!!!._ ajA 

1. 062 0. 0911 

1.867 0.0975 

0.491 0.0675 

1.621 0.1039 

r::.a/A 

0.0111 

0.0180 

0.0048 

0.0159 

1.271 0.0714 0.0116 

1.417 0.0875 0.0134 

2.362 0.1140 0.0204 

3.936 0.0819 0.0348 

4.273 0.1048 0.0372 

0.894 U.UYb4 U.U080 

0.701 0.0534 0.0058 

1.369 0.0669 0.0111 

1.052 0.0383 0.0082 

2.042 0.0542 0.0157 

0.716 0.0449 0.0056 

0.254 0.0277 0.0019 

l.lJY 0.0564 0.0081 

0.929 0.0581 0.0066 

n.fi~j o.OS17 o.0046 

u.~;u o.OJ90 o.oo4o 
1.065 0.0428 0.0063 

0.373 0.0308 0.0019 

0.524 0.0112 0.0027 

0.421 0.0057 0.0021 

0.250 0.0090 0.0012 

Data have also been excluded for Th232 and U 238
, since the (n, n' f) reaction is 

competitive with the (n, 2n) reaction for these nuclei; thus the analysis of the 
(n, 2n) reaction aloue for these nuclei cannot be expected to yiP-lei parameters 

consistent with those for nuclei where the fission reaction does not occur. 

The data of Table III are displayed in different ways in the graphs of 
Figs. 9 and 10 and the histograms of Figs. 11 and 12. In Figs. 9 and 10, the. 
errors have been omitted for clarity, but are generally smaller than the 

spread of the data points (see Table III). 
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These fou.r figures are largely self-explanatory, but we will list the 
major inferences from these data. 

1. There is no evidence of differences in the systematics of odd-even 
and even- even nuclei. 

2. As anticipated, there is a reasonable trend to constancy ofT ./A 
and 91 I A, and this is much more clearly defined if the results are divided into 
those for nuclei less than and greater than mass 120. These trends are more 
clearly seen in the histograms (Figs. 11 and 12). 

3. The spread of data for the constant-temperature fit is smaller 
than for the et fit; this supports the conclusion reached from the cr ASYMicr ne 
data (Sec. VI) that the constant-temperature model is a better fit. 

4. For A< 120, the approximate constancy of T ../A is clear. The 
distribution appears to be somewhat asymmetric about a weighted mean value 
of 10.95 ± 0.05 (where the errors in the separate values are used to determine 
the error), and about two-thirds of the data points lie in the range 11.0 ± 1.5. 
This spread in T ./A probably principally represents the real spread in this 
parameter for different nuclei, rather than the consequences of experimental 
errors. Thus, if precise data are needed for a given nucleus, they must be 
obtained by rneasurernent rather than frorn the ::;ystematics. 

5. For A> 120, the values of T ../A are again approximately constant, 
but at a higher value than for A< 120. The statistics, however, are poor, and 

there is some evidence from the 
TABLE IV. Systematics of TIA and a/A for 

Magic-number Target Nuclei 

Isotope 
N X A Magic 
z N or z Number 

I~K39 N 20 

2 Bcr52 
24 . N 28 

. ~~Fe54 N 28 

]gNi58 z 28 

j~Rb 81 N 50 

~~y8Y N 50 

~gzr9u N 50 

agMo92 N 50 

3~snll2 z 50 

H2cel40 
SA 

N 82 

~~Prl41 N 82 

82Ndl4~ 
. GO N 82 

~~sml44 N 82 

lgpb204 z 82 

Tli. Error a/A Error 

14.13 1.22 0.052!! 0.010!! 

8.16 0.54 0.1995 0.0325 

9.44 0.65 0.0884 0.0169 

10.72 0.25 0.1067 0.0051 

10.33 0. 53 0.1052 0.0125· 

10.83 0.30 0.0951 0.0067 

10.47 0.24 0.1155 0.0048 

17. ·S3 0.81 0.0245 0.0037 

10.49 0.37 0.0964 0.0080 

14.58 0.93 0.0564 0.0081 

14.11 0.75 0.0581 0.0066 

15.28 0.66 0.0517 0.0046 

16.86 0.68 0.0390 0.0040 

22.62 1. 51 0.0090 0.0012 

heaviest nuclei of an increase of 
T ./A with increasing A; examina
tion of the data in Table I for these 
nuclei will show that the confidence 
that can be placed in the experi
ments for the heaviest nuclei is not 
large. In general, the scarcity of 
data for A > 145 makes any conclu
sions hazardous for this mass range. 

6. The trends indicated for 
T ./A are roughly reproduced for 
the a I A data, but the greater spread 
in these latter makes them much 
less clear. 

7. The T -/A a11d o:IA data 
for magic-number nuclei collected 
in Table IV show that there is no 
significant indication of shell effects 
in the (n, 2n) data. The values of 
these quantities and their spread for 

a given magic number is similar to that exhibited by non-magic-number nuclei, 
and even if it is assumed that some effects are present, it is clear that magic
number nuclei only sometimes show shell effects. 
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VIII. SUMMARY OF CONCLUSIONS 

l. Analysis shows that all the currently available energy-dependent 
measurements of (n, 2n) cross sectio~s can be described within the experi
mental errors by the ratio of the asymptotic cross section to the nonelastic 
cross section, which is dependent upon the neutron·-asymmetry parameter, 
and a level-density parameter (temperature), which is dependent on the nu
clear mass. 

2. For values of the neutron-asymmetry parameter (N- Z)/A greater 

than about 0.03, the best description of the asymptotic cross section is given by 

cr ASYM [ N - Z] = l- (1.645 ± 0.084)exp -(15.64 ± 1.09)--
ane A 

for the constant-temperature model and 

cr ASYM [ . N Z] 
0 

= l- (1.749 ± O.l04)exp -(17.66 ± 1.33) ~ 
ne 

for a simple level-density formulation. 

3. Both models fit the experimental data adequately, but the constant

temperature model is significantly better since it gives less spread in the 

derived parameters. 

4. The mass dependence of the nuclear teri:1perature T is well de
scribed by a nominally constant value of T ./A of ll .0 for nuclei of mass< 120, 
but the spread of this parameter is significant. The distribution is probably 
asymmetric, but two-thirds of the data points lie in the range 11.0 ± l. 5. This 
spread probably indicates the real variation in T ../A for different nuclei rather 
than the experimental errors in the cross- section measurements. 

5. For nuclei of A > 120, the mean value of T ./A is clearly higher, 
and the weighted mean is about 16 for the cases studied. There is some indi
cation that T ../A increases with increasing A (for A > 120), but the evidence 

·is not good, and in general, data are very limited for A > 145. 

6. There is no evidence of different systematics for odd-even and 
even- even nuclei. 

7. There is no evidence for any significant magic-number effects. 



APPENDIX A 

List of Data References 

A 59 ARGMA-TN-ICIN-23 (1959) 

A 64 

A 65 

A 68 

A 69 

A 72 

A 73 

B 52 

B 61, BU 61 

B 62 

B 63 

B 65 

B 66 

U. S. Army Rocket.& (}uided Missile Division. 

D. M. Arnold and L.A. Rayburn, Bull. Am. Phys. Soc. ,1, 352 
(1964). 
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B 69 
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B 72 

c 56 

c 61 

c 65 

c 69 

D 68 

D 70 

D 71 

E 68. 

F 57 

F 60 

G 62 

G 70 

H 69 
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I 65 
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76U, p. 51 (1967); Nucl. Phys. All5, 309-320 (1968). 
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Rev. 123, 218 (1961). 

S. Chojnacki, P. Decowski, E. Gierlik, W. Grochulski, 
A. Marcinkowski, K. Siwek, I. Sledzinska, and Z. Wilhelmi, 
INR-680/I/PH (1965). 
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(n, 2~) Cross-s.ection Data, Fitted to Constant

temperature Model and to Level-density Model 
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c-12 ,.,rRe~ Rer,· •·73 c-1 ............................................... 
ENERGY N,2N CRSSS SECTI0N 1~81 
CHEVI ~EASUREOo ERR ADJUSTEDo ERR ............................................... 
22,eoo :s',oo ,Jo 3,493 ·,349 
23,900 6,30 ,60 7,486 .713 
25,000 11,40 1,00 13,828 1,213 
26,000 13',90 1,30 17,181 1,607 
26,700 16,30 1,50 20,418 1,879 
ze,ooo zo·,,o t,9o 26,5&4 z,••o 
29,700 22,90 2,30 30,399 3,053 
30,400 25,80 2,30 34,72S 3,096 
31,300 27,00 2,40 36,995 3,288 
32,600 24,20 2,40 34,035 3,375 
33,600 27,00 2,70 36,752 3,675 ··············································· 
riT!i;D PARAMETERS ................. 
NUCLEAR. TEMP, • 6,173 PLUS•0R•HINUS , 750 MEV 
ASY~PTSTIC (N,2NI CR0SS SECTI0N • 66,53 PLUS•0R•MINIIS 

RELATED DATA ············ NSN•ELASTIC CR0$S SECTISN AT 14o2 ~EV • 660,31 M8 
CN,2N) THRESHillLD • 20,28 HEV 
CN,JNJ THRESHillLD • 34 1 50 HEY 

THIS IS0T0PE HAS 6 NEUTRSNS, 6 PR0T"NS 1 (MASS • 12) 

NEUTR0N EXCESS PARAMETER • ,00000 

RATIS er ASYHPT0.TIC 1No2NI Te 14,2 MEV N0N•ELASTIC 
;1006 ~LU>•OH•M!N~S ,Q1~9 .. 

TeSQRTCNJ • 15 1 121 T•SQRTCA) • 2(,J811 
ERRSR 1,837 · ERR0R 2, ~98 

C•12 ,,rR~H REr, A 73 1·1 ·······························•fit II ........... . ENEHGY N,Zt-4 CR0SS SECThHl <HBJ 
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lll~ltetfiiiiAIAat•••~~Biiooiiiellllrlllllll0611iet 

22,600 
~:.~~ • ~n 1. 4(\} I iJ•I' 

~l,YOO • (IO ., • .-n\) 1 71.) 
~~ 0 000 11.40 1. 00 13.828 1o 213 
26.000 1~ I 9Q 1 0 31) 17.161 , 0 61)7 
26,700 16 .lO 1. 5o 20.418 1o 679 
28. ann 20. 70 1. ?Q 26,,84 2. 440 
29.100 22' 0(] 2. 30 30,399 3. 053 
30 I 400 25,60 2, 30 J4. '125 3. 096 
31,300 27.00 2,40 36.995 3. 288 
32.600 24.20 2. 40 34,035 3,375 
33.600 27.00 2. ?o J8. 752 3. 875 ··························· ................... . 
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···~···· .... 
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,,.,,2td ThkESl-10LD 20,28 tiEV 
(N,JNJ Hd~ESH~LD 34,50 11EV 
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C•12 , .. F'RBM REF', B 61 (808) ............................................... 
ENERGY.. N,2N CRBSS SECT UN CMBI 
CMEVI MEASURED, ERR ADJUSTED, ERR ............................................... 
25,000 
27,800 
30,400 
32.200 
34,000 

10.00 . 
12,30 
15,50 1' ,50 
17,30 

1. 50 
,50 
,30 
• 30 
• 50 

12,130 
15,735 
20.862 
24,415 
25.034 

1.819 
• 640 
,404 
,419 
1724 ............................................... 

r! TTED PARAMETERS ., .............. . 
NUCLEAR TEMP, o 4,409 PLUS•0R·MlNUS ,541 MEV 
ASYMPTBT l C C N, 2N I CR0SS SECT l 0N a 31,65 PLUS•0R•Ml NUS 2, 82 MB 

RELATED DATA ............ 
N0N•ELAST!C CRBSS SECT10N AT 14,2 MEV • 660,31 HB 
CN,2N) THRESH0L0 • 20 1 ?.8 MEV 
tN 1 JN) THRESHBLD • 34,50 MEV 

THIS lS0T0PE HAS 6 NEUTR0NS, PR0T0NS, CHASS o 121 

NEUTR0N EXCESS PARAMETER • , 00000 

RATIB 0f ASYHPTBTIC iN,2N) 10 14,2 HEV NBN•ELASTIC 
,0479 PLUS•BR•MlNUS ,0043 

T•SQRT(N) • 10,800 T•SQRTCAI • 15,273 
ERRBR 1, 325 ERROR 1,874 

C•12 •• ,F'R0M REF' I 8 61 (808) ............................................... 
ENERGY N,2N CRBSS SECTIBN CMBI 
<HEY) MEASURED, ERR ADJUSTED, ERR ··············································· 25,oou 10.00 t.5o 12.130 1,819 
27,800 12.30 ,so 15.735 •••• 
J0,400 15.50 .30 20.862 ,404 
32,2oo 17.5o ,Jo 24,415 ,419 
34,000 17,JO ,50 25,034 ,724 ··············································· 
FITTED PARAMETERS ................. 
LEVEL SPACING • 1,091 PLU5•0R·HINUS ,JJ5PER MEV 
ASYMPT0TIC (N,2N) CR0SS SECTI0N = 3&,92 PLUS•0R·HINUS 5,05 11.9 

RELATED DATA 

N0N·Ep$TJC C00SS SECTION AT 14.2 MEV 660.31 MB 
1No2N) THRESH~Lll 20,28 HEV 
IN,3Nl Ti-IRESI-H'.LO 34,50 MEV 

THIS 1S0Ti1PE HAS 6 NEUTR0NS, 6 PR0T0NS, CHASS c 

NEUTR0N E>.CESS PARAMETER = ,00000 

IHTI0 ~F' AS'f'HPT~TIC (N,2tn T0 14,2 MEV N0N•ELASTIC 
,n5'i0 PLUS:•G'I~·Jo;INUS ,0076 

N/SPACING • 5,5nO A/SPACING • 10,999 
ERR0R 1. 689 ERR0R 3,377 

35. 

31. 

ZB. 

2'1. 

"' Zl. z 
~ 
(D 

_J 
_J 

::c 
17. 

,.!.. 
:z 
N 

z 1~. 

b 

10. 

7. 

3. 

37.8 

33.6 

29.~ 

"' z 
e>:: 
< 
(D 

_J 
_J 

;: 21. 

,.!.. 
z 
N 

z 
b 

C-12 B 61 <BOB) 

T = ~.~091.5~1 MEV 
~.2N)= 31.7t2.BMB 
O'.J.N, 2N) 
~Jl~. 2 ) =.O~Bt.OO~ 

{ - ..{-
t ..... 

/ 
/ 

/ 

y"' 
/ 

/ 
/ 

/ 
I FITTED DATA I LINE PCIINT I 

I • EXPERIMENT 

0 ADJUSTED EXPT. 

3 

Z2 .23 2'1 25 Z6 27 Z8 29 30 31 32 33 ~ 35 
ENERGYCHEV> 

C-12 B 61 (BOB) 

A= 1.091!.335 MEV- 1 

0'~.2N)= 36.9• S.U Mtl 
o;J,N. 2N) _ • 
q;J I 'I. 2 ) -. 056- . 008 

/ 
/ 

I 
/ 

/ 

/ 
/ 

I 

/ 
/ 

/ 

FITTED 
LINE 

OAIA 
PCIINT 

• tXPER I MENT 
o ADJUSTED EXPT. 

3 

23 2~ 25 26 27 28 29 30 31 32 33 3~ 35 
ENERGY< MEV) 

43 



44 

c-12 , .. F'Ri!H REr, s 52 c&J) ··············································· ENERGY No2N CR0SS SECTI0N !HBI 
!HEYI HEASUREDo ERR ADJUSTED, ERR ............................................... 
23,000 .,,, 1,00 5 .• 551 1,169 
24,000 5,00 1,00 5,953 1,191 
27,000 10,00 1,00 12,598 1,260 ··············································· 
FITTED PARAMETERS ................. 
NUCLEAR TEHP, • 2,790 PLUS•0R·HINUS1,064 HEY 
ASYHPT0T I C ( N, 2N I CR0SS SECT leN • 17,92 PLUS•0R·H I NuS 6, 57 HB 

RELATED DATA ............ 
N0N•ELASTIC CR0SS SECTI0N AT 14,2 HEY • 660.,31 HB 
(N,2NI THRESH0LD • 20,28 HEY 
!NoJNI THRESH0LD • 34,50 HEY 

THIS JS0T0PE HAS 6 NEUTR0NS, PR0T0NSo (HAS$ • 121 

NEUTR0N EXCESS PARAMETER • ,00000 

RATI0 0F ASYHPT0TIC (No2NI T0 14,2 HEY N0N•ELASTJC 
,0271 PLUS•0R•HINUS ,0100 

ToSQRTCNI • 
ERR0R 

ToSQRT(AI • 9,665 
ERR0R 3, 686 

C·12 •• ,FR~H REF' 8 52 C83> ............................................... 
EN~HGV N,2N C~•SS •ECI 1~N tH~) 
'"EVi MEASURED, ERR •DJUSTeD, e"R ··············································· 23,ooo •.75 1.oo 5,551 1,169 
z•.ooo s.oo 1,00 5,953 1.191 
27,ooo 10.on 1.oo 12.598 1.200 ··············································· 
F' I TTED PA.RAHETJ;RS 

LEVEL SPACI~G =· 2.4~7 PLU~-0H-MINUS~.143Pl:R MtV 
ASYMPHHIC CN,2Nl CR"SS SECTI"N: 20,78 PLUS•0R•P1INUS 

HI:LA11:D DATA 

""N-eLASIIC C~0SS ScCT10N AT !4,2 HeY 660,31 H8 
(t..:,2NJ THRES...,ALD 20,28 MEV 
Oh3t>J TrlHESHPLO J"',SO MEV 

THIS JS0TZPE HAS 0 PR21T0NS, IHASS : 

NEUTRUN EXCE~S PARM~ETER = .00000 

RAT!~ 0r ASYMPT0Tit: (N,i:!h) Hi 141,2 MEV N0N•ELASTIC 
,QJ15 PLUS•3R-MINUS .0149 

N/SPACI~G = 2.4172 A/SPACING = 4, 944 
ERRM 2.!83 ERR~R 4,J66 

9, 85 M!:l 

(f) 
z 
a:: 
< 
a:> 

..J 

..J 

2:: 
) .. 
z 
N 

L 

b 
12:q 

3.1 

21 

C-12 B 52 CB3) 

A = 2.427*2,143 MEV"1 

CY.J,N.ZN>= 20.8t 9.9 HB 
o;J,.N,2N) 
q;J14.2) =.031'.015 

/ 
/ 

/ 

·' FITTED 
LINE 

/ 

I 
v 

(/ 

22 23 2q 25 26 27 26 29 
ENERGY< HEV) 

OIITA 
. f'CIINT 

• EXPERIMENT 

0 ADJUSTED EXF'T. 

30 31 32 33 3q 35 



N•14 , , ,J"RSH Rer·, s 65 (843) ...............•............................... 
oNERGY. N, 2N CR0SS SECTI P·l t MB) 
:MEV l MEASURED, ERR ADJUST< Do ERR .............................................. 
. 3,200 3,30 ,40 3,300 ,400 
,~.4,000 6.00 ilO 6,000 ,JOO 
14,100 6,30 ,40 6,300 ,400 
15,200 8,70 ,70 8,850 ,712 
15,800 9,60 ,70 9,867 ,719 
16,000 9,50 ,SO 9,79S ,S25 
11,ooo 10,20 ,eo to,7o5 ,&40 
17,500 10,90 ,eo 11,540 ,847 
17,900 10.90 ,90 11,621 ,960 
ta,too 11,50 ,eo 12,304 ,&56 
t&,5oo to,oo ,eo to,775 ,&62 

(/') 
z 

tB,aoo to,?o ,eo 11,591 ,&67 *•············································· Q:: 
< 
ID 

-' 
-' 

r I TTED PARAHETE~S ................. 
, 43 MB "' ...!_ 

NUCLEAR TEMP, • 1, 729 PLUS•0R•MINUS ,075 MEV 
ASYMPT0TIC. tN,2NI CR0SS SECTI0N • 12o90 PLUS•0R•MINUS 

z 
N 

z 
RELATED DATA b 

············ N0N•ELASTIC cReSs SECTI0N ·AT 14,2 MEV • 713,92 MS 
(No2NI THRESHBLD • 11,31 MEV 
(No~Nl THRESHBLP • 32,81 MEV 

THIS IS0T0PE HAS 7 NEUTR0NS, 

NEUTR0N EXCESS PARAMETER o ,00000 

RATl0 er ASYMPT0TIC (N,2NI Te 14,2 HEY NeN•ELASTIC 
,0181 PLUS•0R•MINUS o0006 

T•SQRT(N) • 4',575 
fRR0R o19S 

T•SQRT<A) • 6,469 
ERR0R •. ,281 

N•14 .,.F'R0H REF', B 65 C84JJ ............................................... 
ENERGY N,2N CR0SS SECTI0N IHBI 
CMEV) MEASURED, ERR ADJUSTED, ERR ............................................... 
13,200 3.30 ,40 3,300 ,400 
14,000 6o00 ,3n 6,000 ,300 
14,100 6.30 ,40 6,300 ,400 
15.200 8.70 .70 8,850 .712 
15.soo 9,60 .70 9,S67 .719 
16,000 9,,0 ,SO 9,79S ,S25 
17,000 10.20 .so 10.705 ,S40 
17,500 10,90 .so 11,540 ,847 
17,900 10,90 ,90 11.621 ,960 
18,100 u.,o .au 12,304 ,856 
1S,500 10.00 .so 10,775 .S62 
18,800 10.70 ,so 1t,o;91 .867 ............................................... 
r I TTED PARAMETERS ................. 
LEVEL SPACING 11 4,005 PLUS•0H·MINUS ,463PER HEV 
ASYHPT0TIC (N,2N) CR0SS SECTI0N ::r 14,12 PLUS•0R·MINUS , 70 Hb 

RELATED DA U b ............ 
N~N·ELAST 1 C cneSs SECT I0N AT 14,2 HEY • 713,92 HB 
CNo2N) TH~ESH0LD 11,31 HEV 
(N,JN) h!RESI-II'ILO a 32,81 HEV 

NEUTR0N EXCESS PARAMETER • ,00000 

RATI0 0F' A~YMPT"TTC (N,2NJ TO 1-1,2 MEV N£JN-ELASTJC 
.0198 PLUS•0R·MINUS .0010 

N/SPACING' 1.748 A/SPACING • 3,496 
ERR0R • 202 ERR0R , 404 

·~· 

12. 

~-

B. 

7. 

5. 

~. 

2. 

13.5 

12.0 

N-1~ 

T = I. 729! 
a.J,N. 2N > = 
a,(,N. 2N > 
qJ.1~.2) = 

I 

12 13 I~ IS 16 ·11 18 

N-1'! 

A = 1!.005 t. 
a.,{.N. 2N > = 
o;,I.N. 2N) _ 
u.J.l~.2) -. 

B 65 CBB> 

.~ HB 

.001 ----

FITTED DATA 
LINE PC! INT 

• EXPERIMENT 

Cl ADJUSTED EXPT. 

3 

19 20 21 22 23 ~ 25 26 27 28 29 3(l 31 32 33' 
I ENERGY( HEV ) 

B 65 C 8'!3 > 

3 MEV" 1 

.7MB 

.001 

----

FITTED 
LINE 

DATA 
PC! INT 

• EXPERIMENT 
o ADJUSTED EXPT. 

3 

! 

12 13 ·~ 15 16 17 18 19 20 21 22 23 2~ 25 26 27 28 29 30 31 32 33 
ENERGY( MEV) 

45 



46 

N•14 1 , ,rReH AEF', 9 61 U08) ............................................... 
ENERGY N,2N CR~$5 SECTJ~N IHBI 
IHEYI MEASURED, ERR ADJUSTED, ERR ............................................... 
14,000 u,oo 10,00 19,000 10,000 
16,200 9,00 1 1 00 9,315 l,OJ' 
17 1 800 9,30 1 1 00 9,898 1,064 
19,500 10,00 2,00 10,968 2,194 
21,300 8,50 2,50 9,630 2.832 
22,000 17,50 5,00 20,080 5,737 
25,000 17,80 6,00 21.591 7,278 
27,500 7.50 5,00 9,540 6,360 
30,500 12,50 4,00 16,857 5,394 ............................................... 
rJTTED PARAMETERS 

+ NUCLEAR TE.HP, • 1,865 PLUS•0R•11INUS ,633 HEV 
ASYMPTeTIC IN,2NJ CR~SS SECTI0N • 12,19 PlUS·~R·MINUS 2,02 MB 

RElATED DATA 

N0N•ElASTIC CR0SS SECTI~N AT 14,2 MEV • 713,92 HB 
IN,2NJ THRESH0lD o 11,31 HEV 
CN,JN) THRESH0LO • 32,81 HEY 

THIS IS0T0PE HAS 7 NEUTR0NS, PR0T0NS 1 CHASS • 14) 

NEUTR0N EXCESS PARAHETER • ,OUOOO 

RATI0 0r ASYHPT0TIC 1No2NJ T0 14,2 MEV N0N•ElASTIC 
,0171 PlUS•0R•HINUS ,0028 

'f•3U"TOoir • oi1t3 .. llflil&ntuo~ !I .,91D 
ERR~R 1, 675 F.RR0R 2.J68 

N•14 .,,rR0H REr, 8 61 18081 ··············································· FNFAr.v II!,:IN C~CfEG liliiCTIS~J <MOt 
!H§YI ~E~SUREUo ERR an.III~TF.Do F.RR ... , .......................................... . 
14,UOU 19,00 10,00 10,000 10,000 
10.200 9.nn 1 .on ~ .. \Pi , .n.v; 
17,8UU 0,30 1,00 9,898 1;064 
19,500 10.00 2,00 10,968 2.194 
21,300 8,50 2,50 9,630 2,832 
2Z,OOO 17.~t) 5.00 20,000 ,,737 
25.000 17.80 6,00 21.591 7,278 
27,500 7,50 5,00 9.540 6,360 
30,500 12.50 4,00 16,857 5,394 ............................................... 
r 1 TTEu Jo'AHAHETEHS 

LEVEL SPACI"'G a 3,914 PLliS•BR•I"liNUS2,723PER HEY 
ASYHPT0TIC fNo2NJ CR0SS SECTJ~N = 12,94 PLUS•0R•HINUS 2,59 Hl3 

RELATED DATA ............ 
NAN•ELASTIC CRASS SEtf10,, Af 14,2 "'" 71J,92 HB 
(N,2NJ T~-tRESW0LO • 11,31 HEV 
fN,JN) THrtES~~LO 32,81 HEV 

7 NEUTA0NS, 

NEUTR0N EXCESS PAJ:IAHETER = ,00000 

AATI0 0r ASYHPT0TIC (N,Un T~ 14,2 1'1EV N~N·F.LAST!C 
.0181 PlUS•0R-~INUS ,0036 

N/SPAC lNG : 1, 788 A/SPACING ' 3,577 
ERFH5R 1.244 ERR0R 2, 488 

28. 

23. 

20. 

IJ) 
17. z 

0:: 
< 
CD 

..J 

..J 
;: lq. 

,.!.. 
z 
N 

z II. 

b 

5. 

2. 

£0.1 • 

23.2 

!£ 17.q 
0:: 
<· 
CD 

..J 

d 14,5( 
::0:: 
,.!.. 
z 
N 

:z 

b 

B. 7 

N-1'l B 61 ( 808) 

I. 865 t . 633 HEV 
,2N> = 12.2 t 2.0 B 

ITTED DATA 
I. INF PC! INT 

• 1:. I'EIW11:.Nf 

Cl A JUST ED EXPT. 

3 

20 21 Z2 23 2'1 2S 26 27 28 Z9 30 31 32 3J 
ENERGYC HEV l 

N-1'l B 61 ( 808) 

A = J.9l'i '2. 723 MEV" 1 

o . , ZN) = 12. 9 i 2. 6 ·a 
IT t,2N> q;_, I 'l. 2) =. 018±. 001! 

ITTED 
LINE 

Ot.Tt. 
POINT 

• E PERIMENT 
o A JUSTED EXPT. 

31 

12 13 1q 15 16 17 IB 19 20 21 22 23 2q 25 26 27 26 29 30 31 32 33 
ENERGY< MEV) 



N•14 I I ·,F'R0H REF'. F'60 (602) ............................................... 
ENERGY N,2N CR0SS SECTUN IHB) 
CHEV) MEASURED, ERR ADJUSTED, ERR ··············································· 13,770 ,,18 ,60 5,180 ,600 
14.740 8,69 ,90 8,771 ,908 
15,780 9,25 1,00 9,504 1.027 
16,9bO 10,49 1,00 11,001 1,049 
17,9SO 11,,7 1,20 12,353 1,281 ··············································· 
rcTTED PARAMETERS ................. 
~~~~~;:r ~~"~ N. ;N ~ • ~=~s:L~~C~~;~ 1:us i~~;. "=~us-eR·HINus 1·.22 "s 

RELATED DATA ............ 
N0N•ELASTIC cReSS SECTI0N AT 14,2 MEV • 713;92 HB 
CNr2N) THRESH0LO • lt.31 HEY 
(fot,3N) THRESH0LD • 32,tU r1EV 

THIS IS0T0PE HAS 7 NEUTR0NS, 7 PR0T8NS, CHASS • 14) 

NEUTR0N EXCESS PARAMETER • , 00000 

RATI~ er AST/'tPT0TlC lt~t2NJ To 14,2 t1t:Y NON•ELASTJC 
.0192 PLUS•0R·MINUS o0017 

f•SOkTCN> • 4,739 
ERR0R ,540 

T•SQRTCA) c 6·,101 
ERR0R ·, 763 

.......... ····································· E~E~GY N,2N CR0SS ~ECTIIdN (HU) 
CHEV) HEASURF.D, ERR AUJUSTED, ERR ............................................... 
13. nn 5dfJ • 60 5,100 • 600 
14.7 ~ 0 8.69 • 90 8. 771 , 90B 
1 ~. 7~jO Q .~s 1' 00 9, 504 1, 02? 
1b 0 9b(J 10.49 1.00 11.001 1. 049 
17 o 9tiC 110 57 1. 20 12,353 1. 281 ··············································· 
Fl TT~D Pt.rtA~fTFR$ ... ·············· LEVEL SP~t.CING- z: -~ol>23 PLUS•WtR•t-11NlJSl.014PER MEV 
ASYHf'T0Tic oJ,2~:, CRDSS ::;~:CTI~:tN: 15,36 PLUS•0R·HINuS 1 0 91 Me 

'Ji-ir~-fLASTIC c~e-ss st:cTIJ'; Al 14,2 "'EV ?13.92 HB 
cr-t,2NJ Tllilf~lf.?L[I 11.:51 MEV 
Ctr,J!~) Tn~!:SH"LO 32,81 "lEV 

Tt·il3 !S0f:.:Pf l-IAS 7 NI:Ulh~~S o 7 PR.,T~NS, (MASS 

t>JH;T~~~~ I:XCFS<:\ Pt.~A:1ETEtoi : .OOOOt 

fhTJr: ~f" ASYr~~TI'\TIC Hh2.'!) T"b 1~.l MEV N0N•ELASTIC 

t./SP..AG ltn, ::: 
I::Hh;.jq 

,11215 PLUS·~H·MINlJ~ ,0027 

1. ?J2 
• ~41 

A/SPACING = 3,864 
EHROR 1,062 

lf'l 
z 

"" < 
CD 

_J 
_J 

:>:: 
_.!_ 
z 
N 

z 
b 

(f) 

z 

"" < 
CD 

_J 
_J 

:>:: 
_.!_ 
z 
N 

z 
b 

IO.S 

9.0 

I.S 

N-14 F60 < 602 l 

- 1.2 MB 

--

F I TTEO 
LINE 

DATA 
POINT 

• EXPERIMENT 
o ADJUSTED EXPT. 

3 

12 13 I~ IS 16 17 18 19 20 21 22 23 2'1 2S 26 27 28 29 30 31 32 33 
ENERGY< MEV) 

18. O!fo'----l""'l.....,....,....,.....,....,.._.,... __ """'...,....,._""''"'., 

16.2 

9. 

N-14 F6D C6D2 l 

A= 3.623tl.Q14 MEV'1 

a..b,N.2N)= 15.4 ,. 1.9MB 

<T,,f,.N. 2N l _ , 
q_[ 14.2) -.022-.003 

FITTED 
LINE 

DATA 
POINT 

• EXPERIMENT 
o ADJUSTED EXPT. 

3 

12 13 I~ IS 16 17 18 19 20 21 22 23 2~ 2S 26 27 28 29 30 Jl 32 33 
ENERGYC MEV) 

47 



48' 

N•14 , ~ ~rAeH REF', P 60 c 1120, ................................................ 
ENERGY No2N cRmss SECTimN CHBI 
CMEV I MEASURE Do ERR ADJUSTED, ERR ............................................... 
13,850 · ,;,o ,,o 5,soo ,,o·o 
14,150 7,00 ,70 7,000 ,700 
14,400 7,50 ,70 7,526 ,702 
14,700 8,20 ,80 8,270 ,807 
14,950 9,20 ,90 9,319 ,912 
15,350 11,00 1,00 11.219 1,020 ............................................... 
r I TTED PARAMETERS ................. 
NUC~EAR TEHP, • 3,613 P~US•0R·MINUS ,684 HEY 
ASYHPUTIC CN,2NJ CRBSS SECTimN • 35,58 P~US•BR•HINUS 9·,77 HB 

! 

RE~A TED OA TA ............ 
N0N•ELASTIC CRmSs SECTI0N AT 14,2 HEY • 713,92 HB 
CN,2NI TMRESMBLD • 11,31 MEV 
(N,JNJ THRESHSLD • 32,81 HEY 

TMIS IS0T0PE MAS 7 NEUTRBNS, PR0T0NSt CHASS a 

NEUTHBN EXCESS PARAMETER • ,00000 

RATim er ASYMPTBTIC CNo2NI Te 14,2 MEV NBN•ELASTIC 
,0496 PLUS•BR•HINUS o01J7 

ToSQRTINI • 9,559 
ERRBR 1, 610 

T•SORTCAI • 13.,519 
ERRBR 2·, 559 

.,.F'R0H REF', P 60.(1720) ··············································· li~!lfq~y ti,~PI OAOCQ CtOTIOU 'HOI 
CMEYI MFAfiiiRFn, FRR AO.IIJ~TF.n, FRR ··············································· 13,650 5,,0 ,50 5,,00 .soo 
1~.150 7.nn ,7n' 7,0('1('1 ,700 
14,400 7,50 ,7n 7,526 .102 
14,700 e.~o ,eo 0,210 .eo7 
14,950 9,20 ,90 9,319 ,912 
15,350 11.00. 1,00 11.219 1.020 ··············································· 
r I TTED PARAMETERS ................. 
LEV6L SPACING • ,47J P~US•IIIR·MINUS .2fo7PER MEV 
ASYMPT0TIC (N,2N) CR0SS SECTJ0N: 68.89 PLUS•0R·HINUS 34.03 HB 

RELATED DATA 

N~N·E~ASTJC. CRBSS SECT IBN AT 14.2 MEV ' 713,92 MB 
CN,2N) THRES~0L0 • ].1,31 HEV 
IN,;\tn THRF:iHm.D !!! ~?,61 MEV 

THIS IS~UPE HAS 7 NEUTRBNS, 7 PR~T~NS, Cf'IASS a t4) 

NEUTR0N EKCESS PARAMETER ' ,00000 

RATI" "r ASYHPT0TtC (N,2Nt T0 14,2 MEV N0N•El.6STIC 
.~965 PLUS•0R•MINUS ,0477 

N/SPACING • 14,799 A/SPACING 8 29,598 
ERR0R 8, Q"O ERR0R 17",959 

'18. 

~I. 

36. 

3.2. 

(/') 
Z7 z 

<r 
< 
OJ 

_J 

~ 
ll:. 

Z3. 

).. 
z 
N 

z 
b 

13. 

9. 

~. 

BB. 

77. 

~ 66. 
<r 
< 
Cil 

_J 
_J 

;: 55. 

).. 
z 
N 

;i 'l't. 

b 

33. 

22. 

II. 

N-1'1 p 60 ( 1720) 

T = 3. 613 t. 68'1 1'4EV 
a.J,.N.2Nl= 35.6t 9.8 MB 

a..(.N. 2N > _ t 
o;,p'1.2' -.050 .01'1 

-~-- --

F JTTEO 
LINE 

OAT~ 
PCJ!Nl 

• l':ltr!!R li·I!!Nl 

o ADJUSTED EXPT. 

3 

1Z 13 I~ 15 16 17 IB 19 ZO Zl ZZ 23 l'l Z5 ZS 27 ZS l9 3C 31 3Z 3.l 
E~E~GY' I'IEV l 

N-1'1 r 60 c 1120 > 

F!TTI'Jl 
LINE 

--
nATA 
POINT 

• EXPERIMENT 
o ADJUSTED EXPT ,. 

12 13 1~ 15 16 17 IB 19 20 21 2Z 23 2~ 25 26 27 28 29 30 31 32 -
F.NERGY( MEV ) 



·,; rRSH REr, 8 61 C 8081 ············································· NERQy No2N CR0SS SECTI0N CHBI 
HEVI HEUUREDo ERR ADJUSTED, ERR ............................................. 

19,700 2,00 ,50 2,201 ,550 
21,200 S,30 ,60 3,732 ,679 
22,000 6,00 1,50 6,885 1,721 
25,000 11",80 2,50 14,313 3,032 
27,600 15,00 1,20 19,116 1,529 
30,500 16,00 1,00 21,577 1,349 ··············································· 
r I TTED PARAMETeRS ................. 
NUCLEAR TEHP, P 9,194 PLU5•0R•HINUS2,307 HEV 
ASYHPT0TIC CN,2NI CReSS SECTION • 50,86 PLUS•SR•HINUS 16·,34 HB 

RELATED DATA ............ 
N0N•ELASTIC CR0SS SECTI0N AT 14 0 2 HEV • 763,26 HO 
CNo2NI THRESHSLD • 16,65 HEV 
CNo3NI .THRESHSLD • 30,69 HEV 

THIS IS2T0PE HAS 8 NEUTRBNS, PR0T0NSo CHASS • 161 

NEUTR0N EXCESS PARAMETER • , 00000 

RATIB er ASYHPTeTJC CNo2NI T0 14,2 HEV NBN•ELASTIC 
,0666 rLU6r0ArHJNUS ,0~14 

T•SDRT(N) • 26,005 T•SuRTCAI • 36.,776 
ERRBR 6,, 525 ERR0R 9, 228 

"' ~ .: 
CD 

-' 
-' 
X: 
_.!_ 
z 
N 

z' 

b 

20.~ 

13. 

6. 

NO "A" FIT POSSIBLE 

CJ-16 B 61 <808) 

T = 9.191it2.31 HEV 
a.J,N.2N)= 50.9t!6.3 HB 
q.(.N,2N) 
~p'i.2) =.0671.021 

~/ 
D L----f 

CJINJ- . -EXPERIMENT 

o ADJUSTED EXPT. 

3 

Z1 ZZ Z3 ~ ZS Z6 27 Z8 29 30 31 
ENERGYCHEV> 

49 



50 

f'·19 ._,F'A0H REF' 1 V68 C2596) ··············································· ENERGY N, 2N CA0SS SECT J0N ( HB) 
CHEY I HEASURED, EAR ADJUSTED, ERR ··············································· 13,600 613,00 6.00 613,000 6,000 
tJ,aoo 68J,oo ?,oo 6&J,ooo ?,ooo 
t4,QOO 754,oo e,oo 754,ooo a,ooo 
t4,2oo &24,oo e,oo 824,ooo a,ooo 
14,400 894,00 9,00 897,055 9,031 
14,600 965,00 10,00 971,612 10,069 
14,700 '1035,00 10.00 1043,875 10,086 

~············································.·· 

r! TTED PARAMETERS ................. 
NUC~EAR TEMP, • 3,689 P~US•BR•HlNUS ,323 HEY 
ASYMPTeT l C ( N, 2N I CA0SS SECT UN • 3818,90 P~US,•BA•"l NUS 489,77 HB 

RE~ATED DATA ............ 
N0N•E~AST(C CR0SS SECT10N AT 14,2 MEV • 830.,90 HB 
(N,2NJ THRESH0LD • 10,9& f1EV 
(No3NI THRESH0~D • 20,61 MEV 

THIS l·S~T0PE HAS 10 NEUTRBNS, PR0T0NS, ("ASS • 191 

NEUTA0N EXCESS PARAMETER • , 05263 

RATte 0F ASYHPT0TlC CNo2NI TB 14,2 HEY N0N•E~ASTIC 
4, 5961 P~US•BR•M 1 NUS , 5894 

T•SDRT(N) • 11o666 
t:HH'~H 1 1 U~l 

T•SQRTtA) • 16.1 080 
t:HH'.,H · ~'1 4~6 

F-19 ,,,FRp,... REF, V68 t2596) 

····~································~········· Er~eli~, N,~N CH"~!::I ::,E:CTBVI Cl'i9) 
(~1[\ll 1-tE.05UP.EO, I!Rfl AlJJtJSTED, E:P.H 

• •••••••••••••••••••o••••••••••••••••aaiOiii&oi 
13.600 613.00 6.00 613.000 6,000 
13.0c.r, f,(IJ.n:') 1,00 tJ&3,ooo 7,0uu 
14.UiiO 7c;4,no h.ou 754.00o a.ooo 
14,2UU B~4,1j0 &,OQ 624,(10(1 S,COO 
14,400 ~"4,r.o 9,oo 697,055 9.o:u 
14,600 96S.rl'l to.ou 971,612 'I0,069 
14,7UO H:a:5,nn to.uo 1043.&75 to.oa6 

ooo•••••••••••••••••••••••••••••••••••••••••••• 

F I TTF:D t1At(A~F=HQ<::; 
"'IIOIIIUIIIOOUOOOOIOIII 

Lr:V£L 5~-'Al:!'IJI~ :: ,414 PLUS-~H·lll.'o~U!) ,117PER HEV 
ASY~PT1111C (\1,2N) CfH1 SS :.t_CTII:; .. : 7661..~6 PLUS•0R-Mit:US1839,17 MD 

i;t;L. .11 T 1;. i.1 ~·, t, 1 A 
eo eo oeoooo o• 

;:!1·1,-f:LASIIC C~~!-1~ SCCTIO:~o AT 1.4,2 ~ICV 830,90 M~ 
(l,,.n.) l.,l-.ES~,tl.t' 1'-,'aiB ~l:v 

II.,,J,'J) "'"'C:S!I"'lr' 20,t•l MI:IJ 

'I Pk0T.1NS, (HASS : 19) 

~t.TI!" (lr A:iY!Jf'TV·Ttt.: (1\oll\) Tl: 14,2 /':I:V t-HiU-EL.ASTIC 
q,4t>{l(! 1-'Lt_l~-;.lH-~tltiUS 2,lJJ';) 

::t~PAt;(/\IU :: ?4.1';c; .:.t!-iP.o.(:iNG: 4!;,~9.4 
t:~I\~R b o .:;?6 ERRtR 12 o 97U 

~~00. 

3960. 

3520. 

3080. 

(f) 
26~0. z 

0:: 
< 
ro 
...J 
...J 

:E 
2200. 

,!.. 
z 
N 

z 1760. 

0 

1320. 

880. 

~~0. 

a. 
10 

88-!U. 

6860. 

~ Slli!U. 
0:: 
< 
ro 
::; 
;::! l.f900. 
:E 
,!.. 
z 
N 

i 

0 
:mo. 

29'10. 

1960. 

980. 

F-19 V68 ( 2596 > 

T = 3. 689 ! • 323 MEV 
<Y.J,N. 2N > = 3818. 9! 489.8 MB 
<Y..(.N. 2N > _ " • 
q;J I 4• 2 > -4. 596- • 589 

FITTED 
LINE 

N / 
11 12 13 ~~ 15 16 17 

ENERGY( MEV> 

F -19 V68 C 2596 > 

A ; • 'i 14 ' • II 7 MEV- 1 

q~.2N)= 7862.0! 1839.2 H8 
o;J,N. 2N) 
q;JI'i.2> =9.462!2.213 

/-

DATA 
PCJI ~If 

• EXPERIMENT 

fJ AfJ,J\ISTF.D EXPT. 

3 

18 19 20 

EXPERIMENT 

ADJUSTED EXPT. 

21 

0i.to~~L-~~~~,~3~~,~~~~,5~~~~6~~~~7~~~~8~~,9~~2~o 
ENERGY( MEV) 

Zl 



·, .. rRBH REF', H 67 (1686) ··············································· ENERGY No2N cRess SECTIBN !HB) 
!HEY) MEASURED, ERR ADJUSTED, ERR ............................................... 
12,700 16,30 1,60 16,300 1,600 
12,940 22,80 2,30 22,800 2,300 
13,280 26.,40 2,60 26,400 2,600. 
13,500 30,50 3,70 30,500 3,700 
14,960 60,80 6,00 61,595 6,078 
15,820 71,40 7,00 73,413' 7,197 
16,520 78,90 7,70 82,114 8,014 
17,350 90,50 9,50 9,,850 10,062 
18,440 90,20 9,00 9ts,098 9,788 
19.~90 85,40 8,40 94,852 9,330 ............................................... 
rnTeo PARAMETERS ................. 
NUOLEA~ TEMP, • 2', 662 PLUS•eR•M I NUS ,157 HEY 
ASYHPTeTIC (N,2Nl CReSS SECTI0N • 128,15 PLUS•eR•MINUS 8,69 MB 

RliLATED DATA ............ 
NeN•ELASTIC CReSS SECTI0N AT 14,2 MEV • 830.,90 HB 
(N,2Nl TMRESHeLD • 10,98 MEV 
!N,3Nl THRESH0LD • 20,61 HEV 

THIS JSeT0PE HAS 10 NEUTHBNS, 

NEUTR0N EXCESS PARAMETER • , 0526~ 

RATie er ASYMPTBTIC {N,2Nl Te 14,2 MEV NBN•ELASTIC 
.1542 PLUS•BR·MINUS .0105 

TtSQRT(NJ • 8 1 418 T•SQRT!Al • 11,603 
~RRBR , 496 ERRBR , 684 

, • ,rRmH REr. " 67 C1686.) ··············································· ENERGY N,2N CR0SS 5ECT10N (H8) 
CHEV) MEASURED, ERR ADJUSTED, ERR ··············································· 12,700 16.~0 1,60 16,300 1.600 
12,940 22.~0 ::!,30 22,800 2,300 
13,280 26,40 2,60 26,400 2,600 
13.5nn lo.so J,7o · 30,500 3,7oo 
14,960 60.80 6,00 61.595 6,078 
15,820 71.40 7,00 73,413 7,197 
16,520 78,90 7,70 82.114 8,014 
17,350 90,50 9,50 95,850 10.062 
16,440 90,20 9.00 98,098 9,788 
19,3vu 85,4n 8,4o 94,852 9,330 ········································r······ 
F'JTTED PAFfA"1F.TERS ................. 
LEVEL SPACING = 1,309 PLUS·0R·HINUS ,242PER MEV 
ASYHPT0TIC (N,2N) CR0SS SECTJ0N = 167.77 PLUS•0R•HINUS 20,09 .HB 

RELATED DATA 
Aott•• • •••••• 
NeN•ELASTJC (:ReiSS SECTI0N AT 14,2 MEV 830,90 HB 
(N,2N~ Tt1RI:St-:ru.n • \0,9B MEV 
Hl, 3t~) THhi:;SH~LO 20,61 HEV 

THIS IS0HIPE HAS 10 NEUTRONS, 

IJiiUTriUN EA'CE::i'~ i"AliAHETER = ,05263 

RATI0 0F' ASY~PT91TIC (N,2NJ T0 14,2 HEY N0N•ELASTJC 
• 2019 PL~S·0R•HINUS ;0242 

N/SPACING ' 7 .639· A/SPACING ' 14,515 
ERR~R lo 412 ERR0R 2, 68~ 

•:: 

U) 
z a::: 
< 
CD -..J 
..J 

z: 
A 
z 
N 

z 
b 

"' z a:: 
< 
2:! 
..J 
..J 
;: 
A 
z 
N 

z 
b 

1'10. 

128. 

liZ. 

98. 

IN. 

10. 

F-19 11 67 ( 1686) 

T = 2.662!.157 HEll 
qJ,N. 2N) = 128. 1 t 8. 7 I'IB 
a..c,N,2N> 
q_~ ll:l. Z> =.15':1*. D1D 

FITTED 
LINE 

DATA 
POINT 

• EXPERIMENT 
c ADJUSTED EXPT. 

0i~O~~I!I~~IZ~~~~~~~~~I~5~~18~~1k7~~18~~1k9~M~~~~ZI 
ENERGYCHEV> 

171. 

95. 

76. 

57. 

98 . 

19. 

F-19 11 67 ( 1686) 

A = I. 309 t • 2':12 11EV-1 

CJ'.,~.2N>= 167.8!20.1 118 
o;J.N, 2ro 
q_p':l. 2> =.202t,02':1 

FITTED 
LINE 

I~ 15 16 17 
ENERGYC 11EV) 

DATA 
POINT 

• EXPERIMENT 
o ADJUSTED EXPT. 

3 

51 



52 

F'•19 ",F'R0H REF'·, 9 65 (843) ··············································· ENERGY N, 2N CR0SS SECTI0N ( MB I 
(MEV I MEASURED, ERR ADJUSTED• ERR ............................................... 
12,600 13,40 1,20- 13,400 1,200 
13,200 25,70 2,20 25,700 2.200 
14,100 41,20 2,20 41,200 2,200 
15,200 60,20 5,20 61,239 5,290 
16,000 '68. 70 5,90 70.857 6.085 
17,100 78 ,eo 6,80 82.920 7.156 
17,800 86,50 7,40 92,651 7. 926 
18,500 94,50 8,10 102.916 8, 821 
19,100 97,70 8,40 107,839 9,272 
19,600 91,90 7,90 102.523 8,813 ............................................... 

Ul z 
FITTED PARAMETiiRS ················· NUC~EAR TEMP, • 2, 895 P~US•0R•MINUS ,127 HEY 
ASYMPTBT IC (No ?N l CR0SS SECT i~N • 136,67 P~US•0R•HI NUS 6, 75 H8 

0::: 
< 
a:J -..J 

= :a: 
,.!.. 
z 
N 

RE~ATED DATA .z ............ 
N0N•E~ASTIC CR0SS SECTI0N AT 14,2 MEV • 830,90 MB 
(N,2N) THRESH0LD • 10,98 HEY 

b 
(N,3NI Tt<RESH0~0 • 20,61 MEV 

THIS IS0T0PE HAS 10 NEUTR0NS, 

NEUTR0N EXCESS PARAMETER • , 05263 

RAT!~ ~F &.VMPT0TIC (N,2NI U A4,2 HEY N0N•E~ASTJC 
' 'lo!o•!il Pl_ll~ef!R.H t NilS I ooet 
ToSQRHNI • 9,155 

6RR0R . ,4Q~ 
TISGIHT\A) • 12,619 

ERR0R ·, !5,4 

, ,FR0M REF, B 65 18431 ................................................ 
ENERGY N,~N CHitiSS ~t:CIIIbN \He) 
!MtVI MEASURED, ERR ADJUSTED, cnn 

•••i•i•6ilillll••••••••••••••••••v•••••li •••• .01 i 

12,600 13,40 1,2u 13,400 1.1:oo 
1J,2uu 2!'.7o z.ro 2'i.7oo 2,200 
14,100 41.20 2,20 41,200 2,200 
15,200 60,20 5,20 b1.~3Y 5,290 
16,000 68,70 5,90 70,857 6,085 
11,1oo 78,80 b,Bo 82.920 7.1>b 
17,800 86,50 7,40 92,651 7,926 
18,500 94,50 8,10 102,916 8,821 
19,100 97,70 8,40 107,839 9,272 
19,600 91.9~ 7,90 10~.,23 8,813 .............................. ~·················· 

Ul 

FITTED PARAMETERS 
z 
a:: 

I a I I I ·····••••••• 

~EVE~ SPACINC • 1.0b8 P~US•0H•HINUS ,157PER MEV 
< 
f£ 

ASYHPT0T I C ( N, 2N I CR0SS SECT 10N • 186, JO P~US•0R•H I NUS 17,69 HB ..J = :0:: 
,.!.. 
z 
N 

R~~ATED DATA ............ .z 
N0N•ELASTIC CR0SS SECTI0N AT 14,2 HEV c 830,90 HB 
CN 1 2N) THRESt-10LD = 10,98 HEV b 
(N,3N) THRESH~LD tz 20,61 MEV 

THIS IS0T0PE HAS 10 NEUTR0NS, 9 PR0T0NS, CHASS • 19) 

NEUTR~N EXCESS PARAMETER = ,05263 

RATI0 0r A5YHOT9TIC 1No2NI T0 1•.2 HEY NAN•ELASTIC 
,2242 P~US•AR·HINUS ,0213 

N/SPACING ';: 9,363 A/SPACING • 17.,790 
ERR0R 1,376 ERR0R 2, 615 

150. 

F-19 8 65 (8'!3) 

195. 1 = 2.895t,.IZ7 HEY 
qJ,N.ZN>= 136. 7t 6.8 HB 

uo. 
~.ZN> . 
q_p'i.Z> =.16'it.DDB 

105. .... 

90. 

75. 

60 • 

FITTED DATA 
LINE: POINT 

• EXPER1HENI 
c ADJUSTED EXPT. 

o. 
10 13 I~ IS 16 17 18 19 20 Zl 

ENE~GY( HEY ) 

Z 10. ct'""'""'I""'""'I''''ITn•Tf"=nTTI""nTT"T"nTT'"'11""""'"T"-""'I""""'"T"""'""'I""""'"l 

168. 

I H. 

IZ6. 

IDS. 

63. 

~2. 

21. 

F-l!l B 65 CB'i3) 

A = 1. 06!:1! • I!::> I Mt V"1 

o;J,N. 2tn ~ lOG. 3 *17, 7 MB 
g.LN, ~N) 
q;J I'!. z) =. 22'i!. OZI 

FITTED 
LINE 

DATA 
POINT 

• EXPERIMENT 
rJ ADJUSTED EXPT •. 

o.t....... ........ -N..,/........,.......,.wL..~..w...~.._~........,......,........,~, ·'"""~"·L.." ~" ~ .. .J..I•~•1.J....:I~ 
10 12 13 I~ IS 16 17 18 19 20 21 

ENERGY( MEV> 



r-19 , .,rR0H RF, P 65 C 449) ............................................... 
ENERGY. . N,2N CR0SS SECTJ0N CHS) . 
CHEV) MEASURED, ERR ADJUSTED, ERR ................................................ 
12,350 34,00 6,00 34,000 6,000 
12,770 36,00 6,00 36,000 6,000 
12,990 41,30 6,00 41,300 6,000 
13,800 49,50 7,00 49,500 7,000 
14,180 56,00 7,00 56,000 7,000 
15,JOD 67,00 6,00 68.274 6,114 
15,670 68,50 7,00 70,249 7,179 
16,900 86,00 6,00 90.098 6,286 
17,JJO 87,70 6,00 92,8J7 6,J51 
18,490 97,50 6,00 106,159 6,533 
,\9,430 1!17,50 6.oo 75.034 6,670 
20,190 91,'30 5,00 103,306 5,645 
20,400 83,00 5,00 94.095 5,668 ··············································· 
r1 TTED PARAMETERS ................. 
NUC~EAR TEMP, o 1·,496 P~US•0R•HINUS ,161 HEY 
ASYHPT0TIC tN,2Nl CR0SS SECTI0N • 96,42 P~US•0R•HINUS 4,72 HB 

RE~ATED DATA ............ 
N•N·~~AST!C CR0SS S~CTI0N AT 1<,2 HEY • 8J0,90 HB 
( N, 2N) THRESH0~D o 10,98 HEY 
t,N,~Nl THRESH~~D • 20,61 HEY 

THIS IS0T0PE HAS 10 NEUTR0NS, 9 PR0T0NS 1 (KASS .• t9J 

NEUTR0N EXCESS PARAMETER ' ,0526J 

RATI0 zr ASYHPT0TIC CN,2Nl T0 14,2 HEY N0N·E~ASTIC 
,1160 P~US•0R•HINUS , 0057 

T•SORTCNJ • 4,731 
ERR0R , 509 

ToSURTCAl • 6,521' 
ERR0R , 702 

r -19 • , • rR0M REr. p 65 ( 449) ............................................... 
ENERGY N, 2N CR0sS SECT I0N CHS) 
tHEY) MEASURED, ERR ADJUSTED, ERR ................................................ 
12,350 34, DO 6. 00 34.000 6, 000 
12' 770 J6, DO 6, DO J6, 0 DO 6. ooo 
1~ 1990 41,30 6. ou 41,JOO 6. 000 
13,800 49.50 7, DO 49,500 7. coo 
14,180 56.00 7. 00 56, ODD 7. 000 
15, JOO 67, DO •• 00 68.274 6,114 
15,670 68,50 7. 00 70.249 7.179 
16,900 86. on h, 00 90.098 6,286 
17,330 87.70 6. 00 92,8J7 6,351 
18.490 97.50 6, DO 106,159 6 ,5JJ 
1 q ,4~0 67 .so 6 I QQ 75,034 G,GTO 
20,190 91,50 5. 00 1DJ,J06' 5,645 
20.400 83.00 5' 00 94,095 5, 668 ............................................... 
r I TTEO PARAMETERS ................. 
~EVE~ SPACING • 5, 752 PLUS•0R•HINUS1,281PER HEY 
ASYHPT0TIC (N,2Nl CR0SS SECTI~N • 100,23 P~US·~R·"INUS 5,73 Me 

RELATED CATA ············. N0N•ELASTIC CR0SS SECTI0N AT 14.2 HEY' 8J0,90 HB 
CN,2N) T11RESH0~D 10,96 H~Y 
tN,JNI TH~~SHA~D • 20,61 HEY 

THIS IS0T0PE HAS 10 NEUTRaNS, PRBT0NS, (HASS D t9) 

NEUTRI?JN E.t.CESS PAI7fAI'IETEW II ,O,;t63 

RATI0 0r ASYMPT0TIC !No2NI T0 14,2 HEY N0N·E~ASTIC 
,1206 F'LUS-16R•HINUS ,0069 

N/SPACING' 1,739 A/SPACING • J,JOJ 
ERR0R ,J87 ERR0R , 7J6 

'c 

!1·· 

en z 
0:: 
< 
CD -..J 
..J 
;: 
,!. 

~ 
z 
b 

en 
z 
t:l: 

a3 -...J 
...J -z: 

( ,.., 
z 
N 

z 
b 

F-19 p 65 ( 'i'i9) 

T = 1. 'i96 t. 161 HEY 
o;J.N.2N>= 96.'it 'i. 7 HB 
~.2N) 
Cl(1'i.Z> =.116t.OQ6 

FITTED 
LINE 

DATA 
POINT 

• EXPERIMENT 
o ADJUSTED EXPT. 

o.t.....,-l.dG......~o.o.oo......J. ....... ...J.o..u ...... l.o.-"""' ....... .~o.o.oo"""" ....... ...J.o..u ...... .a.....W 
10 II 12 13 I~ IS 18 17 IB 18 211 21 

2'1. 

12. 

a •. 
10 

ENERGY< HEY> 

F-19 p 65 ( 'i'i9) 

A = 5. 752 ~!. 281 MEv-I 

<T.J,N. 2N > = 100.2 ~ 5. 7 HB 
cr .. (.N.2N> • ,. 
q;J.1'i.2) =.121-.007 

FITTED 
LINE 

II 12 13 I~ IS 16 17 
ENERGY< MEV> 

DATA 
POINT 

• EXPERIMENT 

0 ADJUSTED EXPT. 

3 

19 19 20 21 

53 



54 

F•19 ·,. ,FR0H REF, R 6J CJ40 I ·······••······································ ENERGY N,2N CReSS SECTUN CHBI 
CHEYI MEASURED, ERR ADJUSTED, ERR ........................ ., ..................... . 
12,600 1!5,.0 1,40 15,400 1,400 
12,700 15,JO 1,40 15,JOO 1,400 
1J,1oo 25,50 2,Jo 25,5oo 2,Joo 
1J,4oo n·,9o J,1o JJ,9oo J,1oo 
1J,500 J5,20 J,20 J5,200 J,200 
14,100 53,20 4,80 53,200 4,800 
14,300 60,90 5,50 61,004 5,509 
15,200 72,JO 6,50 7J,548 6,612 
15,900 81,70 7,40 84,119 7,619 
16,600 89,00 8,00 92,755 8,338 
17,200 98,70 8,90 104,132 9,390 
17,900 102,00 9,20 109,520 9,878 ............................................... 
FITTED PARAMETERS ................. 
NUC~EAR TEMP, • J,J71 P~US•eR•MINUS ,J57 MEV 
ASYHPTeT IC C N, 2N I CReSS SECT IBN • 194,27 P~US•0R•H I NUS 28, 40 HB 

RE~ATED DATA ............ 
N0N·E~ASTIC CR0SS SECH0N AT 14,2 HEY • 8J0,90 HB 
(N,2N> THRESH0LD a 10,98 MEV 
CN,JNI THRESH0LD • 20,61 MEV 

THIS IS0T0PE HAS 10 NEUTR0NS, PR~T0NS, CHASS • 191 

ll[~TRBN GX;6S6 PARAM&TiP • , 0~>6~ 

RATI0 0F ASYMPTOTiC CNo2Nl T0 "14;2 MEV N0N•E~ASTIC 
,2JJ8 P~US•0R•HINUS ,OJ42 

TeSQRTlN> !II." 10,660 
ERH0R 1,129 

T•SQRHA> • 14,694 
ERR0R 1,556 

F'-19 ,,.F'R0H REF', R 63 (340) ··············································· EN(RQY N,ZU Cft0SS :iECTI0N CMB) 
(HEVJ H~ASURCD, ERR ADJUSTED• ERR 

~--8~·········································· U,600 1~.40 1.40 1,,400 1,400 
!?.71)1) 1~.11) 1,,40 :Li,JOO 1,1100 
1J,1oo 25,5o 2,Jo 25,500 2.Joo 
13,400 33,QU .Llll JJ,\IUU ;.1.100 
13,500 35.20 J,20 J5,200 J,200 
14,100 5J,20 4,80 5J,200 .4,800 
14,JOO 60,90 5,50 61,004 5,509 
15,200 72.30 6,50 73,548 6,612 
15,900 R1.71'1 7,40 84,119 7,619 
16,6UO 89,00 tt,OO Yi!,7~!) ij,J38 
11,200 9!L7o e,9o 104.132 9.390 
17,900 102,00 9,20 10Y,520 9,878 ............................................... 
f I TTEO PARAMETERS ................. 
LEVEL SPACING " ,610 PLUS·0R·MINUS ,21JPER HEY 
ASYMP10TCC CN,2Nl CR0SS SECTI0N • 329,01 PLUS•0R•MCNUS 89,04 Hb 

RELATED DATA 

N0N•ELASTIC CR0SS SECTI0N AT 14.2 "EV 
(N,2N) TI-IRESHOLD 10,98 MEV 
(N,JNJ THRES!-10LD 20,61 MEV 

THIS IS0T.PE HAS 10 NEUTR0NS, 9 PR0T~NS, CI1ASS • t9J 

NEUTR•N EXCESS PARMETER • ,0526l 

RATI0 0f ASYHPT0TIC CN,2Nl T0 14,2 MEV N0N•ELAST!C 
,J960 P~US•0R·HINUS o1072 

NtSPACIN~ • 16.3QJ A/SPACING • 31". 148 
ERR0R 5, 724 ERR0R 10,876 

'lin. 

111'1. 

181. 

~ 138. 
~ 
CD 

...J 
;:::! 
z: 
A 
z 
N 

z 
b 

' 89. 

23. 

F-19 R 63 <3'i0) 

1 = 3.371!.357 HEV 
o-,J.N.2N>= 19'i.3t28.'i H8 
O',C,N, 2N ) 
q_l1'i.2) =.23'it.03'i 

FITTED 
L.INii• 

DATA 
PC! INT 

• EXPERIMENT 
c ADJUSH::U EXPT. 

0i~o~~~~~~~~z~~.~,~~.~~~M.~s~~.s~~.~7~~.a~~.~B~~m~~zl 
ENERGY<HEV> 

<r> 
z a:: 
< 
CD 

...J 

...J 

z: 
A 
z· 
N 

~ 

b 

~/H. 

Z10. 

168. 

IZS. 

8~. 

~z. 

0 •• 
10 

F-19 R l)::J < ::J'!U l 

A= .610~.213 MEV-I 
qJ.N,2N)= 329.0±89.0 MB 
o;,J,N, 2N ) 
q_(1'!.2) =. 396! .107 

11 1'1 lS 16 17 
ENERGY( MBV) 

• EXPERIMENT 
o ADJUSTED EXPT. 

.1.9 



r-19 ,.·,rReH REr, B 61 C808) .....•....................................... 
NERGY No2N CR0SS SECTI0N CHB) 
HEY) HEASUREDo ERR ADJUSTED, ERR 

216. ............................................. 
14,300 73.00 s,oo 73,125 5,009 
16,2oo 112,oo 8,oo 115,917 8,280 
11,1oo t56;oo 16,oo 166,683 t7,096 

·u,eoo 158,oo 10,00 176,993 11.202 ······························.················· 
r I TTED PARAMETERS ................. 
NUC~EAR lEHP, • 2, 79q PLUS •0RwH I NUS • 269 HEY 
ASYHPTeTIC CN,2N) CR0SS SeCTi0N 216,92 PLUS•0R•HINUS 19,50 HB 

!2 t'l'l. 

"" < 
CD -RELATED DATA 

•••••••••••o 
NeN•ELASTIC CR0SS SECTteN AT 14,2 HEY • 830,90 H~ 
CN,2N.) THRESH0LD • i,0,98 HEv· 
(NoJN) THRF.SH~Ln • 20,61 HEV 

.J 

.J 
120. :z: 

A 
z 
N 

THIS.IS0T0PE HA.S 10 NEUTR0NS, z 96. 
NEUTR0N EXCESS. PARAMETER • , 05263 b 
RATte er ASYHPT0TIC CNo2N) T0 14,2 HEY N0N•ELASTIC 
• . ,2611 PLUS•0R•HINUS ,0235 

T•SORT(N) • 8o835 TeSQRT(.&) • 12.179 
ERR0R , 851 ERR~R 1o17J 

2'1. 

o. 
10 

310. 

F'•19 ",.f'R0"' REF', B 61 C808) ............................................... 
ENERGY N,2N CReSS SECTI0N CHBI 279. 
!HEY) MEASURED, ERR ADJUSTED, ERR ............................................... 
14,300 73.nn ~.oo 73,12' 5,009 
16,200 112.00 8,oo 115,917 8.28o 
17,700 151!1,00 16,00 166,683 17.090 
19,800 158,00 10,00 176,993 11.202 

2'18. 

··············································· 
rtJTEU PARAMETERS 217. ................. 
LEVEL SP6f.INr. • L·'"l •Lu~·~n·H!OoUO oJIJr~n HH 
ASYHPT0TIC (N,2NI CR0SS SECTI0N' 268,03 PLUS·0R•HINUS 37,19 HB 

Vl 186. z 
a:: 
< . CD -RELATED DATA .J 
.J ............ 

N0N•ELASTIC CR0SS SECTI0N AT 14.2 HEY 
CN,2N) THRESHULD :r 10.9~ HEV 

830,90 HB 
155 • :z: 

A 
CN,JN) THHESHW\.ll ::~ 20 1 61 HEV z 

N 
THIS 15•T•eE HAS 1D NEUTR0NS, 9 PR0T0NS, fHASS • 19) z 12'1. 

NFIITR0N &XC&SS PAOAHCTCn • , 0~263 b 
RATI0 0r ASYHPT0TIC CNo2NI T0 14,2 HEY N0N•ELASTIC 

,3226 PLUS•0R·HINUS ,0448 
~q 

NJ:St-ACINli • 7,391 A/SPACING : 14,043 
ERR.R 1,874 ERR0R 3,560 

62. 

31. 

0. 
10 

F-19 B 61 CBOB> 

T = 2.79'1~.269 HEV 
o;J,N.ZN>-= 216.9t 19:5 HB 
(J'.+,N,ZN> 
q_(1'i.2J -=.28Ji.023 

FITTED 
LINE 

DATA 
POINT 

• EXPERIMENT 

c ADJUSTED EXPT. 

II 13 I~ I& 18 •17 18 19 20 
ENERGYCHEV> 

F-19 B 61 CBOB> 

A = 1. 353 ~. 3'13 MEV"1 

O".J,N.2N>= 2GB.0~37.2 MB 
g..(.N.2N) 
q_~ 1'1. 2) =. 323~ .0'15 

F IITE!l DATA 
LINE POINT 

• EXPERIMENT 

c ADJUSTED EXPT. 

3 

II 12 13 ~~ 15 16 17 18 19 20 21 
ENERGYC MEV) 

55 



56 

·.,,FR0M REF, W 61 (710) ················································ EN~RGY N,2N CR0SS SECTI~N IHBI 6030. 
!MEV) MEASURED, ERR ADJUSTED, ERR ............................................... 
12,400 45,00 15' 00 45' ouo 15' ooo 
13 '500 541 QQ 150,00 54,000 150,000 
14, suo 67 '00 150,00 07,344 1~0.770 5360. 
16,100 86,00 150,00 90.920 154,977 
16 I 9QU 1190,00 100,00 1246,701 104,765 
1Y,500 1150,00 70. uo 1~80,250 77. 92ij 
20. suo 11101 QQ 70.00 1260,815 79.511 

••• 00 •••••••••••••••••••••••••••••••••••••••••• 
qsso. 

r I TT~D PARAMETERS 

NUCLEAR TEMP, c 6,674 PLUS•kiR•I1lt<4liS5,374 MEV 
ASYHPT0TIC !N.2Nl CR0SS SECTI~N • 3306,04 PLUS•0R•MINuSJ365,29 MB 

"' qo2o. z 
a:: 
< 
CD . 

.J 

.J 

:I: 
3350. 

RELATED DATA ..!.. 
z 

Nlt!N-ELAST!C C~0SS SECTI0N AT 14,2 ME'v 
(N,2N) TrlRESH~LD 10,98 ME\t 
W,JN) ll-tRESH(lLO 20,61 r1t:V 

83u ,90 MB N 

z 2680. 

b 

NC:UTR0N EXCf:SS PARAMETEI\ : .0~203 2010. 
RATII:l ~F' ASYMPT0TIC (N 1 2N) l{) 14,2 MEV I.J"N•ELASTIC 

3.9796 PLUS•0R·MINUS 4,0502 

T•bQIIfOil • cs.-,-1Qi 
FRRI',A 16,qq4 

T •t 1.!1H t .•.} _• .---JI), tJ{ll 
ERR"R 23, 4Z5 

-- .. ~ ......... i3ij(i, 

670. 

0. 
10 

NO "A" FIT POSSIBLE 

F-19 ~ 61 C710) 

T = 6.67li±5.37li MEV 
a..{,N. 2N > = 3306. 6 t 3365. BB 
o;J,N, 2N) 
qJ 1q, 2 ) =3. 9BO±Li, 050 

18 19 20 



r-19 .,,rASH REF', P 60 (1720) .............................................. 
ENEHGY N,2N CR0SS SECTI0N IMBI 
!MEV l MEASURED, ERR ADJUSTED, ERR .............................................. 
13,200 39,00 4,00 39,000 4,000 
13,600 46,00 5,00 46,000 s.ooo 
13,850 50,00 5,00 so,oou 5,000 
14.150 55,00 5,00 55,000 5,000 
14,400 61,00 6,00 01,208 0,021 
14,700 68,00 7,00 68,583 7,060 
14,95U 75,00 7,00 75,968 7,090 
15,350 83,oo e,oo 84,651 8,159 ............................................... 
fiTTED PARAMETERS ................. 
NUCLEAR TEHP, • 2,252 PLUS•0R•MINuS ,248 HEV 
ASYHPT0TIC IN,2NI CR0SS SECTI0N • 140,77 PLUS•0R•MINUS 

RELATED DATA ............ 
. N0N•ELASTIC CR0SS SECTI0N AT 14,2 HEV 830,90 MB 
CN,2N) ThHESH0LO 10,98 HEV 
(N,JNJ THRESH0LD 20,61 HEV 

THIS IS0T0PE HAS 10 NEUTR0NS, 

NEUTR0N EXCESS PARAMETER i ,05263 

RATI0 0f ASYMPT0TIC IN,2Nl T~ 14,2 MEV N0N•ELASTIC 
,1694 PLUS·0R·HINUS ,0216 

T•SQRT(NJ • 
ERR0R 

7.121 
,784 

T•SORTCA) = 9,816 
ERR0R 1, 081 

r.19 •· .. rReM Rer, P 60 11720> ............................................... 
ENERGY N, 2N CRBSS SECT I0N I MB l 
CMEVl MEASURED, ERR ADJUSTED, ERR . ~i: ;~~·· .... ·;:: ~~···:: ~ ~ ..... ··;::~ ~ ~ ···::~~~ 
ll,600 ~6.no 5,on •h,non 1f,noo 
13,850 50,00 5,00 50,000 5,000 
14,150 55,00 5,00 55,000 5,000 
14,400 61,00 6,00 61.208 6,021 
14,700 68,00 7,00 68,583 7,060 
14,950 75,00 7,00 75.968 7,090 
15,350 83,00 a.uo 84,651 8,159 ............................................... 
r ITT ED PARAMETERS ················· LEVEL SPACING • 1,786 PLUS•0R•MINUS ,484PER MEV 

17,99 MB 

ASYMPT0TIC CN,2N) CR0SS SECTI0N a 185,82 PLUS•0R•HINUS 32,92 MB 

RELATED DATA ............ 
N0N•ELASTIC CR0SS SECTI0N AT 14.2 MEV • 830,90 MB 
CNo2Nl THRERHBI.D o 10.98 MF.V · 
(N,JNJ THRESH0LO • 20,61 MEV 

THIS ISBT0PE HAS 10 NEUTRBNS, 9 PR0T0NS 1 CHASS • 19) 

NEUHci!IN EA(;!~S PAAAHti~R 1 ,O,i!bJ 

RATI0 0f ASYMPTBTIC CN,2Nl T0 14,2 MEV NBN•ELASTIC 
, 2236 PLUS•0R•H I NUS , 0396 

N/SPACING • 5,599 A/SPACING • 10 .• 638 
ERR0R 1o517 ERR0R 2·,883 

liZ • 

b 

'Ill. 

F-19 p 60 ( 1720) 

T = 2.252!.2'!8 HEY 
q.r.,N.2N)= 1'i0.8t 18.0 HB 
g.C.N.2N) 
~(1'1.2) =.169t.022 

FITTED 
LINE 

DATA 
POINT 

• EXPERIMENT 
c ADJUSTED EXPT. 

Zl 

57 



58 

NA•23 , .,FR0H REF, H 67 11686) ............................................... 
ENERGY N 0 2N CR0SS SECTI0N IHBl 
!HEV l MEASURED, ERR ADJUSTEUo ERR 

••••o•••••••••••••••••••••••~•••••••••••••••••• 
14,960 43,10 6. 40 44,123 6. 552 
15' 820 so ,60 13,20 53,0b1 13,847 
10,520 79.70 11,60 85,1>5 12.394 
17 '350 87,00 18,60 94,847 20,278 
18.440 90.90 10,90 101.517 12,173 
1?,390 '99 1 lQ 11,80 112,805 13,432 

FtlTEU PARAHETERS ................. 
NUCLEAR TEMP. :: 1 1 021 PLUS-0R•HINUS ,151 Hf:V 
ASYMPT0TIC IN,2Nl CR~SS SECTI~N' 122,73 PLUS•0R•HINUS 

RELATED DATA ............ 
N0N•ELASTIC CR0SS SECTI0N AT 14,2 MEV 911,64 HB 
tN,2N) Tr1RESH0LO 12,96 HEy 
tN,JN) Tl-tRESH0LO 24,51 MEV 

THIS IS0TI6PE HAS 12 NEUTR!dNS, 11 PRi6T0NS, (MASS a 23) 

NEUTR0N EXCESS PARAMETER a ,04348 

RATI0 ~F' ASYMPT0TIC {N,2N) T., 14,2 HEY Nrt:JN·ELASTIC 

ToSQI-il(N) :: 
ERR0R 

.1346 PLUS•0R•HINUS o0094 

5. 615 
.523 

NA•23 ·,,,F'R0H REF", H 67 tl686) 

7. 774 
,724 

............................................... 
'UiiOCy Pl,~U OROCG GliCTI~Ol !HOI 
I!!IFVl HFASIIRFn, FAR &n.llt"iTFn, FAR ............................................... 
14,960 13,10 6,10 4oll,1:!3 6,552 
15,~20 'iO,I'If) 1:\,~1) 'l~,nR1 1~.847 
16,520 79,70 11,60 65,155 -12,394 
17,350 07,00 19.00 94,847 ~0.~78 
18,440 90,90 10,90 101,517 12,173 
19,390 99,10 11.80 112.805 13,432 ··············································· 
FITTED PARA~ETERS ················· LEVEL SPACING • 5,063 rLU6•0R•HINUS1,077PER HEV 

a. 59 HB 

ASYHPT0TIC CN,2N> CR~SS SECTt0N • 133.26 PLUS·0R.MINUS 11,7Y MB 

RELATED DATA tt•••········ N0N•ELASTIC CR0SS SECTI0N AT 14.2 HEY 911,84 HB 
(N,2N, THRESHP.'.LD = 12,96 HEV 
(U,3U) Hln&IHICILU •· 4'~;~1 l!lfy 

THIS IS0Ti!PE HAS 12 NEUTR0NS, 11 PR0T0NS, CHASS Cl 23, 

UEUTR0N EXCESS PARAHETER : ,04348 

RAT10 0F ASYMPT0TIC 1No2Nl T0 14',2 HEY N0N•ELASTIC 
,1461 PLUS·0R·H1 NUS , 0129 

N/SPACING • 2.361 A/SPACING • 4,525 
F.RR0R , 500 ERR0R 0 959 

128. 

liZ. 

88. 

~ 8'1. 

~ 

~ 
::tr: 

10. 
,!.. 

~ 
z 58. 

b 

'IZ. 

28. 

NA-23 H 67 < 1686> 

T = 1. 621 t. 151 HEV 
~.2N>=-122.7t 8.6 HB 
g;.hN, 2N > . 
q_( 1'i.2> =.135*.0 9 

FITTED 
LINE 

..,.:.-------

DATA 
POII'H 

• EXPE~IHENT 

u 

0i~zMW~IS~~~~~~~~5~~1~6WM~I~7MW~I8~~18~~m~MWZ~IMW~U~~~~~~~~ 

Ul z 
0:: 
< 
~ 
_J 
_J 

IZO. 

lOS. 

,.... 1S. 
2: 
,!. 
z 
N 

2 80. 

b 

~5. 

30. 

15. 

o: 
IZ 

E~E~GYCHEV>. 

nnn'l"""'''l''"'''''l''"'"''l'''''''''l'''''''''i'"''''''l'''''''''i'''''''"f1m•nnlnn•••••ln"'m'l'"'''" 
NA-23 M G7 < 1GOG> 

A = s.oa~q.oe 1-!EV"1 

O'.J,/'1. 2N > = 133. 3 q I. B MB 
q,(.N. 2N) 
qJ.l'i.2) =.1'!6!,013 

FITTED 
·LINE 

·~ IS 16 17 18 19 zo 
ENERGY< MEV) 

------

DATA 
POINT 

• EXPERIMENT 
u AOJU:;TEQ EXPT. 

3 

Zl zz 23 Z'l zs 



NA•23 ,,,FR"M REF, L 65 ( 893) ............................................... 
ENEHGY N, 2N cRass SECT 10" CMB) 
CMEV) MEASURED, ERR ADJUSTED, ERR ··············································· 14,420 44' 00 3,10 44,309 3,122 
14 t 710 65,80 4,60 661858 4 t 674 
15,090 e• ,eo 5 t 91J 87,147 6. 063 
15,370 87,30 6,10 90.443 61 J2Q 
15 t 720 108,00 8 ,oo 112,987 8,369 
tS, 990 113,00 8 .oo 119,01:54 8,431 
16 I 250 122.00 9 t QQ 129,451 ~ ,550 
1h' 420 133,00 9. 00 141,743 9 ',92 
16,610 141 .oo 10 I OQ 150 ,99:S 10.709 
17' 27 0 159.00 15,00 173,017 16,322 
17 I 75U 173,00 15 1 OQ 190' 336 16,50.1 
1H, 330 180 I DO 16, ou 200,557 17.827 
18,710 1911 QQ 161 QQ 214,504 17.969 
19,130 197,00 17, au 223,114 19 '254 
1 y I J60 194, oo 18' 00 220,70~ ?.0 ,477 
19 ,5bO 199,00 18.00 227.341 20.563 ............................................... 
fiTTED PARAMETERS ................. 
NUCLEAR TEMP, • 1,911 PLUS•0R•MINUS ,062 MEV 
ASYMPTOTIC CN,2N) CROSS SECTJ0N: 263,03 PLUS•OR•HINUS 9,02 H8 

RELATED UATA 

····~······· NON•ELASTIC CROSS SECTI~N AT 14,2 HEV 911,84 H8 
(N,2N) THHESH0LD 12,96 HEV 
cN,JN) THHESH0LD 24,51 MEV 

THIS ISOT~PE H'S 12 NEUTR"NS, 11 PR~T~NS, IHASS • 

NEUTR0N EXCESS PARAHETtR • ,04348 

HAll~ .or ASYMPTBTIC !N,2N) TO 14,2 MEV N0N•ELASTIC 
,2885 PLUS•0R·HINUS ,0099 

ToSQRT(N) :: 6,620 
ERR0R ,215 

T•SGIRT(A) • 9,165 
ERROR .• 297 

NA•23 ",fROH REf, L 65 1893) ··············································· ENERGY N,2N CR0SS SECT!0N CHB) 
CHEV) MEASURED, ERR ADJUSTED, ERR ··············································· 14,420 44,00 3,10 44,309 3,122 
14,710 65,8('1 4,60 66,858 4,674 
15,090 84.Rn 5,,90 87,1_.7 6.063 
1$,370 87,30 6,10 90,443 6,320 
15,72o 108,oo 8,oo 112,987 8,369 
15,990 113,oo a,oo 119,084 8,431 
16,250 122,00 9.00 129,451 9,550 
16,420 133,00 9,00 141.743 9.~92 
16,610 141,00 10,00 150,993 10,709 
17,270 159,00 15.00 173.017 16,322 
17,75o 17~.on 1~.nn 1~o.1u u,soJ 
1H;J30 180,00 16,00 200,557 17,827 
18,710 191.00 16,00 214.504 17,969 
19,130 197,00 17,00 223,114 19,254 
19,:)60 1Q4,00 18.00 220.702 20.477 
19,580 199,00 18,00 227,341 20,563 ··············································· 
r I TTED PARAMETERS ................. 
LE.VEL SPACING • 3,363 PLUS•0R•HINUS ,259PER HEV 
A~YHPTOTIC CN,ZN) CR0SS SECTI0N • 3o3,00 PLUS•0R•HINUS 13,35 HB 

RELATED DATA ............ 
NON•ELASTIC CR0SS SECTION AT 14.2 MEV • 9i1,84 H8 
(N,2N) THRESH0LD ~ 12,96 HEV 
(N,JN) THRESH0LO • 24,51 MEV 

THIS ISOT0PE HAS 12 NEUTRONS, 11 PROT~NS, cMASS, 23) 

N;UTR0N EXCESS PARU1ETER :: ,04348 

RATIO or ASYHPT0TIC CN,2Nl TO 14,2 HEV NON•ELASTJC 
,3323 PLUS·OR•MINUS .0146 

1N/SPACING II 3.568 A/SPACING • 6, 839 
ERR0R , 275 ERROR , 527 

"' :z 

"" < 
Ql 

....J 

~ 
2: 

..'.. 
:z 
N 

:z 

b 

3Z. 

NA-23 L 65 C693) 

T = 1.911t.062 HEY 
~.ZN>= ~63.0t 9.0 118 
q.s..N.ZN> 
q1llf.2> =.266t.010 

FITTED 
LINE 

NA-23 L 65 CB93) 

A = 3. 363 t. 259 MEv-1• 

O'~.ZN>= 303.0! 13.'! MB 
o;.(.N. 2N > 
q;,~1'!.2) =.332!.015 

FITTED 
LINE 

-------

DATA 
POINT 

• EXPERIMENT 
o ADJUSTED EXPT. 

DATA 
POINT 

---

• EXPERIMENT 

o ADJUSTED EXPT. 

0.~~~~~~~~~~~~~~~--~~~ 
12 13 I~ 15 16 17 18 19 20 21 22 23 2'1 

ENERGY< MEV> 

59 



60 

NA•23 ,,.FR0H REf, Pl65 (449) ............................................... 
ENE"GY N,2N CR0SS SECTI0N IH8J 
!MEV J MEASURED, ERR ADJUSTEU, ERR ··············································· 14,890 38,50 2,30 39,332 2,350 
16,150 35,70 2,50 37,7ts2 2,646 
18,490 58,60 14,00 65,513 15,652 
1Y,610 63,60 14,00 72,699 16,003 
20,630 67,80 8,00 78,931 9,313 
21,000 78,70 10,00 92,193 11 .• 714 ............................................... 
FITTEU PARAMETERS 

NUCLE:AR H:MP, : 1,027 PLUS•0R·MINUS ,416 MEV 
ASYMPT0TIC (N,2NJ CR0SS SECTI0N: 58,94 PLUS•0R•HINUS 15,95 M8 

RELATIOD DATA ............ 
N0N•ELA5TIC CReSs SECTI0N AT 14,2 MEV : 911.84 M8 
(N,2/-0 TH~ESH~LC 12,96 HEV 
(N 1 3N) THRESH0LD = 24,51 MEV 

THI::i lS0T~PE HAS 12 NEUTH:0NS, 11 PR~h)NS, (MASS 23) 

NEUTRON EXCESS PARAMETER : ,04346 

HAll~ ZF ASYMPT0TIC CNo2N> T~ 14,2 HE:V N~N-ELASTIC 
,0646 PLUS•0R•MINUS ,0175 

T•SCRT(N) = 
I!IHH\Q 

3,556 
1. 441 

T•SQRTCA> ::~ 4,925 
ERR0H 1, 995 

NA•23 .,,FR0H REF, PJ65 (449) ............................................... 
tNl:H~Y 1•,1N CAD!! 3CCTtDif tno, 
tMeV) HEA~URCO, C~R ADJUSTED, liiRR ............................................... 
14,690 36,50 2,30 39,332 2,350 
16,150 35,70 2,50 37,762 2,646 
16,490 56.60 14,00 65,513 15,652 
19,610 63,60 14,00 72,699 16.003 
20,630 67,80· 8,00 78,931 9,313 
21,000 76,70 10.00 92.193 11.714 ............................................... 
FITTED PARAMETEOS ................. 
LEVEL SI-',U:ING •11.5'J PLUS•0R-t1lNUS8.940PER ~1EV 
ASYMPT0TIC CN,2NJ CR•ss SECTI0N = 63,92 PLUS•0R•MINU~ 18,Si M8 

RELATED UATA ............ 
N0N•EL.ASTIC CR~S~ SECTI0N AT 14,2 HEV • 91(,64 M8 
(N,2N) THRESH0LD = 12,96 MEV 
(N,JN) THRESH0l'D = 2.11,51 MEV 

THIS JS0T0PE HAS 12 NEUTR0NS, 11 PR0T0NS, tHASS a 23) 

NEUTRON exc:ss PAR.U1ETER = .o4348 

RATI0 0F' ASYMPT0TJC (N,2N) T0 14;2 HEV N0N•ELASTIC 

N/SPACJNG ~ 
enrwR 

,0701 PLU5·0R•MINUS ,0203 

1. 039 
'804 

A/SPACING = 1,991 
ERR0R 1,541 

.... u. 

99. 

88. 

77. 

"' z a:: 
< 
~ 
..J 
..J 

i: 
,.!. 
z 
N 

z '1'1. 

b 

33. 

22. 

ii. 

110. 

88. 

17. 

"' 66. z 
a:: 
< 
CD 

..J 

..J 

2: 
55. 

,.!. 
z 
N 

z ... 
b 

33. 

zz. 

II. 

u. 
.2 

NA-23 PISS C'i'i9> 

T = 1.027t.'i1S HEY 
qJ,N,2N>= 58.9ttS.O HB 
gJ.N.2N> qJ1'i. 2 , =.OS5t.017 

NA-23 

FITTED 
!.lNJ; 

PISS ( 'i'i9 > 

II . 11.~~3t8.!J'l0 HEv-1 
q~.2N>= S3.9± ttl.S 118 
qJ..N,2N> q;J I 'i. 2 ) =. 070 ± • 020 

, 
"' 

FITTED 
LINE 

IS 17 18 19 

--- ---

OAT~ 
POINT 

• I!Xf'ERIHENT 
c ADJUSTED EXPT. 

DATA 
PCl!NT 

• · EXPER I 11ENT 

0 ADJUSTED EXPT. 

.... 1 ... .. J 
20 21 22 23 2q 13 jq 

ENERGY< MEV> 
25 



P•J1 , ,FR0H REF, B 6J !417 l ............................................... 
h ENERGY N,2N CR0SS 5ECT10N IHBl 

tHEYI H'EASURED, ERR ADJUSTED, ERR ··············································· 14,100 12,50 3,00 12,5UO 3,000 
15,200 29,00 2,00 29,777 2.054 
16,000 34,50 3,50 36,110 3,663 
17,200 47,00 4,00 50.479 4,296 
18,800 58,00 6,00 64.173 6,639 
19,700 61,50 7,50 69,055 8,421 ................................................ 
F·l TT~D PARAMETERS ................. 
NUCLEAR TErtP, • 1.909 PLUS .. 0R·HINUS ,133 KEV 
ASYHPTBTIC tN,2NJ CR0SS SECT!0N, 75,80 PLUS·0R•H!NUS 5,07 HB 

RELATED UATA ............ 
N0N•ELA5TJC CR0SS SECTI0N AT 14,2 HEY • 1051,31 HB , 
(N,2NI THkE$H0~D • 1Z,70 HEy 
CN,JNJ THRESH0LD • 24,39 MEV 

THIS !S0T0PE HAS 16 NEUTR0NS, 15 PRdT0NS, IHASS • 311 

NEUTRON EXCESS PARAMETER ' ,03226 

HATI0 0F' ASYHPUITIC CN,2NJ T0 14.2 Mi;V N0N•ELASTJC 
,0721 PLUS•0R•H!NUS ,0048 

ToSQRT(NJ : 7 1 636 
ERR0R ,532 

T.•SQRTCAJ .a 10,629 
ERR0R , 741 

P•31 ,.,F'R0H REF', a· 63 C417J ............................................... 
ENERGY N, 2N CR0SS SECT !0N ( HB I 
IHEYJ MEASURED, ERR ADJUSTED, ERR ............................................... 
14,100 12,50 3,00 12.500· 3,000 
15,200 29,00 2,00 29,777 2,054 
10,000 34,50 3,50 36,110 3,663 
17,200 47,00 4.00 50.479 •,?.9'6 
18,800 58,00 6,00 64.173 6,639 
19,700 61,50 7,50 69.055 8,421 ............................................... 
F 1 TTED PARAMETERS ................. 
L•illL •-•~lNG • J,4J9 PLUS·0R-HJNuS ,5il6PER HEY 
ASYHPT0T 1 C ( N, 2N l CR0SS SECT l0N • 85,81 PLUS•0R•M l NUS 6, 66 MB 

RELATED DATA ............ 
N0N•ELA5T!C CR0SS SECT!0N AT 14,2 HEY • 1051,31 HB 
CN,2NJ THRESW0LD • 12,70 HEY 
CN,3N) THAESHeLD 11 24,39 HEY 

THIS iS0T0PE HAS 16 NEUTR0NS, 15 PR0T0NS, (HAS$ o 311 

NtUTR0~ ExCEsS PARAMETER ' ,03226 

RAT10 er ASYHPT0TlC (N,2NI 10 14,2 HEV NBN•ELAST!C 
.0816 PLUS·0R•HlNUS ,0063 

N/SPACING II 4,653 A/SPACING • 9,014 
ERR0R , 6R5 ERR0R 1, 326 

~l.lrti!""""1-""'l"""'"'l"'"'"'l"'""'"'"""''"l"m'Riiilhiiliiiilhllliili(mmm'J'1miiijjiiiiiiflfJIUHI 

7Z. 

IN. 

sa. 

~'til. 

!! 
:::1 i'MJ. 
~ 
z 32. 

b 

(f) 
z 
0::: 
< 
CD 

....J 

....J 

::.:: 
,!,. 
z 
N 

z 
b 

ZOI, 

18. 

83.7 

18. 

P-31 8 63 (lf17) 

T = 1.909t.133 11EV 
qJ.N. 2N) = 75.8 t 5.1 H 
~,2N) 
G(flf.Z) =.072t.005 

FITTED 
LINE 

------

DATA 
POINT 
• EXPERIMENT 
c ADJUSTED EXPT. 

~ ~ ~ n ~ ~ m ~ ~ ~ Z'l ~ 
ENERGY< HEY) 

P-31 B 63 (~17) 

A = 3. ~39 f. 506 MEV- 1 

O'.J,N. 2N) = 85. 8 f 6. 7 MB 
o;,l,N. 2N ) 
q_p~.2) =.082f.QQ6 

FITTED 
liNE 

13 ~~ 15 IS 17 18 19 20 
ENERGY< MEV) 

---

DATA 
POINT 
• EXPERIMENT 
D ADJUSTED EXPT. 

3 

21 22 23 2'1 25 

61 



62 

K-39 I. ,F'R0M REF' I A 65 ... · ........................................... . 
ENERGY 1<,2N CRSSS SECT J0N IHBl 
<MEVJ MEASURED, EHR ADJUSTED, ERR ··············································· 14,9oo 2.1 0 ,40 2,745 ,4o7 
15,50~ 3,2o ,5o 3,297 ,515 
15,o~u 4,7o ,so 4,883 ,831 
16,5~0 6,:1n 1,00 6.623 1.051 
17.000 7.60 1.20 8,064 1.273 
17,500 11,50 lobO 12,309 1o927 

••••• ooo ••• ••••••••••••• •••••• 0 0 •••••••••• ••••• 

F' I TTED F'ARAHETERS 

t~UCLEAR TEMP, : 3.3J8 PLUS•0R•MINUS1,667 MEV 
ASYMPH!TIC 0~ 1 2Nl CR0SS SECTJ~N: 29.48 PLUS•0R·MINUS 22,03 Ht3 

UELA1ED UATA 

N0N•f:LASTIC CR:1SS SI::CTH'N AT 14,2 MEV 1170,31 MB 
(N,2N) THRESHe-LD 13,42 /'lEV 
(~Jt31d THRI:SWOLD 2?,79 MEV 

THIS IS~T\1PE HAS 20 NELITR"NS, 19 PR0T0NSt (HASS : 39) 

NEUTR0t<l EXCESS PARAHEHP. : ,Q2564 

nATtu u-r ~.~'fMOTii'lrtr. n ... ?Nl H' 1~.2 MEV N0N•ELASTIC 
, 025~ PLUS·~R-11 I NUS • OiRB 

T•50HT(f\4) : 14,Q28 
ERR~R 7,45~ 

ToSQIHtA) : 20,046 
oRR~R 10,410 

K•l9 , , , r~C11'1 REF', A 65 
o• •••••••••••••• ••o •••••oo ••••• o ••••••••••••••• 

ElJERCiY N,2N c:;R"SS SECTJ0N (H8) 
i1•1fli) loi(!A~UA!!UI [:nn ADrJUOTCD, (.lln 

• • • • • • • • • • • •• oooA •• oft ••aft ... ,. .. ••••aftAQAO•ttaeoe•• 
1o4o90n ~.?o ,io ~,7o1i ,407 
15,5oo 3,2n ,5u 3,297 ,515 
1~.?oo ~·.:ro ,io <'I.Bil .E'31 
1fl,5CJO 6.~n 1,00 6,623 1.051 
17.0(10 7,61') 1.20 8,0b4 1.273 
17,5oo 11.oo t,Bu 12,3oo L927 

o oo o oc-oll • o oo ooo oo ooo oooa a • o •• ooooo o •• •••ooeoooo 

LEVEL SPACING: ,761 PLU:)-~R-11INUS1.071PER HEV 
ASYMPT0TIC Plr2N) CR~SS SE:CTJe.N : , 48,67 PLUS-0R•HINUS ~5.74 t1,!:J 

RELATED DAT• 

t,;CN•ELASTTC CR~·SS StCTif!t\ AT 14,2 MF.V 1170,31 HB 
tNo211J HtRF.SI-WLO 13,42 MEV 
tN, :St:) !HHESHPLO 25,79 Hi:V 

HilS 1$~\TV.PE HA'i 20 llEUTR~~NS, 19 PR3H~NS, {MASS J9) 

:"I:.Ulk"N EXCESS PAPAMETF.R : .OC-564 

qATI0 or AS'(~PT~TIC tN,2NJ T~ 1•,2 MEV N0N•E:LASTIC 
,t)41f, PLIJS•k~R·MINUS .0476 

1\/SPI.CINC.. : ?6,2R1 
ER~I"~ 36.997 

A/SPACING: 51.246 
ERR~P. 72,125 

Vl 
z 
0:: 
< 
(Il 

_.J 
_J 

::E 

A 
z 
N 

z 
b 

Vl 
z 

"" < 
(Il 

_J 
_J 

;: 
A 
z 
N 

~ 

b 

110. 

99. 

88. 

77. 

66. 

55. 

~~. 

33. 

22. 

K-39 A 65 

T = 3. 338! I. 667 MEV 
<Y~N, 2N ) = 29. 5 ! 22. 0 MB 
o;J,N. 2N) _ • q;J 1'1. 2 ) -.025-.019 

/ ---------/ 
/ 

/ 

I 
/I'// 

~ 
N A( 
~ 

/ / 

"·' FITTED 
LINE 

DATA 
POINT 

.. EXPERIME:NT 

0 ADJUSTED EXPT. 

I~ IS 16 17 IB 19 20 21 22 23 2~ 25 26 
ENERGY< MEV) 

K-39 A 65 

A = -761! I. 071 MEV'" 1 

n;.,~,N. 2N > = '!6,7±55.7 HB 
o;,!'.,N. 2N) 
~~l!i.Z) =.0'!2!,0'!8 

FITTED D ~ LINE~---- . 

• EXPERIMENT 
o ADJUSTED EXPT. 

17 IB 19 ?.n 7.1 22 23 2~ 25 <o 
ENERGY< MEV) 



1<·39 , ,,FR0H REF, y 65 ce4;n ··············································· ENERGY N,2N CRBSS SECTIBN 1Mb! 
CHEVJ MEASURED, ERR ADJUSTED, ERR ··············································· 15,ooo 6,10 ,6u · 6,217 ,611 
15,soo 9,60 ,eo 9,954 ,829 
16,700 15,30 1,20 16,145 1,266 
17,5oo t7,60 ·1,30 1ts,aJe 1,391 
18,1oo 21.~0 1,60 23,133 1,73u 
18,800 23,80 1,70 26,005 1,857 ··············································· 
F"ITTEU PARAMETERS ················· IWCLE.A R TEMP, • 2,248 PLUS•"R·H I NUS , 1 Y 7 HEV 
ASYHPT"TIC CN,2NJ CR~SS SECTUN :1 Jo,76 PLUS•0R·HINUS 3,52 HB 

RELATED DATA ............ 
N0N•HASTIC CR~SS SECTI~N AT 14,2 MEv • 1170,31 MB 
IN,2N) HHiliSioi0LD 11 13,12 H&V 
CN,JNJ THHESH;,LO :1 25,7Y HEy 

THIS IS0ToPE HAS 2U NEUTR~NS, 19 PR0TeNS, (MASS • 391 

NEUTH0N EXCESS PARAMETER • ,U2564 

RAT111 0f ASYHPTIIHJC CN,2NJ T0 14,2 HE:V N0N•E:LASTIC 
,0314 PLUS•BR•HINUS ,0030 

T•SORTCNJ :~ 10,053 
ERR"R I 881 

T•SQIHCAJ = 14,039 
ERR0R 1,230 

··············································· ENERGY N,2N CRBSS S~CTI~N IH81 
!MEV! MEASURED, ERR ADJUSTEUo ERR ............................................... 
15.000 6.10 ,60 •• 217 ,611 
15,800 9. 60 .so 9 0 9!)4 ,829 
H,7oo 1~ 0 30 1, 20 16 o l4S 10 266 
17,500 17.60 1,30 18,838 1. 391 
18,100 21.40 1, •o 23.133 1, 730 
18,800 23,80 lo 70 26,005 1, 857 ··············································· 
LEVEL SPACING • 2,301 PLUS•0R•HINUS o460PER HEY 
ASYHPTBTIC (N,2NI CRBSS SECTIBN : 45,52 PLUS•0R•MINUS 5,57 MB 

RELATED DATA ············ N0N•ELAST!C CROSS SECTION AT 14,2 HEV = 1170,31 M8 
IN,2N) THHESH~LD 13,42 HEV 
(N,3N) THRESH0LO II 25o79 HEY 

THIS JS0T"PE HAS 20 NEUTR0NS, 19 PR,H0NS 1 CHASS = J9) 

NEUTkBN EXCESS PARAMETER : ,02564 

RATI~ ~F ASYHPT~TIC 1No2NI TB 14.7. HEV NBN•ELASTir. 
, 0389 PLUS•BR•H I NUS , 0048 

N/SPACING • 8,602 A/SPACING : 16,949 
ERR0R 1, 7 38 ERRBR 3,388 

36. 

32. 

ZB. 

~ 2'!. 
0:: 
< 
CD -· ..J 
..J 
- 20. 

f 
~ 
z 16. 

b 

12. 

~. 

Ill 31. z 
0:: 
< 
CD 

..J 

..J 

::0:: 
Z6. 

I ,.., 
z 
N 

z zil. 
b 

IS. 

1(-39 B 65 C B'i3 > 

T = 2.2'iB t .197 HEV 
o-~.2N)= 36.Bt 3.5 HB 
o-J,.N, 2N> 
q_(l'i.2) =.031t.QQ3 

FITTED 
LINE 

DATA 
POINT 

_,... 

• EXPERIMENT 
c ADJUSTED EXPT. 

I~ IS 18 17 18 19 20 21 22 23 ~ 25 
ENERGYC HEV ) 

1(-39 B 65 C B'i3) 

A= 2.3ott.'i60 HEV"1 

o-.J,.N. 2N) = 'iS. 5% 5. 6 HB 
g.J.N,2N) 
q_,_l 'i. 2) =. 039t. oos 

/ 

FITTED 
LINE 

/ 
/ 

DATA 
POINT 

• EXPERIMENT 
c ADJUSTED EXPT. 

IS 16 17 18 19 20 21 22 23 ~ 25 
ENERGY( HEV) 

63 
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SC•45 .,,rRoM REr, A64 11791) 
•••••••••••••••••••••••e••••••••••••••••••••••• 

ENERGY N,2rl cR0SS SECTI0N (H8J 
(HEVJ MEASURED, ERR ADJUSTED, ERR 

•••••••••••••••••••••••oooo•••••••••••••••••••• 
13. oon 
13,400 
14,000 
14.300 
14.70 0 
17,200 
15.800 
16. ouo 
16. 7uo 
17, 40U 
11. sao 
17.900 

154. no 
256,00 
29U. 00 
J37,00 

.3,76 .oo 
353,00 
391.1)0 
41 q. 00 
:ns.on 
40A,on 
3. 8. 00 
391.0 n 

9. 00 
16.00 
19.00 
22. uo 
24. ~0 
23.00 
25.00 
27.00 
25. ou 
27. ou 
26.00 
26.00 

154.000 
256.000 
298.000 
337,767 
380.195 
360.683 
404,219 
434.782 
393.964 
433.541 
412,930 
418,642 

9. 000 
16,000 
19.000 
22,050 
24.268 
23.501 
25.845 
28.017 
26.264 
28.690 
27,671 
27.838 

0 •••••••••••••••••••••• 00 •••••••••••••••••••••• 

Fl TTEIJ PA"A"'FTERS 

NUCLE:AR H:HP, : .\.063 PLU5•0R•I11NUS ,059 MEV 
ASYMPT~·rttc lfJ,2NJ CR0SS Sl:CTt.Jr-;: 440,51 PLUS•0R•MINUS 15,64 11ti 

~ELATED [lATA 

1-l~-'I .. ELASTJC CRV.SS ~Eclt.=,N AT 14,2 MEV 1250,12 MB 
(l~ 0 4!1'd TMRESLI!'LIJ 11 1 ~7 MEV 
(I\I,;~N) Ttii/E'SI-Ht.ll.l 'JJ,aQ 1111::11 

THIS J::iZTliPE liAS 24 NEl!T~0NS, 21 PH~H0NS, (HASS • 4Sl 

N~UTHI-I'-l E:XCESS PARAHfTEf.l : ,06667 

-?ATI0 .1r ASVMPT:HtC (N,2N) T~ 14,2 MEV N0N•ELASTIC 
,3524 PLUS·V.R-MINUS ,0125 

T•SQnt(~l =· 5.?0d T•Sr'JHHAl : 7,1.'1 
ER~1·R , 2R9 ERR0R , 396 

, ,,rR011 REr, A04 tl~YlJ ····································· ·········· N,2N CR0SS SECT10N (H8) 
""'SUREU, ERR ADJUSTED, ERR ............................................... 

i:1,0uu 1,.q,uu Y,uo 154,000 9,006 
13,400 ~56,00 16,0C 256.000 16.000 
14,000 298,00 19,ttu '2•JH,UOU 19,000 
14,300 337,00 22,00 337,767 22.050 
14,700 376,00 24,00 380,195 24,268 
15,200 353,00 23.00 360.68J ?3,501 
15,800 391,00 25,00 404,219 25.845 
16,000 419,00 27,00 434,782 28,017 
1.6,700 375,00 25.00 393,964 26.264 
17,400 41)8,00 27,00 433.541 28.690 
17,500 3~8.00 26,00 412,930 27,671 
17,900 391o00 26,00 418,642 27,838 ···························••!•••!••··········· 
FJ TTEO PARAMETER~ 
ii>Oiioiiioi>iitoioo 
LEVEL SPACING •11.102 PLUS•~R-MINUS1,434PER MEV 
ASYMPT0TIC (N,2N> CR~SS SECTI0N c 456,46 PLUS•0R•HINUS 20,12 HB 

RELATED DATA ............ 
ll0N•ELASTJC CR0SS SECTI0" AT 1•,2 MEV • 1250,12 HB 
(N,2N) THRESH0LD = 11,57 HEY 
OJ,JN) THRESH~LD 21,49 HEY 

THIS !S0T0PE HAS 24 NE,UTR0NS, 21 p'R010NS, (HASS • 45) 

NEUTR~N EXCESS PARAMETER > ,06667 

RATI0 0r ASYMPT0TIC 1No2N> T0 14,2 MEV N0N•ELASTIC 
,3651 PLUS•0R•MINUS ,0161 

N/SPA!;IN~ • 2.l62 A/SP&r.lNr. ; 4 1 0~~ 
ERk~R , 279 ERR0R , 524 

Li 70, ~TmTnJTm"n """l' j'"li"Milmnmll"l'll""miimlimll"ll jf'"ilmllmllmil"]t 1 111111111111) 11ft lljl ilr='T"""'"I""..,'1",...."'l 

329. 

~ 282. 
0:: 
< 
(IJ 

_J 
_J 

:0:: 
235. 

..!.. 
z 
N 

z 188. 

b 

141. 

~L&. 

47. 

336. 

Ul 288. z 
0:: 
< 
(IJ 

::; 
_J 

:0:: 
240. 

,!.. 
z 
N 

:i l9l. 

p 

144. 

96. 

48. 

a. 
II 

SC-'iS AS'i < 791 > 

T = 1.063i.QS9 MEV 
<Y~.ZN>= 4'1 
a;J.N. ZN) _ 
q;JI'i.2) -.35 

13 14 15 

FITTED 
LINE. 

16 17 18 
ENERGY< MEV> 

---

DATA 
f'CJINT 

• EXPERIMENT 
0 ADJUSTED EXrT. 

3 

19 . 2o· 21 2Z 

SC-'iS AS'i < 

A = II. I 02 i I. 1B4 
u~, ZN ) = '!56. 5 < 2 . . 

a;J.N. ZN) .: 36 
q;JI'i.2) -. 

7911f----

11 ~-- ~----~ _, 

FITTED DATA 
LINE PCJINT 

• EXPERIMENT 
[J AOJU~ I t:::U I:.Xf'T. 

3 

12 13 14 15 16 17 18 19 zo 21 22 
ENERGY< MEV) 



SC•45 , ,fR~H REr, P 61 15881 ··············································· ENERGY N,2N CR~SS SECTI~N IHBl 
CHEVJ MEASURED, ERR ADJUSTED, ERR ··············································· 13,400 161,00 4,10 161,000 4,100 
1J,690 20J,80 5,20 20J,800 5,200 
14,010 245,90 6,Jo 245,9oo 6,Joo 
14,090 266,20 6,Su 266,200 6,eoo 
14,310 296,30 7,60 297,042 7,619 
14,500 315,70 8,10 317,835 8,155 
14,680 J49,00 9,00 J52,742 9,096 
16,500 454,00 16,40 .C75,32(1 17,170 
17,950 507,90 18,30 544,206 19,608 
19,760 507,90 18,30 557,415 20,084 ............................................... 
ri!TED PARAMETERS ················· NUCLEAR TEMP, • 1,778 PLUS•aR•HINUS ,084 HEY 
ASYI1PT0TIC CN,2N) CR0SS SECTI0N = 626,48 PLU5•0R•HINUS 32,49 MB 

RELATED DATA 

N~N·ELASTIC CR0SS SECTI~N AT 14,2 HEY 1250,12 H8 
(N,2N) THHESH0LD 11 1 57 MEV 
CN,JN) THkESHBLC 21,49 MEV 

THIS IS0T"PE HAS 24 NEUTH~NS, 21 PR16l~NS, CHASS • 45) 

NEUTR•N EXCESS PARAMETER • ,06667 

RATI!d "F' ASVHPT"TIC (N,2N> T0 14,2 MEV N0N•ELASTIC 
,5011 PLUS·•R·HINUS ,0260 

T•SCRT(NJ : 8,710 T•SQRT(AJ = 11,927 
ERR0R , 412 ERR~R ,563 

SC•45 ,,rR0H REr, P 61 !5881 ............................................... 
ENERGy N,2N CR0SS SECTI0N (H8l 
I HEY l MEASURED, ERR ADJUSTED• ERR ··············································· 13,400 161.00 4,10 161,000 4,100 
13,690 203,80 5,20 20J,800 5,200 
11,010 2<tts,I)O 6,3o ~45.?00 l.ot300 
14,090 266,20 6,80 266,200 6 .• 800 
14,J10 296,JO 7,60 297,042 7,619 
14,500 315,70 BolO J17,835 8,155 
14,680 J49,00 9,00 J52,742 9,096 
16,500 454.00 16,40 475,326 17,170 
17,950 507,90 18,JO 544,206 19,608 
19,760 507,90 18,JO 557,415 20,084 ............................................... 
r I TIED PAR AHnERS ................. 
LEVEL SPACING • J,746 PLUS•0R·H(NUS ,500PER HEY 
ASYHPT0TIC IN,2Nl CR0SS SECT(0N • 69J,32 PLUS•0R•HINUS 5J,5J HB 

RELATED DATA ............ 
NBN·ELA6TIO en~&& SECTIBN AT 14,~ HCV • 1250,12 r18 
(N,2NJ THRESH0LD • 11,57 HEY 
CN,3N) THRESH0LD • 21,49 HEV 

TkiS (S0T0PE HAS ?4 NEuTR0NS 1 Zl PR~T~NSr IMSS • 15 l 

NEUTR0N EXCESS PARAMETER • , 06667 

RATI0 0r ASYHPT0TIC 1No2Nl T0 14.2 HEY N0N•ELASTIC 
, S546 t'LUS•"R•H I NUS , 0428 

N/SPACING • 6o407 A/SPACING • 12',01J 
EHH"R ,8,~ ERR0R 1,60.3 

59'1. 

528. 

't62. 

~ 396. 
a:: 
< 
a:> -..J 
..J 

::E: 
,.!.. 
z 
N 

z 26'1. 

b 

198. 

132. 

675. 

1100. 

525. 

~ l!SO. 
~ 
a:> 
..J 
..J 

::E: 
,.!.. 
z 
N 

375. 

z 300. 

b 

zzs. 

ISO. 

75. 

SC-'i5 p 61 (588) 

T = 1. 778 t . D8'i MEV 
q,J.,N.2N>=626.5t32.5 MB 
CTJ.N,ZN> _ 
q,(l'i.2) -.5Dlt.D26 

FITTED 
LINE 

DATA 
POINT 

• EXPERIMENT 
c ADJUSTED EXPT. 

16 17 18 19 20 
ENERGY< MEV > 

SC-'i5 P 61 <588> 

A = 3. 7'i6 t. 5DD MEV-I 
CT~,2N>=693.3t53.5 M8 
CT..(,N, 2N) _ + 
q_p'i. 2 ) -. 555-. D'i3 

IZ 13 I~ 

/ 

FITTED 
LINE 

IS 16 17 IB 
ENERGY< MEV > 

DATA 
POINT 

• EXPERIMENT 
c ADJUSTED EXPT. 

19 20 
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. Tl-46 , ,,FR0M Hf:f', P tltl <17Y9l 

~ ~ ~=~~: •• Q o oo oo oo Oo oo ~: ;~ -~~:;; •;:~ ~-; ~~ *7 ~=; • oo 

ti"'EVl :-tEASURf:O, l;kl'< AUJUSTI::lJ, EkH 

o;:: ~~~ oo a o ••; ~~: ~ ~ oo~~:;~ ooo oo ·~ ~;: ;~; • -~~ :;;~ 
17,Juo 170,oo 14,0U 1B0,210 14,H41 
19.~00 250,00 2~.00 273,149 i:!7,J15 

o 0 oO o 0 00 0 o 00 oo 00 0 a o o o o a 0 00 00 DO oo 0 Cl oooo 0 0 DO OI>Ooo 

r I TH:i.J PARAMF.TCRS ················· NUCLEAW l!-'1P, : 2,74b PLUS•i6"-MINUS .112 MI:V . 
ASYMPHnl~ p.;,£'1:) CR~S5 St:CT!k.'N : <:!04::,6d PLUS•0R-MINUS 19,99 M8 

f<i:LATED lJATA 
aooooooooooo 

N.,;N-CLA5l"IC CR!ASS SF.Cll~t\ AT 14,i:! 11i:V 1262 0 79 ./"'18 
(f'.l,21~l ThK€-SH~LD 13,40 MEv 
(1~ 1 3Nl rt1h"E5H"'Ul 2.S.~2 MEl/ 

THIS !S'o?T~PE HAS 24 NE.UTK-1.'1~, ~i:: Ph;k1TdNSo (MASS = 4bl 

i'l!:-Ufr.:o:~ t-.a:CE-SS PARANET~Ic : ,{;434o 

t-iATl~\ ~r ASY~iPT~TIC !r-,21'111 T~ 14,~ MEV ~'~0N-F.:LttSTIC 
,31~7 PLuS-,i~·MI(Ij!JS ,f,150 

To.:iJf,T(NI : 12,483 ToSOri'l(.AJ = 17.~61 
t:R.L.,~R , 'l49 l::~rH.f- .70U 

TJ•46 ... FR0H REF, p 66 C1799) ··············································· F.NF.Rr.Y N.~~ cn~o' 'COTIDII tHai 
IMEVI ~EASUREO, FR'R ADJUSTED, ERn ............................................... 
16,000 100,00 10,00 103,715 10~371 
17,300 170,00 14,00 180.210 14,841 
19,500 250,00 25,00 273.149 27,315 ............................................... 
r I TTED PARAMETERS ................. 
LEVF.L SPAC.ING • 1,817 PLUS•~R-HINUS ,300PER MEV 
ASYMPT~TIC (N,2NI CRBSS SECTIBN • 503,83 PLVS•ORoHINUS 52,35 MB 

H~LATEU UATA ············ NBN•ELASTIC CRBSS SECTIBN AT 14.2 MEV • 1262.,79 MB 
CN,2N) THRESH0LD • 13,48 HEy 
<N,JN) THRESH0LD • 23,2~ HEv 

THIS ISBTBPE HAS 24 NEUTRBNS, 22 PRBTBNS, (MASS • 46) 

NEUTRBN EXCESS PARAMETER • , 04348 

RATIB BF ASYMPTOTIC (N,2NI TB 14,2 HEY NBN•ELASTIC 
,3990 PLUS•~R-HINUS ,0415 

N/SPACING • 13.209 
ERRBR 2,181 

A/SPACING • 25,316. 
ERRBR 4,180 

~30. 

387. 

3'1'1. 

301. 

(/') 
ZS8. z 

0::: 
< 
tD -..J 
..J 

215. -::1: 
,!,. 
z 
N 

z 172. 

b 

Tl-'i6 p 66 ( 1799) 

T = 2. S'i8 ~. 112 MEV 
a~. 2N) = 'i02. 7 t 20. 0 MB 
a..c..N. 2N > _ 
qJ 1'i. 2 ) -.319t.016 

FlTTEO 
LitlE 

17 18 19 20 
ENERGYC MEV ) 

OA.TA 
remn 

,., 

• EXPERIMENT 
o AOJUSlEO EXPT. 

21 22 



T 1-46 • •• rf.q.,H Hf:f. D b~ (!bOO) 

l:l:EHGY 
O'tl£\1') 

N,2N c;Hii.1S~ SECTIWI~ (Mt;) 
~F.ASUREO, C:RI'\ AUJUSTI:U, I:RR 

1!>. ooo 69. 51) 6. (jij 70. 7uo 8 ,13' 
16. oou t37. no 17.00 142, Ob't' !1. 632 
17 .uno 173.00 n.ou lb~.521 <J.<ll 
16. ouo 202, :')0 2~. co 216. :Sbo; t.-6. 7&0 
lb. 6fl0 21 J. oo ~6. uu 2Ju, 073 ;io, tJ84 
19' 6110 214, Or) 2o. cv 234. 0':,17 i:'b' 442 

fiJCLI:i:f,r! ll~P. : 1.4bu -PLV!l-Y.'h-l'll:·n,:i .L:~~ t·.f.:'l 

ASYKt"T0TIC (1'11,2!'-i) CI"(;.J$5 SCCTir.:r:: i6J,ii2 PLUS-11""'HINUS 8,47 !'IB 

hf:LAH:D LATA 

1JHtl•t:LA5TIC C~'"'~S SH .. T!~.\ AT 14,t ,.:E.v 120~. 79 lit; 
c;,,z:o TnRF.S-i'•1LlJ tJ,4b :-~l::v 
l'l,JI:J TrthF.SI·:'LO 2.5,22 ~E\' 

:Ji:UTru./11 t;).CI:SS PARAMEH·H : ,()4340 

kAT I,; ?.f A$Y~f"TI1TIC ·o:,2··d TL: 14." 1·1E-V !~J~~-ELAST!C 
.21!1."14 PLUS-UI~-~IJI',LS ,•Juo7 

la::::n.;i-d(!O: T•SC.td(A) : 
EkH~I~ I;Rk~:k 

11•46 .,.F'R0H REF', B 65 U800J 

9. 956 
.380 

............................................... 
ENERGY N,2N cRess SECTieN (MB) 
tMEVI HEASUREDo ERR ADJUSTED, ERR • ~;:~~ ~·· •.•. ·:::; ~ •.• : :~ ~ ....•.• ; ~ 7;::. ··; :~ ;; 
16,000 137,00 17,00 142,089 17,632 
17,000 113,00 zz.oo 162,,21 2.l,211 
18,000 202.00 25,00 216,384 26,780 
18,600 213,00 26,00 230.073 28,084 
19,600 214,00 26,00 234,097 28,442 ............................................... 
r ITT~D rAnAriCTCn~ ................. 
LEVEL SPACING • 6,306 PLUS·0R•HINUS ,679p'ER HEY 
ASYHPTeT I C ( N, 2N) CR0SS SECT I0N • 284,56 PLUS•eR-H I NUS 13·, 99 HB' 

RELATED DATA ............ 
NeN•ELASTIC CReSs SECTJ0N AT 14,2 HEV • 1262.,79 H8 
(No2NI TH~ESH0LD • 13,46 MEV . 
CN,3N) THRES110LD 11 23,22 MEV 

TJo;{3 150T0,:0E to~AS ~q f'.lt:iJfHIIJNS, ~t! PH~Ii!IN~, (I'IAS'S • 40) 

NEUTR0N EXCESS PARAMETER • ,04348 

RATIA li'IF i'\YHPT9Tir. (N 1 2111) T0 1111,2 MEV NkH-'•FLA~TIC 
.2253 PLUS•0R•MINUS .0111 

N/SPACING • 3,806 A/SPACING '• 7',295 
ERR0R , 410 ERR0R ·, 785 

zso. 

252. 

22'1. 

196. 

(/') 
168. z 

0:: .-: 
CD -_J 
_J 

::1: 
1'!0. 

,!.. 
z 
\"'!, 
z liZ. 

b 

8'1. 

56. 

Z8. 

270. 

Z'IO. 

210. 

~ ieo. 
~ 
CD 

_J 
_J 
-.ISO. 
::1: 
,!.. 
z 
N 

Z 1ZO. 

b 

!!Q, 

so. 

30. 

Tl-'i6 B 65 C 1800> 

T = I. 'i6B t • 056 MEV 
CT.J,N, 2N > = 263.2 t B. 
CT..(.N, 2N) _ 
q_p'i.2) -.2081,007 

FITTED 
LINE 

DATA 
PCllNT 

• EXPERIMENT · 
c ADJUSTED EXPT. 

IS 16 17 18 19 zo Zl zz 
ENERGY( MEV ) 

Tl-'i6 B 65 C1BOO> 

A = 6. 306 t. 679 MEv-1 
o;.(,N. 2N) = 2B'i. 6 t 1 'i. 0 
o;~.2N) ... 
qJ. 1'i. 2 > =.a~t.uu 

FITTED 
LINE 

1~ 15 16 17 18 19 zo 
ENERGY( MEV) 

DATA 
PCliNT 

---

• EXPERIMENT 
c ADJUSTED EXPT. 

21 zz Z'l 

67· 



68 

rl-46 ,,.FRI<lM tH:f I p 61 (~l;ib) 
0 0 0 00 00 00 00 01100 00 00 00 00 0 0 00 00 0 0 0 0 0000 00 00 0 0 DO 00 

I:NI::RUY 
(Mt:\1) 

f~,2N I,;W~SS SECTI>1N (liUJ 
MEASURED, t:RH AUJU~H:i1o EHk 

0 00 0 D 00 00 0 0 0 000 00 00 00 00 00 0000 0 0 00 0 00 0 0 0 D 0 0 0 0 IIOO 

14,9JO 
16.500 
17 0 950 
'19,7b0 

44, sn 
145100 
1P.5. 00 
233,00 

r I TTt:0 PARAMETERS 

3. 00 
7, ou 
9,00 

12. ou 

45, 2G7 
151.716 
1 Qij, U31 
236,3~1 

3. 048 
7. 3£4 
9,034 

1J .152 

NuCLEAH H·I'1P, : 2,13.S 1-'LU~-.1~-MINUS .i.''-'2 MEV 
ASYMPHHIC (!'II,?NJ Cih~S5 SLCTI4t~ : 32\1.1.5 PLUS•eR•:1lNUS 47,32. "\b 

RI::LATI::O uATA 

~~;.:;N-t;LASTlc cRr.ss St:ctir.:: AT t4,2 M!:'V = 1262,79 M& 
(N,2NJ Thi-IESHV'LU 13,4.-, ~~CV 
Chi,JN) THi\f:SHt.l!LU 23,22 I'II:V 

THIS t511T~PE HAS 24 i~EUTiHJ:~.,, e_~ P,ktlh':'liS, (f'iA5S 46) 

llt:UTrcJN tXCLSS PAiUMEH:~ : .04.>4d 

RATJ;1 11f' ASYI"~PT0Tit: (,>J,2Id T~ 14.l tH:V t.(JN•ELASTIC 
.2606 PLUS-th-!-11),;\JS ,O.l./5 

T•S•JNTtf'.J) : 10,450 hSt.t"'T< A) : 14,467 
!:~H;,H~ 1.431 EHH~~ 1.980 

Tl•46 ... rROM REr, P 61 ('66J ··············································· ENERGY N,2N CR0SS SECTI0N CMBJ 
CMEVJ ~EASUKtUo ~KRI ADJUSTED, ERR ............................................... 
1-417~~ ,.,.,!J(I J,Uu 1,,~U/ J,048 
16,500 145,00 7,00 151,716 7,324 
17,?!;0 tn,,oo •.ou 3.Ya.u.u Y,&J4 
19,760 233,90 12.00 256,351 13,152 ··············································· 
fl TTED PARAMETERS ................. 
L€V~L SPACING • 2,655 PLUS•0R·HINUS ,971PER HEV 
ASYMPT0TIC CN,2NJ CR0SS SECT!0N • 394,02 PLUS•0R•MINUS 

K~LATED UATA ............ 
NON-ELA5TIC CR"S:i SECTUN AT 1•.2 MeV 
CN,2N) THRESH0LD • 13,48 MEV 
.CN,3NJ THRESK0LD • 23,22 MEV 

THIS IS0T0PE HAS 24 NEUTR0NS, 22 PR0T0NS, CMASS • 46) 

NEUTR0N EXCESS PARAMETER : , 04348 

RAT10 0f ASYMPT0TJC. CNo2Nl T0 14,2 MEV N0N•ELASTIC 
,3120 PLUS•0R•MINUS ,0665 

N/SPACING a 9,040 A/SPACING • 17,326 
ERR0R 3, 306 ERR0R 6, 336 

3110. 

3'12. 

30'1. 

2116. 

~ 228. 
0::: 
< 
~ 
.J 
.J 

z: 
,!.. 
z 
N 

z 
b 

(J) 

2 
0::: 
< 
a::J 

.J 

.J 

:z: 
,!.. 
z 
N 

z 
b 

190. 

152. 

11~. 

18. 

Tl-'i6 p 61 (588) 

T = 2.133t.292 HEY 
a..{.N. 2N > = 329. 1 t 'i7. 3 HB 
a.J.N. 2N) _ 
q_(l'i. 2 > -.261!.037 

15 16 

/ 
/ 

/ 

/ 

/ 
/ 

FITTEO 
LINE 

11 18 19 zo 
ENERGY( HEY ) 

p 61 (588) 

A= 2.655t.971 I'IEY'1 

<r..J.N• 2N > ~ 3011.0 t 811.0 HB 
gJ_N.2N> _. t 
q_,_l'i. 2 > -.312 .067 

I~ 15 16 

/ 
/ 

FITTiiO 
LINE 

11 . 18 19 zo 
ENERGYCHEY> 

/ 
"' "' 

DATA 
POINT 

--

• EXPERIMENT 
c ADJUSTED EXPT, 

21 

DATA 
POINT 

22 

• .EXPERIMENT 
o ADJUSTED EXPT. 

21 2Z 2'1 



Ck·~tl , , _F'I{~lH HL~, U tl6 C J.IJ14. 
' ........................................... . 
• tl'(uy N,~N J.;H.,:i::, St.Cli~N IMLI) 
~ev) "(f..\SUHI:IJ, tHH AIIJUSTI:llo l~R ............................................. 

1-4 ,YUC' 1£1.", 70 l,,o lY ,llb ~ ,5J6 
15 ,Boo 41. no J ,ttu <:lb. 4b~ .J ,920 
10.600 ~Q 1 •1!1 4' Jo 62,104 41-496 
t7. 40l) t-el, oo 5. oo 71,965 5. 292 
18.200 78.40 ~. 40 8J,89J o;, 778 
16,90U 84 '40 6, 70 Yl,llb 7. 23J 
19.600 96. 20' b I JO 10ot,705 6,857 

~I I lti.J PAHAHEli:HS ·················· NUCLEAR TEMP, : 1, 778 PLUS•I1H•MlNUS ,111 !tEV 
ASY~PT0TIC C~,2N) CR~SS SECT UN.: 111,46 PLUS•0R•MINUS 5,t56 !'tit 

FIELATEO DATA 

•CN-ELASTIC CR0SS SECTI~N AT 14,2 MEV 1311,87 HB 
(r-.t,2N) THRESH0L0. 13,20 HEV 
CN,3NJ THRESH0L0 2111,05 HEV 

hilS ISCh:PE HAS 20.NEUTH0NS, 24 PHt~H'INS, CHASS 2 50J 

tlEUTRtlN EXCESS PARAMETER : ,04000 

FUTI~ 0r ASYHPT0TIC {No2fiO TIJ 14,2 HEV NaN-ELASTIC 
,06~0 PLUS•k\H•HINU::, ,004; 

hSIJPT(NJ : 9,066 T•SUHT(A) • 12,572 
tHRCJR ,566 ERR~H , 785 

CR•50 ,,,F'R0H REF', B 66 <1814) ··············································· ENERGY N,2N CR0SS SECTI0N 1MB) 
CMEV) MEASURED, ERR ADJUSTED, ERR .............. -................................ . 
14,900 28,70 2.50 7.9,116 2,536 
15,800 47,00 3,80 48.485 3,920 
16,600 59.4n •.~o 62,104 4,4?6 
17,400 68,Do 5,oo 71,965 5,292 
18.200 78,40 5,40 83,893 5,778 
18,900 84,40 6,70 91,116 7,233 
19,600 96,20 6,30 104,705 6,857 ............................................... 
rJ TTED PARAiiETEAs ················· LEVEL SPACING a 4,129 PLUS-0R-MINUS ,493PER MEV 
ASYMPUTIC CN,2Nl CRASS SEr.Tt0N • 124,55 PLUS-0R•MINUS 

RELATED DATA ············ N0N-ELASTIC CR0SS SECTI0N AT 14,2 MEV • 1311.,87 MB 
CNt2fO THRESMri'JLD • J.l,ZO H!Y 
{N,JN) THRESHALD • 24,05 MEV 

THIS IS0T0PE HAS 26 NEUTR0NS, 24 PR0T0NS, CHASS • 50 I 

NEUTR0N EXCESS PARAMETER a , 04000 

.~ATI0 er AS',-HPT0liC IN,~NI i0 14,~ M~V N0N•ELASTIC 
,0949 PLUS•0R•MINUS ,0053 

N/SPACING • 6,297 A/SPACING c 12.,109 
ERR0R , 752 ERR"R 1, 446 

....J 

....J 

:0::: 
...\. 
:z 
N 

108 • 

96. 

8'1. 

36. 

2'1. 

126. 

112. 

98. 

70. 

:z 56. 

b 

CR-50 8 66 ( 18l'i> 

T = 1. 778 t • 111 MEV 
o;.f.N,ZN>= 111.5t 5.9 M8 
gJ.N.ZN> 
Ci(l'i.Z> =.085t.OO'i 

FITTED 
LINE 

DATA 
POINT 

----

• EXPERIMENT 
o ADJUSTED EXPT. 

I~ 15 17 18 19 20 21 22 25 
ENERGYCMEV> 

CR-50 8 66 ( lBl'i> 

A= 'i.l29t,'l93 MEV-I 
o-.J,N.ZN>= 12'1.6t 7.0 118 
o;J.N, ZN > 
qJ1'1.2> •.095±,005 

FITTED 
LINE 

DATA 
POINT 

-----

• EXPERIMENT 
o ADJUSTED EXPT. 

I~ 15 16 17 18 19 20 21 22 23 25 
ENERGY( MEV> 

69 



70 

·':· 

,.,F'R0H HEF', B 67 C2888) ··············································· E:Nt:RGy N,2N CR0SS SI:::CTII6N CHin 
IMEVl MEASURED, ERR ADJUSTEU, ERR ............................................... 
13,510 147.00 12. oo 147,000 1Z,OOO 
14,100 2761 OQ 19 I DO Z1b, 000 19. oou 
14,880 412,00 Z9 ,00 417,660 Z9, 398 
15,620 476,00 33.00 489,13Z 33,910 
16, 31U 506', 00 35.00 526,011 36.384 
17, Z30 491,00 34.00 Sl7,60Z 35,84Z 
18. o ~u 515,00 36.00 548,807 38.363 
16.890 493, no 35.00 531,057 37.702 
19. ~60 462,00 3~. 00 501.446 34, 73Z ............................................... 
F I TTEU PARAMETERS ················· NUCLEAR TEMP, : 1,131 PLUS·a~·HINUS .075 HEV 
ASYHPHHIC (N,2N) CR'=!SS SECTJ0N: 560~19 PLUS•0R•HINUS 24,88 HB 

R~LATEU OA TA 

N0N•ELASTIC CR0SS SECT leN AT 14,2 HEV -=. 1335,54 HB 
(N,2N) THRESH0LD 12,27 MEV 
CN,JN) THRESHV!LD 21,71 MEV 

THIS IS'o1T0PE HAS 28 NE:UTR0NS, 24 PR;c'JT0NS, (HASS s 52) 

NEUTHON EACESS PARAMETER : ,0769Z 

HATI0 0F ASYMPT0TIC 1No2Nl T0 14,2 MEV N0N•ELASTIC 

r~~QHTitll II' 

F.HHHR 

CR•5Z 

,4194 PLUS·~H·HINUS ,OUi6 

T•tonTI.\1 • 
ERR0R 

,,',rR0H REr, B 67 (2888) 

i.lH 
.541 

·················· ............................ . 
~~~~~v HEASURED,"e~~· OA~Ci :~~~~~~D:·~~R ··············································· 13,510 147,00 12.00 147,000 u.ooo 
14.100 276.00 t9,nn 27f'l,nnn t9 .• 0oo 
14,680 412,00 29,00 417,660 29,398 
15,6ZO 476,00 33,00 489,132 33,910 
16,310 506.,00 35,00 526,011 36 .• 384 
17,230 491.00 34,00 517,602 35 .• 842 
18,020 515,00 36,00 548,807 38,363 
18,890 493,00 35,00 531,057 37,70Z 
19,560 462.00 32,00 501,446 34,732 ··············· ································ 
r l TTED PARAMETERS 

·LEVEL SPACING •10,374 PLUS•0R·MINUS1,688PER HEV 
ASYHPT0T!C IN,2~) CRaSS SECTIBN: 578,34 PLUS•BR·MINUS 33,18 HB 

RELATED DATA ............ 
N0N•ELASTIC CR0SS SECTI0N AT 14,Z MEV • 1335,54 HB 
(N,2N) THRESHPILD: 12,27 HEY 
(N,JN) 1HRESH0LD z;· 21,71'1'1EV 

THIS IS0T0PE HAS Z8 NEUTR0NS, Z4 PR0T0NS, IHASS • 5Z) 

NEUTR0N EXCESS PARAMETER • , 0769Z 

RAT10 0F ASYHPT0TIC IN,ZNl T0 14,Z MEV N0N•ELASTIC 
.4330 PLUS•BR•MINUS .0?48 

N/SPACING • 2,6Q9 A/SPACING • 5,013 
ERR0R , 439 ERR0R , 816 

590. 

531. 

~12. 

~13. 

~ 35'1. 
< 
~ 
~ 
~ 

z:: 295. 

,.!.. 
z 
N 

z Z36. 

b 

ITI. 

118. 

S9. 

~~. 

"' 372. z 
0:: 
< 
ID 

..J 
~ 

i: 310. 

.!.. 
z 
N 

z 2'18. 

b 

186. 

12'1. 

62. 

CR-52 

T = 1.13P.07 
a.J,N. ZN > = 560 • 
a.J,N.ZN > 
C\Jl'i.2) =.'i19 

FITTEO 
LIN~ 

DATA 
PCJINT 

• EXPERIMENT 
c AOcll.lSTE:O EXPT. 

I~ 15 16 17 18 19 20 21 
ENERGY< MEV)· 

CK-52 IJ !:i'/ ( ZIJ!l!l) 

A = 10.37'!!1,688 11 
a~. ZN) = 578.3! 3 
o;J,N. ZN) 
o;;.P'LZ> =.'i33! 

13 I~ 15 16 

FITTEO 
LINE 

17 18 
ENERGY( MEV) 

--
-r----

DATA 
PCJINT 
•. EXPERIMENT 

0 ADJUSTED EXPT. 

3 

19 20 21 22 



., ,FRIIM REr, Bb9 
·oo • o 11 o oo o • o •••• • o a oooo o o ••• o o ••• o • oo o o • • o • •••• 
l:i.JERGY 
cnEV I 

ll,i!N CR3SS SECTI\1N (H8) 
Hf:ASUREO, t:~R AOJUSTE~·, ERR 

o 0 o 0 o 0000 C1 0 0 o 0000 0 o II 0 00 0 o 0 OOOoO 0 0 000000 0 000000 

13, 20U 110 o, on 00, GO bOO ,000 60.0 00 
14.100 ~oo.on PO, 00 800.000 80.000 
1 '5. ouo aJ5. on tiS, 00 84 7. 920 86.315 
1 ~ 0 450 ~145,00 b5. 00 H64,937 87,006 
1 fl. :i.~O ann .no 90. oo 828,362 82,83b 
16. ~00 l;\15,0() BU, 00 848.455 83.284 
17. 0~0 ~r\0,1')0 &5 .oo 923.488 89,201 
18.000 '170. 0:1 8~. 00 924.577 90.332 

0 oo oo oo oo ItO 0000 00 0 o 0 0 oo 00 oo 00 00 00 0000 0000 00 00 00 

r) TTl:tJ PA~AMF.TF.RS 

NVCLFAH TEMP, :: 1..197 PLII~-~lR ... MI:~VS ,087 MFV 
ASYMPT()TJC (N,:?NJ CR2SS SECT!UN: 92Q.96 PLU5•0R-MINUS 25,79 Htt 

RF.LATE:;D OATA 

N0N-I::LASTIC r.~r-\SS SECTI~N AT 14,l HtV 1370,05 1'18 
Plo~NJ THRESH~LO 10,41 HEY 
(to:,JfJI THf.IES"i;;}LO 19,52 MEV 

TtiiS !SOT0PE HAS 30 NE:UTR"'NS, 25 PR0TI1NS, (MASS • 55) 

NE:UT~l'JN ~XCESS PAI'UMETER : .09091 

RATJ~ 0r ASYMPT~TJC (N,2~l T~ 14,2 MEV N0N•ELASTJC 
,67'1?2 PLUS-.ZR-MJNUS ,0188 

T•SCii T ( "l) c 6. 51i6 T•SQRTCAl :: 8.877 
ERR!1R ,477 ERR~R .645 

HN•55 •• I F'R0M REF' I 869 ··············································· ENERGY N,2N CR0SS SECTI0N IHBl 
CHEVl '1EASUREO, ERR ADJUSTED, ERR ··············································· 13,200 600,00 60,00 600,000 60,000 
14,100 8oo,oo 8o,oo 8oo,ooo 8o,ooo 
J.,,ooo ftJ,,•Ju e,,uu 1:14/,Y'lO 86.315 
15,450 845,01) 85,00 864,937 87,006· 
16.150 800,00 80,00 828,362 82,836 
161SOO 815,oo 8o,oo 848,455 83,284 
17,050 880,00 85,00 923,488 89,201 
1~.000 870,00 85,00 924,577 90,332 ··············································· 
r I !TED PARAHETERS ................. 
LEVEL SPACING' 8,729 >'LUS•0••HINU~1.440PEH HEY 
ASYMPHH I c ( N I 2N) CR0SS SECT I ON • 94 7,29 PLUS•BR•H I NUS 33 I 86 HY 

RELATED DATA ............ 
N0N•EL.t.STIC CRPISS SECTI0N ,t.T 14,2 HEV·• 1370,05 HB 
(N,2Nl THHESHALD 10,41 HEV 
(N;3kl T,;Rt!i.i~LO • 19,,2' ;•H!v 

THIS IS0TI:1PE HAS 30 NEUTH0NS, 25 PR0T0NS, (HASS • 55) 

NollTR0N Fxr.Ess PARAHFTFR ' ,nqn'q! 

RATIO 0F' ASYMPT0TIC CN,2Nl T0 14,2 HEV N0N•EL.t.STIC 
.6914 PLUS•BR·HINUS o0247 

N/SPAC lNG • 3, 437 A/SPACING II 6,301 
ERH0R ,567 ERR0R 1.039 

IIOO.~=====~•·nTT1fU111fiiii'''''''''I'IIIIIII'IIIIIIH1Tpnrrrrrt(llllllf,.-'lTnTrtT 

990. 

880. 

m~ 
(f'l 

.660. z 
a:: 
.: 

'~I 
en 

·~ -
>: 
.l 
z 
N 

7. 

0 

990. 

880. 

770. 

~ 660 . 
'tl; 

< 
CD 

...J 

...J 
550. 

:>: 
.!.. 
z 
N 

z ~~0. 

330. 

220. 

110. 

llWJ 

T = 1. 197! . Ofl7 Hf.V 
crJ,N. 2N) = 'J?.l. 0 '· ?.~i.ll II 

o;,\,N. ~-'-- . • q;J 14. 2 \ -.f) 12-.0 ~) 

I 
I 

13 

FJ !TED 
LINE. 

I~ IS 16 
ENERGYC HFV l 

HN-55 869 

A = B. 729! 1. 'i'!O HEv-1 

cr.J,N.2Nl= 9'!7.3!33.9 B 
CT..(.N, 2N l 
qJ14.2) =.691± 

FITTED 
LINE 

DATA 
POINT 

• EXPERIMENT 
o ADJUSTED EXPT. 

17 

DATA 
PC! INT 

18 19 

• EXPERIMENT 
o ADJUSTED EXPT. 

18 19 

71 



72 

""" .. 55 , , , f"R~-111 rn::r, 11 67 c t6b6 J ............................................... 
E:NE~liY 
(Mi:\1) 

N,2N CH0SS 5E:CTI16N (118) . 
MEASURED, ERR ALIJUSTEtlo l:RR ............................................... 

12. 700 
12.940 
13 0 26J 
13,500 
14,960 
15.820 
16,520 
17,3';)0 
16.440 
19,390 

540.00 
583,00 
6581 QQ 

613' 00 
854', 00 
890,00 
906,00 
910.00 
887.00 
822. 0 0 

51 t QQ 
54.00 
61, oo 
72,00 
79.00 
82.00 
84,00 
85.00 
ti2. 00 
761 QQ 

546 f 000 
583.000 
656.000 
61J. 000 
866.561 
916,679 
943.47 4 
958.934 
947.708 
887,645 

51 t OOQ 
54,000 
61. ooo 
72.000 
eo .164 
84 0 458 
87,474 
69,571 
87,612 
82.069 ............................................... 

f!TH:D PARAHETEP.S 

NUCLI::AR Tt;:!"'P, : 1,224 PLlJS-0rf•Mlt-:US ,U53 MEV 
ASYI'1PT0TIC (N,('N) C~0SS St;CTIL!N = 953,25 PLUS•0R•HINUS 22,54 Mb · 

HELATEU UATA 

NION-E:LASTIC CR05S SECTI0:j AT 14,2 MEV 1370,05 M8 
Cl~o2NJ THHESH0LD 10,41 MEV 
(N,JNJ lHtiESHQILD 19,52 MEV 

THIS ·ISII:IT~PE HAS 30 NElJTR0NS, 25 PR0TUNS, (MASS 5~) 

NEUTH•N EXCESS PARAMETER : ,09091 

RAT10 0f AS'I'HPl"TIC (N 1 2N) Till 14,2 HE:V Nl:lN•ELASTIC 

.69'S P•us·0R-~INU? ,Q,~' 

1•$UhltNJ ::: bo~Uq T•SURl<A) ~ 9,077 
ERR~R o290 ERIH~R ! 39J 

HN-55 , , ,F'R0H REf, M 67 t 1686) ............................................... 
iti!, 9 CY U.S!Pl cnll3~ CE!CTIDi~ C~81 
CHF.V1 HE&SliR:&D, iiRR ADJUCT[O, t::nR ··············································· 12,700 5•6.00 51,00 5<6,000 51,000 
12,940 583,00 54,00 583,000 54,000 
13,280 658,00 61,00 658,000 61,000 
13, 5oo 613. oo 12. oo 613, ooo 12·. ooo 
14,960 854,00 79,00 866,581 80,164 
15,820 890.00 82,00 916,679 84,458 
16,520 906,00 84,00 943,474 87.,<7. 
17,350 910.00 85,00 958,934 89,571 
18 ... o 887,oo· 82.oo 947,708 87,612 
19,~90 822,00 76,00 887,645 82,00Y ............................................... 
r ITT ED PARAMETERS ................. 
LEVEL SPACING a 8,283 PLUS•0R•MINU5 ,&23PER MEV 
ASYMPT0TIC (N,2NJ CR0SS SECTI0N • 977,24 PLUS•0R•MINUS 28,16 HB 

!'!fi!L.•.llil.l 0."'- T.a .• ............ 
N0N•ELASTIC CR0SS SECTI0N AT 1•.2 HEV • 1370 .• 05 H8 
CNr2NJ THRESH0LO ::: 10,41 MEV . 
tN,JNJ THRESH0LD ::: 19,52 MEV 

THIS IS0T0PE HAS 30 NEUTR0NS, 25 PR010NSo (MASS • 55) 

NEUTR0N EXCESS PARAMETER : ,09091 

RATIO 0r A~YMPT0f)r. (No2Nl T0 14,2 MEV N0N•ELASTIC 

NJSPAC lNG :2 

ERR0R 

.7133 PLUS•0R·MINUS ,0206 

3.622 
• 360 

AISPACING • 6,6.0 
ERR0R ·.660 

V'J z 
0:: 
< 
~ 
-' 
;::! 
z: 
A 
z 
N 

z 
b 

V'J z 
0:: 

~ 
-' 
-' z: 
A 
z 
N 

z 
b 

990. 

880. 

770. 

660. 

sso. 

'1'10, 

330. 

:UO; 

110. 

1100. 

990. 

880. 

770. 

660. 

sso. 

~qo . 

330. 

220. 

110. 

0. 
10 

HN-55 H 67 C 1686) 

T = 1.22'it.053 HEY 

a..(,N. 2N) = 953.3 122.5 8 
a,hN.2N> _ 
qJ 1'i. 2 > -.6961,016 

FITTED 
I INf 

II 12 13 I~ IS 16 
ENERGY< HEY> 

HN-55 P1 67 (1686) 

A 6. 263!. 823 HEV" 1 

qJ.N.2N>= 977.2128.2 
a..c.,N.2N> 
q;J 1'i. 2 > =. 713t.021 

FITTED 
LINE 

II 12 13 lq 15 16 
ENERGYCMEV> 

DATA 
t'I11NT 

• EXPERIMENT 

[] I\DJU5T~D EXPT. 

3 

17 18 19 zo 

DATA 
POINT 

• EXPERIMENT 

0 ADJUSTED EXPT. 

17 18 IS zo 



Ht-.-55 ., ,F"kUH Ror, p 6~ ll7Jij) ............................................... 
tNEHGY N 12H CH~~~ ~tCT l~ll (MU) 
ltli:V J MEASliREU1 [RH AOJUSH:l11 ERH ............................................... 
12, o30 59l 100 Jo, oo 59J 1000 J6, ouo 
12.810 660,00 •o. ou 660. ouo 40,000 
12. 9&0 712.00 4l. 00 711:!. 01)0 43,000 
13.240 793.00 48.00 79J,OUU 48.000 
13.460 776, nn 47.00 7 76. uuo 47.000 
13. 790 828.00 ;o 1 oo e~8.ooo 501 QQQ 
14.050 937.00 56 .a~ 9J7 .ouo 50.0 ou 
14. 4j!l) 9•6. no 57. oo 950.156 >7. 250 
14. 110 945' 00 571 Q\) 954,471 571571 
15.090 996, no 60.00 1013.061 611028 
1~. 37\.1 l 0(15. uu bO, UU 1027,291 61,331 
15.720 1051, no 6J. oo 101l0,71Y 64, 7tH 
15.990 1050,00 63,00 1090,661 65. 068 
16,250 lO.ln,QO 62. 0~ lllhA ,lkh 64,~99 
16.420 1060,00 64 I Oll 110l,176 66.54 b 
16,610 1039,on 62. oo 10&J, 4Jl 64,651 
17.270 1041.00 h7.. no 10V~,7b4 65.263 
17,7'lll 1096.00 66. ou 1163,1d0 ,ta9 ,918 
1& o JJO 11?5 0 00 bb oliO 1~00 o420 72 o559 
16.710 1092o00 66' CJ 1170,417 70o739 
llf, 13U 1153 .oo 6\1, cu 1241. 61J 74.303 
19, 36U 112C',:JO 67. 0(; 1211,219 72 o J28 

••••••••••••••••••••••••••• 0 ••••••• 0 ••••••••••• 

r I T1EO PAhAt:EHRS 

~JUCLI:AR TEMP,= 1.303 PLUS-01'-i-KII\US .02o Ml:V 
ASYHPTUTil: P·.J,2NI CR~SS St:CTIJI~ = 1177,09 PLUS•0H-"1INUS 

HELATED {JA TA 

flliolN-t:LAST IC CFH:'.SS SI::CT lli:O.: AT 14,2 MEV 1J70o05 HS 
CN,21lJ Tt<~RE.SH~LD 10,41 Nt:V 
(!II,:SI-Jl TrikESH~LD 19,52 MEV 

HdS IS~Y..PE HAS 30 NEUTHaN,i, 25 PtHlT~NS, (I'USS • 5~) 

Nf::UTHiiN t:XCE:SS PA.HAMETE::~ : ,09091 

HAT)~ 0f ASYMPH'TJ(; (N,2NI Till 14,2 HI:V N~N·ELASTJC 
o8592 PLUS•ek•HINuS o0099 

T •SI.IHT ( N) : 
• EHk~R 

HN•" 

71137 
o15J 

, , ,F"R0H REF', 

T•SORTtAI • 9,b6J 
f:l'tHl~h • 208 

p 65 C 1738 l ............................................... 
ENERGY N,2N cRess SECTieN (H8) 
CMEV) MEASURED, ERR ADJUSTED, ERR ··············································· 12,630 593 0 00 36.00 593,000 36.000 
12,810 660 0 00 40.00 660,000 40,000 
12,980 712.00 43,00 712,000 43,000 
13,240 793,oo 48,00 79J,uuo 48,000 
13,460 776.00 •47 100 776o000 47,000 
13' 790 828oOO ,u, uo ij28o000 50 0 000 
14.050 937oOO 56 ,oo 937 oOOO 56 0 0 00 
14,420 946,00 57.00 950,156 57.250 
14.710 945,00 57 .oo 954.471 57.571 
15,090 996,00 60.00 1013o061 61,028 
15,370 100~. 00 60 oOO 1027.291 61,331 
15.720 1051,00 63 ,oo 1080,719 64,781 
15,990 1056.00 63 .oo 1090,661 65 0 068 
16,3§0 1030,00 ~2. 00 1068,186 64o299 
161420 1060o00 64.00 1102 o176 66 0 546 
16' 610 1039,00 . 62.00 1083,431 64.651 
17.27 0 1041,00 62100 1095o 784 65.263 
17.750 1098oOO 60 .oo 11bJ,1BO 69,918 
18,330 1125 0 00 68.00 1200.420 72.559 
18,710 1092,00 66 .oo 1170,417 70,739 
19,130 1153o00 69 oOO 1241o613 74 o J03 
19.360 1122.00 67 '00 1211.219 72.328 ··············································· 
r ITT ED PAR.METERS ................. 
LEVEL SP•CING • 7o162 PLUS•eR•MlNUS o295PER HEY 

13,58 '1i:s 

ASYMPTBTIC (N,2N) CReSS SECTieN • 1221o76 PLUS•eR•MINUS 14,58 M8 

RELATED DHA ............ 
N0N•ELASTIC CRess SECT!eN AT 14,2 MEV • 1370,05 HB 
(N,2N) THRESHeLD • 10,41 MEV 
(N,JN) T ... RESH0LO • 19.~2 HEV 

THIS I 50 T0PE HAS 30 NE UTR0NS, 25 PR0T0.NS, ( HASS • 55 l 

1EUTR0N EXCESS PARAMETER • ,09091 

IATle er ASYMPTeTIC CNo2Nl Te 14,2 HEV NeN•ELASTIC 
o 8V18 PLUS•0R•H l NUS , 0106 

N/SPACING • 4o189 A/SPACING • 7.0 679 
ERR~R o173 ERReR , 316 

1260. 

1120o 

~ BI.JO. 
0:: 
< 
CXl 

..J 

..J 

:E: 
..!.. 
z 
N 

700. 

. z SS!l· 
b 

'!ZO. 

280. 

1~0. 

1260. 

1120. 

980. 

~ 8'!0. 
0:: 
< 
CXl 

..J 

..J 

:E: 
..!.. 
z 
N 

700. 

z 560. 

b 

~20. 

280. 

1~0. 

MN-55 p 65 ( 1738) 

T = I. 303 ! o 028 MEV 
O".J,N.2Nl= 1177.1!13o6 M8 
O"J,N. 2N l 
q;Jl'l. 2) =. 859! oOIO 

FITTED 
LINE 

II 12 13 I~ 15 16 
ENERGY( MEV l 

MN-55 p 65 ( 1738) 

A = 7. 162! o 295 MEV-1 

q~.2Nl= 1221.8! l'!o6 MB 
a..bt!. 2N l 
qJl4o2l "o692!.011 

FITTED 
LINE 

f 

DATA 
POINT 

• EXPERIMENT 

0 ADJUSTED EXPTo 

17 

DATA 
POINT 

18 19 

• EXPERIMENT 

3 

zo 

o ADJUSTED EXPT. 

19 zo 

73 



74 

,,,FR"M REF, o 72 
o oo • o a o oo ao a • • • • • • a a o oo oo •••• • o •• • ••• •• •• ooo • •• 
l::i'>~EH(iY N, 2tl CR0SS SECT l111N C Hij) 
CMEV) MEASURED, EHH AUJUSTEO, ERR 

•••••••••••••••••••••••••••••••••••••oooooooooo 
15.060 23.60 1. 51) 2<. 005 1. 526 
15.350 29.00 1. 70 29.641 1. 738 
15.610 29 .5~ 2. 00 30. 2o6 2. 053 
1;,92o 37.00 2 ,1G 3b .166 2.167 
16. 430 45,50 2. 40 47 ,341 2. 497 
16.940 56.00 3, oo 58.711 3, 1<5 
17.560 56. ?.0 3.10 1;)9. 432 3. 278 
18 0 230 58 ,11'1 3. 00 61. 97J 3. 200 

0 •• 0 0 •••••• 0 •••• 0 0 ••• 0 0 •••••••••••••••••••••••• 

F I TTI:U PAUA1'1ETEHS 

NUCLEAR TE:HP, : 1.268 PLUS-fdi-I•11INUS ,OSY MEV 
ASYHPT2JTJC (N,2Nl Ck"SS S~CTJ~N: 7'2.,07 PLUS•fdR .. HINUS 4,57 l1e1 

RELATED UATA 

N\:lN•CLASfiC CR~SS SECTI~N AT 14,~ MEV 1358,c7 11~ 
(No2N) THRESHl1LD 13,63 MEV 
CN,3NI THkESH0LD 24,51 MEV 

THIS !SfdT;,PE 1-fAS 26 l.;t:UTk0NS, ~6 PH(JT11NS, tMASS 54) 

M~\.ITIHHol E'tr:f:c:;S PAAAf'!EHR :;: • OJ'lQ4 

F1.ATII1 eF" ASY~PT€TIC (N,2N) ll!l 14,2 Mf:V !'.16N•ELASTIC 
,QS36 PLUS•0R•:1INUS ,003< 

To~QRT(NI : 6,710 T•Si.IHHA> : 9.318 
FR1H1R o471. EHH~R • ~!io4 

,,,rReH ReF, B 72 ............................................... 
ENERGY No2N CR0SS SECTIBN IHBI 
CMEV) MEASURED, ERR AUJUSIHo tHH ··············································· l!ll,utto ~:s.ou 1,,0 24,00!-i 1.~211 
15,350 29,00 1.70 29,641 1.738 
1,,010 29,,0 2,00 30,20R ?tOSJ 
15,920 37,00 2,10 36,186 2,167 
16,430 45.~0 2,40 47,341 2,497 
16,940 56.00 3,00 58,711 3,145 
17,560 56,20 3.10 59,<32 3.278 
18;230 58,10 3,00 61,973 3,200 ............................................... 
F.ITTED PARAMETERS ················· LEVEL SPACING • 8·,539 PLUS•0R·MINUS1,3<2PER MEV 
ASYHPTBTIC (N,2NI CRBSS SECTIBN • 78,24 PLUS•BR•HINUS 5,88 HB 

RE~A TED UA TA ............ 
N0N·6~ASTI'C CR0SS S~CTIBN AT 14,2 MEV • 1358.,67 MB 
1No2NI THRESN0L0 • 13,63 HE'/ 
.(N,JN) TkRESH0LD • 24,51 MEV 

THIS ISB.TBPE HAS 28 NEUTRBNS, 26 PRBTBNSo (MASS • 541 

NEUTRBN EXCESS PARAMETER • ,0370< 

RATI0 BF ASYMPTBTIC 1No2NI Te 14,2 MEV NBN•ELASTIC 
.0576 PLUS•BR•MINUS o0043 

N!SPAClNG a 3,279 Al:irAClNG • 6,3211 
ERR0R , 515 ERRBR ',994 

b 

FE-Sif B 72 

T = 1.266!.069 HEY 
cr..(,N. 2N > = 12.9 t If. 
crJ.N.2N> 
_qJllf.2> =.OSift 

---------

Z3.~ 

15. 

1. 

18. 

GO. 

59 • 

1£ 51. 
0::: 
< 
~ 
-' ..J 
;;: ~z. 

,!.. 
:z 
N 

.z 3'i .. 

b 

zs. 

8. 

FITTED 
LINE 

DATA 
PCJINT 

• ~XPERIHENT 

c ADJUSTED EXPT. 

0i~3~~~~~~~~~5~~1~6~~1~7~~1~B~~I9~~m~~Z~I~~~~~Z3~~~~~ 
ENERGY< HEY> 

o. 
13 

A = B. S311 t 1. 3'i HEV-1 

qJ,N,2N)= 76.2t 5.9 HB 

cr~,2N> 
< .. Lllf. 2 l =.056•.0D'i 

FITTED 
LINE 

lu '""I 
I~ IS 16 17 IB 19 m 

_..-

DATA 
PCJINT 

• EXPERIMENT 

c ADJUSTED EXPT. 

.31 
21 ~ Z3 ~ zs 

ENERGY< HEY> 



, , ,f"ihl/1 HE:.f, A 6H 
,. 0111111 •••••••••• oo 110 0. 00 •••• 00.0 ••••••••• 0 •• 

,f.lGY r~,2N cH;:,ss SCt;TiaN (HB) 
:v1 :-II::ASIJi\f:U, Em; AOJUSTEU, I:HR 

··················•o••o•••••o•••ooo••·········· 
15,100 36. ~0 15. ou 36.6.11 1;. 26J 
15, 'j(iU ~7, no 10. uo 5d. 41:l 10.240 
15 .~50 55, no 10. oo 56,698 10.309 
10. ouo 58.00 d. 00 ~9,938 8. 267 
1b. 050 7.J. 00 1, oo 75.500 7. 240 
16. 55u 9?. 00 9. 30 9~.699 9, J81 
16.950 Y5. no 10.00 99.614 10.486 
17, 4UO 128, on 13. 0\J 135,066 13.718 

0 o• oo oo• ••••••••• ooo •.• 0 •••••• Oil II •••••• 0 00 •• 00.0 

f" I TTI:U PA;UMF.TE~S 

NlJCLI::Aio< TEi1P, .:. 2.~86 PLI.JS-<311-HI,_,US ,801 riE.'I 
ASYHPHHIC (t·:,2/l') Ck0SS SECT!Il!N: 2'#:),38 PLUS-OR-MINUS 1,2,72 Mri 

RI:L A.Tt:O OA TA 

~Hi'lN-ELASTIC Cr~SS SEC:TUJN AT 14,2 NEV 
1:-J,2/l) Tni-lESI-·!.~1.0 t3,b3 HEV 
IN,JN) THRF.SH~lLO 24,51 MEIJ 

Tri!S JS0l;:JPE HAS 2o t~l:lJTR'liNS, 2b PF;~H.INS, IHASS ~ 54) 

rJF.UTR~N EXCESS PA.RAM!::H:R : , tJ3704 

RAT!IJ 0F" A$YI"'PT~TIC 1Nr2NJ Te 14,2 MEV N"N-ELASTIC 
, '1 ?4 PLUS-~R-H I /\iUS , 0903 

T•SC~HIN) : 1J,()Q4 ToSQRTIAJ : 19,018 
ERH~R 4,2~8 ERHeR 5,886 

,,,F"R0H Ri:F", .- 68 ······· ·················· ..................... . ENERGY N,2N CR0SS SECT10N IMBJ 
(MEVJ MEASURED, ERR ADJUSTED, Ef.IR ····················••o••······················ 15,100 36,00 15,00 36,631 15. ~63 
15.500 57. on 10.00 58.412 1 n .24A 
15,850 55,00 10100 56.698 10.309 
16.000 58, on 8 0 00 59 0 938 8, 267 
16,050 73,00 7. 00 75o500 7. 240 
16.550 92.00 9, DO 95 0 899 9. 381 
16,950 95,00 10.00 99,614 10.486 
1 I', 4Uti 128, ~0 1;, .uu 135,uotl l"J, 71tl ··············································· 
r1 !TEO PARAMETERS ,, ... " .......... , 
LEVEL SP•CING • 1.548 PLUS-0R-MlNUS1.242PER MEV 
ASYHPT0TIC CN,2'J CR0SS SECTJ0N: 408o10 PLUS-0R•HINUS 239o90 M8 

RfLAT(O UATA 

"!eN-ELASTIC CR0SS SECTJ0/I: AT 14.2 MEV = 1358.67 MB 
tN,2rn THRES~ff'LO 13,63 MEV 
(f\,Jtl) THf.IESH,,LD 24,51 MEV 

T~IS IS0T"PE HAS 28 NEliTR0NS, 26 PR0T0NS, (HASS • 

1\t;Ufl'il:lN e.-.,I;.~S PARA.H!TI!!II' : ,u3704 

RATI0 0r A$YMPT9JTtC (Nd::Nl Tl6 14,2 MEV N0tl•ELAST1C 
,3(•('14 PLUS•£R-HINUS ,1766 

/I./SPACING : t8,088 
ERhaR 14,512 

A/SPACING c 34,884 
<~R0R 27,988 

541 

~20. 

378. 

336. 

29~. 

(f) 
252. z 

et:: 
<: 
<D 

...J 

...J 
210. 

>: 
.!. 
7 
N 

z 168. 

b 

126. 

8~. 

~2. 

(f) 
:z 
et:: 
< 
a::J 

...J 

...J 

>: 
325. 

.!. 
z 
N 

z 260. 

b 

106o 

130. 

65. 

FE-54 A 68 

T = 2.588! .801 MEV 
O'.ft..N. 2N) = 295.4! 122.7 M8 
o;J,N. 2N) _ • 
q;J 1 4. 2 ) -. 21 7- • 090 

Fl TTED DATA 
LINE POINT 

• EXPERIMENT 

0 ADJUSTED EXPT. 

15 16 17 18 19 20 
ENERGY( MEV) 

FE-54 A 68 

A = 1. 548 t 1. 242 MEV"1 

O'.ft.N. 2N) = 408. It 239.9 MB 
o;,(,N,2N) 
qJI4• 2 ) =.300t.177 

3 

21 22 23 2~ 

~-/----

IS 16 17 

/ 
/ 

/ 
/ 

"""' FITTED 
LINE 

DATA 
POINT 

• EXPERIMENT 
o ADJUSTED EXPT. 

3 

18 19 20 21 22 23 
ENERGY< MEV) 

25 

75 



76 

rE-5< , , • rR011 Rer, rss c 326_) ............................................... 
ENERGY N,2N CR0SS SECTii>ll (H81 
CHEV I HEASURED, ERR AUJUSTEO, ERR ............................................... 
16,890 
17,890 

120,00 36,00 
170,00 51,00 

125,719 37,716 
160,556 54,167 ............................................... 

rJTTED PAHAHETERs 

NUCLI::AM Tt:HP, ==15,&8 PLUS•"Ft•HINIJS ,000 HEV 
AS YHPT0T I(; C N, 21~ I CR0SS SECT 1 tdr.. & 1035, Ja PLUS•"R·H I NUS 

RELATED UATA ............ 
NION•ELASliC CRPISS SECT Ul\' AT 14 1 2 "'EV 1356,07 HB 
(N,2NI TrtRESI-I~LD II 11,40 ME.,. 
(N,JNI hH~ESHBLO 20,86 MEV 

THIS IS~h'?E 11AS 28 NE:UTR0NS, 26 PR"TIONS, (MASS 541 

Ni:UTR0N (:).CESS PARAMETER : ,037u4 

RAThl 0f ASYMPT0TIC (N,2NI T0 14,2 HtV N~N·ELASTIC 
.7021 PL"S-0H•HINUS .0000 

T•SOiil(NJ = -84,034 T•Sf.IIH(A) =·116.701 
ERR\:lR I QO(I ERROH ,000 

1100. 

990. 

680 • 

770. 

, 00 Hb 

(f) 
660. z 

0:: 
< 
<D 

.J 

.J 
550. 

:0:: 
,..!.. 
z 
N 

;;i ~~0. 

b 

330. 

220. 

110. 

NO "A" FIT POSSIBLE 

FE-54 TSB ( 326 > 

T = =15.8!.000 MEV 
CY.sV'I· 2N > = 1035.4! 
q,(,N,2N> _ • q;J 1'i. 2 ) -. 762-.000 

.0 MB 

LIN[ r NT /. ,. FITTED DlA ~ 
:._~- FXPF~FNT . 

• M6JSTED EXPT. ,.. 
3 --



Cll1•59 • I I FR0H REF. 0 66 ( 2340 J 
, .......................................... . 
RGY N 1 2N CR0SS SECT10N <MBI 

\ nc. V) HEASU~EO, ERR ADJUSTED, ERR ............................................... 
12.570 366,qo 9. bO 3b6. 900 Y, bOO 
13.330 518.10 2b. 00 518,100 <b. 000 
13.570 600,50 28.00 bOO, 500 2il, 000 
14.120 640,10 31 t 30 040,100 Jl, 300 
14.500 bA3,lO b3. 7J 687,U;7 b4,0b2 
14,80U bOY, 00 34.20 677.009 34,583 
15,U4U b43. 50 41,00 653,441 41, b33 
15,250 b2b,b0 36. (IO b3b. 558 36. b67 
15.400 590,10 4 7. 70 b02,6b3 48,732 
16.220 706,60 23.30 731.18:; 24 .111 
10.5 70 bAA,OO 20.10 715,55J 20.905 
17 '0~0 724. 10 12.90 758,07& 13.505 
17,630 703o50 24 o10 74?. 0 013 25.419 
18, 20U 709,90 24 0 40 7>3ob73 2~ ,911 

F 1 TTEU PARAHETEF\5 

NUCLEAR H::MP 0 c: 1.175 PLUS•0H-HINUS ,037 t-!EV 
.O.SYMPT0TIC (k,2NJ CR0~S SECTI~N = 76,o30 PLUS·~R-HINUS 11.69 M~ 

F\CLA TC:D I.J.6. T A 

1\10N•[:LASTIC CROSS SECTUN AT 14,2 MF.V 1414o36 MB 
(N,i!l·l) TriRESH~L(l 10,64 MEV 
(i~,3NJ TMRESHeLO 19,36 HEV 

THIS IS16T~PE HAS 32 NEUHc~H-J::), 27 PRc1HHJSo (HASS ~: 59) 

NEUTH0N ExCESS PARAMETER : ,08475 

~All.,_, 16F A~YMPTt'IT!C (N 1 2:-JI ToJ 14,2 Ni::V N0N•ELASTIC 
0 5411 PLUS,..0k-Hi~US ,OOo3 

ToSQfH(N) : 
ERR~R 

6 0 64 7 
0 209 

ToSCJRT( A) : 9, 025 
EkkeR o 284 

.,·,rR0M REr, D 68 12340) ............................................... 
ENERGY N,2N CR0SS SECTJ0N IHB) 
!HEY) HEASUifED, ERR ADJUSTED, ERR 

·~;:;;;· .... ·;;;: ;~··· ;:: ~ ...... ;::::~ ~ ···:::~ ~ 
13,330 518,10 26,00 518,100 2bo000 
13,570 600o50 28,00 600.500 28,000 
14,120 640,10 31,30 640,100 31.300 
14,5oo 683.30 63,7o 687,187 64,062 
14.800 669,60 34.20 677,089 34,583 
15,040 643o50 41,00 653,441 41 .• 633 
15.250 626o60 36,00 638,558 36,687 
15,400 590o10 47,70 602,863 48.,732 
16,220 706160 23,30 731,185 24.111 
16,570 688,00 20.10 715,553 20,905 
17,050 724,10 12,90 758,078 13,505 
17,630 703.50 24,10 142,01.5 ~5,4tY 
18,200 709o90 24,40 753,87J 25,911 

········································~······ 

rJTTED PARAMETERS ................. 
LEVEL SPACING • 8o697 PLUS•0R•MINUS ,617PER HEY 
ASYHPT0TJC CN,2Nl CRBSS SECTJ0N • 791,27 PLUS•0R•HINUS 15,04 HB 

RELAT[D DHA ............ 
N0N•ELASTJC CR0SS SECTJ0N AT 14,2 HEY • 1414,38 HB 
CN,2N) THRESH0LD a 10,64 MEV 
CN,JNl THRESH0LO • 19,36 HEY 

THIS JS0T0PE HAS 32 NEUTR0NS, 27 PR0T0NS, !MASS • 59) 

NEUTReN EXCESS PARAMETER a ,08475 

RATI0 0r ASYMPTBTJC CN,2Nl T9 14o2 MEV N0N•ELASTIC 
' ,5594 PLUS•0R·HJNUS ,0106 

PJ.("TNt. • ~.1!.79 
' ERR0R , 261 

A/SPACING • 6,784 
ERR0R , 461 

en z 
ct: 
< 
a:l 

...J 

...J 

z: 
,!, 
z 
N 

z 
b 

Do 
10 

587. 

~~. 
ct: 
< 
aJ -...J 
...J 
z: '105. 
,!, 
:z 
N 

.zliZ'io 
b 

2'13. 

FITTED 
LINE 

II 12 13 I~ IS 16 
ENERGY< HEY> 

C0-59 D 68 <23'iO> 

A = 8.697t.617 11EV
o-.J,N.2N>= 791.3tt5 
o-..(,N, 2N > 
q,(l'i. 2 ) =.559t.Q I 

I 

77 

DATA 
POINT 

• EXPERIMENT 
[] ADJUSTED EXPT. 

17 18 19 20 



78 

C0-59 ".fR0H ~Er, ~ 67 (1871) ...... ····· ........ ······ ..................... . 
i::Nf:Rliy N,2N CRII!JSS SECTJ~;~ (MBJ 
tHEVJ MEASURED, ERR ADJUSTEU• ERR 

0 •• 0 •••••• ••••••• •• •••••••• ••••••••••••••••••• 0 
13,390 
13,64U 
13.940 
14,27U 
14,440 
14,730 
14, 96U 

810,00 
914,00 
920, no 

1010,00 
9961 QQ 

1030 '00 
1105,00 

F'ITTEU PARAMETERS 

25,00 
27.00 
281 QQ 

7. 00 
18, DO 
17 t QQ 
30.00 

810. ouu 
914,000 
920,000 

1011,356 
1000. 04d 
1040,217 
1120,514 

25,000 
271 QQQ 
2b. 000 

7. 009 
18,082 
17 .169 
30.421 

NUCLEAR T~HP, = 1,183 PLUS•I6R•I'11NUS ,lt":l MEV 
ASYMPT~TIC CN,2N) Ck~SS SECTI"N ' 1<37,35 PLUS-~R·HINUS 68,91 H6 

RELATED OATA 

N~N·ELASTIC C~0SS SECTI0N AT 14,2 MEV 1414,38 H~ 
tt-:.2N) TI-IRESH~LO 10,64 MEV 
(1\l,JNJ THkE51-10LD 19,36 HEV 

Tt-:IS IS0TIDPE HAS ·,sz kEUTH0NS, 27 PHI1TbNS, (HASS :11 5Yl 

NEcVTH~N i::XCESS PARAMETER : , 08477 

HATI!d "r .6SYMPT0TIC (N,2N) T~ 14,2 11Eijo N0N-ELASTJC 
,8746 PLUS-£R·HINUS .04&7 . 

h~ORTPO : 6 1 692 T•Sr.IRT<AJ = 9.nA7 
~RHbR , h90 FiltH'R ,g·p 

ce·59 .... rReH Rer, e 67 C1871l ............................................... 
C>IGRQY No~;; CH~SS >ECTUN OtBi 
C MEY I HE ASUAEO o ERR A~JUSlliU, ERR ··············································· 13,390 810.oo 25·,oo 810,ooo 25,ooo 
13,640 914.00 27,00 914,000 27,000 
13,940 920,00 28,00 920,000 28,000 
14,270 1010.00 7,00 1011,358 7,009 
14,440 996,00 18,00 1000,546 18.082 
14,73u 1030,00 17.oo 1040,217 17~169 
14,960 1105.oo ~o.oo 1120,514 30,421 ............................................... 
r I TTED PARAMETERS ............... ,, 
LEYE~ SPACING • 8,385 P~us•eR·HINUS1,9.78PER HEY 
ASYHPTBTIC CN,2NI CR0SS SECTteN o 1~08,92 P~US•eR•HINUS 96,42 HB 

RELATED DATA ............ 
N0N·E~ASTIC CR0SS SECTI0N AT 14.2 MEV o 1414.1 38 H~ 
Ctl,:Zro f11RI:SII0LD • i0i61i HEy 
CN,3NJ THRESHQILD • 19,36 "EY 

THIS IS0T0PE HAS 32 NEUTR0NS, 27 PReT0NS, IHASS o 59) 

NEUTR0N EXCESS PARAMETER • , 08475 

RATte 0f ASYHPT0TIC 1No2NI Te 14.2 MEV N0N·E~ASTIC 
,9254 PLUS•eR•HINUS ,0682 

N/SPA,INC • ~.816 AISPACI~O o -,·,OJ6 
ERR0R , 900 ERReR 1o660 

(/') 

z 
"" < 
<D 

...J 

...J 

:E 
A 
z 
N 

.z 
b 

(/') 
z 
"" a§ 
...J 

= :E 
A 
z 
N 

z 

b 

1~00. 

1260. 

1120. 

980. 

8~0. 

700. 

560. 

~20. 

;roo, 

•~o. 

1500. 

13!ll. 

1200. 

1050. 

900. 

750. 

600. 

~50. 

300. 

ISO. 

CCJ-59 067<1871) 

T = 1.183!.122 MEV 
aJ,N. 2N) = 1237. 3t 68.9 MB 
qJ,N.2N) _ • 
q;J 1'i. 2 ) -. 875-. D"'9 

Fl"jll'll L NE 

CCI-59 CJ 67 ( 1871) 

A = B. 385! I. 978 MEV"""1 

aJ,N.2N)= 13D8.9!96."' MB 
qJ..N,2N) . 
q;_pq.2) =.925!.D68 

FITTED 
LINE 

·~ ·~ ·~ IS 16 
ENERGY< MEV) 

llATA 
F'Cl!NT 

FXPFR)MENT 
o ADJUSTED EXPT. 

19 20 

-----

DATA 
F'CJINT 

• EXrERIMENT 

0 ADJUSTED EXF'T. 

3 

17 18 19 20 



.,,FR0H REF, 8 66 128941 .............................................. 
,NERGY N,2N CR0SS SECTI~N IM81 
.MEV! MEASURED, ERR ADJUSTED, ERR ............................................... 
12,SSO 429, DO 34, DO 4~9.000 34. DOD 
14' 100 642,00 32,00 642.000 32.000 
1S, 200 69S,OO 561 OQ 707,667 S7,021 
16,700 700.00 56,00 729.364 S8,349 
18.200 761' 00 61 '00 608 ,1Jd 64.778 
191 20 0 864,00 69100 927.490 74.070 

r I !TED PAkAHETERS 

NUCLEAR TEMP, : 1.124 'PLUS·0~·HINUS .110 MEV 
f'SYHPT0TIC (N,2NJ CR0SS SECTI0N: 8Qo,69 PLUS•0R•Li1NUS 39,84 HB 

Rf::LATEO DATA ············ N0f'.l-ELASTIC CR0SS SE·tTI0f'.l AT lo4 1 2 MEV 1414,38 118 
(N,2NJ IH~tSH~LU 10,64 MEv · 
IN,3N) THkESHZ.lO 19,36 HEV 

THIS ISHTVJPE HAS 32 NEUTR0NS, 27 ~Ri:'ITZNSo .<HilSS 

NEUTH~N EXCEss· PARAMETER : ,0847S 

RAT10 0F' A$YMPT0TIC (N,2NJ H' 14,2 MEV N0N•F.LASTIC 
, S703 PLUS•0R·H I NUS , 0262 

TeSQHT(N)': 6,358 
E.RR0R , 622 

T•SQRTtAl : 8,634 
Ef<R~R , 84S 

C0•'9 I I' F'RiH1 REF'' B 66 ( 2894) ............................................... 
ENERGY N,2N CRBSS SECTI0N IH81 
IHEVI HEASURED, ERR ADJUSTED, ERR ..................•............................ 
12,550 429.00 ~4.00 429,000 34,000 
14,100 642,00 32,00 642,000 32,000 
15,200 695.00 56,00 707,667 57.021 
16,700 700.00 56,00 729,364 58,349 
18.200 761,00 61,00 808.138 64,778 
19,200 864,00 69,00 927,490 74,070 

···································~··········· 

fiTTED PARAMETERS ................. 
LEVEL SPACING • 9, 609 PLUS•BR•H I NUS1, 738PER MEV 
ASYMPT0T I C IN, 2N I CR0SS SECT IBN • 832, OJ PLUS•BR•H I NUS 41,12 M8 

RELATED DATA ............ 
NBN•ELASTIC CR0SS SECTI0N AT 14,2 MEV • 1414,Jo HH 
(N,2N) THRESHiliLO • 10.64 HEV 
Uh3N} lHRESHiliLD • 19,36 1'\EV 

THIS IS0T0PE HAS 32 NEUTRBNS, 27 PRBTBNS, (MASS • 591 

NEUTRBN EXCESS PARAMETER • , 08475 

RATIB SF ASYHPT0TIC 1No2NI Te 14,2 MEV NBN•ELASTIC 
,,8&3 PLUS•It!IH•IUNU::i ,0291 .. . 

N/SPACING • 3,330 
ERR0R .602 

A/SPACING • 6,140 
ERRBR 1·,111 

990. 

8110. 

770. 

~ 660. 
0:: 
< 
ID 

__J 
__J 

550. :z: 
,.!.. 
z 
N 

.z 
b 

"' z 
a! 
< 
~ 
__J 

~ 
:z: 
.-!. . 
z 
N 

.z 
b 

1100. 

990. 

880. 

770. 

660. 

550. 

~~0. 

330. 

220. 

110. 

CCI-59 B 66 <2B9'i> 

T = 1.12'i!,l10 HEV 

o-.J,N. ZN) = 806. 7 t 39. B HB 

o-J,.N. ZN > 
q.(l'i.Z> =.570t.OZB 

CCI-59 B 66 ( 289'i > 

A = 9.609! I. 738 MEV"I 

0"~.2Nl=832.0!'il.l MB 
o-..i,N. ZN l _ 
qJ l'i. 2) =. ~t!t!t. 029 

FITTED 
LINE 

II 12 13 I~ IS 16 
ENERGY< MEV l 

79 

DATA 
PCJINT 

• EXPERIMENT 

0 ADJUSTED EXPT. 

3 

17 18 19 20 



80 

, ,,FRidM ~EF', P 66 (19091 ............................................... 
E:NE:HGY N,2N CR0~S StCTii1N tH~) 
tHE:V) MEASURED, ERF!. AlJJlJSTt;O, E:RR 

•••••• •••• 00 •••••••••••••••••••••• 00 ••••••••••• 

13,200 ljJJ, tlO 26,00 577. ouu 26,000 
13,500 641,00 26.00 641,000 018,000 
14 ,2UO 682,00 31,00 bd::!,OOO 31.000 
14.500 746,00 64,00 750.243 64 0 364 
14, YUlJ 755, no 34.00 7b4,7Y6 34,441 
15,200 750,00 41,00 763,60'> 41.747 
1~. ~ou 679,00 36,00 094.821 :.Sb. 839 
15,700 680,00 47. oo 6~6, tiBU 4b,25U 

0000 •••••••••• 00 •• 0. 00 0 000 •• 0 ••• 0 0 •••••• 00 •• 0 •• 

F" I TTED PAHA11l:TERS 

t-.UCLCAR TEMP, : ,096 PLI.IS•UR·IllrHJ~ ,Qo7 !'\I::V 
ASYMPHHIC tN,2NI CR0:;.S SECTiic:ll\1 = 760,lY PLUS•HR-HINUS 27,26 HB 

RELATED iJATA 

:~0N•ELASTIC CR0SS SECT!~:~ AT 14,-l ,.,£::v 1414,J8 HS 
tN,2NI TnkESHPILD 10,64 11Ev 
(I-<,3NI lH~ES1-t0L0 19,36 :1Ey 

THIS IS0T~PE HAS J2 NEUTIHlNS, 27 Ph.~Tt~JS, (HASS 59> 

r.;I::UTR16N EXCESS PARAHE:TE~ : ,Ob415 

~ATI2 ar ASYHPTI3T1C (N,2N> T'1 14.2 1·IE'i N~N-ELASTIC 
.5375 PLU5""0H-Hlt-<US oOl;J 

I&::.;JHilNI : !),OO{j T·~~lll(.A.) : f),Rf\? 

~HI·Mit , 4':'L buruJ!I .t~~ 

C0•59 .,,rReM REr, P 66 11009) ............................................... 
•NFor.y N.>N r.RB~~ SEr.TnN IHRI 
IMEVI HEASUREOr ERR ADJUSTED, ERR 

•••••••••• ·····~·· ·~ ~~·~ !t!t!• !~·· .............. . u.2oo 577.oo 26.oo - !in.ooo z&.ooo 

~~:m ::u~ ~~:~~ m:m ~~:m 
14,500 746,00 64,00 ,0.243 64.364 
14,900 7,,00 34,00 764,796 34,441 
15r200 ,0,00 41,00 7U,669 41,747 
15,,00 679,00 36,00 694,821 36,,839 
15,700 680.00 47,00 698,080 48,250 ··············································· 
rJTTCD rARAHETERC ................. 
LEVEL SPACING •15,641 PLUS•eR-MINUS3,354PER MEV 
ASYMPTBTIC IN,2NI CReSS SECTISN • 714,31 PLUS•SR•MINUS 33,64 MB 

RELATED DATA ............ 
OI~N·IiL•STIG r.oo~~ Si;r.TieN AT 14o2 ~EV • 14l4,o30 MS 
1No2NI THRESHSLD • 10,64 MEV 
1No3NI THRESHBLD • · 19,36 MEV 

THIS ISSTSPE HAS 32· NEUTR0NS, 27 PReTeNs, IMASS • 59) 

NEUTRBN EXCESS PARAMETER • , 08475 

RATte Sr ASYMPTBTIC 1No2NI T0 14,2 MEV NBN•ELASTIC 

N/SPACING • 
E.RReR 

,5475 PLUS•eR•MINUS ,0238 

2. 046 
• 439 

A/SPACING • 3, 772 
ERRBR , 809 

820. 

7311. 

656. 

57'1. 

(/') 
~92. z a:: 

< 
!!:! 
..J 
..J 
;: ~10. 

,!.. 
z 
N 

.z 328. 

b 

2'16. 

16'1. 

!fl. 

0. 
10 

830. 

7'VI. 

656. 

57'1. 

u-, 
~92. z a:: 

< 
(D 

:::i 
;:: 
z: ~to. 

,!.. 
z 
N 
-; 3:!8, 

b 

2'16. 

I &'I. 

82. 

0. 
10 

C0-59 

T = . 896 ! • 087 HEY 
a..(.N. 2N > = 760.3 t 2 
a.J.N. 2N > 
Gk.l 111. 2) =. 538 

IZ IS 

CCI-59 

FITTED 
LINE 

I~ 15 16 
ENERGY( HEY) 

A = 15.!1'1113.:15'! M[-
CT.J.I'I. 2N) = 77ij. 3! 3 
g,SJ!.2N)- I 

Gk,,,1'1.25 -.5~ 

FIU~D LIN 

II 12 IS I~ 15 16 
ENERGY( MEV) 

DATA 
POINT 

---

• EXPERIMiNT 
c ADJUSTED EXPT. 

17 18 zo 

DATA 
POINT 
• EXPERIMENT 
c ADJUSTED EXPT. 

.,, ,3l 
~ 

17 te 19 20 



. C0•59 , .. rReM REr, P 65 c 28941 ............................................... 
ENERGY N, 2N CR0SS SECT I0N ( HB) 
!MEVl MEASURED, ERR ADJUSTED, ERR ............................................... 
12 I 630 
12,610 
12,980 
13,240 
13,460 
131 79Q 
14,050 
141420 
141710 
15, 0?0 
15.370 
15.720 
15.990 
16. 25 0 
16.420 
16,610 
11.2 7o 
}7 1 75Q 
18,330 
18.710 
19,130 

414,00 
•7o,oo 
498,00 
531,00 
563,00 
613100 
650,00 
6771 QQ 
686 10 Q 
7Q4 100 
727,00 
7•9. 00 
755.00 
771,00 
778,00 
771,00 
79 0. 00 
76 6. 00 
787.00 
781,00 
783,00 

25.00 
25,00 
30.00 
32. oo 3'. 00 
32. oo 
39.00 
41, oo 
'1, oo 
42. ou 
<4,00 
•s, oo 
45,00 
,6, 00 
'7. 00 '6. oo 
•7. 00 
<7 .oo 
4 J 1 (JQ 

'7. 00 
'7. oo 

u•.ooo 
470,000 
498,000 
531,000 
563,000 
613.000 
6~u.ouo 
679,837 
692.555 
715,490 
7•2.356 
769,157 
778. 57< 
798, 17Y 
807,425 
802,330 
629.462 
832,364 
836.989 
834,104 
639.939 

25,000 
25,000 
Jo,ooo 
32,000 
34,000 
32,000 
39 10 QQ 
41,172 
41. 392 
421 (,86 
44.929 
46,211 
46, •os 
4 7. 622 
48.778 
4?,669 
49.348 
49 ,6 46 
49,985 
50,196 
50.416 ............................................... 

r I TTEO PARAMETERS 

NUCLEAR TEHP. = 1,194 PLuS-0k-HJt-JUS , ot5 HEV 
ASYHPT0TIC (N,2N) Ck~SS SECTI0N • 835,61 PLUS•0R•HINUS 5,55 HB 

HELATEO JATA 

N0N•ELAS11C CR05S SECTI0N AT 14,2 MEV 1414,38 HB 
tN,21l) THRESH0L0 10,64 MEV 
(k,:)N) TH~ESH0LO }9,36 HEV 

THIS JS0Ti1PE HAS 32 f'.lEUT!-10NS, 27 PR0H1NS, IHASS = 59) 

·~EIJTklo1N EXCESS PARAMC:TER : I 08475 

RAT!~::! klF' ASYMPT0Tlt: (N,2Nl Hl 14,2 MEV N0N•ELASTIC 
,5908 PLUS·~R·HINUS ,0039 

T•SOHT(Nl : 6. 754 T•SQRf(A) : 9,171 

• 085 

ce-'9 , · .. rReH REr, P 6' c 28941 ··············································· ENERGY N,2N CRISS SECTIUN (HBl 
IHEV) MEASURED, ERR ADJUSTED, ERR ··············································· 12,630 414.oo 25,oo 414,ooo 25,ooo 
12,810 470,00 2,.,00 470,000 25,000 
12,980 498,oo 3o,oo 49e,ooo 3o,ooo 
13,240 531.00 32,00 531,000 32,000 
13,400 !163,0u 34,UU' 50J,QUO J4,000 
13,790 613.00 32,00 613,000 32,000 
14,050 650,00 39,00 650,000 39,000 
14,420 677,00 41.00 679,837 4(,172 
14,710 686,00 41,00 692,555 41,392 
15,090 704,00 42,00 715,490 42,686 
15,370 727.00 44,00 742,356 44,929 
15,720 749,00 45,00 769,157 46,211 
15,990 7!15,oo 45,oo 778,574 46,4u5 
16,250 771,00 46,00 798,179 47,622 
16,420 778.00 47,00 607,425 48,778 
16,610 ·771.00 46,00 802,330 47,869 
17.27o 790,oo 47,oo tsll9,462 49,348 
17,750 788,00 47,00 832,364 49,646 
18,330 787,oo 47.oo 836,989 49,985 
18,710 781,00 47,00 63 ... 104 50,196 
19,130 783,00 47,00 839,939 50,418 ··············································· 
r I TTED PARAMETERS ................. 
LEVEL SPACING • 8,610 PLUS·I~•HINUS ,16~~E~ ;;EV 
A~YHPT0T I C ( N, 2N l CRBSS SECT IBN • 863,36 PLUS•BR•M I NUS .. , 82 HB 

RELATED DATA ············ N0N•ELASTIC CRBSS SECTI0N AT 14,2 HEV • 1414;38 .HB 
!No2N) THRESH0LD • 10,64 HEY 
CN,3N) THRESHOLD • 19,36 MEV 

THIS ISBT0PE HAS 32 NEUTRBNS, 27 PRBT0NS, !HASS • 59) 

NEUTR0N EXCESS PARAMETER • ,08475 

iB er ASYMPTBTIC (N,2Nl TB 14,2 HEY N0N•ELASTIC 
, 610. PLUS~0R·H I NUS , OOH 

···-·'ACING• 3,717 A/SPACING • 6,852 

ERR0R I 070 t:HRBR o1JO 

810. 

720. 

!:2 5'10. 
~ 
< 
Dl 

..J 

..J 
;: ~50. 

,.!. 
z 
N 

z 360. 

b 

810. 

720. 

830. 

Ul 
~ 5'10. 

a§ -...J 
...J 
;: liSO. 

I ,., 
~ 
z 360. 

b 

Z70. 

ISO. 

90. 

CCJ-59 p 65 ( 269'f) 

T = 1.19'f!,015 MEV 
cr.J,N. 2N) = 635.6 t 5.5 MB 
cr,J.N. 2N > _ 

1 qJ1'f.Zl -.591 .00 

FITTED 
LINE 

CCJ-59 P 65 C269'f) 

A = 6. 610 t .163 MEV"1 

qJ.N.ZN>= 663.'ft 'f.6 MB 
q..+.N,ZN> 
<;.ll'f.Zl =.61Qt.OQ 

FITTED 
LINE 

OATA 
PCJINT 

• EXPERIMENT 
o ADJUSTED EXPT. 

DATA 
PCJINT 

• EXPERIMENT 
o ADJUSTED EXPT. 

0i~o~~~~~~z~~~~,~~~~~~~~~s~~~~B~~~~7~~~~s~~~~9~~~ 
ENERGYCMEV> 

81 



82 

N 1•58 ,,.f"R0H REF, C 66 C191UJ ··············································· N,2N CReSS SECTI•N (MBI ENERGY 
C MEV J MEASURED, ERR ADJUSTED• ERR ............................................... 
14,200 
14.900 
15.200 
lSI 400 
151 5QQ 

JQ 100 
43.00 
47.00 
52.00 
71 t 00 

71 QQ 

10.00 
12.00 
13.00 
16,00 

30,000 
43,505 
47,867 
53.138 
72,674 

7. ooo 
10.131 
12,221 
13,285 
16,377 ............................................... 

r 1 TTED PAHAMETERS 

NUCLEAH TEMP, : 2.158 PLUS•0R•M1NUS1.1B1 MEV 
ASY1'1PT0TIC (N,2NJ CR0SS SE:CTIUN = 141,69 PLUS•ri'R·MINUS 99,78 HB 

RELATED DATA 

N~N-ELASTIC CRASS SECTI0N AT 14,2 MEV : 1403,47 1'19 
(N,2N) THRESH~LD 1~ 1 41 HE\' 
(f>J,JNJ THRESH0LD 22,86 MEV 

THIS I S0T~PE HAS 30 NEUTHIISNS: 28 PR;,TidNS, CHASS : 58) .. 
NEUTR~N EXCESS PARAMEToH : .03448 

RATI0 0f ASVMPT0TIC Cf4o2N) T~ 14,2 ME'/ N0N-ELASTIC 
.1010 Pt,t.IS-"'R .. Mlti.IUS ,0711 

T•SORT(N) : 11,820 T•SORTCA) : 16.435 
ERR0R 6, 469 oRR0R 8,994 

Nl•58 ,' .. rRmH REF, C 66 (1910) ··············································· ENEARY ~'I :!N C!n113C C!CT ,.,,, '"H J 
<MEV) HEASUR~n, E~R ADJUnED• ER~ ··············································· 14,200 30,00 7,00 30,000 7,000 
14,900 43.00 10.00 43,565 10.131 
15,200 47,00 12.00 47,867 12,221 
15,400 52.00 13,00 53,138 13,285 
15,500 71,00 16.00 72,674 16,377 ··············································· 
r1 TTED PlAlKETERS ................. 
lEVEL SPACING • 2, 083 PlUS•iR·M INUS2, 893PER MEV 
lSTHPTeTIC IN,2NI CROSS S!CTIBN 1 189,96 Plii~••R•MINUS U6.,25 HB 

RELATED DATA ............ 
NeN•ELASTIC CROSS SECTION AT 14,2 HEY • 1403.,47 HB 
IN.~Nl THRESHOLD 12 0 41 MEV 
CN,3N) THRESH0LD • 22,86 HEY 

THIS I SOTePE HAS 30 NEUTReNS, 28 PRe TeNS, <MASS • 58 I 

NEUTReN EXCESS PARAMETER • , 03448 

RA 110 Of ASYHPTOT I C ( N • 2N I TB 14 ;2 MEV NON•ELAST IC 
,1354 PlUS•OR•HINUS ,1327 

N/SPACING • 14,402 A/SPACING • 27,844 
ERRBR 20·, 0 OJ ERROR 38,672 

lSO. 

m. 

200. 

179.. 

<n 15a. z 
"" < 
CD 

-' 
-' 
::0:: 

125. 

,!.. 
z 
N 

z 100. 

b 

!180. 

:1'1'.. 

30'1. 

266. 

<n .228. z 

"" < 
CD 

:::l 
190 • 

::0:: 
,!.. 
z 
N 

z 152. 

b 

11~. 

76. 

38. 

'l''""'''l"'''''''l''''''"'l"'''"''r~~.,....~.....,=="T"~....,~"'""-"l 

NI-SB c 66 ( 1910) 

• 1 = 2. I 56 t I. I B MEV 
CYJ.N.2N)= I'll. 7 t99.B MB 
q~. ZN) _ 
q.( 1'1. 2 ) -.IOP.071 

F!TTf:O 
LINE ~ei~r· 

• EXPERIMENT 
o ADJUSTED EXPT. 

3 

1'1 15 16 17 IB 19 20 21 22 
ENERGY( MEV) 

Nl-56 C66(1910) 

A = 2.063!2.693 MEv-1 

a._J,N. 2N) = 190.0 !166. 3 MB 
o;~.2N) 
qJI'L 2 ) =.135!.133 

IS 

FITTEO 
LINE 

16 17 18 19 
ENERGY( MEV) 

DATA 
POINT 

• EXPERIMENT 
o ADJUSTED EXPT. 

20 ~1 22 



N 1•56 , • ,rR011 Her, P 65 t 892 > ............................................... 
IIERGY N,2N CR0sS SECTIHN (HB> 
'1EV> MEASURED, ERR ADJUSTED, ERR ............................................. 
3, BdO 

14 0 050 
14.420 
14, blU 
14.990 
15,100 
15,5;o 
15 0 710 
16,030 
16' 240 
16.590 
16. '130 
17 0 <?0 
17, 5Ytl 
17 ,IJOtJ 
1ti 0 1~0 
18.470 
18.710 
lt!. 940 
lY, 2YO 
19,580 

19' 60 
22,00 
29' 40 
33 0 40 
38, DO 
39 0 50 
43, DO 
44 ,50 
46,10 
47,10 
50 0 40 
49.90 
51.20 
55 010 
55, no 
So, 40 
58 0 40 
60, 40 
60 0 50 
63, co 
66 0 50 

f!TH:D PAfUHETE:RS 
ooeoooo•••••t•••• 

1,40 
10 50 
2 I lQ 
2,30 
z. 70 
2,80 
3 0 00 
3 010 
3 0 20 
3 0 30 
3 0 so 
3 0 so 
3 0 ·~ 
3 0 90 
3 0 90 
4100 
4.10 
4,20 
4. 21.1 
4,50 
4 0 70 

19 0 60 0 
22,000 
i9 0 525 
33 0 661 
38 0 560 
40 ,21~ 
44.050 
45. 705 
41. ~;a 1 
48,774 
52 0 459 
,~. 106 
53 0 791 
?8 ,127 
58 0 244 
~IJ 'YJ..i 
62 0 259 
64,563 
64,8JO 
68,616 
710 728 

1, 400 
10 500 
2 0109 
2 0 31ti 
2. 740 
2 0 851 
3 0 073 
3 .16'1 
·3 0 303 
3. 417 
3 0 643 
3. 660 
J. 18?. 
4,114 
4 0130 
q. 251 
4 0 371 
4 ,489 
4,501 
4 ,840 
; 0 069 

NlJCLEAR TE:HP, z 1.367 f'LUS .. ic1R .. HINU~ ,037 MEV 
A5YMPTk:TIC CN,?tJ) CR~SS SECT!~N;; 6b 1 27 PLIJS•0R-HINUS 1.30 Hli 

RELATEU IJATA 

rH~N·ELASTJC rP0SS SECTUN AT 14oi! MEV 
c·.J·, Jtf I THHESH:4L0 12 ,ll 1 MEV 

1403,47 HB 

(No3N) THKESH'r'lLD ~2,86 tiEV 

THIS JSi:)TiJPE hAS 30 N~UH:CN:,, 2ti PH0T~NS, <HASS : 5b) 

~lE:-U~Hi)N E:ACESS PARAMETER : ,03448 

Rli.TII:l ~F" ASY'~PT21TIC (No2Nl T0 14,l MEV Nk:IN•ELASTIC 
,0472 PLUS·0R•HINUS ,OOOff 

T•SllkTINJ : 7,487 T•SOkT<A.I : 10.411 

ERi1'o'.R , 20J EHH•R • 282 

Nl•!l8 ,·,·,VRS~ REF', P 6!1 (892) ............................................... 
ENERGY No2N CRiSS SECTUN (M81 
(MEVI MEASURED, ERR ADJUSTED, ERR ............................................... 
u,e8o 19.6o 1,4o 19,6oo (,4oo 
14,0!10 22,00 1.!10 22,000 1,500 
14,420 29,40 2.10 29,525 2.109 
14,610 n.40 2.Jo 33,661 2oh8 
14,990 38,00 2.70 38,560 2.740 
15,180 39,50 2.80 40,215 2,851 
15,550 43,00 3,00 44,050 3,073 
15,710 44,50 3,10 45,705 3,184 
16.030 46,10 3,20 47,587 3,303 
16,240 47.10 3,30 48,774 3,417 
16,590 50,40 3.50 52,459 3,643 
16,930 49,90 3,50 52,186 3,660 
17,270 51.20 3,60 53,791 3,782 
17,590 55,10 3,90 58,127 4,114 
17,9oo 55,oo J,9o 58,244 4,130 
18,190 56.40 4,00 59,933 4,251 
'18,470 58,40 4.10 62,259 4,371 
18,710 60,40 4,20 64,563 4,489 
18,940 60,50 4,20 64,830 4,501 
19,290 63,80 4,50 68,616 4,840 
19,580 66,50 4,70 71,728 5,069 ............................................... 
r ITT ED PARAMETERS ................. 
LEVEL SPACING • 6,990 PLUS•iR•MINUS ,370PER MEV 
ASTMPUTIC ·(N,2NI CRSSS SECTISN • 70,43 PLUS•iR•MINUS 1,46 MB 

RELATED DATA .............. 
NSN•ELASTIC CRiSS SECTiiN AT 14,2 HEV • 1403,47 H8 
(N,ZNI THRESMii!ILD • 12,•1 MEV 
<N,:SN) THRE!SHI!ILD • 22,86 HEY 

THIS ISSTSPE HAS 30 NEUTR2NS, 28 PRBTeNSo (HASS • 581 

;UTRaN EXCESS PARAMETER • ,03448 
r 
ITIO Or A9YHPUTID Olo~tl) TO 14of HEV NOt<•ELASTIO 
' ,0502 PLUS·~R·MINUS ,0010 

N/SPACING • 4,292 

ERR0R , 227 ERR0R ,439 

69 . 

61. 

53. 

\2 '16. 
0<: 
< 
III 

..J 

..J 

::1: 
,!.. 
z 
N 

38. 

z 30. 

b 

15. 

89. 

61. 

53. 

en 
~ 'IS. 
< 
III 

..J 

..J 
::1: 38 • 
).. 
z 
N 

z 30. 

b 

Nl-58 p 65 (892> 

T = I. 367! • 037 HEV 
a.J,N. 2N) = -116.3 ~ I. 3 HB 

a.J.N.2N>_ 
qJI'i. 2 ) -. O'i7~. 001 

FITTED 
LINE 

I~ 15 16 17 18 19 
ENERGY<HEV> 

Nl-58 p 65 (892) 

A = 6. 99D!. 370 HEv-1 

o;.f.N. 2N > = 70. 'it I. 5 HB 
a.J.N, 2N > 
q,(l'i. 2 ) =.05Qt,QQI 

I~ 15 

FITTED 
LINE 

16 17 18 19 
ENERGY<HEV> 

DATA 
PCIINT 

• EXPERIMENT 

0 ADJUSTED EXPT. 

3 

ZQ Zl • ,zz 

--- ----

DATA 
PCIINT 

• EXPERIMENT 
o ADJUSTED EXPT. 

ZQ Zl Z2 

Z3 

83 



84 

.,,F"R~H REF", J 63 1374t ............................................... 
N,2N CH0SS SE:Clh1N IMbJ 

MEASUREO, ERR ADJUSTt.Oo E:RR 

14 1900 19.00 3. 00 19, 24Y j I QJ9 
10,500 24.00 3, 00 2-4 ,94d 3.119 
18,150 34 '00 4. 00 J6,113 4. 249 
19.600 39' 00 4, 00 42,074 4 0 315 
20,600 45,00 4. 00 .t!8,997 4. J55 
21,000 38.00 4, au 41.515 4 0 J70 

f" I TTEU PARAMETERS 

NUCL!:AH H.f"!P, : 2,130 PLUS•ltti·HINUS ,341 MEV <n 
ASYMPT0l!C CN 1 2NJ CR0SS 3E:CTJUN : 49,16 PLUS·~R-HINUS 4,99 Mb z 

0:: 
< 
~ 
_J 
_J 

RELATt:O UATA :I: 
,!.. 

tv0N·ELASTIC CROSS SECT10N AT 14,2 MEV 1403.47 118 
11-J,2NJ Tr.HESH0LO: 12,41 MEV 
INoJNJ THHESHP!LO 22,86 HEy 

z 
N 

-.:i. 
THIS IS!dTL:PE HAS 30 NEUTR21N:;, 28 PRiOTi1NS, IMASS'I' c 5Hl b 
Ni:UlR~h i:XCESS PARAHEHR : , 03448 

f\ATI0 er ASYMPTOTIC 1No2NJ T~ 14,~ HE:V "H:H'-I•ELASTIC 
,Q350 PLUS•I-IH•HINLiS ,OOJ6 

T•SUkT(NJ : 11,699 T•SukTUd :: 16,267 
ERR0R 1, 868 ERR0H 2, 597 

............................................... 
ENERGY N, jiN CR~5~ $ECT IBN I HR l 
(HEY! MEASURED, ERR ADJUSTED, ERR ............................................... 
~o1,vuu 19,oo ;s,oo iv,2•9 3,o39 
!::~g~ ~::~~ !:~~ §::r:; ~:t~: 
19,600 39,00 4,00 42,074 4,315 
20,600 •U,oo ... oo 48,997 4.355 
21,000 38.00 4,00 41,5U 4,370 ............................................... 
r ITT ED PARAMETERS ................. 
LEVEL SP.ICING • 2,910 PLUS•BR•HINUS1.n,1PFR M.V 
ASYKPT0TIC !No2Nl CR0SS SECTI0N • 54,22 PLUS•0R•HINUS 7,30 HB 

(/) 
z 
0:: 
< 
~ 
_J 
_J -RELATED DATA ............ :0::: 
,!.. 

N0N•ELASTIC CR0SS SECTI0N AT 14,2 HEY • 1403,47 HB z 
(N,2N) THRESM0LD • 12,41 HEY N 
·f~r3N) T~RES~IRD • 22~86 HEY ;;:: 

THIS IS~T0PE HAS 30 NEUTR0NS, 28 PR0T0NS, (HASS • 581 b 
NEUTR0N EXCESS PARAMETER • ,03448 

RATI0 0r ASYHPT0TIC !No2Nl T0 14,2 HEY N0N•ELASTIC 
.0386 PLUS•0R•HINUS ,0052 

N/SPACING • 10,204 
ERR0R 3, 648 

A/SPACING • 19,728 
ERR0R 7,052 

55. 

~9. 

'1'1. 

38. 

33. 

Z7, 

zz. 

16. 

! I.. 

s. 

.~9. 

37. 

31. 

l~. 

lB. 

NI-58 J 63 ( 37'i) 

T = 2.136t,3'il MEV 
a.J,.N. ZN > = 'i9.2t 5.D HB 
a..L.N. ZN> 
q,ll'i.2) =.D35t.DD'i 

FITTED 
.LINE 

13 I~ 15 16 17 18 19 
ENERGY< MEV> 

NI-SB J 63 ( 37ii) 

A= ~-9'10~1.DSI MEV""i 
a..iji. 2N J"' :::.'1. ~! /, 'j MB 
q,(J!; :!N) 
qJI'i.Z) =.D39~.DDS 

DATA 
f'IJiNi 

• EXPERII'IENT 

IJ ADJUSTED EXPT. 

3 

20 Zl Z2 23 

,'f' 

I~ 15 

FITTED 
LINE 

16 17 IB 19 
ENERGY( MEV l 

DATA 
POINT 

• EXPERIMENT 
c ADJUSTED EXPT. 

zo Zl zz 



N 1·58 .. JR0H AEr, P 61 t588J ............................................. 
1ERGY N, 2N CR~SS SECT UN I M~ l 

~MEV) MEASURED, ERR ADJUSTED, ERR ............................................... 
13,860 21,40 1 '10 21,400 1,100 
141090 23.50 1,20 23.500 1,200 
1" ,310 31 t 10 1,60 31,166 1,603 
14,500 34.30 1, 70 34,497 1, 710 
14 t 810 39, 30 2, 00 39.752 2 I 023 
le» ,5uu 53.30 4 ,30 55,406 41470 
17,950 67.60 3. 40 71,631 3,603 
19.7 60 77 t 4Q 3. 90 83,631 4.214 ............................................... 
r I TTED PAR1HETF.R~ 

NUCLEAR TEMP, : 1,524 PLUS-~R-HINllS ,072 HEV 
ASYHPT0TIC (N,2N> CR0SS SECTU:lN ~ a3,60 PLUS•0R·HINUS 4,19 MB 

RELATED DATA 

N0N•ELASTIC CR0SS SECTI~N AT 14,2 MEV • 1403,47 MB 
tN,2N) THRESH0LD 12,41 HEV 
CN,3N) ri"IRESH0l0 1111 22,86 HEV 

THIS IS0T~PE HAS 30 NEUTR~NS, 28 PR0T0NS, !MASS •. 58) 

NE.UTR0N EXCESS PARAMETER : ,03448 

RATI0 0f ASYMPT0TIC 1No2Nl T0 14,2 MEV N01l•ELASTIC 
,0596 PLUS•~R·MINUS ,0030 

T•SORT(N) II 

ERR0R 
T•SORTCA) ~ 11.606 

ERR0R ,548 

Nl•58 .,,fA0M AEr, P 61 15881 ··············································· ENERGY No2N CA0SS SECTI0N IMBl 
IMEVl MEASUREDo EAR ADJUSTED, EAR ··············································· 13,880 21.40 1t10 ~1.100 1.100 
14,090 23.50 1,20 23,500 1.200 
14,310 31.10 1.60 31.166 1.603 
14,500 34,30 1,70 34,497 1,710 
14,810 39,30 2,00 39,752 2.023 
16,500 53,30 4,30 55.406 ... 470 
17,950 67,60 3,40 71.631 3,603 
19,760 77.40 3,90 83.631 4.214 ............................................... 
r I TTED PARAMETERS ................. 
LEVEL SPACING • 5,460 PLUS•0R•MINUS ,552PER HEV 
ASYMPUTIC IN,2Nl CR0SS SECTION • 90.24 PLUS•0R•MINUS 5,05 MB 

RELATED DATA ............ 
N0N•ELASTIC CR0SS SECTI0N AT 14,2 MEV • 1403,47 HB 
1No2Nl THRESH0LD • 12,41 HEV 
1No3Nl THRESH0LO • 22,86 HEV 

THIS ~~~T0~E MAS 30 NEUTR0NS, 28 PR0T0NSo IHASS • 581 

NEUTR0N EXCESS PARAMETER • ,03448 

RATI0 0f ASYHPT0TIC IN,2Nl T0 14,2 MEV NBN•ELASTIC 

N/SPACING • 
t:HH0R 

,0643 PLUS•0R•MINUS ,0036 

5, 495 
,5, 

A/SPACING • 10,623 
ERR0R 1o074 

88. 

19. 

70. 

61 • 

'" 52. z 
a:: 
< 
~ 
...J 

~ 
:0:: 

~~. 

..! 
z 
N 

.z 3'5. 

b 

26. 

17. 

8. 

911. 

88. 

76. 

67 • 

U'l 57. z a:: 
< 
<D -..J 
..J 

:z: '18. 

..!.. 
:z 
N 

z 

b 

26. 

19. 

9. 

85 

Nl-56 P 61 C5BB> 

T = 1. 521i!. 072 MEV 
~.2N>= 63.61 'i.2 M ------
a.J..N, 2N) --
qJ.1'i. 2) =. 060t. 003 

FITTED DATA 
LINE Pill NT 

• EXPERIMENT 

D ADJUSTED EXPT. 

3 

13 I~ 15 16 I 7 18 19 zo 21 22 Z3 
ENERGYC MEV> 

NI-56 P 61 C5BB> 

A = 5.1!601,552 MEv-1 

~ (J~.2N>= 90.2t 5.1 MB 
a..c..N. 2N > 
q_( 1'i.Z> =.06'it.DO'i -

FITTED DATA 
LINE Pill NT 

• EXPERIMENT 

D ADJUSTED EXPT. 

13 I~ IS 16 17 18 19 zo 21 22 
ENERGYCHEV> 
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CU-63 
-. o• oooo oo a o o• o o oo oo eo •• oo o o •• •• •• o • •• oo •• oo •• •• 
b:=R 1.i'l' N,2N CR0SS SECT10N Ct18) 
(Mi::V I M!;ASUREO, ERR ADJUSTED, .,...ERR 

o • ~o •• oo •• o o oo •• oo a ooo o a o o aooao••• o•••• o •• •• • •• 
13.200 400.00 35. oo 4oo .ooo 35.0 00 
14 .lOU 560.00 4Q 1 QQ 560,000 4o,oo·o 
15, 45U 705.00 50.00 720.102 51.071 
lb. 000 740,00 50.00 762,120 51.495 
16.500 765,00 50.00 793.406 51.857 
! 7. 050 795,00 60.00 830.471 62,677 
17.450 865.00 60. oo 908,047 62.986 
18 '000 890,00 bO, 00 940 0 246 63,387 ··············································· 
f I TTE;O 1-'ARAMF.TERS 

NUCLEAR TEMP, • 1,565 PLUS•0R·MINUS ,080 MEV 
ASYMPT~TI~ (N,2N) CRCSS SECTICN' 950,62 PLUS•0R·MINUS 29,29 HB 

R~LATED DATA 

N0N•ELAST!C CR0SS SECTION AT 14,2 HEV 1457,00 MB 
(t,,2NI THRESH0L0 11,02 MEV 
(N,JNI THRES~~LO 20,06 HEY 

THIS JS0T0PE HAS 34 NEUTR3NS, 29 PR0T0NSo Ct1AS'S • 631 

rlfUTR0N EXCES~ PARAMETER : ,07937 

RATJ0 21f ASYMPT0TJC CNo2NI T0 14,2 MEV N0N•ELASTIC 
, 6524 PLUS·0R•M I NUS , 0201 

T•!OPlT(I~) : T•3ui\T<Ai • il,li,2:2 
CHH!,:lW cHH0H , bJ~ 

CU·63 , , , rR0H RF, B 69 ··············································· ENERCiY tr.f,JN C~QI'i i(DTJC~I 11-19) 
IHEVl HEASU~FD. FRR ADJUSTED, ERR 

·~!II II II II~~~~~· tttt lllleeeeeaeeaaaa~~ ~·II I I I I 

13,200 4uo,nn J5,00 •oo.ooo 35.oo 0 
14,1CO '~Q.oo 40.on ~•n.noo 4o,ooo 
15.~!1o ,o,,o,, so.oo 720.ioz st,07t 
16,0CO 740,00 50,00 762,120 51.495 
16,5(10 7615,01'1 so.oo 793,406 51,857 
17,050 795,00 60,00 030,471 62,617 
17,<45o fl65,oo 6o,oo 9oe.o47 62.986 
18,000 890,00 60,00 940,246 63,387 ............................................... 
r J TT~D ~6~'"'ii'!6RS ................. 
LEVEL SPACINij a:: 4,847 PLUS·0A-MINUS ,466PER HEY 
ASYHPT0TIC '"•2Nl CReSS SECTION • 1028,25 PLUS-eR•HINUS 34,,3 H~ 

RELATED UATA ············· ·~H1N·£:LA5TIC CP-nSS SECTHlN AT 14,? fll~'! • llllti!,OO nO 
(N,2i4). T~RESHV.LD 11.02 HEV 
(N,JNl lHRESI-IOLD 20,06 HEV 

THIS IS0T1:1PE HAS J4 NEUTR0NS, 29 PR3T0NS, CI'USS ~;~ 6J) 

:.JEUTR0N ExcESS PARAMETER : .079J? 

RATl0 ~F' ASYMPT0TIC CN,2rU T0 14.2 MEV NeN-ELASTIC 

N/SPAUNG • 
ERR0R 

.7057 PLUS·~R-HINUS o0238 

A/SPACING • 12,998 
ERR0R 1,250 

1100. 

990. 

880. 

770. 

If) 
660. z 

0::: 
< 
CD 

.J 

.J 

=I :>:: ,..._ 

2: 
N 

·z 440. 

b 

880. 

770 • 

~ 660 . 
0::: 
< 
CD 

.J 

.J 
550. 

:E: ,..._ 
z 
N 

b 

CU-63 B 69 

T = I . 565 ! . OBO MEV 
q,~N. 2N) = 950.6! 29.3 MB 
q,(,N.2Nl _ • 
q;J14.2) -.652-.020 

Fq~~o L.-

12 13 14 IS 16 17 
ENERGY< MEV ) 

CU-63 B 69 

A = 4. 047!. 466 MEV-1 

cr.,(.N. ZN J = IU~B. 3t 3LJ. 6 MB 
o;,\..N. 2N J 
q;J 14 • 2 ) =. 706 t . 02'! 

f I rTED 
LINE 

14 15 . 16 17 
ENERGY< MEV J 

DATA_ 
POINT 

• EXPERIMENT 

0 AUJU::i I t:.U t:.Xt-' I . 

3 

18 19 20 21 

--

DATA 
POINT 

• EXPERIMENT 

0 ADJUSTED EXPT. 

3 

18 19 20 21 



CU•63 ,,,F'R0H REF, R 63 C2063) ........................................... 
RGY N,2N CRBSS SECTI0N IM~I 
VI MEASURED, ERH ADJUSTED, ERR 

··································~········ 12,610 170,00 15,30 170,000 15,300 
13,000 248,00 22,3D 248,000 22,300 
13,470 31o,oo 27,9D 31D.Doo 27,9oo 
13,470 317,00 28,50 317,000 2ts,500 
14,050 422,00 38,00 422,000 38,000 
15,240 521!i,OO 47,2!i 534,471 40,102 
15,880 531,00 47,80 545,916 49,143 
15,880 600,00 54,00 616,854 55,517 
16,560 631,00 56,70 654,901 58,853 
17,240 6D2,DD 54,20 630,35U 56,752 
17,800 639,00 57,50 674,014 60,651 
1R,410 658,00 59,2D 698,Z48 62,821 
16,880 683,00 61,50 72A,l78 65,577 
19,230 645,00 58,00 690.102 62,056 
19,480 658,00 59,20 705,658 63,488 
19,480 689,00 62,00 738,904 66,491 
19,570 osJ,oo ss,eo 7oo.e72 63,111 ............................................... 
r I TTEU PARAMETERS 

NUCLEAR TEMP, • 1.7D3 PLUS•0R•MINUS ,038 MEV 
ASYMPT0TIC (N,2N) CR0SS SECTI0N • 746,96 PlUS•0R•MINUS 12,32 H~ 

RELATED DATA ............ 
NON•ELASTJC CROSS SECTI0N AT 14,2 MEV c: 1457,00 HB 
IN 1 2NJ THF.ES1-10LD a 11,02 MEV 
IN,Jt·l) THHESH0l0 20,06 MEV 

THIS IS"T"PE HAS 34 NEUTR0NS, 29 PR"T2NS, (MASS a 63) 

NE\.ITR0N EXCESS PARAMETER : ,07937 

F<ATI11 0F ASVHPT0TJC IN,2NJ T0 14,2 HEV N0N•f:LASTIC 
,5127 PLUS•0R-HINUS ,001)5 

T•SQHT(N) ;; 9,930 T•SIJRT(AJ a 13,517 
CRRI!lR ,222 .ERR0R , 302 

CU•63 , , ,FR0M REF, R 63 I 2D63) ............................................... 
ENERGY N,2N CR0SS SECTI0N (MBI 
IMEVJ MEASURED, ERR ADJUSTED. Enn ............................................... 
12. ~1D 
13,000 
13,470 
13,470 
14.050 
15. 2'10 
15,880 
15,880 
U,fi60 
17,240 
17.860 
18,410 
10,080 
19.230 
19,480 
19.480 
19.570 

1?0,00 
248,00 
31D.DO 
317, DO 
422.00 
525.00 
531, DO 
600, DO 
6)1, 00 
602, DO 
639,00 
658,00 
683,DO 
645.00 
658,00 
689,00 
653,00 

15,30 
22,30 
27,90 
28.50 
38.00 
17.25 
•17 ,eo 
54. OD 
~(o' lO 
54.20 
57,50 
59.20 
61,50 
58.00 
59.20 
62,00 
sa, eo 

170,000 
248.000 
310,000 
317 .ooo 
422,000 
534,471 
545,916 
616.854 
o\~4. 0~1 

630.350 
674,014 
698,248 
728.278 
690,102 
705,658 
738,904 
700.872 

15,300 
22,300 
27,900 
28,500 
38,000 
48,102 
49,143 
55,517 
~~. Flfi~ 
56.752 
60.651 
62,821 
65 ,!i77 
62.056 
63.488 
66,491 
63,111 

LEVEL SPACING • 4,032 PLUS•0R•HINUS ,2J8PER MEV 
ASYMPTeTIC 1No2NJ CR0SS SECTI0N • 810,04 PLUS•0R•HINUS 19,85 HB 

RElATED OA TA ............ 
N0N•ELASI IC cR0SS SECli0N AT 14,2 MEV • 1457,00 HB 
(N,UJ) THRES1-10l.D a 11,02 HEV 
CN,JN) THRESH~LO o 20,06 HEV 

THIS IS0T~PE .HAS 34 NEUTRBNS, 29 PR0T0NSo (MASS • 631 

NEUTR0N E<CESS PARAMETER • , 0793~ 
.I" 

! 0F ASYMPT0TIC 1No2NJ Te 14,2 MEV N0N•ELASTJC 
.5560 PlUS•0R·MINUS .0136 

ICING: 8,433 A/SPACING ;; 15,625 
ERR0R , 498 ERR0R ,922 

810.~rnn...,..rnn...,.rnn..,.....,I'""'"""'I'".,...,"T"...,...'"'T' .... ....,I""T'""'T""''f"'"T' 

729. 

6'18. 

567. 

!£ '186. 
0::: 
< 
(D -..J 
..J 

z: 
J.. 
z 
N 

z 
b 

en 
·Z 

0::: 
< 
(D 

..J 

..J 

z: 
,.!.. 
z 
N 

z 

b 

'105. 

32'1. 

2'13. 

162. 

81. 

q1s. 

332. 

2'19. 

166. 

83. 

CU-63 R 63 < 2063) 

T = 1. 703 t .036 HEY 
a.JJ4. 2N) = 7'i7. 0 t 12.3 HB 

g.C.N. 2N) _ t 
~(1'i.2> -.513 .006 

12 13 

CU-63 

FITTED 
LINE 

IS 16 17 
ENERGY< HEY) 

R 63 <2063) 

A = 'i.032t.236 HEv-1 

aJ,.N.2N>= 610.0t 19.9 HB 

a.J,N. 2N > 
~'· 1 '!. 2 ) =.556t.01'i 

IZ 13 lq 

FITTED 
LINE 

IS 18 11 
ENERGY< MEY > 

DATA 
PCliNT 

• EXPERIMENT 

c ADJUSTED EXPT. 

18 

DATA 
PCliNT 

19 

• EXPERIMENT 

7,1 

c ADJUSTED EXPT. 

18 19 21 

87 
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cu-o3 ··············································· No2N CR0SS SECTION (H~I 
MEASURED, ERR ADJUSTED, ERR ··············································· 13 ,8o0 

14,110 
14, :37u 
14.590 
14,770 

424' 00 
455,00 
480' 00 
519,00 
550,00 

21,20 
22' 75 
2414 0 
25' 95 
27,50 

424,000 
455,DOO 
4ij9 1514 
>22 ,040 
>55' 5d8 

21,20D 
22,750 
24,470 
20,132 
27,779 ··············································· 

, r 1 TTtLt PARAMETEQS 

NUCLEAR TEMP, • 1.741 PLUS•"A·MINIJS ,127 MEV 
ASYHPT0TIC CN,2NJ CR~SS SECTI~N : 864,61 PLUS·~R·MlNUS 60,29 Md 

RELAit:O lJATA 

N0N•ELAS1 JC CROSS SECTI0i~ AT 14 1 2 MEV :. 1457,00 HB 
(N,2N) THRESH0L.D 11.02 HEV 
(N,JN> THt\ESH0L0 20,06 MEV 

THIS IS0H:lPE HAS 34 I~EUTR~NS, 29 PRdl0NSr (MASS :a 63) 

NEUTff~ll EXCESS PARAMETER : ,Q7937 

RATHJ k.'F' ASYMPHHIC CNr2NJ H:1 14,2 HE'/ N0U•ELASTIC 
• ~Q~4 PLUS-~R-HINUS •0414 

T•SORT(NJ = 10,15C T•SQRT<AJ = 13,819 
ERk~R ,741 EH~·R 1,008 

CU•03 .. ,FR0H REF, G 62 C872J ............................................... 
f.NERC'iv Pl,&~r4 CRII35 3!1..TIIilN lHY) 
(HEVJ HI:ASIJAEO, ERR ADJUSTED. EkFI ............................................... 
13,860 424.00 21.20 424.000 21.200 
14,110 455,00 22,75 455,000 22.750 
14,370 488,M) 24,40 489,514 24,476 
14,590 519,00 25,95 522,040 20,132 
14,770 550.00 27,50 555,5"8 27,779 

•••*••••• •••••••••••••••••••••••••••••••••••••• 

F"ITTED PAR.&.HETEFi5 

LEVEL SPACING • 3,432 PLUS-~H-HINUS ,581PER MEV 
.a.iY~P.TUTJI.;_ Pld~tt) CRII!3 3!CTik:!.,. i 1U1_b~Y2 PLUS·3R-HiNu$ 92.96 MB 

nEl.ATCD DATA •........... 
N0N~ELAST I C r.gf'SS 
(N,2NJ THRESHVLO 
CNo3NJ THRESH0LD c 

SECTJ0N AT 14.~ HEV • 1457,00 M9 
11,02 MEV 
20,06 HEV 

THIS IS0TllPE HAS 34 NEUTR0NS, 29 PR0T"NS, (MASS • 63) 

rlEUTR0N EXCESS PARAMETER :1 ,07937 

RATI0 0F" ASY~":PTOTIC (N,2NJ T" 14,2 HEV N0N-ELASTJC 
• 6980 PLUS•0R-H I NUS I 0638 

N/SPACING ~ q,I}Q/ A/SPACING : 18.357 
ERR0R 1.677 ERRaR 3,108 

837. 

7'1'1. 

651. 

!2 558. 
0:: 
< 
CD -..J 
..J 
;: 1165. 
,!.. 
z 
N 

z 372. 

b 

219 • 

IM. 

93. 

1080. 

960. 

R~O. 

~ 720. 
a:: 
< 
CD 

.... 

..J 

! 
·z 

N 

600 • 

z ~eo. 

b 

360. 

2~0. 

120. 

CU-63 

ll 13 I~ 

CU-63 

G 62 C872 > 

riTTED 
LfNt 

IS 16 17 
ENERGY( HEY,) 

G 62 C 872 > 

A= 3.'i32!,581 HEV-1 

CY.,(,N. 2N) = 1016. 9! 93.0 HB 
CY..(.N,2N> _ • 
q;J I 'i. z) -. 698-. 06'i 

'/ 
v 

/ 
/ 

FITTED 
LINE 

DATA 
t'lllNl 

• EXPER I HENT 
o ADJUSTED EXPT. 

10 

DATA 
PCJINT 

19 

• EXPERIMENT 
o ADJUSTED EXPT. 

3 

21 

cit.l otf..,....,IJ:Z~~I-~:S~,.....Jiq,..."""~l~~~~~~n,...~I~'I~~I~B~,...~I9~-~~0~~~ZI 
ENERGYCMEV> 



CU•6J ,,,F'R0H REf", L 65 (1847) ............................................... 
ENERGY . N,2N CR0SS SECTI~N !MBJ 

MEASURED, ERR ADJUSTED, ERR ....................................... 
13,100 
13,540 
13' 700 
14,050 
14,240 
14.420 
14 I BOO 
14.990 
15,180 
15.550 
151710 
161 QJQ 
16.310 
16,520 
16, 750 
16,930 
17 1:210 
17 '~90 
17,900 
18.190 
1&,470 
18,710 
181940 
19,290 
19.580 

227,00 
264,00 
315,00 
340,00 
450,00 
479,00 
554,00 
575,00 
598, DO 
619.00 
660,00 
715, no 
7JB,on 
762,00 
808,00 
811 t QQ 
A19,UO 
834,00 
850, DO 
84 9' 00 
85~.00 
868,00 
8A1,00 
916,00 
931,00 
939,00 
941,00 
966,. 

14 t OQ 
17, DO 
21,00 
22, DO 
JO, DO 
32.00 
38.00 
391 QQ 
41, oo 
42, oo 
44 'oo 
48, oo 
49, oo 
50, DO 
53, oo 
51, oo 
51, oo 
49 t QQ 
57, DO 
so, oo 
56 I QQ 
so, oa 
57' oo 
59, oo 
59, DO 
59, oo 
58 f oo 
57, DO 

227. 0~0 
264,000 
315,000 
340,000 
450,000 
479,000 
554,000 
575.423 
600.394 
625,609 
669,170 
727,196 
754. 9·76 
781,427 
832,514 
838,924 
849,641 
867.856 
886,572 
889 ,.,\0 
896,938 
915,976 
932,687 
972,644 
991,024 

1001,844 
1Dn7,372 
1036,913 

141 OQQ 
17,000 
21, DOD 
22,000 
JQ t OQQ 
32,000 
38,000 
39.029 
41,164 
42,448 
44.612 
48,819 
50,1;0 
51,275 
54 ,608 
5~. 756 
52.908 
50,989 
59,452 
58.659 
58.885 
591095 
60,344 
62.648 
62,804 
62,949 
62.091 
61,184 ··············································· 

r I TIE~ PARAMETERS ................. 
NUC!,.EAR TEHP, • 1,790 PLyS ... 0R•HINUS ,020 HEV 
ASYHPT0TIC (ii.2NJ CR0SS SECTJ(DN :1 1Q;,i,h4 PlUS•0R ... HJNUS 9

1
67 rtB 

RELATED LlA U 

N0N•ELASTIC CR0SS SECTI0N AT 14,2 MEV • 1457,00 MB · 
(N,2NJ THHESH0L0 a 11,02 t1EV 
IN,JNJ THRESH0L0 20,06 HEV 

THIS IS0T0PE l-IAS 34 NEU.TR0NS, 29 PFodl0NS, (t1ASS • 631 

NEUTR0N EXCESS PARAMETER • , 07937 

F\ATI0 0r ASYMPHHlC (N,2N) T0 14,2 MEV t.:~N-I::LASTJC 
,72:53 PLUS•0R•HlNUS ,0066 

T•SCHT(NJ ::~ 10 1 437 T•SQHT(AJ : 14.208 
ERI-l~R 1 117 ERReH .159 

CU•63 ,;,rRBH REf, L 65 !18471 ··············································· ENERGY N,2N CRUS SECTt0N !HBl 
!HEVJ MEASURED, ERR ADJUSTED• ERR ··•············································ 12,600 227.00 14.00 227,000 14 .• 000 
12,760 264,00 17,00 264,000 17,000 
12,980 J15,oo 21.00 315,ooo 21.ooo 
13,100 340,00 22,00 340,000 22,000 
13,540 450,00 30.00 450,000 30,000 
13,700 479.00 32,00 479,000 32,000 
14,050 554,00 38,00 554,000 38,000 
14,240 575.00 39.00 575,423 39,029 
14,420 598,00 41,00 600.394 41.164 
14,800 619,00 42,00 625.609 42.448 
14,9\10 660,00 44,00 669,176 44,612 
15,180 715,00 48,00 727,196 48,819 
15,550 na.oo 49,00 754,976 50.127 
15,710 762.00 50,00 781,427 51.275 
16,030 8oa.oo 53,oo 832,514 54,608 
16,310 811.00 51,00 838,924 52,7>• 
16,520 819.00 51.00 849,641 52,908 
16,750 834.00 49,00 867,856 50.989 
16 0 930 8,0,iJu :ii,UU 686,572 59,452 
17,270 849,00 56,00 889,310 58.659 
17,590 85J.oo 56,00 896,938 58,885 
17,900 868,00 56,00 915,97~ ,9.095 
18.190 881.00 57,00 932,687 60.344 
18,470 916.00 59,00 972,644 62.648 
18,710 931.00 59,00 991,024 62.804 
18,940 939.00 59,00 1001,844 62.949 
19,290 941.00 58,00 1007,372 62.091 
19,580 966,00 57,00 1036,913 61.184 ··············································· 
r I TTED PARAMETER$ ................. 
LEVEL SPACING • 3,538 PLUS•0R•HINUS ,111PER HEV 
ASYHPT0T I C ( N, 2N J CR0SS SECT 10N • 1170,96 PLUS•0R•H I NUS 16·, 69 HB 

RELATED DATA ············ N0N•ELASTIC cReSs SECTI0N AT 14,2 HEV • 1457,00 HB 
!No2NJ THRESH0~D • H,02 HEV 
(N,3NJ THRESH0LD • 20,06 HEV 

IT0PE HAS 34 NEUTR0NS, 29 PR0T0NS, !HASS • 631 

EXCESS PARAHETER • ,07937 

IUTI~ 0r ASfMPTBTIC (N,2NJ 1'0 14,2 HEY NQJN•ELASTtC 
,8037 PLUS•0R•HI~US ,0115 

N/SPACING • 9,610 
ERR0R ,J01 

A/SPACING • 17.,807 
EAR0A ·,559 

1.- I • ~ 

990. 

880. 

770. 

~ 660. 
~ 
(D 

.J 

.J 
550. 

:>:: 
,!.. 
z 
N 

z 
b 

~~0. 

330 • 

zzo. 

1080. 

960. 

8'10. 

~ 7l'O. 

~ 
CD 

.J 

.J 
;: 600. 

,!.. 
z 
N 

z ~eo. 

b 

sso . 

Z'IO. 

CU-63 L 65 C 18'!7> 

T = I. 79D ! . D2D MEV 

a.J,N. 2N) = ID53. 8 t 9. 7 M8 
q.r,N.2N > 
q;_p'1.2) =. 723!.DD7 

FITTED 
LINE 

1Z 13 1~ IS 16 17 
ENERGYC MEV) 

CU-63 L 65 C 18'17) 

A= 3.538!,111 MEV-1 

qJ.N.2N>= 1171.0! 16.7 M8 

qJ,.N,2N) 8 + I 
q;J.l'!. 2 ) =. D'l-.Dl 

1~ 

FITTED 
LINE 

15 lb 1/ 
ENERGY( MEV) 

DATA 
PCJINT 

• EXPERIMENT 

[J ADJUSTED EXPT. 

18 

DATA 
PCJINT 

19 

3 

zo 

• 
[J 

EXPERIMENT 

ADJUSTED EXPT. 

Zl 

18 19 Zl 
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90 

CU•63 ,.,f"f~I6M REF', K 62 <770) ............................................... 
ENERGY N, 2N CR0SS SECT I ~N ( MB I 
<MEVJ MEASURED, EF-IR ADJUSTED, ERR ............................................... 
12,300 140,00 20,00 140,000 20,000 
14,350 535,00 50,00 536,466 50,137 
16,500 705,00 70,00 731.178 72,599 
18.150 790,00 70,00 835.983 74,074 ··············································· 
FITTED PARAMETERS 

NUCLEAR TEMP, • 1, 614 PLUS•0R•M I NUS ,1 06 MEV 
AS't1'1PT0TJC CN,2NJ CR0SS SECT10N :::t 9JQ,25 PLUS•0R•HtNUS 45,91 MI:J 

REL.O.TF.D [JATA ........ .... 
N~·m•ELASTIC CR0SS SECTI0N AT 14,2 HEY .:: 1457,00 HB 
U1.2NJ THRFSH"'LD 11 1 02 HEY 
(N 1 3NJ THRESH0LO 20,06 HEY' 

THIS JS0T0PE HAS 34 NEUTR0NS, 29 PR0l0NS, <MASS a 63) 

NEUTR0N EXCESS PARAMETER c ,07937 

RATI0 0F" ASYHPT0TIC (N,2NJ T0 14,2 "EV N0N•ELASTIC 
, 6365 PLUS•0R•M I NUS , 0315 

T•SUHT(NJ • 10,577 T•SQRTCA.) c 14,398 
ERRI1R ,618 ERRBR , 641 

CU•63 , • ,F RBI'i Rt:r·, K oz l77o, ··············································· iNFor.v No2N CR0~S SECTJ0N CH91 
(M~VI HE~~VREDo ERR .ibjUSTEDo EHH 

················~·~···························· 12,300 t4o.Oo 26,00 14o,uuu ~u.uuu 

i::~~~ m:~~· ;~:~~ ~~~::~: ~~:m 
16,150 790.00 70,00 635,983 74,074 ··············································· 
r I TTED PARAMETERS ................. 
LEVEL SPACING • 3,249 PLUS•0R•MINUS ,619PER HH 
ASYHPT0TIC (N,2NI CR0SS SECTJ0N • 1060.57 PLUS•0R•MINUS 96,62 HB 

RELATED DATA ............ 
N0N•ELASfJC CR0SS S~CIJBN AT 14,2 HEV • 1457',00 H9 
CN,2N} THRESHOLD • 11,02 HEY 
CN 1 3N) THRESH0LD • 20,0b 1'\EV 

THIS IS"HJP~ HAS 3• NEt.JTR0NS, 29 PR0H>NS, CHASS • 63) 

NEUTRBN EXCESS PARAMETER • ,07937 

RATI0 0F ASVHPT0TiC (N,21<1 T0 14,2 HEV N0N•ELASTIC 
, 7279 PLUS•0R•MINUS ,0663 

N/SPACihG • 10.465 A/SPACING • 19,391 
[RR0R 1,994 ERR0R 3, 694 

88Z. 

7fllt. 

688. 

!£ 588. 
~ 
~ 

~ z: ~90 • 
,!. 
z 
"' 
z 39Z. 

b 

196. 

!'18. 

1080. 

i!OO. 

8~0 • 

~ no.· 
< co 
-' 
-' 

f 
:z 
N 

600. 

z 480. 

b 

360. 

CU-63 I( 62 (770) 

T = 1. Bl'l t. 106 HEV 
q,J,N.2N)= 930.3t'l5.9 HB 

a.J.N • 2N) = 638 t 032 q_(l'l.2) . • 

FITTED 
LINE __ ._.._ 

I~ IS 16 17 13 
ENERGY< MEV) 

CU-63 K 62 < 770) 

A= 3.2'19±,6!!:1 MEV-I 
o;J.N. 2N) = 1060.6 t 96.6 Mf! 
o;.J,.N. 2N > _ • 

0 q;J 1'!. 2> -. 726-. 06_ 

--

DATA 
PCIINT 

• E)(PF.RIMENT 

0 AOJUSitU t.<f'T. 

18 19 Zl 



, ,,rR0H REF", r 60 (602) ············································· IERGY N,2N CRBSS SECTIBN IMBI 
lEV I MEASURED, ERR ADJUSTED, ERR ············································· _c,810 233,00 21,00 233.000 21.000 

t13,770 378,00 34,00 378,000 34,000 
14,740 507,00 45,00 511,889 45,434 
15,760 649,00 58,00 666.244 59,541 
16,960 758,00 68,00 790,917 70,953 

. 17,980 836,00 75,00 883,001 79,217 ········································ ······· 
r 1 TTED PARAMETERS ················· NUCLEAR lEHPo • 2,036 PLUS•0R•HlNUS ,121 MEV U1 

z 
a::: ASYHPT0TIC IN,2NJ.CR0SS SECTJ0N • 993,7~ PLUS•0R•MINUS 57,~1 Mb 

< 
CD 

..J 
...J 

::0:: 
). 

RELATED DATA ············ z 
N 

z 
N0N•ELASTir. r.R0SS SECTION AT 1<,2 MEV 1457,00 MB 
CN,2N> THRESH0LD • 11,02 HEV 
CN,JNJ THRESH~LD • ~0,06 HEY 

THIS IS0T0PE HAS 34 NEUTR0NS, 29 PR0T0NS, !MASS • 631 b 
·NEUTR0N EXCESS PARAMETER • ,07937 

RAT-10 ar ASYHPT0TIC INo2NJ T0 14,2 HEV N0N•ELASTIC 
,6821 PLUS"0R·HINUS .nJ94 

ToSQRT(N) • 11,872 T•SORTCAJ = 16,160 
ERR0R I 706 ERR0R ·,960 

CU•63 1. ,F'ReH REF' I ,. 60 c&02) ··············································· ENERGY N,2N CR0SS SECTI0N IHBI 
(MEVJ MEASURED, ERR ADJUSTED, ERR ························· ······················ 12,810 233,00 21,00 lJ3,000 211000 
13,770 378,00 34,00 378,000 34,000 
111,11u ~o7.no 45,00 511188Q 45,434 
15,781) 649,00 58,00 666,244 59.541 
16,96~ 758,no 68,00 790,917 70,953 
17,980 836.00 75,00 883,001 79,217 ························ ...................... . 
fJTTCD rAI'UH(TCR3 ················· U1 

z 
a::: 

LEVEL SPACING • 2,526 PLUS•0R•I11NUS ,271PER HEV 
~SYHPT0T I c ( N I 2N) CR0SS SECT J0N • 1174 I 9& PLUS·0R·M I NUS 68' 85 HB 

< 
CD 

..J 

..J 

::0:: 
). 

RELAT~D DATA ············ z 
N 

z 
N~N·fLASTJC CR0SS SECTI0N AT 14o2 HEV • 1457,00 HB 
IN,~Nl TH•ESH0L0' 1lo02 HEV 
CN,3N) lHRESH0LD :. 20,06 MEV 

THI:l I:Jdfi)PI! fU3 34 hEUIHk.1N5, ~y P'Hk.1iiDN5, PlASS • 6JJ b 
NtUTRDN EXCESS PARAMETER : o07937 

RAT!~ Af •SYMPTATIC IN,lN) T~ 14o2 MiV N~N•FLA5TIC 
.8064 PLUS•BR·HlNUS .0473 

N/SF'ACING • 13,460 A/SPACING : 24,941 
ERR0R 1,444 ERR0R 2,676 

llOOo 

990o 

880o 

770o 

660o 

550o 

~~Oo 

330o 

2200 

llOo 

1300o 

1170o 

lO~Oo 

910o 

780o 

650o 

520o 

390. 

260o 

130o 

N 

Oo 
11 

CU-63 F 60 (602) 

T = 2 o 036 t o 121 MEV 
qJ,N, 2N ) = 993 o 7 t 57 o 'I MB 
o;J.N, 2N) _ • 
q;J I 'lo 2 ) -0682- o039 

FITTED 
LINE 

CU-63 F 60 C 602) 

A= 2o526!o271 MEV-1 

qJ,N.2Nl= 1175o0t68o8 MB 
q.f.N, 2N) _ • 
q;J.l'lo 2) -0606- o0'!7 

/ 
/ 

/ 

;I 

v 

FITTED 
LINE 

12 13 ~~ 15 16 17 
ENERGY( MEV) 

/ 

DATA 
POINT 

• 
D 

EXPERIMENT 
ADJUSTED EXPT o 

/ 
~---

/ 

DATA 
POINT 

• EXPERIMENT 

D ADJUSTED EXPT o 

18 19 20 21 
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CU•6J , , ,f"R0H REF", P 60 <1720) 
••••••••••••••••••••••••••• 0 ••••••••••••••••••• 

ENEHGY 
(HEV) 

N 1 2N CR0SS SECTl.,N (MB) 
MEASURED, ERR AOJU$TE0, ERR 

••••••••••••••••o•••••••••••••••••••••••••••••• 
13,250 500,00 so ,oo 500,000 ;o, ooo 
13,600 SQO,oo 60,00 500,000 60 0 0 00 
t3,u~o 680,00 70 ,oo 680 0 000 7 0 0 0 00 
14,150 630,00 60 ,oo 630,000 60 0 0 00 
14,400 7QQ 1 QQ 70,00 702,550 70,255 
14.700 7601 QQ 80,00 766,801 80,716 
14,950 950,00 90' 00 962 0 568 91,191 
15, 3;o 930,00 90 0 00 9o4ti. 434 91,784 ··············································· 
NUCLEAR TtMP, ' 1,687 PLUS•i>H•HINUS ,315 MEV 
ASYMPT0TIC (N,2N) C~0SS SECTI0N' 1265,15 PLUS•OR•MINUS 226,26 Hb 

RELATI::D UATA 

N0N•ELASTIC CR0SS SECTI~N AT 14,2 MEV 1457,00 MB 
(N,2NJ ThRESH0LD 11,02 MEV 
(N,JNJ ThHESH0LD = 20,0b MEV 

THIS 1S0T0PE HAS 34 NEUTR0NS, 29 PH1.1l~NS, (MASS o 63) 

NEUTR0N EXCESS PARAMETER ' ,07937 

RATl0 0f" ASYHPT0TIC CN 1 2NJ 10 14,2 MEV N"N•ELASTJC 
. 8683 PLUS-0R-H I NUS I 1553 

113\JHilNJ !:! Y,~J/ ltSUHilAJ • 1J,JYU 
CRil(iR 1tOJ7 l:RrHJn £, ~oo 

cu-63 ,,.F'R0H REF', P 60 (1720) 
••••••••••••••w••••••••••••••••••••••••••*•*•• • 

ENERGY N,2N CR0SS SECT! AN (M~ 1 
(MEV) -~~SVRED, ERR An.III~TF;n. ERR .......................................... ., .... 
13,250 ~oo,oo 5o,oo 5nn.nnn s;n,nol) 
13,600 '90,00 60,0U 590,000 60,000 
13,850 680.00 70,00 680,000 70,000 
14,150 630.00 60,00 630,000 60,000 
14,400 700.00 70,00 702,550 70,255 
14,700 760,00 80,00 766,801 80,716 
14,950 950,00 90,00 962,568 91.191 
15,350 930.00 90,00 948,434 91,784 ......................................... ~······· 
r I TTED PARAMETERS ················· LEVEL SPACING • 3,676 PLUS•0R•MINUS1,624PER MEV 
ASYHPT0TIC tN,2NI CR0SS SECTI0N • 1475,17 PLUS•0R•MINUS 350.,66 H~ 

RELATED DATA ............ 
N0N•ELASTIC CR0SS SECII0N AT 14,2 HEV • 1457,00 MB 
(No2N) THRESH0lD • 11,02 HEY 
(No3N) lHRES1-10lD G 20.06 HEY 

THIS IS0T0PE HAS 34 NEUTR0NS, 29 PR0T0NS, (HASS • 631 

NEUTR0N EXCESS PARAMETER • ,07937 

RATI0 0f ASYMPT0TIC (No2NI T0 14,2 MEV N0N·ELAST!C 
1.0125 PLUS•0R·HINuS ,?4Q7 

N/SPACING II 9,249 A/SPACING • 17,138 
ERR0R' 4 o086 ERR0R 7, 571 

1350. 

1200. 

1050. 

(J") 

~ 900. 
< co 

::l 
750. 

%: 
_!.. 
:z 
N 

z 600. 

b 

~50. 

ooo. 

150. 

1'110. 

1520. 

IJJO • 

(J") 
11~0. :z 

Cl:: 
< co 
-' 
;:::! 950. 
%: 
_!.. 

~ 
z 760. 

b 

570. 

380. 

190. 

CU-63 p 60 ( 1720) 

T = 1.667!.315 MEV 
a.J,N. 2N) = 1265. 1t 226. 3MB 
o;.c,N. 2N) 
qJ 1'i. 2 ) =.B6Bt.155 

12 13 I~ 15 18 17 
ENERGYC MEV ) 

CU-63 p 60 ( 1720) 

II = 3. 67G t I, G2'i ME'r1 

qJ..N. 7N l = ! 1P'5. 2!3'50. 7 MB 
o;.c,N. 2N) 
qJI'i. 2 ) =!.012t.2'il 

FITTED 
LINE 

---

~al~r 
•. EX PER I MFNT 
o ADJUSTED EXPT. 

18 

DATA 
PCJJNT 

19 

• EXPERIMENT 
o ADJUSTED EXPT. 

3 

21 

0.~~~~~~~~~~~~~~~~~~~~~ 
II ll l'j I~ IS IS 1'1 18 19 20 21 

ENERGYCMEV) 



CU•63 o, ,VR0M REr 0 A 59 1601) .............................................. 
oNER~Y N,2N CR0SS SECTI~N IHBI 
iMEVl HEASUREDo ERR ADJUSTEDo ERR , ............................................ . 
12,250 215,00 45,00 215,000 45,000 
14,300 650,00 65,00 651.191 65,119 
16,450 eao,oo 9o,oo 912,056 93,278 
18,200 960,00 100,00 1016,432 105,878 ··············································· 
riTTED PARAMETERS ................. 
NUCLEAR TEMP, • 1,530 PLUS•0R·MINUS ,066 MEV 
ASYIIPT0TIC (N,2NJ CR0SS SECTI0N • 1054,35 PLUS•0R•MINUS 30,98 MB 

RELAT~D UATA ............ 
N0N•ELASTIC CR0SS SECTI0N AT 14,~ MEV • 1457,00 MB 
(N,2Nl THRESH0LD 11,02 MEV 
tN,JNJ THHESH~LD 20,06 MEV 

THIS ISIIITUPE HAS 34 NE-UTRijNS, 29 PRklHlNS, CHASS • 631 

I~EUTRON E:XCESS PARAMETER : , 07937 

RATI0 0F" ASY~PT0TJC CN.2l~) T0 14,2 HEV N0N•ELASTIC 
, 7236 Pl1JS•0R•M II~US , 0~13 

T•SCRT(NJ ::z 8,921 T•SQRT(A) : 12.144 
ERR"R I 385 ERR0R , 5Z4 

CU•63 ,.,F'R"" REF', A !9 (6011 ............................................... 
ENERGY N,2N C~0SS SECTI0N IMBI 
tMEVl MElSU~ED, ERR ADJUSTED, ERR ............................................... 
12.250 215.00 45,00 215,000 45,000 
14,300 IUO,OO 6,.00 6,1,101 6~.119 
16,450 8eo.oo 9o,oo· 9lz,o56 93,278 
18,200 960,00 100,00 1016,432 105,878 ............................................... 
r I TTED PARAMETERS 
iiillliillllllllllll 

LEVEL SPACING a 4,970 PLUS•BR•HINUS ,151PER MEV 
ASYMPT0TIC 1No2Nl CReSS SECTI0N • 1140,36 PLUS•0R•MINUS 13.,31 M~ 

RELlTED DATA ............ 
N0N·E~ASTIC CR0SS SECTI0N lT 14,2 MEV • 1457,00 MB. 
(N,2N) THRES1-40LD • 11,02 HEV 
CN,3N~ lHRESHBLD • 20,06 HEY 

THIS IS0T0PE HAS 34 NEUTR0NS, 29 PR0T0NSo (MASS • 631 

NEUTR0N EXCESS PARAMETER • , 07937 

RATie er ASYMPT0TIC (No2Nl Te 14,2.MEV N0N•ELASTIC 
o 7f27 P~V$•eR•M I NuS o 0091 

N/SPACING • 6,841 A/SPlCING • 12,676 
ERR0R , Z08 ERR0R ,385 

(/) 

~ 
< 
CD 

...J 

...J 

z: 
,1_ 
z 
N 

z 
b 

1080. 

960 •. 

8'10. 

lOBO. 

960. 

~ 720. 
0::: 
< 
CD 

...J 

...J 
600 • 

:1:: 
). 
z 
N 

::i ~80. 
b 

3fi0. 

2~0. 

120. 

0. 
II 

N 

CU-63 A 59 < 601) 

T = 1. 530! .066 MEV 
o-.J,N. 2N) = 105~- ~ t 31.0 MB 
o-.J,N , 2N ) 
q;J1~.2) =. 72~±.021 

CU-63 

12 13 I~ 

FITTED 
LINE 

IS 16 17 
ENERGY< MEV ) 

A 59 C 601) 

FITTED 
LINE 

IS 16 17 
ENERGY< MEV) 

DATA 
POINT 
• EXPERIMENT 
o ADJUSTED EXPT. 

IB 19 21 

DATA 
POINT 

• EXPI:RIMENT 
0 ADJUSTED EXPT. 

3 

18 .19 20 21 

93 
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CU-63 I I ,F'R~H REF' I c 56 (;j6) 
••••••••••••••• 00 •••••••••••••••• •••••••• •••••• 

N,2N CR0SS SECTI~N CMB) 
,'1EASUREO, ERR AOJUSTED, E:'RR 

0 ••••• 0 •••••••••••• •••••• ••••••••• ••••• •• •••••• 

13, uOO J6Q 1 QQ 30' 00 360,000 30.000 
1.5 ,20U 470,00 40, au 470,0UU 40,000 
1J. 900 445,00 40.00 445,000 40.000 
14.000 4801 QO 4Q 1 QQ 480,000 40 ,ooo 
14.400 470,00 JQ 1 QQ 471,71~ :so .109 
14 I 'JOO 570 t QQ 50.00 577,059 50. 619 
15.000 475,00 40' ou 481,664 40,563 
15.300 535.00 40.00 545,173 40,761 
15 o dO U 600 0 oo 4Q 1 QQ 616,125 41,075 
101 ijQQ 640,00 JQ 1 QQ 65Yo131 72 0 092 
16. suo 540,00 40 0 00 562.289 41,651 
17 0 uuo 625 o no 701 QO 652 0 4 7 J 73,077 

• 0 •••••••••• 0 •••••• 0 ••••••••••••••••••••••••••• 

F' IT TEU PAI-CAMETERS 

NUCLE·A~ Tl:::lir, 11 ,951 PLlJS·-·h\•11INI,;:i ,11.19 MEV 
ASYMPHHJC (N,2N) CR0SS SECTJ<Hl:: 5dS.76 PLUS-0R-MINU5 29.75 1'19 

~ELATtO UATA 

il!i.'N .. ELI\STIC cR~JSS SECTION 4T 141,2 M[V • 1457,00 HS 
li-i,2fn Tu"t3H~1LD 11,02 MEV 
(1\loJNJ THP\1::3HIJlLU ~U,Ub MtV 

THIS lS21TaPE HAS 34 NEUTfH:tNS, ;l9 PR~TllNS, (MASS 63J 

:-.Jf:UTRdN EXCESS PARAMEH:R : ,07937 

~~o~ll11.1 W'lr A~IM,.IVIIII.. (N,~Nl I~ 14,~ AF:V 1\!"N•ELA~;-IIC 
,4041 PLU~-~Il-MINU5 •0204 

T41~UHI 'NI e o;,~4S TI:;Ui.fi(A} : 7,548 
ERi·H1~ ,bJb ERRAR , 865 

CU-63 , , ,rR0/'I REF', C ~6 t 36 J ··············································· EN~RGy N~?N CDqlii SI!CTI(IU (HOI 
IHEV J HEA$UQEO, ERR ADJUSTED, ERR ··············································· 13o000 360o00 30,00 360o000 30,000 
13,200 ,470.00 4o,oo •7o.ooo 4n.n(lo 
1J,voo .. 5oOo 40oOO 44Soooo •o.ooo 
14,000 •eo.oo 40.oo 4&o.ooo •o.ooo 
14o400 470o00 30,00 471o712 30o109 
14,900 570o00 50o00 577o059 50o619 
15,000 475oon 40oOO 481o684 40o563 
15o3oo 535ooo 40oOO 545o173 40,761 
15,800 60Do00 40,00 616o125 41.075 
16,000 640,0() 1o,on &59,131 72,09Z 
16,800 540oon •o.oo 562o289 41,651 
17o000 625oOO 7U,OO 65'- 0 47~ 13o077 

•••••••••!•!~!!9tt•••••••••••••••••••••••e!'! ~ • '' 

rJ TT&D PARAHETER5 ................. 
LEVEL SPACING •1lo 792 PLU5-AR-MINIJS3o~7aPER MEV 
ASYMPT0TJC (Pif,2NJ CR0SS SCCTI0N • 60·4.68 PLUS•SR•HlNUS :s•,1 2 MB 

RELATED DATA 

N0N-ELASTIC CR0SS .SECTI0N AT 1'o2 HEY • 1457.oOO HB 
t N, 2N J THRESH0LD 11,02 HEV 
(N,3NJ THRES .. HRD • 20,06 HEY 

THIS IS0T16PE HAS 34 NEUTR0NS, 29 PR0T0NS, tHASS • 63) 

NEUTR0N oXCESS PARAMETER • o07937 

RATI0 0r ASYMPTBTIC IN,2NI T0 1'o2 MEV N0N-EL4STIC 
o 4150 P~US•0R•H I NUS o 0238 

N/SPACING • 2 1 465 AISP4C I NG • 4, 568 
ERR0R ,585 ERR0R 1, 084 

UJ 
z 
a::: 
< 
a> 

...J 

~ 
:z:: 
..!.. 
z 
N 

6660 

592o 

5C8o 

~ 2960 

b 

222o 

1~80 

1~0 

CU-63 c 56 ( 3 ., 

T = 13o 792!30272 MEV: 
q,(.N.2N)=60'!o7!3'lo7 B 
q.(.N,£N) 
q;J1'lo2) =o'!1S!o 

FJ TTED 
LINE 

12 13 I~ IS 16 17 
ENERGY< MEV) 

DATA 
POINT 

• EXPERIMENT 
a ADJUSTED EXPT. 

3 

18 19 ?.0 21 



CU•63 , , ,F"R0H REF', 8 52 t83J 

IGY N,2N CR0SS SECTI~N IMBl 
IJ HEASUREU, ERH . ADJUSTED, ERR 

14.500 
lb ,900 
19,400 

650,00 
810 ,oo 
QSO,OO 

70.00 
801 OQ 
90100 

653,531 
644,526 

1018,054 

70,38C 
83,410 
96. 4~7 ··············································· 

f I TTE:Il PARAMETERS ................. 
NUCLF.AR TEHP, • 1,64J PLu5·0R·MINUS ,240 MEV 
ASYMPTOTIC (N,2NJ CReSS SECTJ~N: lOlO,.SU fo'(US·~H•MINUS 78,52 Hb 

FH:LAT~O liATA ............ 
t..01\-EL.ASTIC CR0SS SECTJ0N AT 14 1 2 MEV 1457,00 HB 
tN,2tO ThnESH0LIJ 11,02 MEV 
tN,:HIJ H1iiF.SH0LfJ 20.06 MEV 

THIS IS0Ti1PE HAS 34 NI:::UT~0N~u 29 Pk~T0NS, (MASS a 63) 

NEUTioi~N EACESS FARAt!ETER : ',07937 

f!ATIU 0F ASYHPT0TJC (N,2NJ T~ 14,2 MEV f'.;ldN•E:LASTIC 
, 7003 PLIJS•0R·HJ,·WS ,05:59 

T.•SOATCNJ : 
ERRIOR 

9,580 
1. J99 

T•SQHT(A) = 13,041 
ERR~H 1,9U~ 

CU•63 ·, , , FR0M REF, B 52 I 83 I ················································ ENERGY N,2N CR0SS 5ECTJ0N IMBI 
IMEVI MEASURED, ERR ADJUSTED, ERR 

········································to•····· 
14,500 650.00 70,00 653,531 70,360 
1C,90U HlUoOO t:IU,UO &44,,~b t1J,410 
19,400 950,00 90,00 1016.054 96,447 ............................................... 
FITTED PARAMETERS ................. 
L!VeL 3'ACII<Q • 4,00Z 'lU3•DR•IIIIW31,~03,@R HeY 
ASYMPT0T I C IN, 2N) CR0SS SECT 10N • 1075,80 PLUS•0R·M I NUS 67·, 54 MB 

RELATED DATA ............ 
N0N•ELASTIC CR0SS SECTI0N AT 14.2 HEV • 1457.,00 MB 
IN,2Nl THRES~.0lD • 11.02 MEV 
(N,3N) THRESH0LD • 20,06 MEV 

THIS 1Si!JT0PE HAS 34 NEUTRONS, 29 PR0T0NS, CHASS a &3J 

NEUTRoN E>CfSS PA~AMETER • ,07937 

RATI0 0F ASY'PT0TIC 1No2Nl T0 14,2 MEV N0N•ELASTIC 

N/SPACINCi • 
ERR0R 

. , 7384 PLUS•0R•M I NUS , 0601 

1, 080 
1.921 

AiSPACING • 13,120 
E~H0R 3, ~cO 

1200. 

1080. 

960. 

8'l0. 

Cll 
720. z 

D:: 
< 

·CD 

.J 

.J 

::0:: 
,!.. 
:z 
N 

.z 
b 

1080. 

960 • 

8~0 • 

~ 720.
D:: 
< 
CD 

.J 

.J 

::0:: 
,!.. 
z 
"' .z 
b 

CU-63 B 52 < 83) 

T = I. 6'!3 ! • 2'iD MEV 
a.J,N. 2N) = ID2D. 3 !?B. 5 MB 
q,(,N, 2N) 
~Jl'i.2) =. 7DD!.D5'i 

IZ 19 I~ 

CU-63 

'/ 

/ 
/ 

/ 

FITTED 
LINE 

15 16 17 
ENERGY< MEV) 

B 52 < 83) 

A = 'i.802!!.3D3 MEV"1 

q,{,N, 2N ) = I 075. 8! 87. 5 MB 
q,(,N, 2N ) 
~Jl'i.2) =. 738t.060 

r lrTED 
LINE 

I~ I~ I~ 15 16 17 
ENERGY< MEV) 

DATA 
POINT 

• EXPERIMENT 
c ADJUSTED EXPT. 

18 19 Zl 

DATA 
POINT 

• EXPERIMENT 

c ADJUSTED EXPT. 

3 

18 19 zo 21 

95 



96 

CU-65 ,,,FR0t1 REF, 8 69 ··············································· N,21<1 CR0SS SCCTI0N <MB) 
IIEASURED, EqR ADJUSTED, ERR ··············································· 13.050 

13.200 
14,100 
15,450 
16.000 
16.500 
17.050 
17.450 
lM.OOO 

770.00 
~\0 0 00 
'HO,I)O 
960 .oo 
Qh5. on 
oso.oo 
985.00 

tOtO 0 01) 
1055,00 

50 .oo 
60. no 
65. ou 
7U. 00 
70.00 
65.00 
65, no 
75.00 
75 .oo 

770.000 
810. ooo 
910.000 
980.090 
993.167 

1015.517 
1027.875 
1059.018 
1113.059 

50.0 00 
60.000 
65.000 
71.465 
72.043 
6 7. 356 
6 7. 829 
78.640 
79.127 

••• 0 ••• 0 •••••••••••••• •,• •• oooo •••••••••• 00 ••••• 

F 1 TH:D J.JARAt1F. rF.RS 

NUCLEAI-1 Tt:~IP, :: 1,161 PLUS·k1R-MJNUS ,Q44 MEV 
ASYMPHHIC (N,:?N) CR0SS SECT!k1N :: t05tL18 PLUS•0R•HINUS 14,69 HB 

RELATED OAT A 

tH1N-ELt..STlC CR0SS SEcT 16N AT 14,2 MEV 1477,72 MB 
<No2iO THRECiHO'ILD 1Q,06 HEV 
(1'-l,JN) THRESI-I[ILO 16,10 MEV 

THIS ISUH)PE Ht.S 36 NEUTRONS, 29 PR0HlNSo CHASS • 65) 

NI:UIW~N tXCE!:'~ PARA~t:TER : olU7bY 

R4Tir1 :,r •SY!"'PTOTIC (N,?.N) T~ 14o2 MEV N0N•ELASTIC 
o 7161 PLIJS•OR·M I NUS , 0099 

T.O!)UTf!d • In?~& J-DQOTPd • 9,iUiil 
J:RfH4R o ?1\4 ERR~R ·.~55 

CU-65 ,,,FR011 RI:F, 8 69 ··············································· liflliAGY ft,C~fl en"::;:; ~ECTUH~ H18} 
fHF-V' HFt.c;I!RF.Ilo E9R lin lii'T'n, ~gg ............... ~·······~~-··-.·····4············· ..... . 
13,050 770,00 50,00 770,000 50,000 
1~,?no Rtn,no ~o.oo Siooooo 60,ooo 
1<,1oo 910,oo 65,oo ho.ooo 65,ooo 
15,450 960,00 70,00 980,090 11.<6' 
16,000 965,00 70,00 993,167 72,043 
16,50o •ao,oo 65,oo 1015,517 67.356 
17,050 985.nn 65,00 1027,875 67,829 
17,450 1010.00 75,00 1059o018 78',640 
18,000 1~55,00 75,00 1113,059 79,127 

••••••••••••••v•••••••••••••••••••••••••••••••• 

r1 TT~U PARAMETERS 

LEVEL SPACING = 9,186 PLUS•0R·I1JNI,IS ,661PfR MfV 
ASYMPT0tiC l"o2N) CR0SS SECTI~N • 1081,99 PLUS•0R•HINUS 15.76 MB 

RELATED UATA .............. 
NCN•ELASTJC CR0S.S SECTI0N AT 14,2 MEV c 1477,72 HB 
CN,2N) THRESH0LD: 10,06 HEY 
CN,JN) Tt-tkESHfi'iLO c 18,10 HEY 

THIS ~Skl10PE HAS 36 NEUTR0NS, 29 PR0T0NS, {fUSS c 65} 

NEUTR0N EXCESS PARAMETER : ,10769 

RAT10 0F A5YHPT0TIC CNo2N} 10 1.4,2 MEV N0N·ELASTIC 

N/SPACING • 
ERRV:R 

,7J22 PLUS•0R-~INUS ,0107 

3. 919 
• 282 

A/SPACING : 
ERR0R 

7. 076 
,509 

1200. 

1080. 

9SO. 

8~0. 

"' 720. z 
"" < 
CD 

...J 

...J 

:0:: 
600. 

..!.. 
z 
N 

.z ~eo. 

b 

1080. 

ssn. 

~0. 

~ 720. 

"" < 
CD 

...J 

...J 

::r:: 
..!..· 
z 
N 

600. 

- ~90. 

b 

3SO. 

2~0. 

120. 

0. 
10 

CU-65 B 69 

T = 1. 161!. O'i'l MEV 
<r.sVJ. 2N) = 1058.2 il'l. 7 MB 
o;J,N. 2N) _ • 
q;-'.14.2) -. 716-.010 

. FITTED 
LINE 

DATA 
POINT 

• EXPERIMENT 
o An.IIISTFn FXPT. 

12 13 I~ 15 IS 17 19 
ENERGYCMEV) 

CU-65 8 69 

A = 'ii. 1116 ~. GGI Mli:V-! 
o~.2N>= 1082.0115.8 
u,J,N;2N> 
q;Jl'1.2) =. 7321,011 

Fl TTED 
LINE 

II 12 13 I~ 15 
ENERGY( MEV) 

DATA 
POINT 

• EXPERIMENT 

0 AOJUSfED EXPT. 

3 

IS 11 18 19 



l:U·61j ••• FR~M i?EF" I c 69 ·············································· Et..ERGV N,2:V CR0SS SECTI0N CHSJ 
IMI:VJ MEASUREUo ERR ADJUSTED, ERR 
••••••••••••••••••••••o•o••••••••••••••••••••• 
14.400 939,00 150.00 942,345 150,534 
15,700 951.00 150.00 974,537 153,712 
16•,700 950,00 150.00 986,999 155.842 

•••• •• 00 •• 0 ••••••••••• 0" •••••••••••• ••••••••••• 

f"ITTEil P.ARA.METERS 

Ni.JCLEAI( TE~P. : .'914 PLUS•I:lR·MINUS .018 MEV 
ASYHPT~TIC OJ,2NI CR~SS SECTJ!i:N": 991,32 PLUS•0R•MINUS 2,58 116 

RELATED DATA ············ N'JN•ELASliC CR0SS SECTI4>N A.T 14.2 MEV 1477,72 HB 
(~,2N) ri-4RESHiRD = 10,!16 :-tF.'I 
<...,·,JNI THRF.S..,."LO 18.10 MEV 

HtiS IS~I~PF. H4.S 36 NI::UTRa.~s. 29 PRI:lTUNSo IMASS 11 6SI 

I~EliTRI:ll~ EXCESS PARAMETC:H : .10769 

RaTit.l Jf ASYt!PT~TrC (N,~N) Tk) 1<1~2 HEY Ni1N"'ELASTIC 

T•SCQT (tJ > ·: 
C;"{H;JR 

,6708 ~LIJS-~lR-MINUS ,0017 

5 • 4A4 
,1 f"'R 

T•SQ~TCAJ : 
ERROR 

CU-65 ,,,F'R011 REF", C 69 

7.369 
.145 

··············································· ENERGY N,2N CR0SS SECTI0N (MBI 
<MEV) MEASURED, fRR ADJUSTED, ERR ··············································· 14.~00 939.00 150,00 942,345 150,534 
15,700 951,00 150,00 974,537 153,712 
1~. 700 950.00 150,00 ?06,999 1lj':o,04Z ··············································· 

Vl z 
Ck: 
< 
(IJ 

_J 
_J 

::E 
,.!.. 
z 
"' z 

1080. 

960 • 

1080. 

Slill. 

r I TTED PARAMETERS 8~0. ················· LEVEL SPACING •16,397 PLUS•0R·MINUS ,381PER MEV 
AS'ft1PT0TIC: fN,,N\ r.RASCO t;Fr:q~N w 0011,74 !ilL.Ui•@R-HIPIU~ 1,611 Hi 

RELATED DATA ············ '0N-ELASTIC CReSs SECT!0N AT 14,2 MEV= 1477,72 M9 
(N,2NJ THRESH0LD :11 10,06 MEV 
CN,JN) THR€:SH0LO • 18,10 1-tEV 

THIS IS"T0PE HAS 36 NEUTR0Ns, 29 PR0T0NS, (11ASS • 65J 

NEUTR~N EXCESS PARAMETER : .10769 .. 

RATI" 0F" ASYHPTATIC (N,2NJ HI 14,2 HEY NON•ELASTIC 
~ . .6745 PLUS•0R-J11INUS ,0011 

N/SPACING • 
EHR0~ 

2,106 
• 051 

.A/SPACING • ~,964 
ER~0R ,092 

Vl 
z 
Q:: 
< 
(IJ 

_J 
_J 

::E 
,.!.. 
z 
N 

z 

CU-65 c 69 

T = .91 1P .D18 MEV 
<Y..f,N. 2N) = 991.3 t 2. 6 MB 
o;J,N. 2N) _ • 
q;J.1'i. 2) -. 671-. DD2 

FITTED 
LINE 

----

II 12 13 I~ 15 
ENERGYC MEV) 

CU-65 c 69 

A= 16.397!.381 MEV- 1 

<Y..f,N, 2N l =: 996.7 t \. 7 MB 
g.J,.~, 2N ) _ , 
q;J.1'i. 2) -. 675-. DD1 

FITTED 
LINE 

DATA 
PCJINT 

• EXPERIMENT 

D ADJUSTED EXPT. 

16 

DATA 
PCJINT 

11 

3 

18 

• EXPERIMENT 
o ADJUSTED EXPT. 

19• 

II 12 I~ 15 16 17 19 
ENERGY( MEV l 

97 



98 

cu•65 •• ,FR0H REr, P 65 (892> ............................................... 
ENERGY N,2N CRBSS SECTION IMBl 
<MEVJ MEASURED, ERR ADJUSTED, ERR ............................................... 
12,000 653,00 46,00 653,000 46,000 
12,760 672,00 47,00 672,000 47,000 
12,980 747,00 52,00 747,000 52,000 
13,100 758,00 53,UO 756,000 53,000 
13,360 627,00 56,00 827,000 56,000 
13.540 855,00 60.00 855,000 60,000 
13,8b0 909,00 64,00 9Q9,000 64,0\JU 
14,050 893,00 63,00 89J.UOO 63,000 
14,610 988,00 69,00 995,126 69,49ti 
14,YQO 986,00 o9,0u 999,397 69,938 
15.1HO 1007,00 70,00 102J,785 71.167 
15,550 1020,00 72,00 104Y,054 73,616 
15,710 1065,00 75,00 1091,51H 76,667 
10,030 1047,00 73,00 107d,Ol6 75.163 
16,240 1046,00 73,0Q 1080,127 75.382 
16,5YO 1079,00 76,110 1119.427 7b,847 
16.930· 1063,00 75,00 1107,623 78,148 
17.270 1045,00 73,00 1093,394 76,381 
17,5YO 1054,00 74,00 1106.941 77,717 
17,900 10b0.00 74,00 1117,11b 77,987 

1100011111110110111110111011 II 1 DlfliiiO IIO.,IOOf'll 

F I TTI::U PAHAHFTERS 

l~tJCLEAR TEMP, :: 1,330 PLUS•0R·MINUS .017 MEV 
ASYMPHHIC (N,21n CRI1SS ::iECTi0N: 1146,05 PLUS•0A•HINUS 7,67 Md 

RELATED ilATA 

NI1N•ELAS11C CRt,SS SECTJDN AT 14,2 HEV = 1477,72 HH 
Pl,:itl) Tllfi[&IIP~D 10,06 !'!I!V 
II.,Oid Tlilll:,llllLD 10110 11[',' 

THIS IS~TCPJ: HAS 36 N£:UTW~NS, 29 Pk~T0NS, OIASS • 65) 

NEUTHilN eXCESS PARAH~lEH : ,107o9 

HATIV! ~F" ASYMPHHIC (N,2N) T\6 14,2 HEV N0N•ELASTJC 
,7755 PLVS-IIA-fo\INUS ,00~2 

T•SURT(N) : 
ERR.::JR 

71980 
,102 

T•SuRltA) = 10,723 
EkR0R o137 

CV·65 , .. F"R0H REF", p 65 1892) 

····························~·················· ENERGY N,2N CR0SS SECTI0N IMBl 
I MEV l MEASURED, ERR •DJUSTED, ERR 

11111••••• .... 41-0ff'ftltlfl II II I Ill II I I I I I I II II IIIII 

1?,61)('1 6!\3 I 00 46, DO 6~l. 000 H,OOO 
12 I 76oO 672,00 4? 100 6?;!,000 47 I OOQ 
12.960 747,00 52.00 747,000 52.000 
P,100 7~6, Oq 53, DO 158,000 ;J' 000 
13.380 82'. on 58 .oo 627, DOD 58, DOD 
13,540 855, DO 60 .oo 655, DOD 60·,ooo 
13 .sao 909, DO 641 OQ 909, DOD 64,000 
14,0~0 893.0 0 63, oo 893.000 63,000 
14,610 988, on 69, DO 995,126 69,498 
141990 986.00 691 DO 9991397 69.938 
15,160 1007,00 70, DO 1023.765 71,167 
1>. ~•o 1026,00 72.00 1049,054 73,618 
151710 1065, DO 75,00 10?1,518 76,867 
16.030 1047,00 73, DO 1076,016 751163 
H,240 1046,00 n.oo 1060' 127 75.362 
16.590 1079, DO 76100 1119,427 76.647 
16.930 1063,00 75, DO 1107,623 78,146 
17,270 1045,00 73 ,oo 1093,394 76,381 
17. 590 10S<.oo 74,00 1106,941 77,717 
17,900 1060,00 74100 1117,116 77,987 ··············································· 
FITTED PARAMETERS ................. 
LEVEL SPACING • 6,717 PLUS•0R•MINUS ,23DPER MEV 
ASYMPT0TIC IN,2Nl CR0SS SECTIBN • 1194,28 PLUS•0R•MINUS 11·,95 MB 

RELATED DATA ............ 
fi0N•ELASTIC CR0SS 5ECTI0N AT 14,2 MEV • 1477.,72 MB 
(N,2N) THRESH0LD • 10 1 06 HEV 
(N,JN) THf<ESH0LD II 18,10 HEV 

THIS IS0T~PE HAS 36 NEUTRBNS, 29 PR0T0NS, I MASS • 

NEUTR0N EXCESS PARAMETER : ,10769 

RATI0 0F ASYMPT0T(r. 1No2Nl T9 14,2 Mi:V NaN-ELASTIC 

N/SPACING c: 
. ERH0R 

, 8082 PLUS·BR•M I NUS , 0061 

5. 360 
'184 

A/SPACING • 
ERR0R 

9,677 
.331 

65) 

1080. 

960. 

8'10. 

~ 720. 
a:: 
< 
(D 

..J 

..J 
600. z: 

,!.. 
z 
N 

z '180. 

b 

360. 

2'10. 

llu. 

CU-65 p 65 (892) 

T = 1.330t.017 MEV 
a.J,N.ZN>= ll'i6.0t 7. 7 
o;,(,N, 2N ) _ 
q_p'i.Z) -. 776t.OO 

FITTEO 
LINE 

OATA 
PCIINT 

• EXPEIHHENT 
n AOJUSTEO F.:XPT. 

o.11.6.. ....... w.... ....... ....r.... ....... ....L ....... ......u ....... ~.~.....o.~..J....~~~........,~...u.......:~ 
10 II 12 13 I~ IS 16 11 18 19 

ENERGY< HEV) 

1170. 

1()110. 

910. 

~ 780. 
a:: 
.c 
(D 

..J 

..J 

:E 
,!.. 
z 
N 

650. 

z 520 • 

b 

390. 

260. 

130. 

l:U-65 p 65 ( 892) 

A= 6.717i,230 HEV-1 

q_J.N, 2N) = 119'i. 3t!2. 0 HB 
o;,b,N, 2N) 
q;J 1'i. 2) =. 808t. 008 

FITTED 
LINE 

DATA 
Pili NT 

• 
0 

EXPERIMENT 

ADJUSTED EXPT. 

ci~o~~~~~~~~~~~~~~~3~~~~~~~~~~s~~~~s~~~~~7~~.~~B~~~~9 
ENERGY< MEV) 



cu-65 , • ,F"RrdH REr, s 66 I 2065 I ............................................ 
ERliY N I 2N CR0SS SECTI~N IHBI 
EV I HEASUREO, ERR AUJUSTEO, ERR ............................................ 

11,220 206,00 141 QQ 206.000 14.000 
11,500 305,00 18. oo 305,000 18,000 
11,610 377,00 20 t QQ 377,000 20,000 
12. oou 456.00 24, DO 456,0UO 24.000 
12,100 490,00 25.00 490,000 25,000 
12,600 651,00 JO, 00 651,000 JO,OOO 
13,060 775 ,oo 50 .ou 775, oou 50,000 
13. 5&0 663,00 60, DO 863,000 60,000 
13, 5AU 874,00 26. uo 874,000 26.000 
13 ,d90 909' 00 27 t QQ 909,000 27.000 
14,250 943, on 28.00 943,&47 28,025 
1'1, sno 97.,,on l~. oo 978,100 JU,l5Y 
14,6&0 <.181, 00 30. oo 9ij9. 249 JO, 252 
14.740 1002,00 30, DO 1011.445 30,283 
lb ,300 1015,00 60 too 1048,97J 62.0 06 
16. ~00 1009,00 60.00 11.2'8 1 4()~ 6:t ,1/4 
10 0 600 1022,00 60, DO 1060,430 62.256 
17 ,900 1074 ,on 65 ,oo 1131 .a 10 68.5 02 ............................................... 
f' I TTED PARAttl:TI:!R:S 

RELATE•l lhT6 ············ N0N•ELASTIC CReSS SECTI:ON AT 14,2 HEV ;: 1477,72 HB 
(N,2Nl THHESH0LD 10,06 HF.V . 
(N.JN) THt<ESH0LD 16,10 HEV 

THIS IS0T~PE HAS 36 NEUTHI6NS, 29 PR~HlNS, CHASS • 651 

NEUTRfJN EXCESS PARAMETER = ,10769 

RATIA "F" ASYHPT0T!C (No2h) H1 14.2 MEV N0N•ELASTIC 
,8115 PLUS•0R•HINUS ,0156 

T•SORT(N) = 
ER~0R 

e, 616 
.216 

T•SOHT(A) ~ 11,577 
ERH0R , 290 

CU•65 I·~ ,rR"" Rer, s 66 C 2065 I ··············································· ENERGY . N, 2N CRBSS SECT IBN CMBI 
CMEY I MEASURED, ERR ADJUSTED, ERR ··············································· 11,220 206,00 14,00 io~.ooo 14,000 
11, 5uu J05. 00 18,00 J05,000 18,000 
11.610 J77. 00 20.00 377, nno 20.000 
1~.ooo 456, DO 24 ,oo 456.000 24, DOD 
12.100 490,00 25,00 490,000 25.000 
12,600 651, DO JO, 00 651, DOD · Jo,ooo 
1J, 080 775, DO 50.00 775,000 50.000 
13,580 a6J,oo 60.00 863.000 60·, 000 
13.580 874.00 26, DO 874.000 26,000 
13.890 909.00 27 .oo 909,000 27, DOD 
14,250 943,00 28, DO 94~,eH 28. 0?5 
.lt4 ,!JUU YIJ, 00 JO ,00 078.168 30 .• 159 
14,680 981,00 30,00 989.249 30.252 
141740 1002, DO 30,00 1011,445 30.283 
16,300 1D15,oo 60.00 1048,973 62.008 
16,500 1089,00 60, DO 1128. 46·7 62.174 
16,600 1022,00 60 .oo 1060,430 62·, 256 
17,900 1074,00 65,00 1131,870 68.502 ··············································· 
F I T.TEO PARAMETERS ................. 
LEVEL SPACING • 4,984 PLUS•BR•HINUS .,J73PER HEY 
ASYMPUTIC CN,2NI CR~SS SIOCTIBN 1 1.a?3,3? PI.U~•••••INUS •l.,67 HB 

RELATED DATA ············ NBN•ELASTIC CRBSS SECTIBN AT 14,2 MEV • 1477,72 M8 
1No2NI THRESHBLO o 10,06 HEY 
(N,3N) THRESH0LD • 18,10 HEV 

THIS ISBT0PE HAS 36 NEUTRBNS, 29 PR0T0NS, CMASS o 651 

NEUTR0N EXCESS PARAMETER o ,10769 

I 0F ASYHPUTIC CNo2NI T0 14,2 MEV N0N•ELASTIC 
, 8955 PLUS•0R·H I NUS , 0289 

lCING • 7,223 
ERR0R ,541 

A/SPACING • 13,042 
ERROR ,976 

"' z 
0:: 

113 
...J 
...J 

:E: 
,!.. 
z 
N 

z 

b 

U') 
z 

.Q< 
< 
ID 

...J 

...J 

:E: 
,!.. 
z 
N 

1300. 

1170. 

Ul'IO. 

910. 

780. 

650 • 

520. 

390. 

260. 

130. 

0. 
10 

1260. 

1120. 

980. 

8~0. 

700. 

z 560 • 

b 

~zo. 

zeo. 

1~0. 

c. 
10 

.99 

CU-65 s 66 <2065) 

T = I. '!36 ~ • 036 MEV 
a,J.N. 2N) = 1199. 2~ 23.0 MB 
a.J.N, 2N > _ • 
q_p'!.2) -.612-.016 

FITTED DATA 
LINE PCJINT 

• EXPERIMENT 

a ADJUSTED EXPT. 

II IZ 13 ·~ IS 16 17 18 19 
ENERGY< MEV ) 

CU-65 s 66 ( 2065) 

FITTED DATA 
LINE PCJINT 

• EXPERIMENT 

a ADJUSTED EXPT. 

II IZ 13 ·~ IS 
.ENERGY< MEV) 

16 17 18 19 



100 

CU-65 .. ,F'RiaH HEF', B 63 (417> ............................................... 
ENERGY N,2N CR0SS SECTI0' CMBJ 
01EV) MEASURED, ERR ADJUSTED, ERR ............................................... 
13,200 760,00 4Q 1 QQ 760,000 40 '000 
141 lQQ 920,00 5o, oo 920' 000 50,000 
14 ,600 950,00 50' 00 956,6Se 50 0 352 
15,2UO 940 I 00 40, Otl 955,969 40,680 
15,500 960,00 40, oo 980,832 40,868 
15 0 500 970.00 50, DO 991,U49 510 085 
16 '500 9501 QQ 40' oo 964,429 41,450 
17,500 850,00 40,00 891,770 41,966 
lS, DOD 830,00 40 ,oo 875,677 42,201 ··············································· 
fITTED PAHAME TERS 

NUCLEAR TEMP, ' ,941 PLUS-0R-MINUS ,145 MEV 
ASYMPT0TIC.cN,2tl) CR0SS SECTION: 9~7,93 PLUS·~R·HINUS 28,25 Hd 

RELATED DATA 

N0N•ELASTIC CR0SS SECTJ0a AT 14,2 MEV 1477,72 HB 
(N,2N> THHESU0LD 10,06 HEY 
(N,Jf\1) TMRESH0LO 18.10 HEY 

THIS IS0TUPE HAS 36 NEUTR~NS, 29 PR0lil,So CHASS • 6, 

t-4EUTn0N EXCCSS PARAMETER = ,10769 

RATI0 0f ASYMPT0TIC CN,2NJ T0 14,2 MEV NaN-ELASTIC 

- !•£nlii.T(N\ :
ERR0R 

,6482 PLUS-0R-MINUS ,OlYl 

-;,-6.t:lll 
0 870 

TtiiflRT" 1 ' 
ERR~R 

, , ,fR0H REF, B 63 14171 

7 .5&7. 
lo169 · 

............................................... 
ENERGY N,?N r.Re•S SFr.TI~N IHAT 
CHEVJ MEASURED, ERR ADJUSTED, ERR 

········~······································ 13,200 760,00 40,00 760,000 40,000 
1.4.100 9?0.00 50.00 920.000 50.0DO 
14,600 950,00 50,00 Y56,688 50,352 
15,2oo· 94o,oo 4o,oo 955,?69 40,680. 
15,500 960,00 40,00 980,832 40,868 
15,50D Q70,00 50,00 991,049 51.085 
16,500 950,00 40,00 984,429 41,450 
17,500 850,00 40,00 891,770 41,966 
18,000 830,00 40,00 875,677 42,201 ............................................... 
FITTED PARAMETERS ................. 
LEVEL SPACING •15;309 PLUS•0R-HINUS5,344PER MEV 
ASYHPTeTIC CN,2NJ CR0SS SECTI0N • 962,65 PLUS•0R•MINU5 33,89 HB 

REI, A TED DATA· ••..•••..... 
N0N-ELASTIC CR0SS SECTI0N AT 14,2 MEV • 1477,72 HB 
CN,2N) THRESHeLD • 10,06 HEV 
CN,3N) THRESHeLD • 18,10 HEY 

THIS IS0T0PE HAS 36 NEUTReNs, 29 PReTeNs, (HASS a 651 

NEUTR0N EXCESS PARAMETER ' ,10769 

RATie 0f ASYHPT0TIC CNo2NJ T0 14,2 MEV N0N•ELASTIC 

N/SPACING a 
ERR0R 

,6,14 ._,l..US•~R·HlNUS ,Ui!!C'9 

2 0 352 
'821 

A/SPACING • 
ERR0R 

'190. 

880. 

'170. 

~ 560. 
0:: 
< 
CD -...J 

;:! 550. 
:E 
A 
z 
N 

z qlj(), 

b 

330. 

220. 

110. 

CU-65 B 63 (~17) 

T '" 15.309~5 .• 3~~ M ··u+-
<J.J,N. 2N) = 962.7% 33. t 
g,C,t!, 2N) • - - - - - - - ~ 
q._p~.Z) =.65P.02 t 

FITTED DATA 
LINE PC! INT 

• EXPERIMENT 
0 ADJUSTED EXPT. 

3 

II 12 13 lq IS IS 11 18 19 
ENERGY< MEV ) 



CU•65 .,,FR0H REF, H 63 (3401 ·············································· ~NERGY 
(HEV) 

N,2N CR0~S SECT111N tHBI 
MEASURED, ERR AlJJUSTED, ERR .............................................. 

12,600 
12,700 
13,100 
13,500 
14,100 
14,300 
15, ?.00 
15,900 
16, bOO 
17. ?.00 
17, YOO 

669,00 
673,00 
873,00 
o921, Oil 
965,00 
971,00 

1028,00 
1009,00 

950,00 
991,00 
935,00 

60' 00 
61' 00 
79' 00 
74.00 
87. oo 
BJ 1 QQ • 

93.00 
91, ou 
86.00 
89. 1'10 
84.00 

669,000 
673,000 
873,000 
821.000 
965,00~ 
972.740 

ltt45 0 464 
1036,976 
9H~,7~2 

1036,024 
985,Ja~ 

60,000 
61,000 
79,000 
74.000 
87,000 
87 ,156 
94.580 
93 '523 
09.234 
9.1. 044 
88 I 526 ··············································· 

r ITT ED PA~AHETERS 

NUCLEAR TE!1P, = 1,127 PLUS•0R-Hifi..US ,068 MEV 
ASYMPT0TJG (N,2Nl CR0SS SECTI~N = 1050,6& PLUS•0R•HINUS 29,.94 Hti 

kELATI:O UA TA 

NUN .. E:LASTJC CR0SS SE:Cli0N AT 14,2 HEV 
(N,2NJ THRESH0LD: 10,06 HEV 
(U,31d THHESH0LO 1ti,l0 MEV 

1477,72 HB 

THIS ISkln.:PE HAS Jb hE::UTR~NS, 29 PRlHi:!NS, CHASS = 6~) 

kEUTRk1N E:.tCESS PARAMETER : ,10769 

RAT10 0r ASYHPT0TIC (N,2N) T0 14.2 MEV N0N•ELASTIC 
,7111 PLUS•0R·HINIJS o0203 

ToSUHT(N) = 6,762 T•St.RTCA) = 9,086 
ERR~R , 408 ERR~R , 5~8 

CU•65 , • ,F'RmH REr. R 63 C340) ··············································· ENERGY N,2N cRBsS SECTI0N IHBl 
IHEVl MEASURED, ERR ADJUSTED, ERR ··············································· 12,600 669,00 60,00 669,000 60,000 
12,700 h7~.oo 61,00 673,000 61,1100 
13.100 873,00 79.00 873,000 79·, 000 
13,,oo 821.oo H,oo e21.uoo ,.·,ooo 
14,100 965,00 87.00 965,000 87 .• 000 
14,300 971.00 87,00 972,7~0 87,156 
15,200 1028.00 93.00 1045.464 94,580 
15,900 1009,00 91,00 1036,976 93,523 
16,6oo 950.oo a6,oo 985,722 89,234 
17,200 991,00 89,00 1036,024 93,044 
17,900 935,oo 84,00 985,380 88 1 5ZO 

•••••••••••!!'!!11116il118wWw•w•••••••••aaiiiiee•••• 

rJTTED PARAMETERS ................. 
LEVEL SPACING • 9,628 PLUS•0R·HINUS1,376PER HEV 
ASYHPT0TIC (N,2Nl CR0SS SECTI0N • 1073,95 PLUS•0R•HINUS 38.,52 HB 

RELATED DATA 

N0N•ELASTIC CR0SS SECTI0N AT 14,2 HEV • 1477,72 HB 
(N,2N) THRESH0LD • 10,06 HEV 
1No3Nl THRESH0LD • 18,10 HEV 

THIS 16DTDPE HAS 36 NEUTRDNS, 29 PR0T0NS, IHASS • 651 

NEUTR0N EXCESS PARAMETER a ,10769 

RATI0 0r ASYHPT0T!C (N,2Nl Ta 14,2 HEV N0N•ELASTIC 

N/SPACINC • 
ERR0R 

,7268 PLUS•0R•HINUS ,0261 

A/SPACING • 6, 751 
ERR0R ,965 

1080. 

960. 

8'10. 

~ 720. 
<>:: 
< 
CD 

<J') 
z 
<>:: 
< 
CD 

...J 

...J -::a: 
,!. 
z 
N 

...J 

...J 600. 
::a: 
,!. 
z 
N 

z 
b 

~80. 

360. 

2'10. 

120. 

0. 
10 

1080. 

960. 

8'10. 

720, 

600. 

z '180. 

b 

3&0.-

120. 

CU-65 R 63 < 3'i0) 

T = 1.127t.068 HEY 
cr...{,N. 2N) = 1050.9 t 29 
q,(,N, 2N) _ • 
qJ.I'i. 2 ) -. 711-.020 

II 12 13 I~ 

FITTEO 
LINE 

15 
ENERGY< HEY ) 

CU-65 R 63 ( 3'i0) 

A = 9. 628 :t I. 376 HEV"1 

qJ,N. 2N) = 107'i. 0 t 38 

qJ,I!, 2N) _ • 
qJ.I'i.Z> -. 727-.026 

FITTED 
LINE 

OATA 
PC INT 

• EXPERIMENT 

D ADJUSTED EXPT. 

16 

DATA 
PC INT 

17 

• EXPERIMENT 

c ADJUSTED EXPT. 

101 

19 

II 12 13 I~ 15 16 17 19 
ENERGY( HEY) 



102 

CU•65 .,JR0H REr, P 61 15881 ............................................... 
ENERUY N,2N CR0SS SECTI0N IMBl 
tMEV) MEASURED, ERR ADJUSTED, ERR 

•••••••••••••••••••••••o••••••••••••••••••••••• 
12,060 504,00 25,00 504,000 25,000 
13,330 778,00 31,00 778,000 31,000 
13,400 771,00 31,00 771,000 31,000 
13,520. 814,00 33,00 814,000 33,000 
13,690 830 .• 00 33,00 830,000 33,000 
13,880 879,00 35,00 879,000 35,000 
14,01U 879,00 35,00 879,000 35,000 
14,090 906.~0 36,00 906,000 36,000 
14,310 892,00 36,00 893,757 36,071 
14,500 937,00 37,00 941,977 37,197 
14,6d0 953,00 38,00 961.013 38,320 
14,810 968,00 39,0U 978,264 39,414 
14,930 975,00 39,00 987,285 39,491 
16,500 997,00 50,00 1033,133 51,812 
17,950 930,00 •H,OO 980,647 49,560 

0 00 00 00 I. 0 o 00 04t •••• 00 OoOO 00 •• 0000 0000 00 eo 00 00 00 

riTTEU PA"AMETERS 

NUCLEAR TE:MP. a 1,249 PLUS•0H•I"IltWS .040 MEV 
ASYHPT0TIC (N,2Nl CR0SS SECTI3N ' 1066,59 PLUS•0R·HINUS 18,35 H~ 

RELA HD OA TA 
oo•••••••••• 
NeN·ELASTIC CR0SS SECTI0N AT 14 0 2 MEV 1477,72 HB 
tN,2N) THRESH0LD 10,06 HEV' 
(N,JN) ThRESHaLD 18,10 HEY 

THIS IS0TI1PE HAS 36 NEUT~0NS~ 2Q PR3T0NS, tH•Ss z: 6'!)) 

NEiJTR"N E:Xt:ts~ PAAAI'IeTen ; , l076Y 

!1.~Tl0 klF" ASYHPT0TIC tN,2N) TU 14,2 HI::V N0N•ELASTJC 

T•SQHT(N) :: 
ERROR 

CU·65 

,ll!1U t'lUb·~R·I-IINUG .01~4 

71494 
• ?.40 

T•SURT(A) :~~ 10,070 
ERROR .322 

••• rRoH Rer, P 61 <see> ··············································· ENERGY N,~N CR0SS SeCTI0N IHBl 
IMEI'l HElSUR~iJo ERR A0JU3TEO, ~nn ····························· ................. . 12,060 'c1.uu ~5.oo 5o<4.ooo rs.ooo 
13,J30 ?H.~n 31,00 778,000 31.000 
13,400 1/l,UU 3.1.,00 711,000 31 1 000 
13,520 814.00 33,00 814,000 33,000 
13,690 830,00 33,00 830,000 JJ,OOO 
13,880 R79.no 35.00 879,000 35,ooo 
14,010 879,00 35,00 879,000 35,000 
14,090 906.oo 36,oo 906,ooo 36',ooo 
14,310 892,00 36,00 893,757 36,071 
14,500 9~7.00 37.00 941,977 37.197 
14,680 953,00 38,00 961,013 38.320 
14,810 966,00 39,00 970.:264 3?,414 
1-1.9ao ~,~·.n-:- 1o.nn 987,287 ;s9,C91 
16,500 997,00 50,00 1033,133 ·51,&12 
17,950 930,00 47,00 980,647 49,560 ...................... , ....................... . 
r I TTED PARAMETERS 

LEVEL SPACING • 7,500 PLUS•0R•HINUS ,635PER H~V 
lSYHPT0TIC (N,2~l CR0SS.SECTI0N • 1115,71 PLUS•0R·HINUS 28,57 HB 

RELATED DATA .............. 
N0N•ELASTIC CR0SS SECTI0N AT 14,2 HEV c 1477,72 HB 
IN,2Nl THRESH0LD o ·10,06 MEV 
<N,JN) THRESH0LD • 18,10 MEV 

THIS IS0!0PE HAS 36 NEUTR0NS, 29 PR0T0NSo IHASS • 6~1 

NEUTR0N EXCESS PAP.AHETER c ,10769 

.RATI0 0r ASYHPT0TIC 1No2Nl T0 14,2 MEV N0N•ELASTIC 
, 7550 PLIJS-oR-HINUS ,0193 

N/SPACING a 
. ERR0R 

4.800 
• 406 

A/SPACING a 8·,667 
liRR0R , 7H 

llllO. 

990. 

880. 

110. 

(/) 
660. z 

0:: 
< 
<D 

...J 
;:::! 550. 
::0:: 
,I.. 
z 
N 

z ~'10. 

b 

330. 

220. 

110. 

0. 
10 

1080. 

!ICQ, 

8'10. 

~ '1110, 

b 

360 • 

l'!U. 

120. 

CU-65 

T = I. 2'!9 t • O'iO HEV 
o;.r,N. 2N) = 1066.6 !1 
a..(,N, 2N) 
~'- 1 '!. 2 ) =. 722t.01 

------ -+-- t 

FIT TEO 
LINE 

l1 I 1111d 

II 12 13 I~ 15 
ENERGYC HEV) 

CU-65 p 61 (588) 

A = 7. 500 ± • 635 HEV"1 

o;_.J,N. 2N) = 1115. 7 ± 28. 6' 
o;J.N, 2N) 
~'-1'!.2> =.755~.019 

FITTED 
LINE 

DATA 
PCJINT 

• EXPER!HENT 

0 AiJJU5TEO EXI"f. 

•• II I 
!l!.owu 

16 

DATA 
FOINT 

17 18 

• EXPERIMENT 
o ADJUSTED EXPT. 

19 

ci~o ............. ,L, =""-'""'12 .............. ,3'::"-' ............ ,~Lo.o..o. ......... ts:"""~··" ; ... ~~· ~=, ~ .......... ~
3

"'Ju..o.o..~ ..... , ...,~9 
ENERGY(HEV) 



CU•65 , , ,F'R0H REF, P 60 C1720) ............................................ 
;RGV N,2N CR~SS 5ECTI0N IMBJ 
;v J MEASURED, ERR ADJUSTED, ERR ············································ 13' 200 1250, DO 130, DO 1250.000 130,, DOD 

13.600 1350,00 140,00 1350,000 140 I DOD 
13 .t~50 1400,00 140 '00 1400, DOD 140.000 
14,150 1320·, 00 130,0U 1320.000 lJQ 1 OQO 
14.400 1480' 00 150,00 1485,272 150.534 
14' 700 1700,00 170,00 1714,872 171,467 
14 '950 1600, DO 160,00 lb20,0tiH lb~,OoY 
15,350 1750,00 17Q 100 178J,B89 173.292 ............................................... 
F' I TTEO PAR.t.MF.TF.RS ................. 
NUCLEAR TEHP, = 1,591 PLUS•0H•HINUS ,265·MEV 
ASVMPUTI(; IN,2NJ CR0SS SECTI~N • 2024,J5 PlUS•0R•MINUS 231,69 MB 

RElATED OATA ............ 
N0N•ElASTIC CROSS SECTieN AT 14,2 MEV 1477,72 MB 
(N 1 2N} THHESH0lD 10,06 MEV 
CN,JN) TtiRESH~LD 18 1 10 MEV 

THIS IS0Tk1PE HAS 36 NEUTRIIINS, 29 PR"ldNS, CHASS • 65) 

NI::UHH1N t:XCFSS PARAH€TFR : .1 fo769 

RATI• ~· ASYMPTOTIC IN,2NJ T" 14,2 MEV N0N•ElASTIC 
1. 3699 PLUS•0R·H I tn/S o1568 

hSQRTCNJ = 9,546 T•SQRl(A) II 12,827 
ERH~R 1, 590 ERHOk 2,136 

CU•65 ., , FROH REF, P 60 11720 J ............................................... 
ENERGV N,2N cROSS SECTIBN IMBJ 
IMEVJ MEASURED, ERR ADJUSTED, ERR ............................................... 
13,200 1250,00 130,00 1250,000 130,000 
13,600 1350,00 140.00 1350,000 140,DOO 
13,850 1400,00 140,00 1400,000 140,000 
14,150 1320.00 130,00 1320,000 130,000 
14,400 1480,00 150,00 1485,272 150,534 
14,700 i7oD.oo 17D,oo 1714,872 171,487 
14,9':.0 1600,00 160,00 1620.688 162,069 
15,350 1750,00 170,00 1783,889 173,292 

•••••••••••••••••••••o•••••o••••••••••••o•••••• 

FITTED P~RAME TERS ................. 
lEVEl SPACING • 4,287 PlUS•9R•MINUS1,653PER MEV 
ASVMPT0TIC (N,2NJ CROSS SECTION z 2233,04 PlUS•0R•HINUS 345~25 MB 

RElATED UA1A ............ 
N0N:ELA5TIC CROSS iiCTUN AT 14.2 MEV c 1477.,72 MB 
CNt2N) TMRESH0LD 11 10,06 HEY 
1No3N) TMRESH0lD • 18,10 MEV 

THIS 150T0PE HAS 36 NEUTRONs, 29 PROTONS, !MASS • 65) 

NEUTR0N EXCESS PARAMETER • ,10769 

RATI0 OF ASYMPT0TIC 1No2NJ Ta 14,2 MEV NON•ElASTIC 
1o5111 PlUS••R·HINUS o2J30 

N/SPACING • 8,397 A/SPACING • 15.162 
ERROR 3,238 ERR0R 5,846 

2070. 

IB~O. 

1610. 

~ 1380. 

"' < co -....( 
....( 

<n z 
"' < co 
....( 

~ 
:0::: 
).. 
:z 

1150. 
::E 
).. 
z 
N 

z 920 • 

b 

690. 

~60. 

230. 

2600. 

23'10. 

2080. 

1820. 

1560. 

1300. 

I'! 
z Hl'!O, ·· 

b 

780. 

520. 

CU-65 p 60 ( 1720) 

T = !.59!±.265 MEV 
qJ,.N. 2N) = 202'i. 3! 231. 7MB 

q.(.N. 2Nl- 370• !57 f!'i.2)-!. ., 
C!;.t. 

FITTED 
LINE 

CU-65 p 60 ( 1720) 

A = 'i.287±t.653 MEv-1 

qJ,N.2N)=2233.Q±3'iS.2 MB 
qJ,N,2N) 
q;J.l'i. 2) =!. 511±. 23'i 

FITTED 
LINE 

OATA 
POINT 

• EXPERIMENT 
o ADJUSTED EXPT. 

3 

~ /----
_,. 

DATA 
POINT 

• EXPERIMENT 

o ADJUSTED EXPT. 

103 

ci.~o~~~~~~~~,~z~~~~~3~~~,~~~~,~s~~~~s~~~,~7~~~~~a~~~9 
ENERGY< MEV) 



104 

ZN-64 , • ,rR0M REF'. s 69 

·······~······································· ENERGY N,2, CR0SS SECTI~N IHB) 
tHEY) MEASURED, E~R ADJUSTED, ERR ··············································· 14.100 140,00 5,00 140,000 5.000 
14,600 205,00 10.00 207,164 10,106 
15,450 275,00 15,00 260,622 15.316 
16,000 32tl,OO 20,00 329,452 20,591 
16,500 375,00 25,00 366,756 25,917 
17.050 405,00 25,00 422.646 26.102 
17,450 410.00 25,00 430,149 26.229 
!7,750 440,00 30.00 463,229 31.564 
16,000 445,00 30,00 469,603 31.612 ··············································· 
F' I TTEri PARAMETEAS. ················· NUCLEAR TEMP, : ?.,476 PLUS•0R•HINUS ,069 MEV 
ASYMPTOTIC (N,ZN> CR0SS SECTION • 690,33 PLUS•0R•HINUS 22,50 HB 

RELATED DATA ············ 1119N•ELA5TtC CR~SS SECTIIJN AT 14,2 HEY 1467,41 118 
(N,2Nl THRESH'IJLO 12,04 11EY 
CNo3NJ THRESI-I~LI) 21,36 MEV 

THIS lS~T0PE HAS 34 NEiJTR0•'lS, JO PR01;:,Ns, C11AS$ a ~4) 

~JCUTRv.'J ~=:xcEss PAfu,.,ereH = • 06250 

RATI~ ~F ASn•PT0TIC {N,2Ni 116 14.2 MEV N0N•ELASTIC 
,4704 PLUS-0R-MINUS ,0153 

·raSutti\~J :; 1qoqJJ r•su~ltAl • 19,606 
E~nun , .-n2 ERROR , '52 

lN•64 , ,.f"R121H REF', 69 ............................................. ,. 
E"ERG'f N,2N cR0SS SECTION <HBl 
(HEV) liEASUREO, tHH ADJUSTED, ERR ...................................... ;~ ...... . 
14,100 140,00 5,00 140,000 5,000 
14,800 205,00 10,00 207,164 10,106 
15,450 275,00 15,00 260,622 15,3!6 
16,000 320,00 20,00 329,452 20,591 
16,500 375,00 ,5,00 388,756 25,917 
11,oso 405,oo 2s,oo 422,646 26,102 
!1,450 410,00 25,0~ 430,149 26.229 
17,750 440,00 30,00 463,229 31,584 
18,000 445,1')!1 ~1),1)0 469,803 31,672 .......... ·········· .......... ················· 
r I TTEO PARAMETERS Vl 

z ················· '"' LEVEL SPACING • l,OJJ PLUS·a~·HINuS ,135PER HEV 
ASYHPT~TIC (N,2Nl CR0SS SECTI0N • 901,35 PLUS·0R•HINUS 49,17 HB 

< 
(I) 

...J 

...J 

z: 
...!.. 
z 

R(LATf:O OAT A "' ............ 
NeN•ELASTIC CR0SS SECTI0N AT 14,2 MEV ' 1467.,41 H8 

.z 
(N,2N) THRESHe<LD 12,04 MEV 
<N,JNJ TtiRESI-I0LD 21,36 HEV 0 

HUS 1S121TllPE Hi\5 . 34 NEUTR0NS, 30 PR0T~NS, (HASS = 64) 

:,EUTR0N EXCESS PARAMETER • ,06250 

RAT!~ 121F ASVMPT~TTC (Nr2N) T0 1'1 1 1! HC:V N0N-ELASTJC 
o6142 PLUS•0R·"INUS o0335 

N/SPACIN(; • 20,621 A/SPACING • 39,192 
ERROR 1.721 ERR0R 3,240 

5qe. 

S76. 

soq. 

~ q32. 

"" < 
(I) 

-' 
~ 360. 
:>: 
..!.. 
:z 
N 

:z 288. 

0 

l't'f. 

72. 

oeq, 

768. 

67Z. 

38'1. 

Z88. 

192. 

96. 

ZN-6'! B 69 

T = 2.'!76!,069 MEV 

0'~. 2N) = 690.3 t 22.5 MB 
o;J,N, 2N) _ • 
qJ.1'i.2) -.'!70-.015 

Fl TTED 
LIN[ 

13 lq IS 16 11 18 
ENERGY( MEV) 

ZN-6'! B 69 

A = !. 633 t • 13!:; M[V"' I 
0'~.2N)= 901.'! !'!9.2 MB 
o;J.N. 2N ) _ • . 
qJ.1'i.2) -.61'!-.03'! 

FITTED 
LINE 

DATA 
FOINT 

• EXPERIMENT 

0 ADJUSTED EXPT. 

19 

DATA 
POINT 

20 

3 

21 

• EXPERIMENT 

o ADJUSTED EXPT. 

22 

lo..:(o.........L==ili.o= ..... W..=.W..==.o.J..u~u.oo,oloo.o ooo .,.,.,.!.,., 
13 IS 16 17 IB 19 20 21 ~~ 

ENERGYC MEV) 



lN•64 , , ,rReH REF' I p 65 (892 I ............................................... 
ENERGy N1 2N CR0SS SECTI0N I MB I 
I MEV I MEASURED, ERR ADJUST~ D. ERR ............................................... 
13,380 66,30 4' 60 66,300 4,600 
13,540 79 .so 5. 60 79,800 5,600 
13,880 U4,QO 8, DO 114.000 8, ooo 
14,050 137, no 10,00 '137,000 10,000 
141 42Q 172 ,oo 12,00 172,6~1 12.047 
14,610 196,00 14' 00 197,430 14 ,1 02 
14,990 2271 QQ 16 t QQ 230,120 16,220 
15,180 239, DO 17, DO 243,030 17,267 
15,550 279,00 20.00 285,343 20,455 
15 '710 2EIB, on 20 ,DO 295,256 20,504 
16.030 312, on 22.00 321,353 22,660 
16 f 240 326, DO 23, oo 336,765 2J 1759 
16,590 350,00 25, ~0 363,274 25 '948 
1.6, QJQ 369' 00 26. uo 3b4,682 27.105 
17,270 .J76,QO 26, DO 393, 6JO 27,219 
17 I 59Q 393' 00 28, ou 412,989 29.424 
17,900 404,00 ~8 t QO 426.047 29,528 
18,190 4231 QQ 30. oo 447,499 31.738 
18,470 440,00 31,00 466od~7 32.892 
18,71U 450' 00 32. oo 478,635 34,036 
ta,94o 464 I 00 J2 I QQ 494,647 34.114 
19,290 462.00 32, oo 494,154 34,227 
19.580 494,00 35, ou 529, 77Y 37' 535 ............................................... 
F I TIED PA~AMETERS ................. 
NUCLEAR TEMP, = 2,328 PLUS•0R·MINUS ,042 MEV 
ASYMPT~TIC IN,2NI C~~SS SECTI•N' 616,91 PLUS•0R•MINUS 12,03 MB 

RELATED UATA ............ 
N~N·ELASTJC CR"SS SECTI~N AT 14,2 MEV= 1467,41 HB 
(N,2NJ THriESH~LD = 12,04 HEV 
CNo3N) THkESHI'-'LD = 21 1 36 HEY 

THIS JS0T16PE HAS 34 NEUTRI'-'NS, 30 PH16T~NS, <MASS • 64) 

r.EUTR•N EXCESS PARAMETER ' ,06250 

RATU 0F ASnlPT0TIC <No2NJ Tid 14,2 HEY N0N•ELASTIC. 
,41204 PLUS•I6R·MINUS • o0082 

ToSORTINI ' 13,574 T•SWRT<A> o 18,624 
ERReR ,245 ERR~R , 336 

ZN•64 ,',fR0H REF, P 65 1892) ............................................... 
ENERGy N,2N CR0SS SECTION IHBI 
IMEVI MEASURED, ERR ADJUSTED, ERR ··············································· 13,380 66,3n 4,6o 66,300 4,6oo 
13.540 79,80 5,60 79,800 5.600 
13,Bao 114,oo a.oo 114.ooo a·,ooo 
14,050 137,00 10.00 137,000 10,000 
!4,420 172,00 12,00 172,681 12.047 
14,610 196,00 14,00 197,430 14.102 
14,990 227.00 16,00 230.120 16,220 
15,180 239,00 17,00 243,030 17,287 
15,550 279,00 20,00 285,343 20,455 
15.710 288.00 20.00 295.256 20.504 
16,030 312.oo 22,'oo 321,353 22,660 
16.240 326,on 2J,oo 336,76> 23,759 
16,590 350.00 25,00 363,274 25,948 
16,930 369,00 26,00 384,662 27.10' 
11.~1o 37~.uu ~~.oo 30~.630 27.219 
17,590 39J.no 28.oo '412.989 29,424 
17,900 404.00 28,00 426.047 29,528 
1B,19o 423,oo 3o,oo 447,499 31.738 
18,470 440,00 31,00 466,857 32,892 
18,710 450,00 32,00 478,635 34,036 
18,940 464,00, 32,00 494,647 34.114 
19,290 462.00 32,00 494,154 34,227 
19,580 494,00 35,00 529,779 37,535 ··············································· 
r I TTED PARAMETERS ................. 
LEVEL SPACING • i,953 PLUS•0R·HINUS ,112PER MEV 
ASYMPTOTIC IN,2Nl CROSS SECTJ0N o 765,06 PLUS~0R•MINUS 26,45 HB 

RELATED DATA ............ 
NON•ELASTIC CROSS SECTION AT 14,2 MEV • 1467,41 MB 
IN,2Nl THRESH0LD • 12,04 HEV 
IN,3N) THRESHOLD • 21,36 HEY 

• rwr~ IS0T0PE HAS 34 NEUTR0NS, 30 PR0T0NSo IHASS • 641 .. 

:.R0N EXCESS PARAMETER • ,06250 
1
0 Df ;.so•f>TI!Iri~ !No2Nl T0 14,2 HEY N0N•ELASTIC 

,5214 PLUS•0R·•lNUS ·0180 

N/SPACING • 17,409 
ERRoR , 998 

A/SPACING • 32·, 710 
ERR0R 1',879 

5117. 

5011. 

'I'll. 

i 378. 

~ 
.J 
.J 
;: 315. 

,!., 
z 
N 

z 252 • 

b 

189. 

126. 

63. 

720. 

6110. 

560. 

~ '180. 
a:· 
< 
11:1 -..J 
..J 
;: '100. 

,!., 
z 
N 

z 320. 

b 

2'10. 

160. 

so . 

p 65 (892) 

T = 2.328t.O'i2 MEV 
qJ,N.2N>= 616.9t 12.0 MB 
gJ.N,2N> 
q,(1'i. 2 > =.'i20t.OQ8 

I~ IS 

ZN-6'i 

FITTED 
LINE 

16 17 18 
ENERGYCMEV> 

p 65 ( 892) 

A = 1.953t.112 MEV"1 

o-.J,N. 2N)" 765. 1 t 26. 'i MB 
o-J,N. 2N) 

. q,(1'i.2) ... 521 t, ,018 

13 I~ 

FITTED 
LINE 

18 17 18 
ENERGYC MEV> 

DATA 
POINT 
•. EXPERIMENT 

105 

c ADJUSTED EXPT • 

19 

/ 

DATA 
POINT 

20 

• EXPERIMENT 

Z2 

c ADJUSTED EXPT. 

19 20 zz 



106 

Zf\1•64 ' • .FR14H REf I 8 63 ( 417) ............................................... 
ENERGY N,2N CR0SS 5ECTh'N (118) 
tHEY) MEASURED, ERR ADJUSTED, ERR 

·························~~····················· 14,100 
15,200 
16.000 
17 '200 
18, 50U 
19.50 u 
19,700 

100.00 
183,00 
230,00 
284,00 
300,00 
284,00 
270,00 

15.00 
181 QQ 
30 t 00 
JJ 1 QQ 
35 t 00 
JQ 1 QQ 
30, DO 

1U0,000 
186,145 
236.794 
297,064 
318,410 
3U4,3oO 
2i:l9. 863 

15,000 
18,309 
30 ,8ij6 
34,518 
37,148 
J2 ,150 
32,207 

• 0 •••••••••••••••••••••• 0 ••• 0 •••••• 00 •••• 0 0. 0 ••. 

r1 TTEU PARAMETERS 

1-llJCLEAR TE:.11P, = 1,750 PLUS•I6R•I11NUS ,149 HEY 
ASYHPT0TIC (N,2N) CH0SS SECTI16N : 3Jb 1 19 PLUS•0R•HINUS 20.64 Hli 

RELATED DATA 

th11'i•ELAST1C CR0SS SECTUN AT 14,2 MEV 1467,41 118 
tN,2"'> TrH<ESH0LD 12,04 MEV 
tN,3,NJ THkESH~LO 21,36 MEV 

THIS JS0TtlPE HAS 34 I~EUTR0NS, J(l PR0T0NS, (MASS :~ 64) 

NEUTH0N EXCESS PARAMETER = , 06250 

FUTI0 0f" ASYHPHHIC (N,Un T0 14,2 MEV N"'N .. ELASTlC 
,2305 PLUS·~k-MINUS ,0141 

T•SW~(l(f'q :c 10,204 T•SQHT(AI = 14,000 
GORbO , ij~O ~.RR0R 1,192 

ZN•64 .,,rR0M REr, 8 63 14171 ··············································· 5!M~~r.y N,1N r:AA~S !=iEr.TJeN CHRl 
(MF.Iil MF.ASURF.D, ERR AUJV$TEDo ERR ............................................... 
14,100 100.00 15,00 100,000 15.000 
15.200 183,00 18,00 186,145 18,309 
16,000 230,00 30,00 236,794 30,866 
11,200 284,00 33,oo 297,064 34,516 
16,500 300,00 35,00 316.410 37,148 
19,,00 ze•.oo 3o,oo 304,350 32o150 
19,700 270,00 30,00 289,863 32,207 ··············································· 
r 1-TTED PARAMETERS 
ooiitiiilif4t4•••• 
LEVEL SPACING • .. 4, 205 PLUS•0R•H1NUS ,934PER MEV 
ASYHPT0TIC IN,2NI CR0SS SECTI0N • 365,77 PLUS·0R•HINUS 32,49 MB 

HELA TED DATA ............ 
N0N~ELA5TIC CR0SS SEr.TI0N AT 14.,2 MEV • 1467,41 HB 
CN,2N) THRESH0LD c 12,04 MtV ' 
(No3NI THRESH0LD c 21,36 MEV 

THIS 'IS0T0PE HAS 34 NEUTR0NS, 30 PR0T0NS, (HASS • 641 

NEUTR0N EXCESS PARAMETER • ,06250 

RATI0 er ASYHPTtiTIC (N,2NI T0 14,2 HEV N0N•ELAS.TIC 

Nt$PACING • 
ERR0R 

,2493 PLUS•0R·HINUS ,0221 

e :oM 
1o 796 

4/SPACIN~ • 1~.2~U 
ERR0R 3,381 

SZ'I. 

288. 

2SZ. 

~ 216. 
a.: 
< 
!!! 
.J 
;::! 
:0:: 

1110. 

...l 
z 
N 

z 1'1'1. 

b 

106. 

72. 

36. 

1100. 

320. 

280. 

(f) 
Z'IO. z a.: 

~ 
•·i 

.J 
;:;:! 200. z: 
...l 
z 
N 

z 
~ 

160. 

b 

120. 

60. 

~0. 

ZN-6'1 B 63 <'117) 

T = 1. 7SD t. 1 'i9 HEV 
OjJ,N.ZN>= 338.2t2D.6 H 
o;,(.N,2N> 
q_(l'i.Z> =.23Dt.Dl'i 

FITTED 
LINE 

I 'I IS 16 11 18 
ENERGY< HEY> 

ZN-6'i B 63 ('117) 

A = 'i. Z05 t. 93'i MEV"1 

a~.2N)" 365.8t32.5 HB 
a.J.N, 2N> qJ1q_ 2, ... zqst.Dzz 

FITTED 
LINE 

I 'I 15 16 11 18 
ENERGY01EV) 

DATA 
POINT 

---

• f:XP~RIMENT 
c ADJUSTED EXPT. 

19 2D 22 

--

DATA 
PC! INT 

• EXPERIMENT 

0 ADJUSTED EXPT. 

19 20 21 22 



, • ,rAeM AEr, ~ u U170I ······································· No2N CA~~S SECTION CMbl· 
CHE¥1 MEASURED, ERN ADJU~HUo ERA ............................................... 
U,47~ 74,00 7,0~ 74,000 7,000 
u,uo z",u a~.oo 269,27J 23.638 
17,~40 325,00 29.~0 340,115 30,349 
1 •• 410 388,00 35,00 411,427 H,11J 
19,4&0 ;s7v,oo iS4,oo •oe.,oa• J6,4JO ............................................... 
r I TT~ll PAkAHfTEAS ················· NUCLEAR ·TEMP, • 2,045 PLUS•ilA•HIHuS ,Oil~ HEY 
ASYMPTITIC CNo2NI CABSS SECTI~N • 477,~~ PLUS•OA•HINUS 

Nt:LHEU UATA ............ 
NIN•ELASTIC CROSS SECTION AT 14,2 HE¥ • 1467,41 HB 
1No2NI Ti<hESI<eLD • 12,04 HEy 
CNo3NI THNESH0LD • . 21oJ6 HEY 

THIS IS8TaPE HAS 34 NEUTRONS, 30 PR~hN~, CMASS • 641 

NEUTA6N UCESS PARAMETER • ,06~50 

HATIB .er ASYhPTBTIC C No 2N I Td 14,2 HEY NBN•ELAS Tl C 
,JZ57 PLUS•~H·HI~US ,OllV . 

hSijkfC~I • 11o924 T•SQrtT(A) • 16,360 
ERR~A 0 478 ERR0R ,656 

i!N•64 ., ,rRBM REr, A 63 C2170l ··············································· ENERGY N,2N CRISS SECTIBN CM~J 
CHeYl MEASURED, ERR ADJUSTED, ERR 

··~··~········································· u,47o 74.oo 7,oo 74,ooo 7,ooo· 
15,880 262,00 23,00 Z69,27J 23,638 
17,240 32,,00 29,00 340,11' 30.,349 
18,410 388,oo 35,oo 411,427 37.113 
19,480 379,00 34,00 406.084 36,430 ................................................ 
r I TTED PARAMETERS ................. 
LliVEL liPACING • 2,686 PLUS•BR•HINUS ,322PER HEV 

17,49 ·~ 

ASYHPTBTIC CN,2NJ CABSS SECTIBN o 5,9,93 PLUS•BR•MINUS 34,88 MB 

RELATED DATA ............ 
NBN•ELASTIC CRBSS SECTIBN AT 14,2 MEV • 1467,41 MB 
CNo2Nl THRESHBLD • 12,04 HEV 
CN,~N) THR!9H0LD • ~1,36 HEy 

THIS ISBTBPE HAS ~4 NEUTRBNS, 30 PRBTBNSo CMASS 

NF.LITRAN EX CBS PARAM&"R o , OU50 

AUIB er ASYHPTBTIC CNoZNl Te 14,2 MEV NBN•ELASTIC 
• 3816 PLUS•BR•M I NUS , 0238 

N/SPACING • 12,658 
ERRBR 1J517 

A/SPACING • 23.,827 
ERRBR z",856 

SIIID. 

'&. 

'1110. 

95111. 

~-. a:: 
< 
ID 

:J 
..J 2: 250. 
,!.. 
z 
N 

~ 21Jl. 

b 

100. 

so. 

5110. 

'180. 

'120. 

(f) 380. 

~ 
..J 
..J z: 
,!.. 

~ 

300. 

ISO. 

120. 

so. 

,-,~ .. 
ZN-6'! R 63 <2170> 

T "' 2.0'l5 t. 082 HEY 
~.ZN>=•178.0t17.5 118 
cU.N.ZN>-
<U_lli. 2 ) -.326t.012 

FITTED 
LINE 

18 11 19 
ENERGY< HEY> 

ZN-S'i R 63 <2170) 

A= Z.SB5t.322 f'!Ey-1 
O",.I;,N. ZN) • 559.9 t 31i. 9 HB 

o;~·2N> q_y'i.2> =.382t.021i 

I~ 15 

FITTED 
LINE 

18 17 18 
ENERGY< MEV) 

--

DATA 
POINT 

• EXPERII1ENT 
c ADJUSTED EXPT. 

19 

DATA 
POINT 

211 21 

.-

• EXPERIMENT 
g ADJUSTED EXPT. 

19 20 

107 



108 

ii!l'/•64 ,,,f'R0H REF', K 60 C770J ............................................... 
ENERGY N,2N CR0SS SECTI0N CMBl 
CHEVl MEASURED, ERR ADJUSTED, ERR ............................................... 
13,400 75,00 10,00 75,000 10,000 
13,410 85,00 10,00 85,000 10,000 
14,000 138,00 12,00 138,000 12,000 
14,300 167,00 12,00 167,303 12,022 
15,7oo 255·,oo 2o,oo 261,386 20,501 
16,500 275,00 25,00 285,088 25.917 
16,51U 295,00 30,00 305,862 31,105 
17,4UO 330,00 30,00 346,012 31,456 
18,"100 337,00 30,00 356.172 31,707 ............................................... 
fl !TED PARAMETERS ................. 
NUCLEAR TEMP, • 1.610 PLUS•0R·HINUS ,058 MEV 
ASYHPT0TIC (N,2NJ CR0SS SECTI~N: 397,68 PLUS•0R•HINU5 13,72 HI::J 

RELATED DATA 

N0N•ELASTIC CR0SS SECTI0N AT 14,2 HEV 1467,41 HB 
(N,2NJ THRESH0LD c: 12,04 HE>/ 
<N,JNJ THRESH0\.D 21,36 MEV 

THIS IS0TOPE HAS 34 NEUTR0NS, 30 PR"T0NS, (MASS • &4) 

NEUTR"NI EXCESS PARAMETER : , 06250 

RATI~ 0f ASYHPT0TIC CN,2Nl T3 14,2 HEV N0N•ELASTIC 
,2710 PLUS•0R•HlNUS ,0093 

TeSQRTrNl • 9.4?~ TeSnRTifd ; 1_?,Q28 
ERR0R , 338 ERR0R , 464 

.,,fR0H REr, K 60 C??Ol ............................................... 
~NERGY N.>N r.R05< <F(TI~~ (Mill 
CHEVl HEASUREDo ERR - AO.JUSTF.n, ~RR ··································•••tt•••······ 13,400 75,00 10,00 75,000 10.000 
13,~10 8~,00 10.00 Alil.nnn ·1n 1 nQ('I 
i4,ooo 138.oo 1~.oo t3e,ooo 12,ooo 
14,300 16'7.00 12,00 167.303 12.022 
15,700 255,00 20,00 261,386 20,501 
,.6,500 27~.00 25.00 285,088 25,917 
16,51'0 295,00 30',00 305,862 31,105 
17,400 330.00 30,00 346,012 31,456 
18,100 337.00 30,00 356,172 31,707 

••••••••••••• •••• •••••• ••oo••o••••••••••••••••• 

fiTTED PARAMETERS 

················· ~EVE~ SPACING • 4,469 P~VS•0R•MINUS .386PF'R HFV 
ASYHPT0TIC CN,2Nl CR0SS SECTI0N • 447,14 PLUS•0R•HINUS 20 .• 34 HB 

RELATED DA U 

N0N•ELASTIC CR0SS SECTI0N AT 14.2 HEV c 1467,41 HB. 
(N,2N) THRESH0LD II 12,04 HEV 
cN,3N) THRESHeLD • 21.36 HEV 

THIS lS0T0PE HAS 34 NEUTR0NS, 30 PR0T0NS, CHASS • 64) 

NEUTR0N EXCESS PARAMETER i , 06250 

RATI0 0f ASYKPT0TIC (N,2Nl T0 14,2 HEV N0N•ELASTIC 
,JU«D 1-'LUS•"H•HlNUS ;OlJY 

N/SPAC lNG • 
ERR0R 

7,608 
• 657 

A/SPACING = 14,321 
ERR0R 1,237 

318. 

sss. 

29'i. 

i zsz; 
< 
~ 
::1 i: z1o. 
,.!.. 

i!5 
z 168. 

b 

en z 
~ 
~ 
..J 

d 
~ 
z 
N 

z 
b 

128. 

11'1. 

'IZ. 

9'1. 

'17. 

ZN-6'i 1: 60 (770) 

T = 1.616t,Q58 HEV 
q.(,N,2N>= 397.7t13.7 HB 
cU,N,2N) 
~~l'i.2) =.271t:009 

FITTED 
UNE 

13 1'1 15 18 17 18 
ENERGY< HEY> 

ZN-B'i K 80.<770) 

A = 'i. 'i69 t, 366 HEV-1 

O"J,.N. 2N) = 'i'i7. 1 t 20.3 HB 
W• 2N) 
~~1'i.2) =.305t.01'i 

FITTED 
LINE 

13 I 'I 15 18 17 IB 
ENERGY< HEV > 

--

DATA 
PC! TNT 

---

• EXPERlHENl 
c ADJUSTED EXPT. 

18 211 22 

----

DATA 
PCJINT 
• EXPERIMENT 
c ADJUSTED EXPT. 

3 

19 20 ?.I ?.7 



,,,FR0H REF, A 5q (601) ............................................... 
ENERGY No2N CR0SS SECTI~N (HB) '188. 
(HEY) MEASURED, ERR ADJUSTED, ERR ··············································· 13,500 65,00 6,00 65,000 6,000 
15,600 225,00 20,00 230.~89 20,470 
16,400 260,00 25,00 269,175 25.882 w. ............................................... 
r I TTED PARAMETERS ................. 378 • 
NUCLEAR TEHP, • 2,281 PLUS•0RwHINUS ,182 IIH 
.ASYI'I~I.,TIC CN,2N) CR0SS SECTI0N = 483,89 PLUS•i!R•HINUS 48.32 KB 

RELATF.O oou ............ 
N0N•ELASTIC CRASS SECTI0N AT 14,2 HEY • ·1467,41 HB 
{t11,2NJ THHESH0LD 12,04 HEV 

.{Nt3NJ THRESHetLD • 21,36 HEV 

HilS IS0r0PE. HAS 34.NEUTR0NS, 30 PRiJT0NSt CHASS • 64) 

r~t:UTRfON EXCES!: I"'ARAHETEk = .06250 

RATI0 0F ASYHP.J0TIC CN,2NJ T0 14,2 ht:V N0N.•ELASTIC 
b 

,3298 PLUS•0R•HINUS ,0329 

T•SQRT(NJ • 13,300 T•SORTCAJ a 16,248 
ERRkiR 1,061 ERR~R 1, 456 

511 •. 

ZN•64 ............................................... 
ENERGY N,2N CR0SS SECTI~N (HB) 
tHEVl MEASURED, ERR ADJUSTED, ERR 

S93. ............................................... 
13,500 65.00 6,00 65,000 6,000 
15,600 225.00 20,00 230,289 20,470 
16,400 ?60.00 25,00 269,175 25,882 ............................................... ~II; • 

r1 TTED PARAMETERS ················· 539. 
LEVEL SPACING • 1,790 PLUS•0R·HINUS ,434PER HEY 
ASYHPT0TIC (N,2Nl CR0SS SECTI0N c 655,55 PLUS•0R•HINUS 110,40 HB 

n~LATED DATA ............ ...J 
N0N•ELA5TJC CR0SS SECTI0N AT 14,2 MEV • 1467,41 HB 
tN,2NJ THRfSH0LD • 12,04 HEV 
<No3Nl THRESH0LD 21,36 HEV 

...J 
385. ;: 

..!.. 
THIS IS0T0PE HAS 34 NEUTRBNS, 30 PR0T0NSo (MASS c 641 

z 
N 

NEVTR0N EXr.EsS PARAMETER • , 062,0 z 308. 

RATI0 0r ASYMPT~TIC (N,2Nl T0 14,2 MEV NBN•ELASTIC b 
,4467 PLUS·~R·HINUS o0752 

N/SPACING • 18,994 A/SPACING • 35,754 231. 
ERR0R 4,605 F.RR0R 8. hh9 

1~. 

71. 

ZN-Sif A 59 <601> 

T = 2.281t.182 HEY 
~.2N>= lf83.9tlf8.3 118 
q,L.N.2N> 
q_(llf.2) =.330t.033 

FITTED 
LINE. 

13 I~ IS 18 17 18 
ENERGY< HEY> 

ZN-S'i A59(601) 

A = I. 790 t . 'i3'i MEV-I 
CT~.2N)= 655.5t IIO.'i MB 
CT..{,N.2N) . 
qJI'i.Z) =.'i.'H~.075 

/ 
/ 

/ 

/ 
/ 

FITTED 
LINE 

13 I~ IS 16 17 18 

/ 

ENERGY< MEV) 

DATA 
POINT 

• EXPERIMENT 

109 

c ADJUSTED EXPT. 

/ 

19 

/ 
/ 

DATA 
PCIINT 

20 

• EXPERIMENT 

22 

c ADJUSTED EXPT. 

19 20 22 
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lN•64 , , • F"RBM REr, c 56 c 36 J ··············································· EN<RGy N,2N CR0SS SECTI0N IMBI 
(MEV I MEASURED, ERR ADJUSTED, ERR ............................................... 
13,900 . 115,00 25,00 175,000 25,000 
13,910 210,00 15,00 210,000 15,000 
1-4,000 160,00 25,00 160.000 25,000 
14,450 280,00 25,00 281,257 25,112 
14,600 270,00 25,00 271,922 25,178 
14,900 300,00 20,00 303,673 20,245 
ts,oou 27D,oo 2o,oo 273,756 20,278 
15,400 265,00 20,00 ·290,609 20,406 
15,900 440,00 4Q,OO 452,345 41,122 
16,000 340,00 20,00 350,04J 20,591 
16,650 360,oo ·:.ss,oo 37J,94B 36.356 
16,100' 450,00 ,oo 467,741 1,000 
17,500 520,00 6U,OO 545,876 62,986 ............................................... 
riTTED PARAMETERS ................. 
NUCLEAR TEMP, • 1,913 PLUS•0R•HINUS ,220 MEV 
ASYMPTaTlC (N,2NI CR0SS SECT10N • 6o6_,49 PLUS•0R•MINUS 59.,52 HB 

RELATED DATA ············ N0N•ELA5iTlC CR0SS ~ECTIBN AT 14,2 MEV • 1467,41 HB 

~~:~~; ~~~~~~=t~ ~ ~~:~6 ~~v 
THIS JS0T0PE HAS 34 NEUTR0NS, 30 PR~T0NS, CHASS • 64) 

NfUTR0N EXC.SS PARAMETER • ,06250 

RATI0 ~r ASYMPT~TIC (N,2N) 10 1•.~ ""' liim•ELABTIO 
,4S5b PL.US•0Ft•HINUS ,Q406 . 

T•SQRT(NJ : 11,155 
EHH~R 1, 329 

TiSUHiUJ a .1,,304 
ERR0H 1. 624 

ZN·64 .. ·.r"'"" R!r, c 56 1361 ··············································· FNFRGY N 1 ~N CR0SS SECTI0N CHBI 
IHEVl MEASURED, ERA AOJUSI~U. ~HR 

·······~······································· 13,900 119,()0 25,00 li',UUii H,OOO 
r~,9rn 210,09 15 100 21o.ooo 15,ooo 
14,00U l60.oo 25,00 uu.uvu l~.ono 
14,-150 2en,nn 25.oo 281,257 25,112 
14,600 270.00 25,00 271,922 25,178 
14,900 300,00 20.00 303.673 20,245 
15,000 270,00 20,00 273,756 20,278 
15,400 265,00 20,00 290,609 20,406 
15,900 440.00 40,00 452,345 41,122 
16,000 340,00 20,00 350.043 20,591 
16,650 360.00 35,00 373,946 36,356 
16,7DO 450,00 ,00 467,741. 1,000 
li,9uU 5~o.oo •o.oo li41i~A7fll· 6?.,986 ............................................ .... 
r ITT ED PARAMETERS ················· LEVEL SPACING • 3,085 PLUS•0R•MINUS ,672PER HEV 
ASYt<rT0TIC CN,2NI CRASS SECTI0N • 766,05 PLUS•0R•HINUS 10(,32 HB 

RELATED DATA ............ 
N0N•ELASTIC CR0SS SECTI0N AT 14.2 HEV • 1467,41 HB 
CN,·2N) THRESHQILO • 12,04 MEV 
CN,JN) THRESH0L0 u 21,36 MEV 

THIS IS0T0PE HAS 34 NEUTR0NS, 30 PR0T0NS, (MASS • 641 

NEUTRON EXCESS PARAMETER • ,06250 

RATI0 er ASYHPT0TIC CN,2NI T0 14,2 MEV N0N•ELASTiC 

N/SPAC lNG • 
ERR0R 

,5357 PLUS•0R·MINUS ,0690 

11.021 
3 ·115 

,e./SPACING • 
ERR0R 

20·, 746 
5. 864 

657. 

58'1. 

511. 

~ 't38. 
~ 
a::l -..J 
..J E 365 • 
,.!.. 

~ 
~ 292: 
b 

219. 

1'16. 

890. 

801. 

1\t. 

623. 

~ 3l~ • 
ct:: 
< 
~ 
..J 
..J 

i: qqs, 

..!. 
z 
N 

z :1~. :;;:; 

b 

267. 

89. 

. 

ZN-6'1 c 56 (36) 

T = 1.913!.228 KEY 
~.2N>7 668.5t59.5 H8 
~.2N> 
GU.1'1.2) =.'156t.Q'11 

13 1't 

ZN-6'1 

FITTED 
LINE 

16 17 IB 
ENERGY< KEY> 

c 56 (36) 

A = 3. 065 t. 672 MEY-1 

0"~.2N)= 766.1 t 101.3 M8 
aJ,N. 2N) 
q,J1'i.2) =.536:t.069 

FITTED 
LINE 

DATA 
POINT 

• EXPERIMENT 
u ADJUSTED 6XPT. 

19 zo 

DATA 
POINT 

• 
0 

EXPERIMENT 
ADJUSTED EXPT. 

ZZ. 

..., ................. ~..-.~ ........ "'""-........ - ..... =·L'I! I I ...... 
... .(~!...1 

13 lq IS 16 17 18 19 20 21 2l 
ENERGY( MEV) 



ZN•66 , , ,f"R0M REf", 8 09 ·············································· !:NERGV N I 2N CR0SS SECT J0N ( HB) 
CHEV) MEASUREU, ER~ ADJUSTED, ERR .............................................. 
1<,100 760,00 55.00 760,000 55.000 
14,800 875,00 60,00 884,029 60,619 
15,<50 970,00 70,00 990,065 71,«8 
16,000 975,00 70,00 1003,12< 72,019 
16,500 1040,00 70.00 1077,240 72,507 
17,050 1095,00 80,00 1142,082 83,440 
17,450 109S,on eo.oo 1147,486 BJ,B35 
17,750 U35,oo .8o,oo 1193,431 84,118 
18,ooo 11<5,oo 8o.oo 1207.219 84,347 ··············································· 
f"JTTt:D rArUt1(TI::HS 

RF.LATED lJATA ............ 
NfiN•EI.ASTIC cq"'SS SECTI~N AT 14,2 H[;V 1487,95 H8 
(N,2Nl THRESH~LD 11.22 MEV 
(U,JNJ TH~F.SHP'LD 19,32 HEV 

THIS 1Si"T0PE HAS 36 Ni:UTr.0~S, 30 PR0TUNS, CHASS • 66) 

rH:UTR"f• EKCESS PAI=l.&HETI;;R ~ , oonot 

RATiill ur ASYMPTOTIC CN,2N) TV. 14,2 HEY U0N•ELASTIC 
,8333 PLUS·"R·HINUS ,0153 

T•SUiHCNJ : 8o562 T•SORT<AJ • 11,593 
ERROR ,312 ERR0R , 422 

lN•66 I 0 .F"R0M REt, B 69 ··············································· ENERGY No2N CR0SS SECTI0N (HBl 
CHEV.) MEASURED, ERR ADJUSTED, ERR ............................................... 
14,100 760,00 55,00 760,000. 55,000 
11,800 875,00 60,00 £164,029 60,619 
15,450 070,00 70,00 990,065 71.<48 
16,000 975,00 70,00 1003.124 72,019 
16,500 1040,00 70,00 1077,240 72,507 
17,050 1095,00 so,oo 1142.082 83,440 
17,450 1095,00 80,00 1147,486 83,835 
17,7~o 1135,oo eo.oo 1193,431 84,118 
18,000 1145,0C 80,00 1207,219 84,347 

00 0000 o 0 0 0 I 0 0 0 0 0000 0 000000 00000000 oooooO 000000 0 

................. 
LEVEL SPACING • 6,326 PLUS·BR·"-INUS ,434PER HEV 
ASYMFT0TIC !N,2N) CR0SS SECTIB' • 1303,11 PLUS•0R•HINUS 25,72 M8 

RELATE~ DATA 

NI:!N .. I:LAS IIC t;F114SS ~t:l,;l U!•N AT 14,~ MtV ~ 14b7.,9, MB 
CU,2t.) THRESH0LD ll,C?2 t'IEV 
cU,Jr..,) THkESH0LO 19,32 t1EV 

TillS: IE;~T~f"'[ liAS l6 ft.JE:UT~(DNS, 10 P~UtlT~NS, (HA!i') r: ~6) 

>!<uT•eN EXCESS PARAMETER : , O~On 

RATI0 2f ASY"'PT\1TIC (N,?.rn T~ 14.?. MF,V N0N•ELASTIC 
.~75~ PLUS-~R-MINUS o0173 

1-l/SPAC.:ING : 5.691 A/SPACING • 10.,4l3 
E:RkkiR , 390 ERR0R ,716 

,, 

1300. 

1170. 

10'10. 

910. 

en 780. z 
a:: 
< 
co 

..J 

..J 

::E 
650. 

,!.. 
z 
N 

.z. 520 . 

0 

390. 

260. 

130. 

1260. 

1120. 

980. 

~ R'IO. 
a:: 
< 
co 

..J 

..J 
700. 

::E 
,!.. 
z 
N 

.z. 
0 

560. 

280. 

ZN-66 8 69 

T = 1.'127 ! . 052 MEV 
o-.J,N. 2N) = 1239. 8t 22.7 118 

o;,J,N, 2N) _ • 
q;J 1'1. 2) -. 833-.015 

FITTED 
LINE 

DATA 
POINT 

• EXPERIMENT 

J o ADJUSTED EXPT. 

111 

12 13 I~ IS 16 17 18 20 
ENERGY< MEV) 

ZN-66 8 69 

A = 6. 326! .'13'1 MEv-1 

o-.J,N. 2N) = 1303. I! 25.7 118 

g.J.N , 2N ) • 
q;Jl'1.2) =.876-.017 

FITTED 
LINE 

OATA 
POINT 

• EXPERlt1t:NT 

o ADJUSTED EXPT. 

3 
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GA·69 ' • .FR0P4 REP I 8 65 ( 843) ............................................... 
ENERUY N, 2N CR0SS SECTI~N ( MB l 
(MEV l MEASURED, EkR ADJUSTED, ERR ............................................... 
12,60U 660.00 64100 660,000 64,000 
lJ t 200 688,00 661 QQ 68~.000 66,000 
14,100 925.00 75,00 925,000 75. ooo 
14' 600 994,00 81,00 1000,694 81,545 
14, BOO 1057', 00 . 86,00 1007,547 86,858 
15, 20U 1004 ,oo 9o, oo 1020,297 97,558 
16,000 1143,00 110,00 1174,8J4 113,064 
16.500 1204,00 115,00 1245,600 llti,973 
17 '400 1169,00 112,00 1222,325 117,109 
17,800 1286,00 123,00 1350.492 129 ,16~ 
1&.200 1158,00 111,00 1221,068 117.045 
18.700 1180,00 113.00 1250. 27& 119,730 ........................................... .... 
Fl TTEU PAHAHETERS ................. 
NUCLEAR TI::I'IP, : 1,401 PLUS·~"·HINUS ,Q8U Hi:V 
ASYMPHTJC (l/o2tl) Ck0SS SECTJ0tl' 1284,03 PLUS•0R•HINUS 40,48 H8 

HELATED DATA ............ 
N0N•ELAS1JC CR0SS SECTI0N AT 14,2 MEV 
CN 1 2N) THR'ESH0LD 10 1 46 HEV 
lN,JN) IHHi:SI-ik!LU li:I,IH~ HI::Y 

THIS ISiiHltlPE HAS 38 NEUTR0NS, 31 PR0T0hS, tHASS :a: &9J 

NEUTR0N EXCESS PARAMETER ' ,10145 

HAIHi ~~ A~YI'II-'1~111.. lN,lNJ 10 14,t! f'IEV N~N-ElASliC 
,8450 rLU~•"R•HirHIS .0~67 

To!;UHI(NJ • 8't6Jb 1 •6UIH C AI • 11, 6JO 
ERR~R ,493 E~R~R , 665 

.,,rR0M REF, B 65 (8431 

• ~ ~~:~; •• • • • • • •• • •• ··:: ~~ -~~ ;~ ~ ·~~~; ~ ~~ ·7 ~e; · •· 
<MEV) HEASURED, ERR ADJUSrliUo ERR 

• • • • • •• •• • •• •• ov • o • • o o ••• • I • I I a o •1 a•11 i I ~0 o io o. 
12,600 
13,20n 
14,100 
14.600 
14 .soo 
15.200 
16,000 
16,500 
17,400 
17,800 
18,200 
18.700 

060.00 
~138. 00 
925.00 
994,00 

1057,00 
1004,00 
1143.00 
1204,00 
1169,00 
1286.00 
1158.00 
1180,00 

64 .oo 
60.00 
75.00 
81,00 
86.00 
96,00 

110 .oo 
115,00 
112.00 
123,00 
111.00 
113.00 

660.000 
068,000 
925.000 

1000.694 
1067,547 
1020.297 
1174,834 
1245,600 
1222. J25 
1350.492 
1221.068 
1250.278 

64. ooo 
66,000 
75,000 
81,545 
86,858 
97.558 

113.064 
1181973 
117.109 
129.168 
117,045 
119,7~n ··············································· 

F I !TED PARAMETERS 

•·•··•·•·······•· LtVIiL SPACING • 6,192 PLUS•0R·MINUS ,731PER MEV 
ASYMPJ01JC (N,2Nl CR0SS SECTJ0N' 1344,45 PLUS•0R•MINUS 48.73 HB 

RELATED DA 1A ............ 
N0N•ELASTJC CReSS SECTI0N AT 14,2 HEV ' 1518,11 MB 
(N,2NJ THRESI-II'ILD • 10.46 MEV 
<N,JNJ THRESH0LD :c 18,86 HEY 

THIS JS010PE HAS 38 NEUTR0NS, 31 PR010NS, !MASS • 691 

NEUTRAN EXCESS PARAMETER ' ,10145 

RAT!" ~F ASYHPT0TJC (No21<l T0 14,2 MEV N0N•ELASTIC 

N/SPACING a 
ERR9R 

,8856 PLUS•0R·HINUS ,0321 

6.137 
• 725 

A/SPACING :c 11.143 
ERR0R 1, 316 

1350. 

!ZOO. 

1050. 

~ 91Xl • 

"" < 
(D 

..J 

..J 
- 750. 2:: 
).. 
z 
N 

z stio. 

b 

~so. 

:Dl. 

ISO. 

GA-69 B 65 <B'i3> 

T = I.'!Oit.OBO HEY 
qJ,N.2N)= 12B'i.Ot'i0.5 HB 

a.J.N. 2N > 
~J_I'i.2) =.8'!6!.027 

FITTED 
LINE 

DATA 
POINi 

EXPERIMENT 

o ADJUSTED EXPT. 

0.~~~~~~~~~~~~~~~~~~~~~ 

..J 

..J 

1350. 

1~. 

1n51l. 

- 750. 
2:: 
).. 

i(1 

z 600. 

b 

300. 

ISO. 

10 11 1Z 13 I~ 15 16 11 18 19 
ENERGY< MEV> 

GA-69 B 65 < 8'!3 > 

' A = li.l92 t. 731 MEV-I 

qJ.N.ZN>.= 13'!'!.'!!'!8. 7 MB 

qJ.N, 2N > 
qJI'i.2> =.886t.032 

FITTED 
LINE 

DATA 
POINT 

• EXPERIMENT 

o ADJUSTED EXPT. 

3~ 

c~~~~~~~~~~~~~~~ 
io II 12 13 I~ IS 16 17 18 19 

ENERGY( MEV> 



GA-71 , , .rR0H ~EF", fl 71 ··············································· lGY N,2tl CH0SS SECTI0N 011:n 
1) HEASURF.D, ERR ADJUSTED, ERR 
•oooooo•••••••••••••o•ooooo•••••••••••••••• 
IOO 1nYB,['I0 20 0 00 1098 0 000 20.000 

1.), '1100 1153,00 25 0 uo 1153,000 25,000 
14.4711 1135 0 00 25 ,no 1140,089 25 0112 
15.000 1!30 0 00 32 0 00 1145 0 558 J2 0 441 
15. 3oo 1148.00 23 0 00 1108,931 23,419 
10.~10 104t., no 127 0 00 10810 433 131,302 

••••••o••••••••••••••••ooo••••••••••••••••••••• 

tJU(;LI:Aiol TEMP, : ,837 PLUS•0R•)1JNU$ ,005 HEV 
ASYf'1fJTUlJC (:t,?NJ CRASS SECTJDN : 1169.14 PLUS•0R•MINUS 14.70 J1118 

RELATC:O UATA 

NAN-CLASTIC Cl.t"'SS SCCTH•N AT 14,2 MEV 1537,80 MB 
IN,2N) TMR[S._;f.t.U 9,44 MEV 
lrJ,JNJ THHESP.?LO 17.~0 MEV 

HilS JSP,T/.~E HAS 40 t~;l:UTRONS, 31 PR0T0NSt CHASS • 71) 

1/EUTR~:N EXCES!" PARAIIETEk = .12b7b 

RATI~ ~f ASH'PT"TIC INot.:'IJ T~ 14,2 HEV N0N•ELASTIC 
,7603 PLiJS·UR•tiJNUS ,0096 

hSOt;T(NI c 

f.kk0R 
5. ~«;14 

,538 
ToSo~TCAJ = 7,053 

ERR~R I 716 

GA•71 , , ,rR0M REr, 0 71 ····· ......................................... . 
ENEHGy N,2N CR0SS SECTI0N (HBI 
CMEVI HE•SURF.O, EHR •DJUSTEDo ERR ............................................... 
13,30(> 1098,00 20,00 1098,000 26,000 
13,900 1153,00 25,00 1153,000 25.000 

· 14,47n 1135,oo ~>.oo 1140,089 25,112 
15,o•o 1130,oo 32,oo 1145,558 32.•41 
15,36(0 1148,00 23,00 1168,931 23,419 
16,510 1046,(1(1 127,00 1081,433 131,302 ............................................... 
FJTTf:ll PAk4METERS ................. . 
LCVCL ~POCINu 'IH,JBJ PLUS-~R-MiNUS4,070PER MEV 
ASYMPT~T!C CN,2N) Ck~SS SECTI&II • 1175.19 PLUS•0R•HINUS 18,22 MB 

J.IELAT[:O UATA 

N0N .. E::LASTJC rR"S!; SECTI~N AT 14.2 11EV 
CN,2tj) rl-1f\ESH!1LU • 9,44 HE\1 

1537,80 MB 

<:o~,JN) rMRES~G'ILD 17,20 Ml::\1 

THIS IS~H>PE "'5 40 NEUTRONS, 31 PH0T0NSo (MASS .. 711 

~JEUTf'lu:J EXCF.SS PAflAMETCR : .12676 

RATitJ OF" ASYMPHHlC (N,2N) H:'J !4,2 MEV N0N•ELASTIC 

N/SPA(; IN~ : 
eq"ij" 

,764~ PLUS•"--R•rq,.,u~ ,QttB 

A/SPACING • 3,862 
" ERR3;f , 855 

1300. 

1170. 

ICJIIO. 

910. 

Vl 780. z 
<>:: 
< 
CD 

..J 

..J 

:E: 
650. 

,!.. 
z 
N 

z szo. 
b 

390. 

1300. 

1170. 

1QIIO. 

910. 

(/) 
780. z 

Q: .• 

< 
CD 

..J 

..J 

:0::: 
650. 

,!.. 
:z 
N 

z 520. 

b 

390. 

zso. 

130. 

o. 
9 

GA-71 D 71 

T = . 837 t . 085 MEV 

<r..f,.N. 2N) = 1169. I! 1'L 

o;,(,N,2N) _ • 
qJ 1'L 2 ) -. 760-, 

Fl TTED 
LINE 

DATA 
PCJINT 

• EXPERIMENT. 

o ADJUSTED EXPT. 

113 

13 1~ 15 16 18 
ENERGY( MEV ) 

GA-71 D 71 

A = 18.383!'i,070 HE\'"1 

cr..f,.N.2N>= 1175.2t 18. 

cr~.2N> qJ 1'i. 2 ) =. 76'it 

FITTED DATA 
LINE PCJINT 

• EXPERIMENT 

D ADJUSTED EXPT. 

3 

10 II 1Z 13 1~ 15 16 17 18 
ENERr.YCHEVl 
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GE-70 ,.,FR"'M REF, 8 72 (•) ............................................... 
N,2N CH0SS SEGTI0N CM6) ENERGY 

C MEV) MEASURED, ERR ADJUSTED, ERR 
••••••••••• 00 •••••••••• 00 •••••••••••• 0 0 •••••••• 

13,370 430,10 53,40 430,10U 53,40U 
15,370 733,00 52,80 746,624 5J,7tH 
15,910 635,90 60,10 657,680 61,680 
16,440 663,20 57,60 892,009 59,729 
16,930 895,'90 5Y,l0 931,3U~ 61.435 
17,560 880,10 56,10 921,3~8. 60,824 
16,230 897,20 59,20 945,735 62,402 ............................................... 
F I TTEIJ PAHAMETERS 

NUCLEAR TE::HP, : lolbl PLVS-~H-MINUS ,071 MEV 
AS YMPT0T I C C N, 2N) CR0SS SECT I ~N ' 965,41 PLUS-0R-H I NUS 23, 04 H8 

RE:LATEO UATA ............ 
N0N•ELASTIC CRPISS .SECTJ"N AT 14,2 MEV 1527,99 H8 
(N,21H THHESH~LD 11,70 MEV 
c:~,3N) THRESHfllD 20,10 MEV 

THIS IS0T.OPE?S 38 NEUTHklNS,. 32 PRIOTii.NS, PUSS = 70) 

NEUTR0N E>.CESS PAR.Af-IETER : ,OU571 

RATI0 0F ASYMPTUTIC (JI.i,2fll) T\1 14,:2 11EV IH1N•ELASTJC 
,b316 PLUS-ZR-MINUS ,U151 

ToSQRT(N) = 7,157 T•SuRl(A) : 9,714 
F.Rfi.1R • 43.8 ~H~~R , >9~ 

GE•70 , , ,F'R0H REF', B 72 (•) ··············································· CNii.lii:CY ~1, ~~~ OOIZICi iCOT HHI C t10, 
fHFVl HFASIIRFn, F.RR An.utc;Tsn. Ei9a ··············································· 13,370 430.10 53,40 430,100 >3,400 
l.~,l?O 71).00 E'l,QO 7'16,6l4 il,1U, 
15,910 835,90 60,10 857,680 61,680 
16,440 863.20 57,80 892,009 59,729 
16,930 895,90 59,10 931,302 61.435 
17,560 1:180.10 5t:S,10 921.J~I:I 60,t:S24 
16.230 897,20 59,20 945,735 62,402 ............................................... 
FITTED PARAMETERS .......•...•.•••. 
LEVEL SPACING • 9,695 PLUS•0R-MINUS1,13lPER MEV 
ASYMPT0TIC (N,2N) CR0SS SECTI0N • 1000,61 PLUS-0R•MINUS 26,62 H8 

HtLATtD DATA ............ 
N0N•ELASTIC CR0S$ SI;CTJON AT 14,7, HF,V • 1527.,99 HB 
(N,2N) THRESH0LU = 11,10 HtV 
(N,JN) THRESHV.LD = 20,10 11EV 

THIS IS0T0PE ~AS 38 NEUTR0NS, 32 PR0T0NS, CHASS • 70) 

NEUTR0N EXCESS PARAMETER • ,08571 

RATI0 0F ASYHPT0TIC CN,2Nl T0 14,2 HEV N0N-ELASTIC 

NISPACING • 
ERR0R 

,6549 PLUS-0R-HINUS ,0174 

3. 920 
• 457 

A/SPACING • 
ERR0R 

7. 220 
• 842 

IIIII. 

GE-70 8 72 (-) 

990. T = 1.161!.071 HEY 
a;.(,N. 2N > = 965- 'it 23.0 HB 
o;.LN,2N) ----

880. C:U1'i.2) =.632t.015 

no . 

U) 
6611. z a:: 

< m -.J = :E 
51511. 

).. 
z 
N 

z 't'lll. 

b 

330. 

FITTED DATA 
2211. LINE POINT 

• [)(('[RHI[NT 

0 AOJIJSTED EXPT. 
liD. 

o. 
II IZ IS I 'I 15 16 17 18 19 Zl 

ENERGY< HEY> 

1100. ""'"i""'"''l""""'l'""'"'l""""'i"""'"i""""'""lllllll""'"''l"'"'""' 

~.· 

880. 

770. 

z 1!'10. 

b 

330. 

220. 

110. 

0.· 
II 

GE-70 B 72 <-> 

A = 9. 695!! .131 11EV'"1 

O'.J.N,2N)= 1000.6!26.6 M 
tJ..{.N, 2N > . 
Ci(l'i. 2 > =.65St.017 

FitTED 
LINE 

----

·~ ·~ ·~ 
15 16 17 

ENERGY< MEV) 

--· .. ~--

DATA 
POINT 

• EXPERIMENT 

0 ADJUSTED EXPT-

3 

18 19 



GE•70 If ,F"R0H REF'' p 61 (588) ............................................ 
ERGY N,2N CR0SS SECTJ~N IH81 
EV I HEASURED, ERR ADJUSTED, ERR ............................................ 

13,400 379,00 11, DO 379,000 11, DOD 
13,690 461,00 14,00 461,000 141 QQQ 
13,880 509,00 15 ,oo 509,000 15,000 
14,010 508.0 0 15, DO 506,000 15, DOD 
14,310 601,00 18,00 608,132 18,034 
14,500 621,00 19, DO 624,121 19.096 
14,68U 664,00 20 I QQ 66?. 281 20 ,159 
141 81Q 716,00 21,00 723,180 21.211 
14.930 661,00 20.00 669,112 20,236 
16.500 843,00 42.00 871,786 43,434 
17,950 695,00 451 QQ 940.783 47,302 
19,760 941, DO 471 QQ 1005,402 50,217 ............................................... 
r I TTED PARAMETERS ................. 
NUCLEAR TEHP, ' 1,292 PLUS•0R•MINUS ,038 HEV 
ASYHPT0TJC CN,2NI CR0SS SECTJ0N • 996,~0 PLUS•0R·HJNU5 26,73 M8 

RELATED DATA ............ 
N0N•ELA5TJC CR05S SECTI0N AT 14,2 HEV • 1527,99 H8 
CN,21'11J THRESHOLD~ 11,70 HEY 
(N 1 3N) THRESH0LD = 20,10 HEV 

THIS IS0T.0PE HAS 36 NEUTR0NS, 32 PR~T0NS, (MASS • 701 

NEUTR0N EXCESS PARAMETER '. ,06571 

RATI0 0r ASYMPT0TIC CN,2NI h 14,2 HEV N0N•ELASTJC 
,6520 PLUS•0R•HINUS. o0175 

T•SQRT(N) II 7,964. T•SORT(A) ~: 10,810 
ERR0R ,234 ERR0R , 316 

GE•70 ··············································· ENERGY N,2N CRBSS SECTI0N CH8) 
(MEV) MEASURED, ERR ADJUSTED, ERR ................................................ 
13,400 379,00 u.oo 379,ooo 1!',ooo 
13,690 461,00 14 1 UO 16&l,OUU 14 1 UDO 
13,880 509,00 15,00 509,000 15,000 
14,010 5o8,oo 15,oo 5o8,ooo 15,ooo 
14,310 607,00 18,00 606.132 16.,034 
14,500 621.00 19,00 624,121 19,096 
14,660 664,00 20,00 669,261 20.159 
14,610 716,00 21,00 723,180 21,211 
14,930 681.00 20,00 689,112 20,236 
lO,,UU 64J.UU 4~,Uu 871,7DO li3,otJ4 
17,950 . 695,00 45,00 940,783 47,302 
19,760 941,00 47,00 1005,402 50,217 ............................................... 
r I TTED PARAHETERS ................. 
LEVEL SPACING • 7,499 PLUS•0R·HINUS ·,493PER MEV 
ASYHPT9TJC IN,2N) CR0SS S6CTJ0N • 1055,25 PLUS•0R•HJNUS 3J.,n2 H8 

RELATED DATA ............ 
N0N•ELA5TJC CR05S SECTI0N AT 14,2 MEV • 1527,99 H8 
tN.~N) .(HH~SH~L.iJ D 11,70 HE!V 
CN,3NI THkESH0LD • 20,10 HEV 

THIS I 50 T0PE HAS 36 NEUT~0NS, 32 PRn0NS, I MASS • 70) 

NEUTR0N EXCESS PARAME,TER •. ,08571 

RATI0 er ASVHPT0TIC (N,2NI T0 14,2 HEY N0N•ELASTJC 
,6906 PLUS•0R·MINUS ,0216 

N/SPACING • 5,067 A/SPACING • 9,335 
ERR0R , 333 ERR0R , 614 

(/) z a.: 
< 
~ 
..J 
..J 
;: 
,..!., 
z 
N 

z 
b 

1100. 

990, 

880. 

no. 

880, 

550. 

'1'10. 

330, 

2.20; 

i1o; 

GE-70 p 61 (588) 

T = ·1.292!.038 HEY 
o;.r,.N. 2N) = 996.2 t 26. 7 HB 
qJ.N.2N> 
'q_p'i.2) =.652t.017 

FITTED 
LINE 

DATA 
POINT 
• EXPERIMENT 
c ADJUSTED EXPT. 

3 

o.t.......l41 ..... ....t. ....... """"' ..... ....J. ....... ~ ..... ..w, ....... ...J....o ..... """"' ..... oJ.L........:l 
II 12 13 I~ IS 16 17 18 19 20 

990. 

880. 

770. 

ENERGY< HEY ) 

GE-70 p 61 (588) 

A ;= 7.'i99t.'i93 HEV-1 

O"..{.N. 2N) = 1055.2 t 33.0 HB 
g.(.N.2N> 
q_p'i.2> =.691t.022 

21 

--

~ 660. 
a.: 
< 
CD -..J 
..J 
- 550. 

i 
z 
N 

z ~'10. 

b 

330. 

220. 

110. 

FITTED 
LINE 

DATA 
POINT 
• EXPERIMENT 
c ADJUSTED EXPT. 

0i~~~~~z~~~~3~~~~~~~~15~~~I6~~~~7~~~~6~~~19~~~20~~~21 
ENERGYC MEV) 
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GE-76 ,,,F'R0tl REF', S 70 ········· ······································ ENERGY 
(MEV J 

N,2N CR0SS SECT10N <HBI 
MEASURED, ERR ADJUSTED, ERA ··············································· 12,400 737,00 13.00 737,000 13.000 

13,000 1000,00 180.00 1000,000 180,000 
14,000 1160,00 130,00 1160.000 130,000 
14,7UU 1170,00 140,00 1179,073 141,086 
15,500 1320,00 150,00 1345,293 152,874 
16,000 1200,00 200.00 1230,854 205,142 ··············································· 
r1 TTED PARAMETERS 

NUCLEAR TEMP, : 1,735 PLUS-0R-M1NUS ,102 HEV 
ASYHPT0TIC PI,2N) CR0SS :iECTI0N = 1521,50 PLUS•0R•HINUS 93,38 HfJ 

RELA !ED DATA ············ N0N-ELAST!C CROSS SECTION AT 14,2 MEV 1585,73 HB 
(N,2N) THHESH~LD 9,57 t-IEV 
( N, JN) THHES~0LO : 16,14 MEV 

THIS !SiiH~PE HAS 44 NliUTR0NS, 32 PH0T0NS, (HASS : 76) 

NEIJTR0N i::XCESS PARAMETER : ol5789 

RATIH 0F' ASY1'1PHHJC (No2Nl T0 14,2 MEV N0N•ELAST1C 
,Q59~ PLUS-'i:tfi-111NUS ,0513Q 

T•SCRT(N) = 11,509 T•SQRT<A) = 15,125 
ERR"R , 677 ERR0R , 889 

, , ,FH0H HE~, s ?o ··············································· ENERGY No~N CR0SS SFCTI~N (MB! 
teEVI HEASURF.Oo ERR ~OJUSTED, F,RR 

·······························••fl•············ 12,400 7;17,00 13,00 7J'l,OOO 13,000 
1J,~un 1ooo.oo 18o,oo 10oo.ooo 18n.oon 
14,000 1160,00 130,00 1160,000 130,000 
14,700 1170,00 140,00 1179,073 141,086 
15,500 1320,00 150,00 1345,293 152,614 
16,ooo 12oo.oo 2oo,,o 1230,854 2o5,142 ··············································· 
r I TT~O PARAHETERS ················· LEVEl. S~ACING • 3,2?7 PI.V5•0R·11INUS ,509PEA l'tEV 
ASYMPI011C. (N,2N) CR0SS SECT101l • 1722,35 PLUS-0R-~1NUS 150,00 MB 

RELATED DATA 

rmr~-ELAST1C CP0SS SECT10N AT' 14.2 MEV '1565,73 HB 
<N,2111 THRESH0LD 9,57 HEV 
tN,JNJ THAESHQILD ;- 16,14 MEV 

THIS 1S0T0PE HAS 44 NtUTR0IjS, 32 PR0T0NS 0 (HASS • 76) 

llEU!OON EXCESS PAP.AHETER : ,15789 

RAT10 ~f ASYMPT0T1C 1No2Nl Te 14,2 HEV N0N•ELAST1C 
1.0662 PLUS-0R-H1NUS o0946 

N/SPAC1NG • 13,345 A/SPACING • 23,051 
ERA0R ~. Ot,O ERR0R 3, ,9 

1700. 

GE-76 s 70 

1530. T = I. 735 ! • 102 MEV 
o-.J,.N. 2N) = 1521. 5! 93.4 MB 
o;,b,N.2N) _ • 

1360. q;J.14. 2) -. 959-.059 

1190. 

en 
1020. z 

0:: 
< 
llJ 

-' 
-' 
z: 850. 

..!.. 
z 
N 

z 680. 

0 

9iU. 

3~0. 
FITTED DATA 
LINE POINT 

• i:XPERIMENT 

0 ADJUSTED EXPT. 
170. 

3 

0. 
9 11 12 13 1~ 15 16 17 

ENERGY< MEV) 



............................................... 
ENERGY N,2N CR0SS 5ECTI0N IHBI 
CHEV J MEASURED, ERR ADJUSTED, t:RR ............................................... 
13,390 974,00 39 ,oo 974,000 39.000 
13,640 1(124,00 41,00 1024' 000 41,000 
13,780 1084,00 43.00 1084. oou 43,000 
14,110 1154,00 46,00 1154. ou~ 46.000 
141440 "1123,00 45100 1121, 25u 45,170 
14 I S90 1178,00 4 7. 00 1185,175 47,286 
1" ,dbO 1334,00 53, oo 1347,515 53,537 
14,960 1438100 ~7. 00 1454,669 57.661 ............................................... 
r I TTED ,PARAMETERS •11••············· NUCLEAR Ti:MP, : 2.441 PLUS•0R•MINUS ,518 HE:V 
ASYMPT0TIC CU,2NJ CR0SS SECTJ0N : 4!061,09 PLUS-0R·MINUS 419,48 HB. 

RELATED UATA 

NON-ELASTIC CR0SS SECTI0~ AT 14,2 ttEV 158S,73 HB 
(N,2NJ THHESHnLD 9,57 HEY 
(N,JNJ THRESHeLO 16,14 MEV 

THIS IS0H1Pe HAS 44 NEUTR0NS, J2 PR0T0NS, CHASS'a 76) 

NEUTRHN excess PARAMETER = ,15789 

RATI0 0F" ASVHPT0TIC (N,2NJ T11 14,2 HEV N0N.,;ELASTJC 
1.2998 PLUS•0R·MINUS o2645 

TeSQRT(NJ : 16 1 192 T•SGIHTtAJ z: 21,280 
ERki6R 3,436 EHR•H 4. 516 

GE•76 .,,FR0H REF, 0 67 118711 ··············································· ENERGy N,2N cRBSS SECTIBN IHBI 
CHEV I MEASURED, ERR ADJUSTED, ERR ····t;········••*•······························ 13,390 974,00 39,00 974,000 39,000 
1J,64U 1024,00 41,00 1UC'4 1 UUU 41,UUU 
13,780 1084,00 43,00 1084,000 43,000 
14,110 1154,00 46,00 1154,000 46,000 
14,440 1123.00 45,00 1127,250 45,170 
14,590 1178,00 47,00 1185,175 47,286 
14,860 1334,00 53,00 1347,515 53,537 
14,960 1438,00 57,00 1454,669 57,661 ··············································· 
FITTED PARAMETERS ................. 
LEVEL SPACING • 1,459 PLUS•0R•HINUS ,827PER HEY 
ASYHPnTIC IN,2N) CH0SS SECTI0N • 2663,73 PLUS•0R•HINUS 864';19 HB 

RELATED DATA ............ 
N~N•F.I ASTIC CRBSS SECTI0N AT 14,2 MEV • 15~5.73 MB 
CN,2NI THRESH0LD o 9,57 HEY 
CN,JN) THRESH~LD • 16,14 "EY 

THIS IS0T0PE HAS 44 NEUTR0NS, 32 PR0T0NSo tHASS • 76) 

NEUTR0N EXCESS PARAMETER : ,15789 

RATI0 0F ASYHPT0TIC CN 0 2NI n 14,2 HEY N0N•ELASTIC 
1, 6 798 PLUS•0R·H I NUS , 5450 

N/SPACING • 30,158 A/SPACING • 52',090 
ERRIOR 17,094 ERR0R 29,526 

(f) 
z 
0::: 
< 
~ 
..J 
..J 

:0: 
..!.. 
z 
N 

z 

b 

(f) 

~ 
< 
~ 
..J 
..J -:z: 
..!.. 
z 
N 

z 
b 

2250. 

2000. 

1750 • 

1500. 

1250. 

1000. 

750. 

500. 

250. 

o. 
9 

3600. 

32'10. 

2880. 

2520. 

2160. 

1800. 

1'1'10. 

1080. 

720. 

360. 

GE-76 Cl 67 ( 1871) 

T = 2,qq1t.518 MEV 
oJ.N. 2N) = 2061.1 t q19. 5MB 
g,S,N. 2N) . 
qJ. 1 q, 2 ) =I. ~ODt. 265 

II 

GE-76 

FITTED 
LINE 

12 13 I~ 
ENERGYC MEV) 

Cl 67 (1871) 

A = I. q59 t. 827 MEv-1 

a..f.N.2N)= 2663. 7tasq.z HB 
o;J.,N. 2N> qJ. 1q. 2 ) =1. 680t. sqs 

DATA 
PCliNT 

• EXPERIMENT 
c ADJUSTED EXPT. 

IS 

DATA 
PCliNT 

• EXPERIMENT 

17 

c ADJUSTED EXPT. 
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AS•75 , , , f Rt!H R&r, 0 71 ··············································· ENt:Rfiy 
( HEV J 

No2N CR0SS SECTI0N (MBI 
MEASURED, ERR ADJUSTED, ERR ··············································· 13.020 955.00 15,00 955,000 15,000 

13,360 890,00 6,00 890,000 6,000 
1J,900 955,00 21.00 955,000 21,000 
14,470 1027,00 10.00 1031,411 10,043 
l~.o6o 110q,oo t4,uo 1123,613 14,184 
15,A80 1299,00 19,00 1330,762 19,465 
16,510 1312.00 20,GO 1354,4V 20,647 
17.J20 1245,00 186,00 1296,762 193,733 
17,780 1321.00 122,00 1382,299 127,661 ··············································· 
fiTTED PARAMETERS 
••••ooooooo•aoooo 
NUCLl:AR TE:-tP, :: 1,269 PLUS•0R•HINUS ,138 MEV 
ASYHPT0TIC PJ,2NJ CH0SS SECT!0N = t:it6,6J PLUS•dR•HINUS 89,43 HB 

~ELATF.O UATA 

N'-'1~-ELASTIC Cqi?.SS SECll~N AT 14,2 HEV 1576,28 HB 
tNo2NJ THRESrtV.LO 10.30 MEV 
(N,lNJ lH"E51-f0LO 18,46 MEV 

THIS IS2TOPE HAS 42 NEUT~0NS, 33 PR"T"NS, (MASS 75J 

l~i:UTR0N EXCESS PARAMETER ; .12000 

RATI0 0F' ASYMPHHIC (f'.l,2NJ T-' 14,2 /'lEV N0N•ELASTJC 
.a35J PLUS•0R·ti1NUS .0567 

T!SI~RTfAl; 1n.o~n 

ERR0R 1.195 

AS•75 ·,, ,,R0M RE', D 71 ··············································· ENERGY No2N CH~SS SEC.TI~N IHB) 
(HE VI liE A3URED 1 EHR AOJUS 1 EO, tHH 

11 u .a ii •••••••••••••••••••••••ttiOIIIOIIeit.ooeooo 
13,020 9,,oo 1~.uo 955,000 1s.ooo 
11,360 890,00 ~.00 890.000 b,UUU 
13,900 955,00 21,00 955,000 21,000 
1•,41u 1021,no 1o.oo 1031,411 10,043 
15,060 1109,no 14,00 1123,613 14,184 
15,ij80 1299,00 19.00 1330,762 19,465 
16,510 1312.00 20,00 1354,427 20,647 
17,320 1245,00 186,00 1296,762 193,733 
17,780 1321.00 122,00 1382,299 127.661 

-~············································· 

r I TTEU P.ARAMETERS ················· LEVEL SPACING • 7,280 PLUS•0R•MINUS1.681PF.R HEV 
ASYHPT~YIC (N,2N) CR0SS SECTI0N : 1387,97 PLUS•0R•HINUS 110.,53 ~B 

RELATED OAT' 

··•••··••··• N0N•ELASTIC CR0SS SECTI0N AT 14.2 HEY 1576,28 HB 
!No2NI THRESHP.LD 10,3.8 HEV 
(N,JNJ THRESH0LD 18,46 KEV 

THIS IS0T0PE HAS 42 NEUTR0NS, 33 PR0T0NS; IHASS a 751 

NtUTR0N EXCESS PARAMETER : ,12000 

RATIO 0' ASYHPT0TIC (No2NI T0 14,2 HEV N0N•ELASTIC 

N/SPAClNG II 

ERR~R 

.8805 PLUS•0R·MINUS ,0701 . 

5, 769 
1' 332 

A/SPACING • 10,302 
ERR0R 2·,379 

"' z 
"" < 

"" ...J 
...J 

::1: 
,!.. 
z 
N 

z 

~~~0. 

I280. 

ll20. 

1600. 

1'1'10. 

1280. 

1120, 

"' 960. z 
"" < 
Ill -...J 
...J 

f 
soo. 

z 
N 

z 6'10. 

b 

'180. 

320. 

160. 

o. 
IO 

AS-75 D 71 

T = 1. 269 t . 138 MEV 
qJ,N.2N)= 1316.6t89.'1 M8 
q,J.N, 2N) _ • 
q;J 1'1. 2) -. 835-. D57 

Fl TTED 
LINE 

DATA 
f'\JiNT 

EXPERIMENT 
o ADJUSTED CXrT. 

I~ IS IS 17 18 
ENERGY< MEV) 

AS-75 D 71 

A = 7,Z60!1.6tll MEV'"1 

a.J,N. 2N) = 1388. Qt 110.5 MB 
(5.Jfl, 2N) 
a,;,~ IIi. 2 ) =. 881 ~. 070 

/ 
/ 

I"~ 

FITTED DATA 
LINE PCJINT 

• EXPERIMENT 

c ADJUSTED EXPT. 

., 
II 12 I~ I 'I IS IS 17 Ill 19" 

ENERGY< MEV) 



, , ,F'R.,H REF', 868 (2891} ··············································· ENERGY N,2N CR~SS SECTI~N CHBl 
CMEYl. HEASURED, ERR ADJUSTED, ERR ··············································· 12,940 749,00 48,00 7-49,1)00 48,000 
13,510 825,00 35,00 825,000 35,000 
14,100 1018,00 65,00 1018,000 65,000 
14,880 1109,00 71,00 1120,687 71,748 
1~,620 11~3.00 72.00 1146,588 73,512 
16,310 1181.00 76,00 1216,316 78,273 
17,230 1160,00 74.00 1207,092 77,004 
18,020 1163,00 74,00 1219,764 77,612 ··············································· 
FITTED PARAMETE•s ················· NUCLEAil Ttt1P, = 1,Jo46 PLUS .. 0H•HINUS ,003 HI::V 
ASYMPT~TIC CN,2Nl CR0SS SECT!~N • 1273,40 PLUS·~R·MINUS 34,71 MB 

Rt-LATED I)ATA ............. 
N0N•ELASTIC CR0SS SECThlN AT 14,2 MEV • 1576,28.MB 
IN,2N) THRESH0Ul 10,38 HEY 
(~,3N) THRESHe<LD 18,46 MEV 

.T~IS IS16hiPE HAS 42 NEUTR0NS, 33 PR0TDNS, (MASS • 75) 

NE:UTR,HI EXCES$ PARAMETER : .12000 

RAT10 ur ASYMPT~TIC (N,2NJ T0 14;2 HEY N0N•ELASTJC 
.8079 PLUS•OR-MINUS .0220 

l•SORTCN) : 8,723 T•SORTCAJ : 11.657 
ERR0R • 408 ERR~R , 546 

AS•75 I. ,F'R~H REF' 868 (2891) ··············································· ENERGY N,2N CR~SS SECTI~N CHBl 
CMEY l MEASURED, ERR ADJUSTED, ERR 

··~············································ 12,940 749,00 48,00 749,000 48,000 
13,510 825,00 J5,00 825.000 35,000 
14,1UO 1018,00 65,00 1018,000 65,000 
14,880 1109,00 71,00 1120,687 71.748 
15,620 1123,00 72,00 1146,588 73,512 
16,310 1181,00 76,00 1216,316 78,273 
17,2:111 1160.00 74,00 1?.07.092 77.004 
18,020 116J,oo 74,oo 1219,764 77,612 ·····································•········· 
Fl TTEil PARAMETERS ................. 
LEVEL SPACING • 6,739 PLUS·~R·MINUS ,751PER MEV 
ASYMPT0TIC IN,2Nl CR0SS SECTI01~ • 1326,57 PLUS•0R·MINUS 47,01. MH 

RELAT~D DATA ············ N0N•ELASTIC CR•SS SECTI~N AT 14,2 MEV • 1576,28 MB 
iN,2ru THHESI-IV'L[I 10,38 HEV 
CNo3Nl THRESH0LD 18,46 HEY 

THIS IS0T0PE HAS 42 NEUTR0NS, 33 PR0T0NS, CMASS a 751 

NEUTR0N EXCESS PARAMETER : .12000 

RATI0 0F ASYMPT0T!C CNo2Nl T~ 14,2 MEV N0N•ELASTIC 
,8411> PLUS•0R·MINUS ,0298 

N/SPAC:ING • 6,?.J2 A/SPACING • 11",129 
ERRI:'R I 695 ERR0R 1,240 

1260. 

IJZO. 

980. 

~ 8'f0. 
n:: 
< 
CD 

..J 
..J 
:1: 700. 

,!.. 
:z 
N 

.z. 560. 

b 

~zo. 

280. 

~~o. 

AS-75 868 <2891> 

·T = I. 3'!6 t. 063 MEV 
O'.J,N.2N>= 1273.'it3'i. 7 M 
O'..(.N,2N> 
qJ1'i. 2 > =.808t.022 

FITTED 
LINE 

DATA 
PCJJNT 

• EXPERIMENT 
c ADJUSTED EXPT. 

0iuo~~~~~~~~~~2~~~~~3~~~~~~~~~ts~~~t~6~~~~~7~~~~~8~~w 

1260. 

IJZO. 

980. 

~ 8'fll • 

"" < 
CD 

..J 

..J 

f 
:z 
N 

700. 

z &&0. 

b 

'120. 

280. 

1'10. 

ENERGY< MEV) 

AS-75 868 (2891) 

A 6. 739 t. 751 HEV"1 

O'..f.N. 2N) = 1326.6 t 'i7. 0 H 
O'..(.N.2N> 
q_(1'i.2) =.8'i2t.Q30 

FITTED 
LINE 

DATA 
PCJINT 

• EXPERIMENT 
c ADJUSTED EXPT. 

0i~0~~~~~~~~~~2~~~13~~~~~~~~1u5~~~1u6~~~1~7~~~.~A~~wl9 

ENERGY< HEV) 

119 



120 
l'IOO. 

AS-75 p 61 (588) 
AS•75 I. ,F'R0H REF' p 61 (588) ............................................... 

ENERGY N,2N CR0SS SECTI0N (MSI 
1260. 

T = I. 2'18 t. 052 MEV 
!MEV I MEASURED, ERR ADJUSTED, ERR ··············································· q,J,N.2N>= 1310.1 t35.1 
12,130 515, DO 21,00 515,000 21,0 oo 
13,400 9Q7 1 QQ 36,00 907,000 36,000 
13,690' 991,00 4Q t QQ 991,000 40.000 

0'-'JI, 2N) 
1120. q;J1'!. 2) =. 831 t. 02 

141010 1070 ,oo 43,00 1070, ODD 43,000 
14.310 1113 .. 00 45 .oo 1114,968 45 I 08Q 
14,6&0 1149,00 46,00 1157,656 46,347 
14 t 9JQ 1123,00 451 QQ 1135,664 45,507 
lb,500 1210, DO 61,00 1248,983 62' 965 980. 
17,950 1143,00 571 QQ 1197,995 1 59 1 74J ............................................... 

(/') 
6'10. z 

Fl TTED PARAMETERS <>::: 
«" 
CD 

NUCLEAR TEMP, • 1,248 PLUS•0R•MINUS ,052 MEV 
ASYMPT0TIC (N,2N> CR0SS SECTI0N: 1310,14 PLUS•0R•HINUS 35,07 H8 ...J 

...J 

:0::: 
700, 

,.!. 
z· 
N 

RELATE::D DATA z 560 • ............ 
N0N•ELASTIC CR0SS SECTI~N AT 14,2 MEV • 1576,28 MS b 
tN, 2NI THRESH0LD 10 ,38 MEV 
CN,3N) THRESH0LD 18,46 HEV 

THIS IS0T0PE HAS 42 NEUTR0NSi 33 PH~T0NS, (MASS • 751 
~20. 

NEUTH0N EXCESS PARAMETER • ,12000 

RATI0 0F ASYMPT0TIC (N 0 2NI T0 14,2 MEV N0N•ELASTIC 
,8312 PLU5•0R•MINUS .0222 280. 

FITTED DATA 
LINE POINT 

T•SURTCN) a 8 1 088 T•StiRT(A) : 10,808 • EXPERIMENT 
·EHH"R ,337 ERROR I 450 

0 An.liiSTFO EXPT. 
1~0. 

3 

0. 
10 II 12 13 I~ 15 16 17 18 19 

ENERGY< MEV> 

1500. 

• I ,FR0M REF I p 61 (588} AS-75 p 61 (588) 
, ............................................. . 

ENERGY N,2N CR0SS SF.CTI~N (MR> 
IMEVl MEASURED, ERR ADJUSTED, !;RR 

1350. A = '/, ::!79 t • BB!l MEV"1 -··············································· 1Z.1JO . 51~.00 21.00 515.DDD 2t.ono O'.J.I'l. ZN) = 13B0.6t 59.0 MB 
13,4UU 907,00 J6,00 •07,000 36,000 
13,690 991.00 40,00 991,000 40.000 
14,010 1070,00 43,00 1070.000 43,000 

O'..{JI, ZN) 
1200. q_(l'!.Z) =.876!,037 

14,310 1113.00 45,00 1114,968 45,080 
14,680 1149,00 46,00 1157,656 46.347 
14,930 1123.00 45,00 1135,664 45,507 
16,500 1210,00 61,0~ 1248,983 62,9·65 
17,950 1143,00 57,00 1197,995 ~9.743 

I !)!;I), ............................................... 
FITTED PARAMETERS 

(/') 
900. z 

<>::: 
LEVEL SPACING • 7, 379 PLUS•0R·M I NUS , 889PER MEV < 

CD 
ASYMPT0TIC (N,2NI CR0SS SECTI0N: 138U,60 PLUS•0R·MINUS 59,02 MB -...J 

...J 

;: 150. 

,.!. 
z 

ft!~ATeD DATA ............ 
N0N•ELASTIC CR0SS SECTI0N AT 14,2 MEV 

('J 

z 600. 
(N,2NI .THRESH~LD ' 10,38 MEV 
(N,3NI THRESH0LD > 18,46 MEV 

b 

THIS IS0T0PE HAS 42 NEUTR0NS, 33 PR0T0NS, !MASS • 751 
~50. 

NEUTR0N EXCESS PARAMETER = ,12000 

ftATI0 0F ASYMPT0TIC (N,2NI T0 14,2 MEV N0N•eLA5TIC 
,8759 PLUS•0R•MINUS ,0374 

N/SPACING s 5,692 A/SPACING • 10,164 
300. 

FITTED DATA 
LINE POINT 

~RR~R , M36 ERRPJR 1,225 • EXPERIMENT 

0 ADJUSTED EXPT. 
150. 

3 

o. 
10 II IZ 13 I~ I~ IB 11 10 19 

ENERGY< MEV> 



SE•74 ,,rR0H REr, B 72 C•l ............................................. 
<ERGY N,2N CR0SS SECTI0N CHBl 
lEV! HEASURED, ERR ADJUSTED, ERR ............................................. 

... J,560. 155.00 23,00 155,000 23,000 
t4,Jto zth,oo J6,00 2et,S02 36,064 
14,820 368,00 50,00 371,588 50,487 
15,350 423,00 30,00 430,399 30,525 
15,930 501,00 61,00 5t:S,7U:J 62,549 
16,410 575,00 77,00 593,106 79,425 
16,920 603,00 36,00 625,657 37,353 
17,550 655,00 74,00 684,185 77.297 
18,220 679,00 64,00 713,888 67,288 ............................................... 
fiTTED P4RAHETERS ................. 

·NUCLEAR TEHP, • 1,741 PLUS•0R·HINUS ,049 HEV 
ASYHPT0TJC (N,2N) CR!.iSS StCTJ0N c 83Q,97 PLUS•0R•HINUS 20,34 HB 

RELATED DATA ............ 
N0N•ELASTJC CR0SS SECTI0N AT 14 0 2 HEV • 1566,77 HB 
<N,2hJ Tl'iRESH0LO • 12,23 HEV 
(N,JNJ THRESH0LO 21,00 HEY 

THIS JS0TZIPE HAS 40 NEUTR0NS, 34 P~0T0NS, CHASS • 74) 

NEUTk~N EXCESS PARAMETER : , 0810d 

RATI0 0f ASVMPT0TJC <No2Nl T0 14,2 MEV N~N·ELASTIC 
,5304 PLUS•0R•HlNUS ,0130 

T•SCRT(N) E 11,011 T•SQRTCA) • 14,977 
ERRraR ,310 ERR0R , 422 

SE•74 ,,~F"R0H REF", B 72 (•) ··············································· ENERGY N,2N CR0SS SECTJ0N CHBl 
CHEVl MEASURED, ERR ADJUSTED, ERR ··············································· 13,,6D t55,oo 23,oo 155·.ooo 23,ooo 
14,310 281,00 36,00 281,502 36.,064 
t4,A20 J6B.oo !iio,oo 37(,soo !:i0,487 
15,350 423,00 30,00 430,399 30,525 
15,930 501.00 61.00 513,718 62 .• 549 
16,410 575,oo n.oo 593,106 79,425 
16,920 603,oo 36,oo 625,657 37,353 
17,550 655,00 74,00 684,185 77,297 
18,220 679,00 64,00 713,888 67,288 ··············································· 
r I TTED P4R4HETERS ·············•tr•• LEVEL SPACING • 3,928 PLUS·0R·HINUS ,213PER HEV 
ASYHPT0TJC CN,2N) CR0SS SECTI0N • 942,95 PLUS•0R•HINUS 25,08 HB 

RELATED DATA ............ 
N0N•ELASTJC CR0SS SECT!0N AT 14,2 HEV: 1566,77 HB 
(N,ZNi Tl'lki!!SI11DL0 I .14!.~J HI::V 
CNo3Nl THRESHHD • 21,00 HEV 

THIS IS0T0PE HAS 40 NEUTR0NS, 34 PR0T0NS, CHASS • 74) 

NEUTR0N EXCESS P4RAHETER : ,08108 

R4Tl0 0r ASYMPT0TIC CN,2Nl T0 14,2 HEV N0N•ELASTJC 
,6018 PLUS•AR·HINUS o0160 

N/SPACING • 10.183 A/SPACING ' 18,839 
ERR0R , 552 6RR0R 1', 022 

77'1. 

688. 

soz. 

i Sl8. 
< m 
:::i 
..J 
;: '130. 
,..!.. 

~ 
z 3'W. 

b 

258. 

172. 

811. 

970. 

873. 

n6. 

679. 

en 582. :z a:: 
< 
~ 
..J 
..J -E 

't8S. 

,..!.. 
z 
N 

z 388. 

b 

llill.. 

19'1. 

97. 

B 72 <- > 

T = .1. 7'11 t ,Qli9 HEY 
~.ZN>= 831.0t20.3 HB 
gJ.N,ZN> 
<U11i.2> =.53Qt,013 

FITTED 
LINE 

DATA 
POINT 
• EXPERIMENT 
c ADJUSTED EXPT. 

3 

l't IS 16 17 18 19 ZD Zl 
ENERGY< I£¥> 

SE-7'! B 72 <- > 

A = 3.92Bt.2f3 HE'r1 

cr.J,N.2N)" 9'!3.0t25.1 HB 
o;J..N. ZN) 
qJ1'!.2) =.602t.016 

FITTED DATA 
LINE POINT 

• EXPERIMENT 
c ADJUSTED EXPT. 

:l 

13 l't IS 16 17 18 19 zo Zl 
ENERGY< HEY) 

121 
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Si: .. 74 I I .rR0H RE~ I A 69 ( 2366) ··············································· ENERGY. N,2N CR0SS SECTI0N 1MB) 
tHEV) MEASURED, ERR ADJUSTED, ERR ··············································· 13,710 233,50 7,90 233,500 7,900 
14,170 331,90 12,30 331,900 12,300 
15,020 510,30 11.50 5ot6,796 11,6~6 
15,220 565,10 9,00 573,939 9,141 
15,930 574,10 8,10 588,674 8,306 
16,270 496,90 12,20 5tt,6l:fl 12.563 
16,610 "672,30 17,10 695,106 17,680 
17,090 642,70 13,20 668,096 13,722 
17,580 654,60 31,20 683,97, 32,600 ............................................... 
r I TT~D PARAMETERS 

NUCLEAR TEMP, • 1.185 PLUS•0R•I'IINUS ,153 MEV 
ASYMPT0T!C IN,2Nl CROSS SECTI•N • 722,47 PLUS•0R•MINUS 60,21 HS 

RELATED DATA ............ 
N0N•I:::LASTIC CR0SS SECTI0N AT 14,2 MEV c 1566,77 HS 
CN,2NJ TMRESH0LD 12,23 MEV 
(N,3NJ lHHESH0LD 21,00 MEV 

THIS IS0H!PE HAS 40 NEUTR¥1NS,. 34 PR3T0NS, (HASS ill 74) 

NEUTR"N EXCESS PARAMETER • ,OH108 

RAT!~ 0r ASYMPT0TIC 1No2Nl T0 14,2 MEV N0N•ELAST!C 
,4611 PLUS-0R-HINUS ,0384 

7. 49~ 
'968 

.,,f'R0H REr, A 69 123661 ··············································· ENERGY N.~N CROSS ~FCTION CMW) 
CMEVI MEASURED, ERR AO.JU~TED. ERP ......................... " .. , .. , .............. . 
13,710 233,50 7,vo 233,500 7,9oo 
14,170 331,90 12.30 331.900 1~.~00 
15,020 510,JO 11.~0 516,798 11,646 
15.220 565,10 9,00 573,939 9,141 
15,930 574,10 8,10 588.674 8,306 
16,270 496,90 12,20 511.681 12.5bJ 
16,610 672,30 17.10 695,106 17,680 
17.090 642,70 13.20 668,096 13.722 
17,580 654.60 31.20 083,975 32,600 ............................................... 
riTTED PARAMETERS 

·····•··········· LEVEL SPACING • 9.039 PLVS·0R•HINtJS?..644PFR MEV 
ASYHPT0TIC (N,2N) CR0SS SECTI0N: 768,71 PLUS•0R•HINUS 80.,96 MS 

RELATED DATA 
eeee1 ee I I I I I 

N0N•ELASTIC CROSS SECTI0N AT 14,2 MEV 1560,77 MS 
1No2Nl THRESH0LD = 12,23 MEV 
(N 1 3NJ lHRESH0LO ill 21,00 HEV 

THIS IS0T~PE HAS 40 NEUTR0NS, 34 PR0T0NS, IMASS • 741 

NEVTR0N EXCESS PARAMETER : .Q810A 

RATI0 0r ASYMPT0TIC 1No2Nl T0 14,2 MEV N0N•ELASTIC 

N/SPACING • 
ERR~R 

~·906 PLUS-2lii•HlNUS ,0517 

4 ."425 
1. 294 

A/SPACING = 
ERR0R 

8.187 
2. 395 

790.n.... .......... ....., .......... ....,., ........... """ .......... '""".,..... ..... "l"" ...... ..,.. ....... '"l 

158. 

'19. 

SE-7'1 A 69 (2366) 

T = 1.185t.l53 HEY 
qJ,N.2N>= 722.5t60.2 
qJ.N.2N> 
q_(l'i.Z) =.'i6lt.D38 

IS '" 15 IB 

FITTED 
I TNE 

17 
ENERGY< HEY > 

------

DATA 
P.,JNT 

• EXPERIMENT 
c ADJUSTED EXPT, 

3 

18 18 20 21 



',,F'R0H REF' I 8 66 '(2894f 

~··········································· ;RGY N,2N CR0SS SECTI0N 1MB) 
;V) MEASURED, ERR ADJUSTED, ERR 

~··········································· 14,100 300,00 22 ,oo 300,0~0 22,000 
14,900 472,00 47100 477,170 H,515 
16,300 540,00 45.00 556.266 46,356 
17,200 608,00 50, DO 632,774 52,037 
18,000 639,00 53.00 670,443 55.608 
19,600 662,00 55, oo 704,154 58,502 ............................................... 
FITTED PARAMETERS ................. 
NUCLEAR TEMP, • 1,277 PLUS•0R•MINUS ,062 MEV . 
ASYMPTeTJC (N,2Nl CR0SS SECTJ0N • 707,30 P~us,eR•MJNUS 22,89 MB'' 

RELATED DA U ............ 
N0N·ELASTIC cqess SECTIV.N AT 14,2 MEV • 1;66,77 MB 
(N 1 2NJ THRESH0LD • 12,23 HEV 
CN ,3NJ THRESH0LD 21 1 00 HEY 

THIS IS0HiPE HAS 40 NEUTR0NS, 34 PR"T2NS, CMASS • 74) 

NEUTR0N EXCESS PARAMETER : ,08108 

RATI0 0F ASYMPT0TIC 1No2Nl T0 14,2 MEV N0N•ELASTIC 
. ,4514 PLUS•0R•HINUS ,0146 

hSQRTCNJ • 
ERR0R 

8' 076 
I J92 

T•SQRT(Al • 10,985 
ERH0R ,533 

SE·74 .,,F'ROH REF', 8 66 C2894) ··············································· ENERGY N,2N CR0SS SECTI0N IHB) 
(MEVJ MEASURED, ERR ADJUSTED, ·ERR ............................................... 
14,100 300,00 22.00 300,000. 22.000 
14.900 472.00 47.00 477,170 47,515 
16.300 540,00 45.00 556,266 46.356 
17,200 608.00 50.00 632,774 52,037 
18,000 639,00 53.00 670,443 55.608 
19,600 662. oo 55,00 704.154. 58 •. 502 ··············································· 
r I TTED PARAMETERS 

LEVEL SPAC lNG • 8, 093 PLUS•0R·MINUS ,843PER HEY 
ASYHPT0Tir. (N,2Nl CR0SS SECTI0N • 740,40 PLUS•0R•MINUS 27,72 MB 

RELATED DATA 

N0N•ELASTJC CR0SS SECTI0N AT 14,2 HEY : 1566,77 MB 
CN,2NJ htRESH.,LD: 12,23 HEV 
(N,JN) THRESH~LO • 21,00 HEY 

THIS IS0T0PE HAS 40 NEUTR0NS, 34 PR0T0NS, (MASS • 74) 

NEUTR0N EXCESS PARAMETER = , 06108 

RATI~ 0F ASYHPT0TIC (N,2Nl T0 14,2 H~V N0N•liLASI1C 

.N/SPACJNG • 
ERR0R 

,4726 PLU5•0R•MINUS ,0177 

A/SPACING : 
ERR0R 

699, 

BIB. 

5911. 

~'1112. 
;; -...J' 
...J 
;; 985. 
,!.. 

~ 
~SOB. 

b 

231. 

1511. 

n. 

770. 

693. 

616. 

533. 

Vl 
't62. z 

"' < 
CD 

-' 
-' 
::r: 385. 

,!.. 
z 
N 

z 306. 

b 

231. 

15't. 

77. 

SE-71f B 66 < 289lf > 

T = 1.277!.062 HEY 
~.ZN>= 707.3tZZ.9 HB 
cU,N,2N)-
qillf.Z> -.lfSlt.OIS 

FlTTEO 
LINE 

OATA 
POINT 

• EXPERIMENT 
c ADJUSTED EXPT. 

13 l't 15 IB 11 18 19 211 21 
ENERGY< HEY> 

SE-71! 6 66 < 2691! > 

A= 6.093!.61!3 MEv-1 

a.J,N.ZN>= 71iO.Jit27. 7 M6 ---
a.,J.N, ZN) _ • 
qJ.Ili.Z> -.li73-.016 

FITTED DATA 
LINE POINT 

• EXPERIMENT 

D ADJUSTED EXPT. 

3 

13 l't 15 16 17 18 19 zo Zl 
FIIII'Rr.Yfloll'll' 

123 
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Bk•79 ,,.FR0H REF', 8 '67 (2888) 

I:Nt:RGy 
tHEY) 

N,2N cRess st:crum CHBJ 
"EASUREDt ERR ADJUSTED, ERR ............................................... 

lJ,lt~O 791,00 85, Ou 791, OliO 85,000 
13,460 837,00 89 .co 837,000 89,000 
13.710 870,00 93,00 870.000 93,000 
13,980 912,00 98, ou 912.000 98 t QQO 
14,240 96CJ I QQ 104,00 969.600 104,064 
14.510 997,00 107,00 1001,701 107,505 
14, 76U 96B,on 10J. 00 976,111 103,863 
15,530 993,00 106,00 1011,800 108,007 
16,250 921,00 98,00 946.668 101),731 ................................................ 
f I TTI:.IJ PARAHETEIOS ................. 
NUCLEAH li:.MP, • ,804 f11..US•0H•HINUS .054 MEV 
ASYHPHHJc; CN,2NJ CA0SS SECTI0N • 1Ulit,53 PLUS•SA•"INUS 23,08 MB 

RELATED UA TA 

N0N•fLASTIC CR0SS SECTUN AT 14,2 MEV • 1613,65 MB 
CN,2NJ T11REStH!ILD • 10,83 "Ev 
(fll,ltO THHESH0LD • 19 1 22 "EV 

THIS I SktT~PE HAS 44 NEUTRI!II'fS, 35 PR0Tt!NS, CMASS • 79) 

III(UTfil:lN EXCESS PAA:AH!T!:R • ol1392 

kATI0 er ASYf1PT0TIC tN,2N) T0 .14,2 "EV NSN•ELASTJC 
,6275 PLUS•0R•"I•US o014J 

TeSQHT(N) • 5,33J T•SORTUJ • 7,146 
tnRUR , :no E!RRilR .~eo 

• , .n~k'"' Rer, s 67 c2888J ............................................... 
t:~:tHtH N,2N CRktSS SECTI~N hdn 
CHEVJ HEASUQED, ERR AOJU~TED, ERR ............................................... 
13.18o· 7"1.'0 8~.co 791,000 85.ooo 
1J,460 ijJ7.~~ d9,0o &p,Q~Q ~9,QUO 
1J,I1D q,o.~o ~3;oo li7o.ooo 9J.ooo 
13,9dO 912,00 9ti,OO 912,000 9d,OOO 
... ~•u Y6Y,o~ 104.00 96o,ouo iO•;oo4 
14, 1HO 997,fln 107,00 1ll1Jl.7U1 107,505 
14,71>0 968,00 103,00 976,111 103,81>3 
15,530 99J.nq ltli'1,00 1011,800 10ti,007 
16,2~0 Y2l.nn Ytt,UO 946,6b8 100,731 ······················· ························ 
r I TTE&} PAIUfotC:TERS 

!~ ~~ .,. !! ! '~· '' ~! ~ 
LE-VEL SJ-iAI,;I~Jr. El9.Ytt4 PLuS·0R·MINUS3,021PEH HEY 
A5YHPT0TIC (f.t,2N) CJ.IidSS SECTI~N : 1024,1b PLUS•0R·HINUS 28,09 M6 

j:(fLAfCU L .. t.T4 

·~·· ....... . 
tH~I\-ELASTIC r.PASS SECTI.,N AT 14,2 tii£V 
Ct..~,?N) TI·U.tf-Stlf.'LO l1i,~3 HEV 
I~.JNI Tf•~fS"·'L~ , !9,22 M~V 

1613.65 "8 

THIS ISLO.~PE j.IAS 44 ~EUTR0NS. 3S· PHAH11-4So (MASS • 79) 

t-1( UTRON F. J(CF.:!;S PAR Al'if TEH : .11392 

RAT!~ er ac;v~PTOTtC (f,•,2tl) hJ 14.2 HEY N0N•ELASTIC 

N/SPAC !Nli : 
E.Rtot"A 

,6347 PLUS•(jR·"INUS .0174 

<. <02 
,JJJ 

A/::.PACII~li : 
E•R0H 

1080. 

960. 

11'111. 

en 7211. 
~ 
< 
CD 

...J 

...J 
6111. ;: 

,.!., 

~ .. .z '180. 

t:> 

000··· 

2'10. 

120. 

BR-79 B 67 CZ888> 

T = .BO'It.OS'I 
o;J.N.ZN>= 1012.5* 
~.ZN> 
q11'1.Z> =.627* 

FITTED 
Lit£ 

----

DATA 
f'(IINT 
• EXf'CRit1LNT 
~ ADJUSTED EXPT. 

o •. t........J.!L..........& ...... .....&.. .................... ...&.. ...... ..£... ..... ~ ...... """"" ..... w...~ 
10 ll " 15 18 17 18 19 20 

1080. 

960. 

8'10. 

~ 720. 

'"' < 
!!:! 

. ...J 
...J 
~ 600. 
,.!., 
z 
N 

;i ~110. -

b 

960. 

2'10. 

120. 

o. 
10 

Et£RGYCHEV> 

BR-79 8 iH < ~888 > 

A = 19.96'1:3.021 
0'~.2NJ" 1U2'1.2t 
O'..{.N,2N> 
C\J1'1.2) =.6351 

ll 12 13 I~ 

FITTED 
LINE 

15 16 
ENERGYCMEV> 

DATA 
POINT 

• EXPERIMENT 
c ADJUSTED EXPT. 

3 

17 18 19 20 



BH•79 •• ,rAe" A~r, "' 67 u&71J ··············································· ~N~kG> No2N CR0SS 5ECTI0N (M9J 
(H(YJ HEASVRED, I::RA ADJUSTED, ERR 

~·············································· '13,390 765,0(1 18,00 765,000. 18,000 
1J,460 821,00 18,00 821.000 18,000 
13,1160 843,00 36,0C. 84J,UOO J6 1 000 
14,02u 8«:~8,00 12,00 868,0UO 12,000 
14,160 921J.OO JO,OIJ 920.000 JO,OOO 
14,3!1U QJJ,IJO l~.CIO 9J5,1S1 15,035 
14,590 997,00 14,00 10U2,88J 14,083 
14,790 liJtJ.oo t•.oo tozt.94!6 t4,12J 
14,96LI 1037,00 20,011 1048 1 640 20,224 

·········~····································· 

f'JTTE::O P,UUMETERS ················· . NUCl~AR TE!otP, • 1,195 PLUS•IIIH•"INVS ,u87 fotEV 
ASYMPTBTJt; (N,2frl) CAUSS SECTUN • 12U~t.b4 PlU5•1iJA•MINUS 52,96 Md 

RE:LATtU tJATA ............ 
NaN·E~ASIIC CRUS SEcTJ•• u 1•.2 •ev • 1613.65 MB 
O~o2NJ HtRESHeLD • 10 1 83 MEV 
Ct.t,JNJ TriHESH0lD a 19 1 22 MEV 

TriiS IS~T;,tPE HAS 44 NEUTAiiJNS. .S5 PN0T8NS, (MASS a 79J 

:>tE:Ultil)N EXCESS PARAMETER a .UJ92 

RATI~ 0f' ASYHPTiiJTIC CN,2t-J U 14,2 MEV N8N•ELASTIC 
, 7454 PLUS•0R•MI.\IUS ,0328 

T•SQHT(~J a 7,927 hSQRTUJ • 10,621 
ERh•R , 577 ERAUR I 773 

Qt-:•79 •• ,f'R~~ REf' I 0 67 c 1d71) ............................................... 
l:NEAGY No2h CR0SS SI:CTJ0N CMBJ 
tMEVJ ME.t.SURF.Do ERH AUJUSTI:D, EAR ··············································· 13, 39G 765.on 18, DO 765,UUO 18,000 
13. 46(1 Fl::!t. tJn lb ,00 821.000 18 .ooo 
13.860 ~·3 :oo J6, 00 84J,UOO 16.000 
14.020 (1:~~ I"" 12 .oo 86e.ouu 1~.000 

1'1,UO 920 .0(1 30,00 920 I ijijij 3o .ooo 
14. l5oo 933.on 15, DO 935.151 1 ~, 035 
14 I t;Qu 997,00 14.00 1002.683 14, 08J 
14, 7YfJ 1013.00 14.00 1021,926 14.123 
14.960 10J7.00 20,00 1U48 I 640 20.224 ··············································· 
F I TTE·O PAhA"4ElfRS ................. 
LE-VEL SP.t.CINr. ~~ q,16~ PLUS•iiA•t1ltHIS1,2\11PER MEV 
ASYHI-lTBTIC tN,,tO CAUSS S(CTI0N • li!H1.~0 PLUS•0R .. P1tNU5 69,75 Hb 

RELATE:O UATA ············ t!V-N-:ELASliC t,;PPSS SECTI0.f AT 14.2 hfV 1t 1613,65 MQ 
("' 0 4!'N) THRESH~LO 1r tU,8J folEY 
(N,JN) TM .. ES ... tAL[l :~ 19,22 MEV 

Hd!:t IS.-,T;:!PE HA$ 44 11<EUTH0~S. JS PHOl0NSo (MASS • 79) 

N[UT .. _,N l'CESS "APAHETF.R ::11 .11392 

~ATIO .r A~YMPTI'TIC .-.2~> T• 14,2 -~V N~N·ELASTIC 
• 7940 PLUS•0R•Hl:-.!I.:S ,0432 

N/SPACING II t;,JA9 
ERf.!~JJ ·'"2 

A/5PACI:4G • 9,675 
ERHaR 1, ~30 

125 
I !IIIII. 

BR-79 0 67 ( 1871) 

11'10. T = 1.195t,Q87 1£V 
a;J,N.2N> = 1202.8!53,0 Ill 

10010. 
g.L.N, 2N) 033 
CU11f.2) =. 71f5t. 

910. 

·~ 1811 • 

< 
CD -..... ..... 
;: 11511. 
).. 
z 
N 

z sm. 
b 

3!10. 

2110. 
FITTED DATA 

LINE POINT 

• EXPERIMENT 
D AO.AJSTEO EXPT. 

1311. 

3 

a. 
10 II 12 13 I~ IS 18 17 18 19 20 

ENERGY<I£V> 



126 

,,,rRI6H REF', K 60 C770J ............................................... 
t:r1EkGV 
c 14E v J 

N,2!14 CR0SS SECTld!'4 tHb) 
"1EASUREO, ERA ADJUSH:;O, t:AR ............................................... 

12 .z~o JJO, 00 40.00 330. oou 40.000 
·1.3.400 610 0 00 60,00 610,000 60,000 
1• .2ou 815.00 bO ,00 81>,000 •u.ouo 
14. JOO 835,00 bO, 00 8J6, Zllll o0,1ZJ 
1~. 70ll •~o ,oo bU, DO 919,008 81,690 
lb, •uo 1180.00 90. ~0 906,07.! cn,666 
17, 4!tU P90 ,on eo. oo 1126,47!) 8J.Z79 
lb, lUU 9uO,OO 80 ,o a 94Z,5ZZ 83.780 ........... ·······················.············· 
r IT H.~ PA~AI1f:T(RS 

t<.IUC:L.l:A~ li:."'P, a 1.1413 f-'LUS .. JA•HINUS ,OSl HEV . 
ASY!'1.-T0TH.: C"t,iltl1 C~k'ISS SECTJitPII • 91t,9o PLUS•0A•MINU5 24,41!0 l'ld 

PELA Ttl) lJA TA 

t:ur.•ELA:;.TIC CRI,SS St:CTI0!1. AT 14,2 "'I::V • 161.5.6~ HB 
ch,l~J Tf4RESH~lLn 1 tU,aJ HEv 
1"-oli'I.J Tl"'ki:SHV.LD 19 1 22 ME\ 

TI11S J:;,0TuP( ._,AS 44 NlUTH4:1NS, J~ PH~oil"NS, CMA$5 • 7V) 

1-tl:UH<W'-1 I:.ACESS PAIHHETER • ol1l92 

HAft,; er J.SYI"PHHIC w.2N, T" 14,2 Hcv llDN•ELASTIC 
·,6U2J PlUS·~R·HI.~liS ,Ot:-;,0 

hS:JkT(N) : 7,615 hS,JHl(A) • 10,204 
i!olgtz" , HIJ 61i,hHi ,.IIi~ 

Hl-!•70 ,,,FHAH REF, t1. bO C770J ............................................•.. 
ENERGY Na2~ CR0S~ SFrTBtN fMW1 
("4~\1) M~tr.SUREO, ERR APJUSTED. ERR 

•••••••••••••••••••••••••••••·••••!~!,t!P!tttt•• 
1~.~~0 330,no 40,00 JJO,OOO 40,000 
ll,4UU 610.00 60,00 b10,0llU 60,000 
14,200 815,!10 80.0J 815,000 80,000 
14,30u ~35,00 tso.on HJ~.2ao a0.123 
15,7oo 91lo.oo eo.oo Y19.00d &1.690 
16,400 ~ao.no 90,ou 9o6.072 92,666 
17,450 ~oo.oo en.oo 926.475 83,279 
18,1UU I,JQO,OO 80,00 942,c;22 8J,780 ··············································· 
fiTTEn P~kAMETEP~ 

LfVtL SPAlltlG • 9,172 PltJS•0R-HINUSt.072PF.:R HEY 
JSYMYT0TIC CN,2Nl CRV.SS SECTJrN: 1006,1:) PLUS•0R•!1INUS J5, 6 0 118 

NON-~I,ASfiC r.:~rS$ S~CTH•~ AT l~li~ tJEY • 11'1LLt\IJ MA 
(rJ,2NJ f~k~51-'tL0 lO,d:S MEV 
(t,,Jfll T~;:-<ES~>i~'LO 19,22 HEV 

TMI5 IS0Tt.PE ~•AS 44 r.EUT"ci!JNS, :SS PR~Tl1rlS, (HASS • 79) 

Nf:UTH0N ~ACESS PI\RAHETEH : ,11J92 

RATI0 gr ASY!"Pl0TIC Cf\,2r~) T~ 1.C,2 ~(:\1 U0N•ELASTIC 

N/~JJ.lCINi,; i 
ERR"R 

.1'123~ ._,LUS-0R·MINUS .0221 

AI~PAti~G : 8.61J 
ER~UR 1. 007 

~ 
c: 
ID 
:::::; _, 
f 
~ 
z 
b 

lUll, 

9110. 

IIIII, 

no. 

880. 

'51511. 

't'lll. 

3311. 

2211. 

liD. 

BR-79 K 60 <770> 

J-m l.llf81,QS11£V 
~.ZN>• 972.0t21f.2 148 

~ c:Ullf.2) =.602t,Q 

FITTED 
LINE 

DATA 
PaiNT 

• liXPiiRIHENT 
c AO..USTEO EXPT, 

0i~D~~IILM~~I2~~l~SMM~I~.~~I~S~~li~~~I7~~~18MM~I~9~~m 
ENERGYC I£V > 

1100. 

flR-79 1:: 60 (.770) 

990. 
A - !l.!72t 1.072 HEV""" 1 -tt a..{,N. 2N > = 1006.2 ~ 35.6 H8 
o;.(.N, 2N) 

tuJO. q_p'1.2) =.62'1~.0 

770. 

en 
660. z 

0< 
< 
~ _, _, 
ll: 

550. 

..1. 
z 
N 

-:i. ~~0. 

b 

330. 

220. 
Fi Trt:U UAIA 

LINE POINT 

• EXPERIMENT 

Cl ADJUSTED EXPT. 
110. 

3 

0. 
10 II IZ 13 ·~ IS 16 17 IB 19 zo 

ENERGY( MEV> 



BH-81 ... F'~"" REF I 0 67 (1871) ............................................... 
EN1i1'4t.iY t-t,2t.l CA0SS SECTI"N CHB) 
CMEV J ~EASU~ED, ERH AlJJUSTED, EAR ............................................... 
13oJ9o 596,00 ~1.cu 596·,ooo 21,000 
13,~10 648,00 18,0U 648,000 18,000 
13,640 667,00 19,00 667,0tl0 19,000 
1Jod60 704,00 26,00 704.000 26,000 
14,270 715,00 27,00 715,758 27,029 
14,4JU 723,00 19,00 725,490 19,065 
14,59\J 766,00 24,00 770,426 24,139 
14.7lu 7b2,oo 2o.oo 767o929 20.156 
14,860 814,00 22,00 821,819 22.211 
14,9bO 8o6,no ze,,oo 814,857 26.286 ......... ······································ 
F'ITHU PAFIAHETERS ................. 
• ~UCLEAA lCHPo a 1,389 PLI.'S•dR•HikUS ,102 Hf;Y 
•SYI'I.,Ttlfll.. IN,2Hl CAI6SS HCTU"t • 94J,4t PLUS•aA•HINUS 4Jo00 H9 

RELATED LIATA 

Nk!l'l•tLASIIC CR05S SEC:TI01't AT 14,2 HEV • 1&31,95 HB 
Oh2tl} THkES..,0LO • 10,2Y HEV 
IN.JNJ !11"ESHSLO • 18,27 HEY 

lt-tlS 1S0T~PE HAS 46 kEUTR0NS, 35 PR8hiNSt CHASS a BU 

t~EUTRAN ExCESS PARAMETER • .13580 

RAT10 sr ASYHPU:TIC CN,2NJ TS 14.2 ~EV NSN•ELASTJC 
o5701 PLUS·BR•HlkuS ,Ot"o4 

TeSQRT(hJ a 9o421 T•S..IHTCAJ • 12,501 
EHAidR I 692 ERR~R ,918 

,.,rRI-!H HEr. ret 67 11071) ··············································· N,2N CR0SS SE:CTl~N IHI::IJ 
"11=!5UPELio EAR A[IJUSTEO, ERH ............................................... 

13,300 
13.510 
13.640 
lJ. tlbl.l 
14.270 
14.430 
14 ,590 
14. 7JO 

. 1•. bt)O 
14 0 9&0 

596. on 
o .. e. on 
&h7. :1n 
H4,00 
715 ,(lf') 

12J.oc 
766. on 
7,. .. ,. nn 
P 1,.. £In 
""6, on 

21. oo 
18,00 
19 0 00 
2o, Oo 
27. oo 
19, OJ 
?4 ,DO 
20 .oo 
~2 0 00 
?0. oo 

5Yet,OOO 
648oORO 
b67 .oou 
70 ... 000 
715. 7~tl 
725.490 

. 770.426 
7&7 ,929 
021.019 
814.657 

21.000 
18 o DOD 
19 .ooo 
26. ooo 
27.029 
19.005 
24,139 
20.156 
22.211 
20,280 ··············································· 

rJ TTEU P.t.kA"'t:HQS ................. 
LEYI:::L SPJ.CPJr. a -;,b27 PLUS•"R-rU/IiiJS ,976PE~ HEY 

,, 

ASYMPHHIC 1':.2tO CP.0SS SECTI_,~ : 1018.~2 PLUS•I!IR·HINUS 61.58 Hd 

RELAHD llATA ............ 
NaN•ELlS'IC ':APSS SECTIOJX AT 14.2 H;V 
cv,2t-.J u,nESH~Lll • 11.1.29 HEy 
PJ,Jf;J TnhESH,•LO a lb,27 HEY 

HilS IS0HJPE HAS 46 NEUTIUtNS, 3o; PH0f0NS, (HASS a 8U 

NEU '"'='~'~~ EXCESS PARA11E fER a .13580 

kATI~ 0F' .C.SY~PT~TIC CN,~~) T0 14.2 11~V NSN•ELASTIC 
.•2JO PLUS•0R•HINUS ,0377 

N/SPACif>fG • 7.R04 A/SPACI:-,G • 13,901 
ER~~R 1 0.522 ERRdR 2o:.128 

"' z 
. "" < 
~ 
..J 
..J 

:1: 
,!.. 
z 
N 

z 

b 

IM.,....,_.,.....,_.,.....,_..,.,'"'""""'"'""""mm;ijin-""'""'P"'"""''I"' .... ..,. 

m. 

•• 

1100. 

990. 

880. 

770. 

660. 

550. 

~'10 • 

330. 

zzo. 

110. 

0. 
10 

IIR-81 a 87 < 1871> 

T • 1.389* .102 MEV 
q,fJf,2N>• !HS.II *113.0 

~,2N) 11.2) •.518*.028 

FITTED 
LINE 

DATA 
PDINT 

• EXPERIIENT 
a AD.1JSTED EXPT • 

IS •• 11 18 II 
EJERGY( MEV> 

6R-61 0 67 ( 1671> 

A = 5. 627 t. 976 HEV"1 

O"..f.N.2N>= 1016.2!61.6 H6 ~ aJ.N. 2N > _ _ 
~(l'i.2> =.621j•.U;jt!. 

FITTED DATA 
LINE POINT 

• EXPERIMENT 

0 ADJUSTED EXPT. 

II IZ 13 I~ IS 16 17 18 19 
ENERGYCHEV> 

12 7 



128 

, •• r~011 Aer, a 72 ··············································· f:i'Jf.I-IGY N,2N CR0SS SECTU't (MBJ 
PIEVJ MEASURED, E:.AR ADJUSTED, EAR ··············································· tJ.·JOo 768.no 6S.IlO 76e,ooo 65,000 
13,Joo 8U.oo 29.~0 8u,ooo 29,000 
IJ,RJO 1107,00 29,00 1107,000 29,000 
14,5.10 ll~i'I,OO 41,00 1255,364 41,176 
1~.111n 11\78,00 S1,1lll 1192.558 51,630 
\0,40& 100~,00 30,JO 1024,271 30,484 
10.000 1303,00 98,00 1333,323 100.281 
t6,6oo t467.no 117.00 1510,754 120,490 ··············································· 

............ 
:.;l'U-I:L.I.STit: ~ruS~ SEClUt-4 aT 14.2 I'IEY • 1667,83 M8 
Cllolln T.,"'lfSi-oPL'J c 10.61 HEY 
PhJI-1) Tt"'•F.S ... :'ILO • 19,i'l HEY 

HdS IS-.!HPC: l-IAS 49 ~EUTHI!ll~s, 31 PR010J~~S, CMA$.5 • 85) 

. 'llf.llliHIJ"I 1-XC:~S$ P~'UHE1i;'f • ol2941 

. q&TI\l 111r ASYt~PT~TIC CN.o2i'4J Tkl 14,2 MEV N~N•ELASTtC 
, 731A PLUS•0A-MINUS .0747 

T•S~HT(I~) •. 6,114 T•SQRT(A) • 9,201 
;HH~R lobl4 EnRGR 3,Ht 

• • • r""'1 P.er. " 12 
•••••~ot.•••••••••••••••o•······················ 

Ltl::.";... u.::t-• cq~1ss s.rcfJII!I:O. '"'B) 
r~t:v1 '11-".to!:llflr:n. ;.:tfR .\OJUSfF.Dt E~R 

o•••••• .. •••~•••••••••••t.••••••••••••••••••••••• 
l::!.LIJ.) 7hfl,'l:1 6~.l'IU 768,000 65.000 
1~.:L1.1 fH1.olf'l 2'1.1JO 144,UOO 29,,100 
1:c,6•l•l 1.1.,7,."1:1 29,nO 11n1,000 ~'l,iJUD 
l.,.,:;,)u t2'Sfl,,1,) <1loUU 1J5>~,364 41,l7b 
!'J,l•I·J 117R,:JO 51,110 1192,55>8 51,630 
\~.4•1·1 lOf'l~,10 JO,OIJ 11124,277 30,484 
16,::1tl·J t.lnJ,.lO 98,UO 1333,323 100,281 
lti,OI!ti · lho7,'111 117.uu 1S1U,754 120,490 ............................................... 
I I Tr::.J 1'.\ioA/1 1 Tf:O·~ 
•••• 'oliOOe•••••••o 
i.I:VcL ~a•At::W~ ~1"',41'i fll.U:l•Ml-r•q!IIUS6,J:'9PE~ MEV 
t.~'!'i~._ I~T)l ('/,;'•q t:~IISS Si;CT)f'\"l = 1256,.55 PLUS•II!I'f•HINU:i 155,24 

'.;",•l·t . .1.~T:r ;-:af\S~ Sl'CfJ,:·: AT 14ol tiCV • 161)7,63 HB 
t~ •• ~·t> i'l'l.::!::;o~~·LD ;.tJ,Id ·iCV 
c·.·.~~., iH .. f';-l"l!'i 19,)? ·ttv 

:• .. TI: ,~ .1.,Sv·.:I'1:-'?IC: (~ .• ;?\) rJ 14,2 r11::V "tUN-ELASTIC 

·:/'Jj.:\.;l H.i :: 
. t-:~•··'1 

, 753\ l't.VS""I1~·1'tl '4U3 ot.19Jl 

5. :C'.~ 
1 o Q'i I 

•J:;~ACI~G ' 
C:~Rk"'l 

; ,847 
LH8 

. \ 
1700. 

1530. 

1360. 

1190. 

en 
1020. z 

a:: 
< 
~ 
_J 
_J 

ll: 
850. 

...l 
z 
N 

z .68o. 

b 

510 • 

3'10. 

170. 

1700 • 

1530, 

13~0. 

1190 • 

U' 
1020. z 

<r .., 
ao ..... 
-' _J 

'i: BSO. 

·), 
7. 
N 

7 GBO. · 

b 

510. 

3~0. 

110. 

RB-85 A 72 

T = • 998 ! • 233 HEV 
O'..{.N. 2N > = 1223.8 112~. 6 
<YJJ4.2N> 
q_(l~.2) =. 73~t.075 

J 

t 

FITTED DATA 
LINE POINT 

• EXPERIMENT 

i:l AOJIISTFn F:XPT. 

3 

11 12 13 1~ IS 16 17 18 19 zo 
ENERGY( HEV ) 

~'P'"11111 I II II 
11 i""'""I'""""I"""""'I'""""'"~"'""""T"''"'""'mT""'"l 

FIT TF:n 
LINE 

OATA 
POINT 

• EXPERIMENT 
o ADJUSTED EXPT. 

3 

0io~~~.~.--~.~z~~.~3-.--~.~~~~.s~---.~6--~t~7~~.~B~~~.s~Jw~zo 
ENERGY( MEV) 



AD•87 ,,JRk!H RH, b 72 C•J ············ .................................. . 
E,._t:RGY N 1 2~ CR"SS SECTUN CHBJ 
CHEVI MEASURED, ERR ADJUSTEC, ERA ................................................ 
1J,3Bu 1453,oo 211,cio 1453,ooo 211.0oo 
14,560 1832,00 276,00 1841,204 277,387 
15,6~0 1998,on 120,00 2034,822 733.2&9 
11,120 11J1,no 301,00 1790,348 3U,l20 ··············································· 
F"l TH::D PAioiAHETEAS ................. 
hUCl,E:AR TEMP, • 1,162 PLUS•.,R·HINUS .21~ MEV 
ASYHI-'Y0TJC U-1,i'~l CMDSS SECTI0fw • 1915,41:1 PLUS•8A•HI~U5 148,31 Hb 

NICN•t:LASliC CReSS SECTUN AT 14,2 HEY • 1685,43 H8 
Cho2hl T11~ESH3L.D 10,l!J HEY 
c:·4,JNJ YHRESH"LD U,16 HEV 

lHIS IS0T&~PE I·US 50 hi::UTR"~S. J/ f'k_,T0~s, CHASS • 87J 

toE;UTRt."'/lt U.CFSS PARAMETER • o 14943 

HATJtl t!J' ASYHPTDTIC (~,2t>.l Tu 14,2 HEY N~N·ELASTIC 
1.1365 PLUS·kl~•HitwUS ,OtloO 

T•SQ~Jpq • 8,217 
. ERNLA 1, 549 

T•SQRTCAJ • 10,838 
ERRVR 2,043 

Rl:i-87 o, ,J'AI61'1 REF'. B 72 C•l ............................................... 
ENE~G'I' 1.,2N CRCl~S 51-;CTJrcN tHBI 
CI"EVI 1'1[-ASURED, ERH ADJUSTED, EAR 

·······~······································· 13.380 
14.560 
15.620 
17 .1ZO 

1•sJ.on 211.oo 
1SJ(I',"n 276oOo 
t99&,oo 12u.oo 
1731.rt0 lu1,Uu 

1453,000 217.000 
1841,2'U4 217,38/ 
2034 •• 22 733.269 
1190,349 JU.J20 ··············································· 

r I TTEU PA~~~F.TER~ ................. 
LEVEL SPACJNt; • 0,456 PLUS-~H·HINUS4o155PER HEY 
'i!W~!'SITI(.; ca.,:J•n CfiOCC O(OTUU • 19~11,13 'LUS•I[I,.•ioilinj3 11t~,?D 1'115 

RELATED DATA. ............ 
N~N·ELASTIC CPC'SS SECTI0N AT 14.2 kEY • 168!;,,43 H8 
CN,2NJ THR~SWPLD • 10,0J Joii::V 
CN,~N) T~RE$1-i~LD • 18,78 HEY 

THIS ISIIJTJIPE I·U.S 50 NEUTWQI'I$, 37 PR0T0to~Sr C".lSS • a7» 

NfUTR"'N E•CESS P.lRA"ETfR a ,14943 

~ATI0 er A5Y"'PT0TIC (N,2Nl T0 14,2 "~EY ~0N•ELASTIC 
lol572 PLUS·0~·HINUS oll26 

N/SPAP~• • ~.zfte A/SPACING 1 9.>01 
ERRoR 2.l~J EHR0R 4, 043 

2800. 

2520. 

l2'10. 

1980. 

"' 1880. z 
"' < 
~ 
..J 
..J 
;:· 1'100. 

·J.. 
z 
N 

z IJZO. 

b 

8'10. 

560. 

280. 

o. 
10 

2520. 

ll'IU. 

1980. 

~ 1680. 
·2[! 

CD 

..J 

..J 
1~00. 

:0:: 
J.. 
z 
N 

z 1120. 

b 

8'10. 

560. 

280. 

. R8-87 8 72 C-> 

T = 1.162!.219 HEV. 
CY.J.N.2N>= 1915.5t l'i8.3H8 
CY..(.N, 2N) 
q_( I 'i. 2 > =1.136t .088 

FITTED 
LINE 

II 12 13 I~ IS 
ENERGYC HEY > 

R8-87 8 72 C- > 

.11.= 9.'i56!'i,l55 HEV'"I 
CY.J,.N. 2N) = 1950. 'it 189.8 H8 
q.{.N. 2N> . 
q_p'i.2) ci,J571,ll3 

FITTED 
LINE 

DATA 
POINT 

• EXPERIMENT 
c ADJUSTED EXPT. 

16 

DATA 
POINT 

17 18 

• EXPERIMENT 

3 

19 

c ADJUSTED EXPT. 

3 

o.t.4..~..t..~~~~ ...... ~.......,~.J...,~~~~~~~~ 
10 II 12 13 I~ IS 16 17 18 

ENERGYCHEV> 
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A8•85 ",rAe• REF, 8 67 12888 I ............................................... 
ENEA~Y No2N CABS$ SECTI~N 1"81 
c•EVI •EASUAEDo ERA ADJUSTED, ERA ................................................ 
12,940 738,00 59,00 738.000 ~9.000 
13,510 887,00 71,00 887,000 71,000 
14,100 964,00 !58,00 964,000 58,000 
14,81SO 1174 1 00 94 1 00 1185,126 94,891 
15,620 '1170,00 93,00 1192,030 94,751 
16,310 1160,00 93,00 1191,1)02 95,486 
17,230 1196,00 96,00 1239,221 99,469 
18,020 1166,00 93,00 1216,486 97,027 
l8,89U 1114 0 00 89,00 1170,030 93,476 
19,!580 1127,00 90,00 1189,260 94,972 ··············································· 
r ITTEU PAAA•ETEAS ················· NUCLEAR TEKP, • 1,142 PLUS•IA•MltiUS , 049 MEV 
ASYHPTITIC (N,2NJ CRUS$ SECTIIN o 1230,20 PLUS•IA•MINUS 23,52 M8 

RELATED DATA ............ 
NON•ELASTIC CRISS SECTIIN AT 14,2 HEY ~ 1667 ,U M8 
CN,2NI THAESHILD o 10o61 MEV 
1No3NI THAESHILD o 19,59 HEY 

THIS ISITIIPE HAS 40 ""~YAIH$o ~7 PAeTINSo IMASS • e51 
NEUTAIN EXCESS PARAMETER • ,12941 

AATII er ASYHPTITIC INoZNI Te 14,2 MEV NIN•ELASTIC 
, 7376 PLUS•IA•MINUS ,0141 

toSQATINI • 7,ou U$yNflll • .a,\t,!)it 
EAAIA 0 339 EAAIA o4U 

' AB·85 ••• F'ASM REf, B 67 t2888) ··············································· ENERGY N,2N cASSS. 512cT I~N (Mtf) 
IHEVI H!ASUN!Do ERA ADJUST!Do EAR ............................................... 

·12.9•o 73•.oo 59,oo 73e.ooo 59,ooo 
tJ.5to aa7,nn 71,0(1 OB7,ooo 7t.ooo 
14,100 964,no 58;0o 964,ooo 58,ooo 
14,880 1114.00 94,00 118~.1~6 94,891 
15,62U 1170,00 93,00 1192,030 94,751 
1h,31o 11~o.on 93,oo 1191.002 95,486 
17,2JO 1196,00 96,00 1239,221 99,469 
18,020 1166.00 93,00 1216,486 97.027 
18,890 1114.on 89,00 117o.oJo 93.476 
1V,5so 1121.~n vo.oo 1189.~60 94,972 ················································ 
r I TTf.U PAHAMETEAS ................. 
LEVEL SPACING • 9,897 PLUS•IA•HINUS1,029PER HEV 
A5YMPT0TIC IN,2NJ CR•SS SECTIIN • 1252,28 PLUS•BA•HINUS 30,55 H8 

R[LAT~D DATA ············ N0N•ELASTJC CR~S~ SECTI0N AT 14,2 MEV o 1667.83 H8 
(N,2Nl THRES ... CIILO • 1U,6t MEV 
Cti,JN) T11fiESHPLD • 19.59 MEV 

THIS ISBT~rE HAS 48 NEUTRINS, 37 PROTBNSo IHASS o 8" 

NEUTH0N EXCESS PARAHETEA o .12941 

RATIO 0F A6YHPT0TIC 1No2NI Tl 14,2 MEV NAN•ELASTIC 
, 7508 PLUS•IR•MINUS ,0183 

N/SPACING o 4,850 A/SPAt I NG • 8, 588 
EAR0R , 504 EAA0A , 893 

I 

' l'llll.'"" ......................... .,... ..... .,... ..... ..,... ..... ...,.., ..... ...,.., ..... ..,.. ..... ..,.. ..... '"l 

12110 

11211. 

.,, 

~-· 
~ ;:lOll 
,!.. 

i!5 
.z-. 
b 

'120. 

I 'IIIII. 

1280. 

1120. 

980. 

en 
11'10. z 

0:: 
< rn 

..J 

..J 
7DD. 

E 
,!.. 
z 
N 

z 560. 

b 

'120. 

280. 

1~0. 

RB-85 B 67 <2888) 

T " 1.11f2t,Q119 I£Y 
qJ.N.2N)• 1230.2t23 • 

$:.~~a, 738*.01'! 

RB-85 B 67 <2066) 

A = 9. 897 11, 029 11EV'1 

o-.J,N. 2N) = 1252. 3t 30 • 
o;.(JI.2N > 
q_l11f.2> =. 751*.018 

FITTED 
LINE 

DATA 
POINT 

• EXPERIMENT 
c ADJUSTED EXPT. 

3 

0ito·~~~~•""""l2~~~~,~~~~~~~~~s~~~~&MMMMI~7~~~~B~~~~a~~20 
ENERGY<HEV> 



RB•B! , , ,J"A8H AEJ", P 61 l588t ··············································· EN~RiiY ~.2N CRBSS SECTI~N CH81 
(MEV) MEASURED, ERR ADJUSTED• EAR ··············································· 12.200 726,00 7~,00 726,000 73,000 
13,400 1009,00 55,00 1099,000 5!,000 
13,690 1.3156,00 6e,·oo 1356,ooo 68,ooo 
14,090 1447,00 72,00 1447,000 72,000 
14,)00 1•9fii,OO 75,0(1 1504,428 75,~22 
14,6t10 1520,00 76,00 1530,31)8 76,,15 
14.810 1530,00 77,00 154J,070 77,658. 
17,950 1f.59,00 166,00 1729,833 173,088 ··············································· 
FIT TEO PARAMETERS ................. 
NliC:t..EAA TEMP, • 1,232 PLUS•I6A•"INUS ,112 "EV 
ASYMPTBTIC CN,2~1 CRiSS SECTJ•N o 1811,3~ PLUS•BA•MINuS lo4,84 MU • 

RELATED OAT& ............ 
-~~·ELASTIC CRBSS SECTIBN AT 14,2 MEV • 16~7,83 M8 
(Nt2N) THHESHiiiLD • 10,61 HE:W" 
lNtll~~ hthESid1LD • 19,59 MEV 

THIS JSBUPE HAS 48 ~EUTRI~S, 37 PReT.NS, CMASS • 851 

NEUTR0N EXCESS PARAMETER • ,12941 

RATIO BF ASYHPTBTJC CNo2NI Ta 14,2 MEV ~BN•EL&STJC 
1,0861 PLUS•BA•HINUS ,0629 

T•SQRT(N) •• 8,536 hSQRTC&I • 11,358 
EAAi!R I 776 ERRBR loOU 

RU•85 , , , FRoM REF, P 61 C 5881 ··············································· ENERGY· ~.2~ CRBSS SECT JaN ·CM81 
CHEYI HEASUP.ED, ERR AUJUSTEDo ERR ··············································· 12.200 726,00 73,00 726,000 73,000 
13,400 1099,00 55,00 1099,000 55,000 
13,690 1J56, on 68, oo 1356, ooo 68,000 
14,090 1447,00 72,00 1447,000 72.000 
t<.Soo 1498,oo 75,oo 1504,428 75.322 
14,680 1520,01 76,00 1530,308 76,515 
14,810 153o;oo 11,oo 1543,070 77,658 
11,950 1659,00 166,00 1129,833 113.088 ················································ 
F I TTEO PARAMETERS ................. 
LEVEL SPACING • 7, 703 PLUS•B•·H I~US!, 545PER HEY 
ASYMPTBTIC CN,2tl) CN~SS SECT~~~ • 1917,64 PLUS•BR•HINUS !36,;23 H8 

RELATED ~· U 

N8N•ELA5TJC CPBSS SECTION AT 14.2 MEV • 1667,83 H8 
CNt2N) TrtRES ... P.LD • 10,61 MEV 
lNt3~) TNRESHPILtJ • 19,59 HEY 

THIS ISEIT2PE HAS 48 NEUTRaNs, 37 PRBT"NSt (MASS a 85) 

NEUTiiAN HCiiCS PARAMET6A • ,U9H 

R&TIB SF ASYMPTBTIC CNo2NI Te 14,2 MEV NBN•ELASTJC 
lo1498 PLUS•BR·M I NUS , 0817 

NiSPACIN~ • 6,231 &/SPACING • 11,035 
EAHBA 1, 250 EARBR 2,213 

1800. 

1800. 

1'100. 

~ 1200. 

i 
...J 
...J z: tooo. 
,!. 
z 
N 

z aao. 
b 

800, 

'IIIII. 

2110. 

~,w. 

1890. 

16110. 

l't10. 

en 
1260 • .z a:: 

< 
CD -...J 
...J 

;: IO!iO. 

,!. 
z 
N 

z ll'tO. 

b 

630-

'120. 

210. 

RB-85 P 61 C5BB> 

T = 1.232 t. U2 HfY,,. 
qJ,N. 2N > = 181t.Ci t IOii. BHB 
g.(.N,2N> 
q_(lli.Z> =1.086*.06 

12 IS 

RB-85 

FITTED 
LINE 

l't IS . 18 
I"NFilt:VfMI"V' 

p 61 <588) 

. A = 7. 703 t I. 5Ci5 HEV"1 

qJ,N.2N>•1917.6t136.2 HB 

~.ZN> C(lli.z> =1.150*.082 

FITTED 
/ LINE 

DATA 
PaiNT 

• EXPERIMENT 

t 

c ADJUSTED EXPT. 

17 

DATA 
POINT 

18 18 

• EXPERIMENT 
c ADJUSTED EXPT. 

0i.~o~~~~~~~~2~~~~s~wWI't~~,~s~~.~&~~,,~~~~e~~~~s~~ro 
ENERGYCHEV> 
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RB•85 ... rAeM REF', T 60 e590) ··············································· EN~AGY N,2N CABSS SECTUN CMBJ 
CMEYJ MEASURED• ~AA ADJUSTED• EAR ........................ ., ..................... . 
12,.1oo a7o,oo .15o,ou a?o,ooo J~o.ooo 
13,000 1170,00 47D,OO 117D,OOO 47D,OOD 
tJ,B5o t45D,oo seo,oo t45o,ooo sao,ooo 
14,5UO 1870,00 750,00 1878,(124 753,218 ··············································· 
r I TTEU PAHAME TEAS ................. 
~UCLEAA TEHP, • 1,243 PLU~··A·MINUS .209 MEV 
ASYMPTBTIC CN,2NJ CRiSS SECTI•N • 2114,l6 PLUS•BA•MINU5.J1D,72 MB 

HELAH:D DATA ............ 
MHi"'I:.LASTIC CRISS SECTI0t. AT 14,2 Ht::V • t667,b3 M8 
CN,2to TH~ESHALD • 10,61 HEV 
O~tlN, THRESHW.LD • 19,!)9 HI:V 

THIS ISBhlPE HAS 48 NI:UTR .. NS, 37 PA~T0NSt CHAS$ a 85) 

M:.UTtof~N EXCESS P&IIAMETEA • ,12941 

AATii5 0F •SY"PTITIC CNt2~J T0 1•.2 "'k:V NIIJH•ELASTIC 
1,2677 PLUS-~N·MINUS ·,1063 

T•SUitHNJ • 8,612 
EAH~A 1, 448 

T•:.QNf(A) • 11,460 
EAABA 1,927 

AU•85 ",rAsH REr, T 60 159D I ............................................... 
E:NERGY N.,N r.AI~c;; ~F('TII!l~ .~IIIU) 
CMEYJ . •HSUREDo ~RA ~DJUSTEDo ERA 

····························~~·~··············· 1~o300 Q7G,ilo J5D,DO 870,000 J50,000 
13,ooo 1110,0~ 47D 1DQ U70.DOD Ho.oun 
u.nu 145o,oo 586.0o 145o.uoo 58o.oDo 
14,500 1A70,00 750,00 1878,024 753,218 ··············································· 
r I TTEO PARAMETERS ................. 
LEYEL SPACING • 6,814 rLUS•IIIA·"INIJS2,47JPER "EV 
ASYMPTBTIC CN,2NJ CA0SS SECTUN • 2JJ6,10 PLUS•BA•HINUS 407,71 MB 

RELATED DATA ............ 
NSN•ELASTIC CRBSS SECTI•N AT 14,2 MEV • 1667,83 MB 
(N,2N) THftESHQILD • 10,61 "EV 
CNoJNI THRESH~lD • 19,59 MEV 

THIS ISBT•PE HAS 48 HEUTABNS, J7 PR~TANSo CHAS9 a 8,1 

NEUTH0N EXCESS PARAMETER • o12941 

AATIB ar ASYHPT~T!C CN,2NJ TB 14,2 HEY NBN•ElASTIC 
1, 4 007 PLUS•BA•MI NUS ,2445 

N/SPACING • 7,n44 A/SPACING • 12,474 
ERHtR 2.5~7 liARIIA 4o527 

2't90. 

2160. 

1890. 

U) 
1820. z 

0:: 
< 
CD 

..J 

..J 
1350. ;: 

,!.. 
z 
N 

z 10110. 

b 

810. 

910. 

210. 

o. 
10 

2800. 

zszo. 

22'10. 

1960 • 

U) 
16110. z 

0:: 
< 
(I) -..J 
..J 
;: 1'100. 

..!. 
z 
N 

z iizo. 
b 

11'10. 

560. 

280. 

RB-85 

T • 1. 2'13 t • 209 11EV 
o;JJ1,2N)a 21llf,3t3 
q.U1,2N> 
CU.11i.2) '"1.2681,18 

12 13 I~ 

R8-85 T 60 

A c 8.811f1Z.If73 "E 
o;JJI. 2N);. 2336. 1 t.lf 
g,t.N.2N) 
Cl~ 1 q, 2 > =1.1f01t.21f 

FITTED 
LINE 

15 

• 7 H8 

FIT TEO 
LINE 

16 

13 ·~ 15 16 ENERGY( HEV) 

DATA 
POINT 
• tltl't;RIHENT 
D ADJUSTED EX!"T. 

17 

DATA 
POINT 

18 19 

• EXPERIMENT 

3 

20 

c ADJUSTED EXPT. 

3 

17 18 19 20 



Att•87 , , ,FA eM AEF, A 72 ··············································· O:NE~GT N.2~ CABSS SECTION CMBI 
CHEVI HElSUOFD, ERP ADJUSTED• ERR ··············································· 1J,30U 10·i10,00 86,00 ·1090,000 86,000 
13.ono 1127,00 92,00 1U7,ooo 92,000 
•• .suo 1307 ,oo 7a.oo 1JU,495 7&,328 
15,100 1126,00 112,00 1139,626 1U,355 
15.4~0 1176,00 102.00 1194,591 103,612 ··············································· 
r I TTFli PANAMETERS ................. 
NUCLI!Aiol TE~P. • ,\)04 PLLi$•iiA ... MJ~US ,274 HEY . 
•SYH~T~Tit 1',2NI CRASS S~CTIBN • 1261,31 PLUS•BR•HINUS 9,,11 H8 

J.;ELATf-0 UATA ............ 
r..u~·ELAST IC rRW'SS SI:CT ION AT 14,2 MEV • 1685,43 MB 
(f..,2N) TH.:ES1-4?1LD • 10,CiJ MEV 
Cll~tJtl) lrHiFStiPLD • 10,78 HEY 

HdS ISOT"PE WI$ 50 Ni::UTRBt.S, ,17 PR8T8NS, CMASS • &7) 

rlEIJTk"lll. t.CCES'i PUUHETEQ • ,1494.1 

J.IATI& df ASYHPTPTIC C~r2to TB 14,2 MEV NSN•ELASTJc; 
,7.e&• PLUS•.,R•totifiiUS ,0564 

T•SOf:lTCNJ • 1'1,392 T•SaRTUJ • a.•:Sl 
EARi:lN 1.937 EAABA 2,556 

•B·87 , , ,FAOH ,u:r, A ·12 ............................................... 
Er1i:RI.iy /.,2N CHASS ~~CTII'N CHBJ 
C'1!iV) Mf:ASUilJ;O, l::·f.:C AOJU::tTED•· E~~ ··············································· tJ.l'ln tn9D.!J!J uo,lo 1'l9o.ooo 86,300 
t3,aon tt>.7,H 9~,lG U27.ooo u.ooo 
14,5;J1 l.J07,!)1'1 78,:":1 1112 ... ,, 78,328 
·~ •• ~~ 112•.•• 112,00 1139,626 1lJ,lS5 
15,4iJ'1 1176,:t:J 102,'lO 1\94,591 1QJ,612 ··············································· 
r IT Tf:O PAHAHF.TERS 

·············~··· ~EVEL S~AC J "4G ;'t,, 563 PLUS•SA•H I NUS\10 • .1PEil "EY 
•Sv•~T~TIC CHo2NJ c••ss S~CTIO• • 1276,05 PLUS•BR•MINUS 117,31 H~ 

~ELATE~ u•TA ............ 
N~N·tLASTit c•~SS SE~TidN AT 11,2 IC~V • 16d,,43 HB 
C~.2NI Ttt;tESI•P.LO • 1C,,J HEY 
cu.Jr.,l '""'ESH~lt'l a 1H,l8 l'IEV 

T~JS l:;dTi:!PF. HAS 50 l~i:UT~SNS. 37 PRi~THNS 1 (HASS a &7J 

;..,t:uT'4J~ E.ccE;S P.&.RAHETEtf a ,14~4.1 

;uTIJ a• ASYHPT~TIC CN.lr" Td 14,l "EV NBN•ELASTIC 
• 757\ PLUS•dR•ICI•uS o0696 

N/S ... ACbiG • 3.":!t3 &/SPACING • ~.590 
C~HiM 2.t.U ERROR J, 718 

1~110. 

IZ80r 
R8-87 A 72 

T = • 90Ci ! • 271f IIEV 
CY.J,N. 2N) = 126L 3• Js 

ll~l 
C1~.2N> _ 
q,~tlf.2> -. 71f8• 

!180. 

~ 8'10. 

~ 
CD 

....J 
...J i: 7110, 
..; 
z· 
N 

~ 560. 

b 

'120, 

zeo.l I FITTED DATA 
LINE POINT 

• EXPERIMENT 
c ADJUSTED EXPT. 

1'10.~ I 
3 

••• I IIIII I I~ II •• IIIII II 

II IZ 13 " 15 . 18 
ENERGY<11EV> 

17 18 19 

tljOO.t'" 1nnp "'"II""'" 1 .. , .. ~·, .. 1 .. ,q:, 1 '"' 11 l""""'i"l"l'l'l''""ll'<l 

1280. 

11~. 

!180. 

~ 11'10 • 
.. a:: 
< 
CD 

...J 

....J 
i: 700 • 

,!.. 

~ 
560. 

b 

'1~ • 

280.1-

R8-87 A 72 

A= 15.563!10.351 HE 
q.f,N. 2N) = 1276~ I. Tt 
o;.CJI. 2N> 
q,fllf.2) =. 757• 

I 

II IZ 13 I~ 

Fl TTED 
LINE 

15 
ENERGY< HEY > 

DATA 
POINT 

• EXPERIMENT 
c ADJUSTED EXPT. 

3 

u........ 
16 17 18 19 
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RH•S' , , ,FABM REF', B 72 C•) ··············································· ENERGY ·N,2N CRBSS SECTUN IMBI 
I MEV I MEASUREDo ERR ADJUST~D. ERR ················································ 13,380 846,20 60,90 846,200 60,900 
14,,60 1093,30 78,70 1098,906 79,104 
15,620 1101,70 85,40 U29,576 87,001 
16,410 1131,10 81,50 1163,214 83,766 
17,120 1121,60 80,80 1160,941 83,634 
18,120 1101,50 71,20 1150,129 81,652 ··············································· 
r IT TEU PARAMETERS ................. 
NUCLEAR HMP, • 1,070 PLUS•BA•MIN"S ,057 MEV 
ASYMPTOTIC (N,2NI CROSS SECTJIN o 1U6o80 PLUS•IR•MINUS 21,14 MB 

RELATED UA Tl ............ 
N~N•ELASTIC CA0SS SECTION AT 14,2 MEV • 1667,13 M8 
(N,2NJ THAESHSLD a 10,61 MEV 
CN,lNJ THJ.tESHBLD a 19,59 "EV 

THIS ISOTOPE HAS 48 NEUTABNSo 37 PN0T0NSo IMASS o' &51 

NEUTA~N EXCESS PARAMETER • ,12941 

RATte er ASYHPTeTJC lNo2NI TB 14,2 MEV N0N•ELASTIC 
. , 7116 PLUS•0A•MINUS ,0131 

T•SQHT(N) • 7,413 
ERROR ,395 

T•SQHT(A) • 9,865 
ERROR ,526 

RB•RIIS • • ,F'RAM REF', 9 72 C•) ··············································· ENERGY No2N CROSS SECTION IMBI 
l•EVl •&ASURED, ERR ADJUSTED, ERR 

• •• •• •• •• •••• ·~•• •'!!• !! !• II !!t!!• I! t!l! !•t! !! It 
i!.!B6 lu6.;;n •o,oo ~·6.200 •o.ooo 
\4,561) 1003,30 78,70 1098.906 79,104 
Uo620 1108,7q 85,40 1120,576 87,008 
16o41U 11J1,80 81,50 1163,274 · 83,766 
17,120 1121,60 80,80 1160,9H 83,634 
1~.120 1101,~0 78,20 1150,129 81,652 ··············································· 
rJTTtiD PARAMiTERS ................. 
LEVEL SPACING •11,340 PLUS•eA•MI NUSl, 536PER MEV 
ASYMPTOTIC IN, 2N I CRBSS SECT IBN o 1206,70 PLUS•BR•MINOS 

RELATED DATA ............ 
N0N•ELASTIC CR05S SEcTJeN AT 14,2 MEV • 1667,83 MB 
lNo2Nl THRESH9LD o 10,61 MEV 
CN,JN) Tt-fAESH0LD a 19,59 "EV 

THIS ISBT0PE HAS 48 ~EUTRONS, 37 PR0UNSo !MASS • 8~1 

NEUTRBN EXCESS PARAMETER o ,12941 

RATIO er ASYMPTBTIC lNo2NI TB 14o2 HEY NBN•ELASTJC 
, 7235 PLUS·BR•MINUS .0183 

N/SPACING a 4,233 AISPAC I NG • 7, 496 
ERHZR ,573 ERRBR 1.015 

30,57 MB 

1300. 

1110. 

111'10. 

910. 

~ 7811. 
~ 
< 
!!! 
..J 
..J 

i: Blill. 

..!.. 
~ 
z 5211. 

b 

390. 

2111. 

1311. 

o. 
10 

1170. 

111'10. 

910. 

z 520. 

b 

390. 

2111. 

130. 

RB-85 B 72 <- > 

T = 1.070!.057 1£V 
o;J.N.ZN>= 1186.8*2 
<U,N,2N) 
C:U1'!.2) ~· 712*.013 

FITTED 
LINE 

II 12 19 .. 15 18 
ENERGY< 11EV > 

RB-85 8 72 <.-> 

A a 11.3~0!1.S3& Hf 
o;J.,N. 2~) = 1208.71 
~.ZN> 
<:lll'!.·Z> =. 72'!*.018 

FITTED 
LINE 

DATA 
POINT 

• EXPERII£NT 
1;1 ADJUSTED EXPT .. 

11 

DATA 
POINT 

18 19 

• EXPERIMENT 
c ADJUSTED EXPT. 

3 

o.r.....J.&.. ........................ ~ ..... ~ ..... ~ ..... ~ ..... J..u.,.. ..... J..u.,.. ..... J..u.,...J..o. 
10 1'. 12 13 l't 15 16 11 IB 19 20 

ENERGY< HEY> 



··············································· E~~AGY h,2~ CABS$ SECTUH CHB) 
CMEYl MEASURED, EAR ADJUSTED, EAR· ··············································· 12,200 700,00 70,0G 700,000 ·70,000 
1:S,400 1056,00 53,00 1056,000 53,000 
tJ,&vo 11o1,oo 55,00 11o1,ooo 55,ooo 
14,090 1170,00 59,00 1170,000 59,000 
14,500 1211.00 61,00 1216,091 61,256 
14,680 1194,00 60,00 1201.932 60,399 
14,810 1191,00 60,00 1200,965 60,502 
17,950 1141,00 114,00 1188,583 118,7S4 ··············································· 
F I THU PARAMETERS ................. 
NUCLiiAA TEMP, • 1.125 PLUS•IA•"INUS ,Q74 M(:V 
ASYHPTBTIC CN,2NI CnBSS SECTIBh o UU,06 PLUS•BA•HINU6 37,5e HB 

RI:LATED DATA ............ 
N0N•ELASTIC CRISS SECTIBN AT 14,2 HEV • 1685,43 HB 
CN,2N) THAESH8LD • 10,03 KEY 
CN,JN) TldCESH5'L0 • 18,78 MEV 

THI~ ISBT0PE HAS 50 N~UTA~NS, 37 PR~TBHSo (HASS o 811 

NEUTH0N EXCESS PAAAHETEA • 1 14943 

RATI0 BF ASYHPTBTIC CNr?.N) T~ 14,2 HEV h'N•EL~STIC 
· ,1,19 PLUS•BA•HI.US ,0223 

T•SORT(~) • 7,955 ToSgATC A I o 10 ,493 
EAA~A ,li2J ERRBA ,690 

AB•87 , , ,rAe" AEr, P 61 C5&8, ··············································· ENERGY No2N CABSS SECTI0N .• CHBI 
CMEVI HEASUREDo ER~ AUJUSTEDo EAR ............................................... · 
12.200 1nn.oo 10,00 1oo.ooo 1o.ooo 
13,400 1n56.oo 53,00 1056,000 53,000 
t~.••o 11~1.oo n.oo 11o1,ooo 55,ooo · 
14,090 1170,00 59,00 1170.000 59.000 
14,500 1211.00 61,00 1216,091 61.256 
14,6&0 1194,00 60.00 1201.932 60.399 
14,810 1191.no 6o.oo 1200,965 60,502 
17,950 1141.00 114,00 1188,583 119,754 ······································•········ 
rJTTED PARAHFTEAS 

············~···· LF.VF.L St'aClNC • 9,404 PLuS•IIA•MINUS1.631PEA HEY 
ASYHPTBTIC (N,2NI CA0SS SECTI0N o 1355,66 PLUS•BR·HIHUS 58,18 HB 

RELAT~D DAU ............ 
HMN•ELASTIC CR0SS SEC110• AT 14.~ H>.V o 16H~,4J HB 
CN,2N) THhESH"LD 10,03 MEV 
Hltl,ll TtihF.SH~I.n 1H,7& HEV 

THIS 150T0PE HAS 50 .NEUTR0HS, 37 PABTBNSo CHASS o 811 

NEUTA0N EXCESS PARAMETER o ,14943 

AATI0 Bf A$YHPT0TIC CNo2"1 Ta 14,2 H&V NBN•ELASTIC 
.~043 PLUS•0A•H!~US ,0345 

N/SPACING • ,,317 A/SPACING • 9,251 
ER~eA ,922 EAR0A 1o605 

I 'IIIII. 

12110. 

. 
11211. 

8110. 

~ 1'111 • 

!!2 
::I 

lOll. z 
).. 

~ 
z Sill. 

b 

't211, 

21111. 

1950. 

1200. 

11150. 

~ 800. 
.a:: 
< 
CD 

..J 

..J 
E 150 • 

...\. 
F5 
z 600. 

b 

'150. 

900. 

150. 

o. 
10 

RB-87 p 61 (588) 

T • 1.125t.071f I£V 
qJ.N.2N>• 1311.1!37 

~,2N) iii. 2) ~· 778t. 

FITTED 
LINE 

DATA 
PaiNT 

• EXPERIIIENT 
a AO..USTED EXPT. 

II 12 19 1• IS 18 17 18 
ENERGY< I£V > 

R8-87 p 61 <588) 

A= 9.1fll'ft.1.631 HEV"I 
~.2N)= 1355. 7t58.2 

~.2t0 (iilf.2) =.80ift.035 

FITTED 
LINE 

II 12 19 I. 15 
ENERGY< HEY ) 

DATA 
POINT 

• EXPERIMENT 
D ADJUSTED EXPT. 

3 

16 17 18 

135 
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R~·87 , •• rAeM REF', T &o t590) ............................................... 
I::NI::NGY N1 2N CA~SS StCl li)N CH9J 
IH(Y) 11EASUHF.D 1 I::AR AUJUSTI:.J• EAR ............................................... 
11,)00 1010,0n 400,00 101CI,OOG 400,UUO 
t2,loo t·UO,on svo.oo ·147o,ooo 59o,ooo 
lJ.~uo 1760,nn 700,00 1760,00il 7oo,ooo 
lJ,B~u 20d5,00 &lG,OO 20b5,0UO 830,000 
t4,5oo 243D.on 97o,oo 2•'40,216 974,078 ............................................... 
r I TTt.:U PAR AMI; TEAS ................. 
NIICL f:AR TC:HP, • 1. 091 PLUS•c1A•I'lNUS ol 03 "E\ 
ASTHPldTII.: (·.,z~J CR"SS SECTii.t.l • 2464,79 PLUS•8A•MINU5 176,46 MS 

ht:LAT(O ;.!AU ············ rt.,~·t:LASTIC CJ\P.SS SEClhJN AT 14 1 2 MEV • 168!»,43 H8 
0~.2.0 TriWES~VLO • lO,OJ "Ev 
u.,,Ji-.) fhRESH~lll • 1b,78 P'IEV 

THI~ ISCT.r1Pf +-US 50 fl4f:IJTHaNS, 37 Ptcdld~S. IMASS • 87) 

14tulk.6N t:xrESS P.S.RAHi:TE~ • ,14943 

fUTlt'! dr ASYMrUTJC Ct.lol,...J T.! 14,2 MliV "llllftt•I::LASTIC 
1 o .... ,. Pt IJ!:o~"H•M I N1J!\ .1 Ot 7 

T•SQHTCNJ • 7,715 T•SU~TUJ • 10,176 
EH14c'~ , 728 I:R~~A ,961 

RB• 87 , .. FA011 REF, T 60 1590) ··············································· ~NERGY . No2N CABS$ 5ECTUN ~~81 
IMEVl HEUURED, ERR ADJUSTED, ERR ............................................... 
11.500 1010,00 400,00 1010,000 400,000 
12,JOO 1470,ao 59a,oo 147o,oou '9u.ooo 
13,000 1760,00 700,00 1760,000 700,000 
13,850 2on,oo uo,oo 2085,ooo 83o,ooo 
14,500 2430,00 970,00 2440.216 974,078 ··············································· 
fiTTED PARAMETERS ................. 
LEVEL SPACING • 8,7U P~U6•1R•HIHU&l,596P&R HEY 
ASYHPTBTIC IN,2Nl CRISS SECTIBH • 2647,12 PLUS•IR•HIHUS 202,18 HB 

RELATED UATA ............ 
NBN•ELASTIC CRUS SECTUN AT 14,2 HEV • 1685,43 HB 
1No2NI THRESHPLD • 10,03 HEY 
fN,J.N) THRE5Hii1LD • US, 18 ME¥ 

THIS ISBTePE HAS 50 NEUTUNS, 37 PRBTBNSo IHASS • 871 

NEUTReN EXCESS PARAMETER • ,14943 

AATIB er ASYHPTPTIC 1No2NI Te 14,2 HEY NBN•ELASTIC 
1,5706 PLUS•BR•MINUS ,1200 

N/SPACING • 5,737 A/SPACING • 9,983 
ERReR 1o05& ERRIR 1,828 

V> z 
1>:: 

~ ..... 
-' 
'E 
,!. 
z 
N 

.z 
b 

3500. 

3150. 

2800. 

2'150. 

V> 2100. z 
1>:: 
< .., 
-' 
-' z: 1750. 

,!. 
z 
N 

z 1~00. 

b 

1050. 

100. 

:JSI). 

0. 
10 

"""""· 

3150. 

2800. 

2't50. 

ZIOO. 

nso. 

I 'tOO. 

111511. 

350. 

RB'B7 T 60 C59 

T = 1.091 !,103 HEY 
cr.J,.N.2N>= 2'!6~.Bt 176. HB 
cr.J.N, 2N) . 
~J. 1 '!.2> =t.'!62t.1 5 

Fl TTED 
LINE 

II 12 13 I~ IS 
ENERGY( HEY) 

RB'B7 T 60 (59 

A = B. 715 t 1. 598 HEY'" I 
cr..f.N. 2N > = 2s•n. 1 t 202. HB 
cU,N,ZN> 
~11'!.2) =1.57tt.t 

FITTED 
LINE 

DATA 
POINT 

FlCPFRIHFNT 

1:1 ADJUSTED EXPT. 

15 . 

DAlA 
POINT 

17 18 

• EXPERIMENT 

3 

o AOJUSTEO.EXPT. 

3 

19 

o.~ww~~~ww~~~~~~~ww~~~ww~~~~ 

10 II IZ 13 1'1 15 . 16 1'1 18 
ENERGYCHEY> 



'St.•84 , ,,FAeH HEF', B 6& U768J ............................................... 
i:NtHt..Y ~.2t. CABSS SECTUh CHBJ 
tHEVl HEASUAEU, EHA AliJUST~D, ERA ............................................... 
13.500 ~81,01) 59,00 581,000 59,000 
14,100 917,00 6~,00 917,0UO 65,000 
14,9CO 1244,00 114,01.1 125&,248 115,122 
15,60U 1372,00 123,0~ 1397,78U 125,311 
1&,JtJO 1409,00 127,00 144&,921 130,418 
11.2oo 146'-.~o 1211,oo 151!:t,Otb 133,678 
16,Ul.IO 1513,0Q 133,01) 1579,0~7 138,804 
1•,90U 1429,~0 124,00 1501,867 1J0,323 
1•.>~0 1423.on 122.ou 15u2,3U6 126,790 ............................................... 
r I TTf:U PAio!A1'4ETEAS 

~UCL~Ak Tt"tP, • ,992 PLUS·-'~·MINU$ ,QJU I'IEV 
ASYHPTtiT" f'<,,t4) CR.,SS Sl:CThtN • 1'06,1'1 PLUS•SA·NINUS 27,62 NB 

JH:LATE:O UAU ............ 
Nr.h•f:LASl IC CAQI$5 SECT li::N AT 14,2 MEV • 16S8,94 HtJ 
CNt2N) THAESWPLD • 12,1& Hl:Y 
CN, JN) T~NESiiPLD • 2U 1 90 HE V 

hilS IS-'T~PE HAS 46 ;,EUTRII:I,.S, Jd PkBT.,NS, CMASS a 84) 

NEIJTRISN EACESS PARAMETER • ,U9524 

loUTIId iJF ASYHPTITJC CN,2f.;J Tl ~4 1 2 ~EV fof.,PII•ELASTIC 
,\1444 PLUS•21A•H1NUS ,0167 

T•S:.IRTCNJ • 6,728 T•SwMTU) • 9,092 
ERkciA I 203 EARi'R o275 

SA•84 , , ,rAeH REF, B 66 (1768, ··············································· ENERGY 'No2N CRBSS SECTUN CMBI 
CMEVI MEASUReD, ERR AOJUSTEDo ERR ............................................... 
13,500 581.00 59,00 581,000 59,000 
14,\00 917,00 65,oo 9t7,ooo 65.000 
14,900 1244,00 114,00 1256,248 115.122 
15,600 1372,00 123,00 1397,780 125,311 
16,300 1409,00 127.00 1446,921 130,411 
17,200 1462.00 129,00 1515,018 133.678 
18.000 uu.oo 133,00 1579,027 138.804 
18' 900 1420,00 124' 00 1,01,867 130.323 
19,550 142J,OD 12?,00 1502.108 128,709 ............................................... 
FITTED PARAMETERS ................. 
L&VIiL SPACING •13,661 'LUS•BR•HINUS1,1D4PER MEV 
ASYMPTBTIC CN,2NI CRUS SECTIBN o 1599,16 PLUS•BR-MINUS 39,57 MB 

RELATED DATA ............ 
NB,•ELASliC CRBSS SECTJBN AT 14,2 MEV • 1658,94 M8 
(t-~,2N) THAESHPLD • 12 1 16 HEY 
fN, 1ft.!) THRESfi~I.D • Z~h90 J.tEY 

THIS ISBT~PE HAS 46 NEUTRBNS, 39 P~&TeNSo CMASS o 841 

NEUTRsN EXCESS PARAMETER • , 095?4 

' RATJB SF ASYMPTBTIC CNo2NI Te 14,2 MEV NBN•ELASTIC 
,964n PLUS•BR•MINUS ,0239 

N/SPACING • 3,367 A/SPACING • 6,149 
ERR~R , 272 ERRBR , 497 

en z 
~ 
CD -..J 
..J 

£ 
,..\. 
z: 
N 

z 
b 

1820 • 

1'1'10. 

1280. 

~ 
z 720. 

b 

5'10. 

360. 

1111. 

a. 
12 

1800. 

1820. 

I 'All, 

IZIIO, 

10110. 

900. 

720. 

5'10. 

380. 

180. 

8 66 <1768) 

T = .$9Zt.030 11EV 
qJ.N.ZN>• 1566.7tZ7 • 
g.L.N,ZN> 
q111f.2) =.91f1ft. 

13 I~ IS 18 

FITTED 
LINE 

17 
ENERGY< MEV) 

SR-81f 8 66 ( 1168> 

A = 13.661!1.101f llf'rl 
o;J,N.ZN>= 1599.Zt39 • 
cU.N.ZN> 
q_(llf.Z> =.961ft. 

FITTED 
LINE 

DATA 
f'OINT 

• EXPERIMENT 
D ADJUSTED EXPT. 

18 

DATA 
POINT 

19 20 

• EXPER 111ENl 

3 

21 

o ADJUSTED EXPT. 

3 

15 18 17 IB 19 20 Zl 
ENERGY< 11EV ) 

13 7 
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$J.j•84 .. ,fROM AE:F I p 61 (588) ............................................... 
I:NI:Rt.'t' N,2N CRISS SECTUN CHB) 
IMEV) MEASURED• ERN ADJUSTED, ERA ............................................... 
13,401) 84,30 4,20 84,300 4,200 
13,69U Ul,liJ 5,6U 111,100 5,600 
t:s.uau u5,on 5,Bo t·ts,9oo s.aoo 
14,U9U 142,40 7,10 142,400 7,100 
t•,Jto ' 149,90 7,5u 150,141 7,512 
t•.sou t7t,70 8,6u t7z,••• &,637 
14,9Jo 180,60 9,0u ta2,451 9,092 
16,~UO 230,00 33,00 236,692 33,960 
t7,95t~ :sst,no J5,oo 366,164 J6,5t2 
19,761.1 29,,nO JO,liG 3tt.B65 31,715 ................................................ 
r I TTI:.U PAHAM[TEP"i ................. 
11UCLl:Ah Tt:I'IP, • J,2l4! PLIJ~-4t~~HNuS ,Oiiib HEY 
ASTMPTteTIC cp,,2fn CHeSS Sl:CT IJh a 2941,4.S PLUS•SA•MINUII 25,56 M9 

;iE:LATt.U vAU ............ 
N0N•E:LAS'IC CRBSS SECTU:Ih AT 14,l riEV • 16~8,94 MB 
(No4:iU '"'"-F.SH!illD • 12,16 HEY 
('h3NJ TttflESHfiLD • 20,90 MEV 

T~l> IS~•vPe ••$ ·~ NEyTOBN$ 1 J~ PH~TBN$ 1 (MA$$ • e•1 
~EUTI•aN i:li.CESS PAAAHETEN • ,09524 

;U.TIV ldiF ASYHPT"TIC (U,2~J Tldl 14,l rltV NaiN•ELASTlC 
,1805 PLUS•UA•Mlf,US ,01~4 

1•5~o:Ai''"' • D,J~u 
E:RhttA ,A65 

T•Oiu.-Ti•J • ,J.,itl 
EAA0A ,898 

, , ,F'RSM REF', P 61 C'88) ··············································· ENEAQY Nr2N CAhS SECTISN 'CM9) 
CMEVI MEASURED, EAR ADJUSTED, EAR ··············································· 13,400 84,30 4,20 94,300 4,200 
13,690 111i1D 5o60 1Uo100 5o600 
u.eeo 1u.vo 5,8o 115,9oo 5,8oo 
14,090 142,40 7,10 142,400 7.100 
14.310 149.90 7,50 150.141 7,512 
14,500 171.70 8,60 172,444 8,637 
14,930 180.60 9.00 182.451 9,092 
16,500 230.00 33,00 236,692 33,960 
17,950 351.00 35,00 366.164 36.512 
19,760 2n.oo 3o,oo 311,965 31,715 ............................................... 
fJ TTED PARAMETERS ················· ~m~ T:m I~~, ;N ~ 'ms~L~~C~~B= I :us~2~~:~E=L~~~IA•M I NUS 27,83 M8 

RhATEO 0Ah ............ 
NIN•ELASTIC CRISS SECTIBN AT 14,2 MEV o 1658,94 M9 
CN,2NI TMRESHILD o 12,16 MEV 
cN,3N) THRESHILD o 20,90 MEV 

THIS ISIT~PE HAS 46 NEUTRSNS, 38 PRITBNS, (MASS o 841 

NEUTRIN EXCESS PARAMETER o ,09524 

RATIS sr ASYMPTBTIC CN,ZNI TS 14,2 MEV NSN•ELASTIC 
.1935 PLUS•SR•MINUS ,0168 

N/SPACING o 5,630 
EARS A , 87• 

A/SPACING o 10,282 
URSA 1',596 

~lo.~ ....... ....,....., ..... T""....,"'T"'""...,.....,....,""" .... ..,......,...., ......... ""''"'""'"' 

V> 
:z .., 
< 
CD 

...J 
....J 

1:: 
ZDS. 

..!. 
:z 
N 

.z IIPI. 

b 

IZ3. 

112. 

"· 

p 61 (588) 

T = I. 232 t • 098 HEY 
qJ,/4. ZN > = 299. '! t ZS. 6 HB 

, gLN,2N> 
CfJ. 1'!. 2 > =.180t.015 

FITTED 
Lit£ 

! 

DATA 
PaiNT 

• EXPER 111ENT 
o ADJUSTED EXPT. 

IS 18 17 18 18 211 Z1 
Et£RGY<I£Y) 

'liD.~.,......,..,... .... .,......,....,....,.....,.,...,,...,...,....,.,...,.....,......,...,......,....,.....,..., 

... 
3211. 

287. 

SR-8'! p 61 (588) 

A ,. 6. 170 t 1. 268 HEV"1 

~.2N>= 320.9~27.8 H8 
o;J,N, 2N> 
q,(1'!.2> =.193~.017 

~ 2'16. 
II< 
c: 
CD -.....J 
.....J E zos • 
...!. 
z 
"' z 
b 

16'1 • 

123. 

82. 

~I. 

FITTED 
LINE 

DATA 
PC INT 

• EXPERIMENT 
c ADJUSTED EXPT ·: 

0iz~~~~~~~~~~~~~~~~s~~~~6~~~~~7~~~~e~~~.l~9~~~m~~~21 
ENERGY( HEV > 



:»h•86 , •• r A.," AEr, b 72 c•, ............................................... 
t:~~t:RG'f h.~~ CAYS~ S~CTidN I"B) 
CHf\'J t~~E4SUREDt EWR AUJUSTED• E .. A ............................................... 
lJ.Jati 407,•)0 J6,01J 4U7.0UU .16,000 
14,U6U 1547,00 48,00 547,000 4d,OOO 
15,020 64fi,03 55,CO &6Q,IJ71 5&,025 
16.410 718,on 6J,co 7J7. 747 64,733 
17.110 751,1n 66.00 77tt,OU6 68,282 
1o,120 74C.,o., 62,00 772,2b5 &4,7015 ............................................... 
r 1 T U:'-1 PA.cAHFTEAS ................. 
Nt~CLI:AJf lt:"tP. • l,UOJ PLUS•0,.•t-oi14US ,l)44 "t;V 
&$'fl~llh"IC c~.ltiJ Cfc0SS ~t:CTIJt-i • 772,~6 PLI.IS•iJA•"II\IUS 18,18 "tf 

k~LATEO UATA ............ 
tlHh•i:LA511C CF.d$5 SECTUI• AT 14, .. rU:'I • 167&,65 "8 
Ou2NI T!ihF.~HRt..n • 11,62 MEV 
U•,Jid 1kl'c£SHrLD • 2U.~4 "1:'1 

hdS ISiH.t'.PE ._.AS 4d id:I.IHi.tiNS, Jil PH,n~n~S, C"ASS • tt61 

NE~o~Tto..,~ t:ACESS PARAMETI:iA • ,U&lo 

·icaTI14 .,r ASYMPT911C H4t2~) Til· 14,~ "~Y 148N•ELASTIC 
,4606 PLUS•II:tf•"INJS • 010b 

T•SLIW1 PU • . 6,949 hSc.tHTCeJ • 9,.101 
t:tbct.A ,JO!> EtfA.,A I 408 

SA•86 , , ,FRSH REr, 8 72 (•) ··············································· ENERGY N,2N CRBSS SECTIBN CHBl 
CHEYl MEASURED• ERR ADJUSTED• ERA ............................................... 
1J,380 40?.00 36,00 407.000 36.000 
14.060 547,00 48,00 547,000 48,000 
15.~20 648,00 ,,Ou OOD,071 ,6,025 
16 I 410 718 t 00 63 t 00 737', 747 64 t 733 
11.110 752,no 66,oo 77B,Oo6 68,282 
18.120 740,00 62,00 772.285 64,705 ............................................... 
Fl TTGO PARAH[TfiA9 ................. 
LEVEL SPACING •12,818 PLUS•0R•HINUS1,072PEA HEY 
ASYHPTBTIC C",2Nl CReSS SECTIBN • 792,64 PLUS•BA•HINUS 18,71 HB 

RELATED DATA ............ 
NBN•ELASTIC CROSS SECTION AT 14.2 HEY • 1676,65 HB 
(N,2N) THAE$H8L0 • 11,62 MEV 
CNo3Nl THRESHALD • 20;24 HEY 

THIS JSBT0PE HAS 48 NEUTABNS, 38 PReTBNS, CHASS • 861 

NEUTABN EXCESS PARAMETER • ,11628 

~ATIB BF ASY~:m~~L~;~m.r=ul4,2 .m2 N~N•ELASTIC 

N/SPACING • 3,745 
EAA3R ,313 

A/SPACING • 6', 709 
EAABA ,561 

$95, 

; SID. 

CD 

3 ! us. 

~ 
.z 3'10. 

b 

m. 

170. 

115. 

SR-86 B 72 C-) 

r • 1.003*.Qiflf I£V 
qJ,N,ZN) • 772.3 t 1B.2 

~ 0 (Ullf.2) •.lf61*. ~,.. 

FITTED 
LINE 

DATA 
PaiNT 

• EXPERII£NT 
a AD.AJSTED EXPT. 

139 

" I~ IS IB 17 II 19 211 21 

~ 510. 
-~ 
(D -_J 
_J z: 'i25, 

.!. 
~ 
~ 7!0. 

b 

zss. 

1'70. 

115, 

ENERGY< HEY) 

SR-86 B 72 C-'> 

A = 12. BlBt 1. 072 KEV"1 

qJ,N.2N>" 792.8* 18.7 
q.U1,2N) 
q_(llf.Z> =.lf73t.Ol 

' " 
~ 

FITTED 
LINE 

DATA 
POINT 

• EXPERIKENT 
a ADJUSTED EXPT, 

0i'&t~~.~z~~,~,~~,~~~~,s~~w,s~~w,7~~w,a~~,~9~~211~~~za 
ENERGY< 11EV > 
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Y•89 ,,,FRBM AEF, 8 72 (•, ............................................... 
fNtA•Y N,2N CM8SS SECTION CM81 
CMEV I ·~EASURED• ERA ADJUSTED, ERA ··············································· lJ,lBU 470,00 41,00 470,00U 41,000 
t.S,&on ozo,on 56,00 62o,ooo 56,000 
t4,560 93o,oo e•,ou 934,57tt 84,413. 
t5.35U lOJft,OD 92,00 1045,3.SO 93,369 
16.1;0 1110.00 100,00 1136,')21 102,;)89 
1•·••o u2o,oo 101.00 un.u7 104.167 
17.510 1060.00 95,00 1099,239 98,517 ............................................... 
r I TTEU PAKAMETEAS ................. 
~I..ICLE.AN TEMP, • 1,157 PLUS•SA•Hit.US .o52 ME¥ 
A~YMPT0TIC c•,2NI CROSS SECTitN • 1218,39 PLUS•IA•MI•US 38,85 M8 

RELATED UATA ............ 
NiJN•I:LASTIC CAftSS SI:CTI'ht AT 14,2 "E~ • 1702,82 M8 
CNt2frt) THMESH3LD • 11,60 MEV 
H~tJN) THAESHBLD • 21 1 0d Mt:V 

THlS 158T.,PE HAS IJO NE:UTRIU.S, 39 PR0T8NSt CMASS • 89) 

t'EUT"~N EXCESS PARAMETER • .12360 

RATIO BF A~YMPTSTIC CN,ZHI T~ 14.2 M~V h~h·ELASTIC 
. , 7155 PLUS•BA•MINUS .~zz& 

TeSOAT(N) • 8,181 T•SONTUI • 10.915 
EAH0A • ~68 EAABA ,491 

Y·8~ , , ,FABM A&f, 8 72 C•l ··············································· ENERGY N,zN C~8SS SECTUH ·CM8) 
CKEVl KEASURF.O, ERR. ADJUSTED, ERR ..... ~ ......................................... . 
13,180 470.00 41, DO 470,000 4~,ooo 
13.600 620.00 56.00 620.000 ,6,000 
14,560 930.00 84, DO 934.578 84.413 
15,350 1030,00 92.00 1045.330 93-.369 
16.150 1110.00 100.00 1U6,521 102.389 
16,890 1120.00 101.00 1155,117 104,167 
17,510 1060,00 95,00 1099,239 98,517 ··············································· 
fl TTiiD P.•.g·'·"G!~O' ................. 
LEVEL SPACI~G • 9,277 PLUS•8A•KINUS1,090PEA MEV 
ASYMPT8TIC CN,2Nl CR8SS SECTIBN • 1275,93 PLUS•8A•KINU5 56.,94 M8 

RELATED DATA ............ 
N6N•ELA5TIC CA0S5 SECTION AT 14,2 MEV • 1702,02 M8 
CN,2N) THAESHALD • 11,60 MEV 
CN,3tl) THRESHBLO • 21.08 MEV 

THIS ISBT~PE HAS 50 NEUTABNS, 39 PReT&NS, CMAS$ • 891 

NEUTA0N EXCE!I;S PA~&METEA • ,12360 

AATIB 8F ASYMPTBTJC CN,2NI T8 14,2 HEY NON•ELASTIC 
• 7493 PLUS•OA•MINUS ,0334 

NISPo~INC • 5.300 A/SPACING i 9,594 
EAA8A ,633 EAR0A 1,127 

., 
z a:: 
~ 
...J 
...J 

;: 
,.!. 
z 
N 

z 

b 

13110. 

IJlD. 

100111. 

BID • 

.,.. 
7811. i 

< 
!! 
...J 

= E 
lilSD. 

,.!. 
z 
N 

z 5211. 

b 

3911. 

ZliD. 

uo. 

Y-89 8 72 C 

T = 1.157t,Q52 lEV 
q,(,M. 2N)" 1218. If 38 
<U.N,2N) 
<U,1'f.2) =. 716* 

FITTED 
LINE 

DATA 
POINT 

• iiXPiiR IIIEHT 
c ADJUSTED EXPT: 

0i~~~~~~z~~.,~~.~~~M.~s~~.a~~.~7~M.~,~~.e~~m~~2~1~~~ 
ENERGYCI£V) 

1'1011. 

Y-89 8 72 C-> 

IZiiO. A= 9.27711.090 HEV:1 .--:--
qJ,H. 2N) = 1275. 9* 56. ---a~.2N> 

IIZO. q.(1'f.2) =. 71f9t 3 

!180. 

11'10. 

70o. 

5611. 

'120. 

280. 
F'lfT£0 iJAfA 
LINE POINT 

• EXPERIMENT 

c ADJUSTED EXPT. 
1'10. 

o. 
II 12 13 I~ 15 16 17 18 19 zo 22 

ENERGYC HEV > 



Y•89 ,.,fAI6M REF', A 69 C305.:U ··············································· t:NI::H(,y ~.2N CAtl$5 SECTii'N CMQ) 
CME\.) HEASUREO, EAFi: ADJUSTED, ERA ............................................... 
13,290 621,90 7,10 6~1.900 7,100 
13,87U 811,60 43,10 bU,6UO 4.:5,100 
15,271.1 1040,00 190,00 1054,482 192,646 
15.710 947.90 46,00 965,972 46,877 
16,000 954,.:50 40,90 976,3G8 41,847 
16,741) 997,4rt .s~.10 104!7,228 36,150 
17.~.,o 112A,oo 12.oo U7U,44~ 74,709 ............................................... 
F' I TTEIJ PARAMETERS ................. 
h'-'CLl:AH H:HP. • .• &4~ PLUS•IN•H 1 ~us • u26 MEV 
A!il'HPT0Tit ,,.,2Jt) CA0SS :;ECTJ0h • 104l,b6 PLUS•IA--MINUS 26,26 MB 

AE:&.A TEO IJA TA ............ 
NBh-I:L.ASTIC C"05S S5CTUN AT 14•2 "EV • 1702,82 N8 
c-.,2N) lH;fE-5H0LD a 11 1 61.1 HEV 
CN,3N) THRESMPLD • 21,08 HEV 

htiS IStHtlPE HAS 50 NEUTAi!JNS, 39 PRBTBNSt CKASS • 89) 

~EUTAdN EXCESS P.t,AAMETEN a ,12360 

qaTI8 ef ASYMPTITIC CN,2tU Te 14,2 HEV NI"•EL&STJC 
.61~0 PLUS•BR•HINUS ,OU4 

T•SQHT(N) a 5,954 T•SUATU) • 7,943 
EARdA t184 EHR~· ,245 

Y•89 ,,rRBH Rer, A 69 CJ05~1 ............................................... 
ENERGY No2N CUSS 5ECTIUN·IHBI 
CHEVJ HFASUREDo ERR ADJUSTED, ERR ............................................... 
13,290 621.90 7,10 021,900 7,100 
13,870 811.60 43,10 811,600 4~.100 
l~hZ70 11140,00 190,00 10~4,482 111'2,646 
15,710 947,90 46,00 965,972 46,877 
16.080 954,30 40,90 976.~88 41.847 
16,740 997,40 ~5.10 1027,228 ~6.150 
17,580 1128,00 72.00 1170, .. 2 74,709 ............................................... 
r1 TTED PARAMETERS ................. 
LEVEL SPACING •18,024 PLUS•BR·HINUS1.1S6PER HEY 
ASYHPTITIC (N,2NJ (;RSSS SE:CTUN • 1063.35 PLUS•BR•HINUS 28,00 H8 

RELATED ~AH ············ N~N·F.lASTIC r.•BSS SECTIBN AT 14,2 HEY • 1702,82 MB 
CN,2N) Tri~ES..,ALU • 11,60 HEV 

. CN,3N) ThRESH~LD a 21,08 HEV 

THIS JSBUPE HAS 50 •EUTRBNS, 39 PR0T0NS, CHASS • 891 

•EUTRBN EXCESS PARAMETER • .12360 

' RATU Br ASY.PTBTIC 1No2Nl TB 14,2 HEY N0N•ELASTIC 
,624~ PLUS•0R•HINUS ,0164 

N/SPACJNG a 2, 774 A/SPACING • 4,938 
ERkBR , 178. ERR0R , 317 .,,, 

ll 

. ~ 

.. 
·~ 

~ 
~ 
m -...J 
;:::! 
z: 
I ..... 

z 
N 

.z 
b 

13110. 

1110. 

IIJIIO. 

910 • 

"' 180 • z 
a:: 

~ 
..J 
..J 

z: 6511, 

...!. 
z 
N 

.z sm. 
b 

3!10. 

2111. 

130. 

Y-89 ( 3053) 

r = .8'12 1.026 
o;J.N.2N>= 10'13.9 26.3 HB 
CY..(.N. 2N > 
q;fl'1. 2 l =.613t, IS 

FITTED 
LINE 

------

DATA 
POINT 
• EXPERIMENT 
c ADJUSTED EXPT. 

141 

0j'~._J~J~2~~.,~~.~,~~.~5~~.8~~~~7MW~I~8~MWI8~~m~ww2~1~~~ 
ENERGYC I£V) 

13110. 

1170. 

10110. 

910. 

7811. 

650. 

520 • 

390, 

ZllO. 

1311. 

Y-89 

FITTED 
LINE 

DATA 
POINT 
• EXPERIMENT 
c ADJUSTED EXPT. 

~~.~~.~z~~.k,~~.~,~~.ks~~.~B~~.~7~~.~s~~.~9~~m~~~2~J~~zz 
ENERGY( MEV> 
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Y•o9. ·,, ,rR.,,. AEr, P 61 t588) ................................................ 
l::hi:AliY '-•2N CASSS SECTid•~ ("8) 
tHEY) MEASURED, EAR ADJUSTED, EAR ··············································· tJ,lJU e,2n ,41 0,200 . ,410 
13,400 8,74 .... 8,740 ,440 
tJ,5lO 8,63 ,43 8,630 ,430 
13,691.1 10t54 ,69 10,540 ,690 
tJ.eeo to,7o ,54 _ to,7oo ,54u 
14,U10 12,01 ,60 12,010 ,600 
14,090 11 1 96 ,60 11,90U 1 600 
14,310 13,17 ,60 1J.t90 ,661 
14,50l.l J3,46 t.J~ 13,515 1,356 
14,680 13,74 ,69 13,829 ,694 
14,811.1 t•,t6 ,71 14,276 ,710 
14,930 13,A9 ,7t. 14,025 1 707 
to.sou 16,31\ 1,60 lo,&oo 1,644 

t~:;:~ ~;:~! t:;~ :::=:~ . :~:;:~ ............................................•.. 
r 1 THu P•••HeHRs ................. 
lliUClt:AN T~MP, • 1.129 PLU!Io•0A·"I~US .041 ME'I 
A~YHJITifTIC CN,2'4) CRBSS S[Clh1t4 • l.tt.ll PLUS•8R•MINU5 

HI:LATEO UATA ............ 
~~N·E:LASTIC C"BSS SECT I"N AT 14,il! HE~ •. 1702.82 MEl 
CN,2h) Tl1RESH0L0 • 11,60 MEV 
CN,lNI ThkESN5'L0 • 21,08 MEV 

HilS ISBT~PE HAS 50 NEl.ITH:BH!t, J9 PAt5T~NSt CHASS • 891 

Uf.;WTIUIU ~nQt.Ofl rAOAI1'T'n iO 11!360 

tcATI3 .,r ASYto'IPTHTIC Ch,2:U ,., 14.2 HtV Nilfrii•ELASTIC 
.0107 PLU6•111H•HU.n,.i6 .OU03 

T•SuRHN) • 1,98.! T•S~kTUI • 10,651 
ERR'-'A ,290 EkR~R , 387 

Y•89 , ~ ,rRBM REr, P 61 1588 I ··············································· i;uEn~v ' •• ~N ~••s• &tcTUN 'cMBJ 
IMiYI MEASURCDo ERR ADJUSTeD, !U ................................................ 
u.no 
13,400 
Uo520 
13,690 
u.880 
14.010 
14,090 
14.310 
14,500 
14,680 
14.810 
14,930 
16.500 
17,950 
19.760 

S,20 
e. 74 
8,63 

10,54 
10,70 
12,01 
U,96 
13.17 
13,46 
13.74 
14.1~ 
13.89 
16.35 
16,23 
11.~6 

o41 
,44 
,43 
,69 
,54 
,60 
,60 
,66 

1o 35 
,69 
• 71 
,10 

1.60 
1o60 
1. 70 

a,2oo 
a, 740 
a,uo 

10.540 
10.700 
12.010 
11.960 
13,190 
13.515 
13.829 
14,276 
14.025 
u.eoo 
16.,891. 
18,292 

,410 
,4•0 
,430 
.690 
,540 
,600 
,600. 
,661 \ 

1.356 I 
,694 
,716 
• 707 

1,644 
1.665 
1· 791 

·············~································· 
rJTTED PARAMETERS ................. 
LEVEL SPACINO •. 9, 790 PLUS•BR•MINUS ,828PER MEY 
ASYMPTBTIC CN,2NI CRBSS SECTIBN a 19,12 PLUS•BR•MINUS 

RELATED DATA ............ 
NBN•ELASTIC CRBSS SECTIBN AT 14,2 MEY • 1702.,82 MB 
CNo2NI THRESNBLD o U,60 MEY 
1No3NI TNRESNBLD o 21,08 MEY 

THIS ISBTBPE WAS 50 NEUTAINS, 39 PRBTBNSo I MASS o 891 

NEUTRBN EXCESS .. PARAMETER. o ,12360 

RATIB er ASYMPTBTIC 1No2NI Te 14,2 MEY NBN•ELASTIC 
,0112. PLUS•BR•MINUS ,0.004 

N/SPACING • 5,107 
ERRBR ,432 

A/SPACING • 9,091 
&RRIR o769 

~72 M8 

VI z 
0:: 

i -::1 
i: 
,..!.. 
z 
N 

z 
b 

Zl.~"'""'l""""""''"""'"'"'_l""".....,..,;,.,""'"'""'"""'"""'"""''""'"""'~ 

II. 

18. 

1~. 

b 

Zl. 

18. 

II, 

1~. 

IZ. 

10. 

8. 

~. 

Y-89 p 61 (588) 

T • 1.129t,Qil1 1£V 
qJ,N.ZN>• 18.2* .6 
~ZN> . q,z) •.Ollt.OOO 

FITTED 
I,. II~ 

DATA 
POINT 
• !XmlH!NT 
D AO.AJSTEO EXPt. 

15111711 
ENERGY< I£¥> 

19 211 

Y-89 p 61 (588) 

A = 9. 790%.828 11EV'"1 

qJ,J4.ZN> • 19.1 t .7 
~.ZN> 
Cl(i'i.2> •.Ollt.OOO 

12 13 I~ 

FITTED 
LINE 

IS 18 17 18 
ENERGY< HEY> 

--

DATA 
POINT. 
• EXPERIMENT 
c ADJUSTED EXPT. 

19 20 

zz 



'f•b9 ... rAtiM REr, T 60 C590J ............................................... 
t.t.t.HGY r.,;tt.l CABSS SECTUN CNtU 
Ct1CV J ,.E&SUAEU, EAR AO..IUSTtDt EAR ............................................... 
1'-:!.&ilu 239,on 4a,o~.~ 239,ooo 4&,ooo 
tJ.OOI.I ~za.on 6o,oo 32&,ooo 06,000 
1J.II~CI ~e•,ott 120,00 5a•,oou 120,000 
1•.ouu ~7R,OtJ 140,00 67b,OOO 140,000 
14,!»..JO 685,00 140,00 6tt7,822 140,577 
1,,1LiU 10n3,00 2DO,OCi 1014,8d7 202,.170 ··············································· 
f ITTi::U PANA-.ETE'IS ................. 
hUCLEAM T~HP, • 1,639 PLUS•dt«•f'l!ti:S .;.:!52 r:tV 
ASYH"'T.,Tic; c~.2"') CNPSS ~ECTIO,. • 147~,5!» PLUS•IiiA•MINUS 278,68 MB 

~f;:l.AT€0 UATI ............ 
Ni'\lrt•ELASTJC CAl)$$ SECTJr~ AT 14,;! 1"!~11' • 1702,82 M8 
CNt2h) ThHESH~LD • 11.60 hE:Y' 
CN,JNJ T"NESHeLD • 21,Ctl HEY . 
ThiS ISOH::PE HA!t 50 :..E:UTk8N~, .S9 PHfi)Ht-45, (MAS:. • &9J 

hEI.ITMkth t.XCfSS PARAMETER • .12360 

~Allld 3r A$Y114Pl.,TIC ,._,2NJ Ti.i 14,2 !'ti::V hC:N•ELASTIC 
,8665 PLUS•0R•HI ~.loiS ,16J7 

TaSCitiT(hJ • 11 1 589 T•SQRTUJ • 15,462 
EA~uR 1,7A2 ERR2k 2,J77 

Y•80 , , FABM REF, T 60 1500 I ·······················•······················· ENERGY No2N CABSS SECTIBN IMBI 
IMEVI MEASURED, EAR ADJUSTED, EAR ··············································· 12.aoo 2JO,oo 4&,oo 239,000 48,000 
13.000 328,00 66.00 328.000 66.000 
13.850 '84,00 120,00 5$4,000 uo.ooo 
14,000 678,00 140,00 678,000 140,000 
14,,00 68,,00 140,00 687,822 140,,77 
15,100 1003,00 200,00 1014,887 202,UO ··············································· 
r i TT!u P.AR*,.!ii!!A~ ................. 
LEVEL SPACING • 3,674 PLUS•BR•MINUS1,350PEA MEV 
ASYMPTBTJC 1No2NI CABSS SECTJBN • .1815,74 PLUS•BA•MINUS 444~32 MB 

RELATED DATA ............ 
NBN•ELASTJC CPBS$ SECTIBN AT 14o2 MEV • 1702,82 MB 
Oh 2N) THRESWBLD • 11.60 14EV 
CNe3N) THAESWCi!'LD • 21,08 "EV 

THIS ISBT0PE HAS '0 N~UTRBNS, 39 PRBTINSo (MASS • 8YI 

NEUTABN EXCESS PARAMETER • ,12360 

~ATU er <sY~PTITIC 1No2NI Tl 14.2 MliV NgN.;ELASTJC 
1o0663 PLUS•iiR•MINUS o2609 

NtSPACING • 13,609 A/SPACING ·• 24,224 
EARtA ,, 001 ERRBA a·, 901 

I 1 

'J 

111011. 

18211. 

1'1'10. 

12110. 

If) u.,, 

! 
~ 
~ 

1100. ;: 
,!.. 

~ 
z no. 
b 

910. 

360. 

IIlii. 

o. 
II 

Z300. 

21170. 

lll'tO. 

1810. 

If) 
1380. z ·a:: 

< 
~ 
~ 
~ 

1150. ;: 
,!.. 
z 
N 

z 9211. 

b 

'160. 

230. 

143 

Y-89 T 60 C590) 

T = 1.639*.252 I£V 
~.2N>= 1'!7!;.5tZ78.1tll 
cU,N,2N) 
q_(t'!.Z> =.867*.16'! 

---

FITTED DATA 
. LINE POINT 

• EXPERIMENT 
c ADJUSTED EXPT. 

3 

IZ 13 ·~ 15 18 17 18 18 211 'Zl zz 
ENERGYCKEV> 

Y-89 T 60 C590) 

A= 3.67'!*1.350 HEV"1 

~.2N>• 1815. 7tlflflf.3 H8 

$,ZN> 
Cifli.2> .. 1.066*.261 

FITTED DATA 
LINE POINT 

• EXPERIMENT 

0 ADJUSTED EXPT. 

18 17 18 18 211 zz 
ENERGYCHEV> 
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I. ,F'H"H HEF'. K 72 ··············································· t:l\l:~f;y 1\,;N CHBSS SECTI0,. IMYJ 
C11EV) '1fASUQI:O, t.AR Al)JUSTED, EAR ··············································· l~·""tJ 317.rtn 1\o.oo 317.oou 66.000 
13,740 ~;\e.~n 9J,IiO 63e.oou o;,,ooo 
13,\'lO l'oP1,fl<;~ 9.5,C~ 681 1 000 93,000 
14,ld0 "31,1'\n 112,('13 8J2,000 112.000 
14,34u • ,.pJ,Cln U8,Ul' 8d4,699 118,227 
14,370 'tc;6,0n l111oC9 903,050 119,047 ·············································•· 
r llh.L' PUoJ:H'Tt::IO'C\ ················· r.,ltt,;Lf'A~ T£;tD, a J ,4;tj( PL~~-4fi•HlNUS ,516 MEV 
A~Y~f.-HHIC c•.,;c\') C;trc;S SCCTJ111 a 176t.84 PLUS•IA•MINUS 841,06 MB 

;:.1-LAl(i' LATA ............ 
:.no•i:.LA~IIC r".t.SO:: SlCfiV·. AT 14,2 "EVa 1711,44 MB 
11.,~.11 Trd·ES,..~'LlJ a 12.1~ :-ti:v 
p·,J:H Tlo•ftf5U!"lf. a 2l.~j "4l:._ 

. T•S;"'l(N) II , (1.1'~; T•SOkTCAI • 1J,490 
Ei1•·t~ll;' 4. n7J EAROM 5, 464 

ZR~90 I. ,FA21M REF. K 72 ··············································· tNtRGY No2N C~0SS S~CTUII CMBI 
. C•iYI H~A~UREDo ENR ADJUSiE.Do ENfc 
I I I I I I .. lll·l·····••••••••••••••••ll•l•t••ti.lii 
1~ ... 0 ~17.oo 66,oo ~17,ooo 66,ooo 
u, Ho ua.oo 9a,oo ~3e,ooo n,ooo 
13,920 681.00 93,00 '681,000 93,000 
14,1ao e~z.oo n2,oo uz,ooo 112,0oo 
,14,J4o en,oo ua,oo 884,699 118,227 
14,870 896,00 118.00 903,950 119,047 ··············································· 
f I TTEO PARAHETERS ................. 
LEVEL SPACING • 5,29~ 'LUS.BA•HINUS5,\0~PEA "EY 
ASY•PUTIC CN,2NI CROSS SECTION • 2083,19 PLUS•OR•HINU51275,50 •s 

RELATED UHA ············ NON•ELASTIC CA0SS SECTieN AT 14,2 HEY • 1711,44 HB 
,,,2NI THAESH3L0 :~: 12,12 MEV 
(fllt3~1 THRES~-t~LD • 2'1,,.5 HEV 

T"IS IS0T~PE HAS 5U NEUTUNS, 40 PAOTONSo CHASS • 901 

~EUTR!l~ E:XCfSS PARAHETI:A • ,11111 

~ATIA ~r ASYMPTOTIC 1No2N) T~ 14,2 HEY NON•ELASTIC 
1. 2172 PLUS•0A•H I NUS , 745~ 

N/SPACING • 9,446 
~~RAR 9.1n7 

A/SPACING • 17,004 
iRRIIR U,aU 

2700. 

2~30. 

2160. 

1890. 

V' 1620. z 
<r 
~ 
a> 

..J _, 
:.;: llSO. 

z 
N 

z" 

b 

liii&Q, 

2720. 

Z38Q, 

en Zll'tO. 

~ 
ID 

...J .... 
;; 1700. 

,!.. 
z 
N 

z 1360. 

b 

1020, 

680. 

3'10. 

ZR-90 1::72 

T = 1.'122•.576 HEV 
a.,{,.N. 2N) = 1761.8 • 8'11. I HB 
a.J.,N, 2N) _ 
q,J 1'1. 2) -I. 029•' '191 

ZR-90 

v 
'/ 

/ 
/ 

/' 

FITTED 
LINE 

18 17 18 
ENERGYC 11EV ) 

t:: n. 

A = !;. ?.9~1:5, \03 !1EV"1 

~.2N>=20B3.2~1275.511B 

o-.J.N, ZN> 
q_~l'f.2) =1.217~.7'f5 

IS 

FITTED 
LINE 

18 11 18 
ENERGY( HEY) 

---

DATA 
PCIINT 

-----

• ~Ai'f.rill'ltNT 
c ADJUSTED EXPT. 

18 

DATA 
PCIINT 

3 

20 21 

-·--- ---

• EXPERIMENT 
c ADJUSTED EXPT 

19 20 21 

22 

22 



lA•90 , , ,fA"" AEr, A &9 12366) ··············································· EN~HGY No2~ CA85S SECTIIN IMBI 
I"EVl "ElSUAEDo EHA ADJUSTED• ERA ............................................... 
13.~71) 596,50 4,40 596,500 4,400 
14,(oo 677,90 2e,5o 677,9oo ae,soo 
14,~20 759,20 5,80 762,497 5,825 
14,660 815,70 15,50 122,834 15,636 
1~.140 885,50 4,00 896,,J17 4,049 
1~,JJU 1001 1 20 6 1 ~0 1015,709 6,594 
15,4oo 993,70 •,•o 1009,95d 4,472 
15,920 1053,60 11,10 107~,913 U,335 
Uh2bo 1024,60 1~.•o 1050.202 15,785 
16,560 1225,60 9,10 1259,934 9,355 
17 ,07(1 1108,20 6,90 1144,417 7,125 
17,5~0 1241,90 9,00 12b7,774 9,332 
18,Ut0 1385,80 7,60 1444 1 121 7,920 ............................................... 
fiTTEU PARAMETERS ................. 
NUCLEAR fi;MP, • • 1 1 1C\1 PLUS•IN•KINUS ,115 ME¥ 
AS't11PTBTIC C~•2"') CRISS SECTJ8N • 1313,60 PLUS•IA•MINUS 71,41 M8 

A~LATED DATA ............ 
N8h•ELA5TIC CA8SS SECT"h AT 14,2 MkV • 1711,44 MB 
Ctr.,2r.J THAESHBLD • 12,1il MEV 
Ctr.,3hJ THkESt.t.,LD • U,~J MEV 

THIS ISBTOPE ••S 50 NEUTASNS, 40 PAnu .. s, (MASS a 901 

hiUTFii:IN t:XCESS PAAAM~TEA • .11111 

FIATI.f Hf ASY"PT5!TIC Ch 1 2~) TB 14,2 MEV NIN•ELASflC 
, 7675 PLUS•8A•MINUS o0458 

hSQAT CN J a 8 1 210 
EAnBA ,813 

T•SQATCU • 11,014 
EAA111A .1,091 

i1A•90 ,·,~rA8M AEr, A 69 123661 ··············································· ENERGY N,2N CA88& SECTUN ·IMBI 
IMEH MEASURED, ERA ADJUSTED, EAR ............................................... 
U,57D 596,50 4,40 596,5DD 4,4DO 
14,2oo 677,90 28,50 &77,9DO a8,500 
14,Uo 159,ro ,,eo 762,497 s,en 
14,e6o 815.7o 15,,D 122.834 15,636 
15,140 1n.so 4,0o 196,317 4,049 
15,330 1001.20 6,50 1015,709 6,594 
15,490 993,70 4,40 1009,958 4,472 
15,920 1D53,6D U.ID 1075,913 Uo335 
16,21D 1024,60 15,40 1D5D,202 15,7U 
16,580 1225,6D 9,10 1259,934 9,3, 
11,~10 uot.3o 6,90 uu,u7 7otn 
17,,D 1241,90 9,00 1287,774 9.332 
18,180 1385.8D 7,60 1444,121 7,920 ··············································· 
rnTEO PAAA•ETEAS ................. 

· LEVEL SPACING • 9,814 PLUS•8A•HINUS1,932PER MEV 
A.SYMPT8TIC 1No2Nl CReSS SECTJe~ a 1372,,, PLUS•BA•HI~US 89,21 KB 

RELATED DATA ............ 
NeN•ELASTJC CA8SS SECTUN AT 14,2 MEV • 1711,44 MB 
INo2Nl THAESHeLO • U,li "EV 
~~.3Ni THAESHBLD 21.53 MEV 

THIS ISeTePE HAS 50 NEUTA8NS, 40 PABTeNSo (MASS a 901 

NEUTRBN E~CESS PARA•EUR • ,11111 

RAYle er ASY•PT8TIC 1No2Nl Te 14,2 MEV NBN•ELASTJC 

N/SPACINQ • 
' EAAeA 

... 

,8020 PLUS•BA•HINUS ,0521 . 

A/SPACING a 
EAABA 

~ 
2:! _, _, 
i 
,.!.. 

~ 
z 
b 

I SOD, 

ISSD. 

12111. 

111511. 

Ill), 

'1511. 

111111. 

'1511. 

31111. 

ZR-90 A 69 C2366> m 
c 

T ~ 1.161t.115 ~v 
~.ZN>• 131a.&*7'\r,'f 1811 

~,ZN> 7 O'f6c -

19 

l'i.2>"'· 68*. ....--

IS 

l't 15 

" 
,""m 

c 

FITTED 
LINE 

18 11 18. 
ENERGYCI£V) 

18 17 18 
ENERGY( HEV > 

DATA 
PCIINT 

• EXPERI~NT 

145 

a AD..USTED EXPT. 

18 211 Zl 22 

19 211 Zl 



146 

, , ,rAeM w~:r, P 61 l~d&» ............................................... 
~·~·~y N0 2N CN~SS SECTIBN CHBI 
(MEV) MEASUAf.D, I:Atf ADJUSTED, EAR ............................................... 

. 13,400 398,00 12,0U 398,000 12 1 000 
1J,520 457,00 14,00 457,000 14,000 
13,690 527,00 16,00 527,000 16,000 
1l,d8tJ 'iR5,0D 18,00 585,000 111,000 
14,010 I 604,00 18 1 00 604,000 18,000 
14,0YD 623,00 19 1 00 623,000 19 1 000 
14,310 716,00 21,00 717,005 21,032 
14,5110 768,00 23,00 771,132 23,094 
14,6enJ 822,00 Z!t,OO 827,295 25,161 
t4,thO RJ&,oo z5,oo &44,796 Z5,Zol 
t4,9Jo a~6,on 26.00 864,241 26,.250 
lb,500 1115,00 56,00 1145,350 :.7,524 
t7,95o t17l,no !J9,oo 1220,221 61,375 
t9,7&o tt69,oo sa,ou 1230,973 61,075 ............................................... 
r 1 TTEU PAkAJCE TEAS ················· Nl.ICLEAft TEMP, • 1,101 PL"S•t!U~·MINUS ,u26 KEY 
ASYJCPTBTJC IN,2NJ ClleSS SECTtctr. • 121tt,l6 PLUS•BR•MINUS 27,51 Mb 

h~LATED UATA ............ 
N(I'N-~LASTIC cR8SS SECTIUtt AT 14,2 MEV • 1711,44 MB 
C~,:lNt UUCI:::SH9LU I 1&',1~ "I;V 
HhJN) THHESH~lli • 21,5J MEV 

THIS IStTiePE HAS 50 Nt:UTNBirtS, 4U PA~TctNS, IMASS • 90» 

i4EUTH"N ().CESS PARAMETE:H • ,lUll 

~All~ er ASY•PT~TIC CNo2NI T~ 14,2 HEY NBN•ELASTIC 
• 7119 PLUS•BA•MINUS ,0161 

hSQkT(NJ • 7,795 T•SQNTIAJ • 10,445 
ERR~R , 184 ERI<•R ,247 

lR•90 ",FRBH REF, P 61 15881 ··············································· ENERGY N,2N CABS$ SECTUN IHBJ 
CMtVJ Mt::AS:URE[I, ENH ADJUSTtOt ERA ............................................... 
14,010 ~04,00 ta,oo 6o•.ooo ts,ooo 
Uo400 308,00 UoOO 398,000 UoOOO 
13,520 457.00 14,00 457,000 14,000 
13,690 527,00 16,00 527,000 16.000 
u.eeo n5.oo u,oo 5n.ooo u.ooo 
14,090 623,00 19,00 623,000 19.000 
14,310 716.00 21,00 717,0U 21,032 
14.500 768,00 23,00 771.132 23,094 
14,680 822,00 25,00 827,205 U,161 
10.810 838.00 25.00 844.798 25.203 
14,930 8",oo 26,00 864,241 a6.ato 
Ho500 1115,00 56 1 00 ·1145,350 ,,524 
17,950 U73.00 59,00 1220,227 6!,375 
19,760 1169,00 58,00 1230,973 61.075 ··············································· 
r IT TED PARAMETERS ················· LEVEL SPAC lNG •10, 468 PLUS•BR•HINUS ,446PER HEY 
ASYHPTBTIC CN,2NI CRBSS SECTIBN • 1281,40 PLUS•BA•HINUS 27,25 MB 

RELATED DATA ............ 
NBN•ELASTIC CRUS SECTUN AT 14,2 HEY • 1711,44 HB 
CNo2NI THRESH0LD • 12,12 MEV 
CN,3NI THNESH9LD • 21,53 HEY 

THIS ISnePE HAS 50 NEUTRBNSo 40 PRBTONSo CMA66 • 901 

NEUTRBN EXCESS PARAMETER • ,11111 

RATIB er ASYHPTBTIC CNo2NI TB 14,2 HEY NBN•ELASTIC 
, 1487 PLUS•BR•M I NUS , 0159 . 

N/SPACING • 4.176 A/SPACING • e',598 
EAABA , 204 EAABA ,366 

1170. 

111'111. 

b 

1280. 

1120. 

b 

ZR-!10 p 61 (588) 

T = 1.101 t .OZ6 HEY 
q,{.N.ZN>" 1216.'!*2 
<U,N,2N) 
<ti1'i •. 2 > =. 712*.:1 

13 IS 

ZR-90 

FITTED 
LINE 

18 17 18 
ENERGY< HEY> 

p 61 <.588) 

DATA 
PI11NT 

• f.Kf'I:JCII1f.'Nl 
o ADJUSTED EXPT • 

19 20 21 Z2 

A= 10.'168*.'!1!6 ME~1 

q.(,N.ZN>= 1281.'!*2 .3 118 

~,ZN> i'i. 2 > =. 7't9*.016 

_C _, ... -·t.--.--

FITTED 
LINE 

IB 17 18 
ENERGY( HEY> 

DATA 
PI11NT 

• EXPERIMENT 
o ADJUSTED EXPT. 

19 20 21 



M~·Y2 ,,,F'RBH kk:F', H 72 (•) ··············································· I:Nt::AliV h,2._ CRIItSS SECTJ0N CMbJ 
C"C~) MF.ASllkE~. ~RR AUJUSTED• ERA ··············································· 14,::-~o ltSfi,C'n lJ,OC lab,fl7l 13.060 
1~.3ttu lt7.on .!6 1 liO 321,60a 26,378 
1S,C,2U 466.00 2d,OO 475,659 28,~8U 
lbo4,ll 547 1 00 J4 1 (1"' ~61,297 J4of'69 
lb,Y40 &?l .00 JY,OU 640,UJ 40,200 
P.~ou .-..fl~.nn 46,00 7llb,677 47,664 
lft,C.iu 745,n~ ~2.0tl 775,V04 ~4.157 ··············································· 
;-o,uCLi:AH 1E:~P, 1r 2,486 PLUS•tllo(•Mif\US ,4!03 MEV 
A~'rHr-TdTII." C"t,;iNJ C~irSS SCCTid~ • 126dt~3 PLUS•UA•"INUS 121,01 M8 

rci:LAft:.U ~.l T.l ............ 
ll;·:N-EL.LtiTIC CRPSS blitTh:N AT 14,1 ~liv • 1728.~3 llllb 
CN,;iN} T~kt:S""l:.LD a 11 1 83 MEv 
Cl'loJ"') T!i"ESWr'LD • 23,02 11EV 

tUJl.: lJf aSYHPtnTJt CNt2h) filS 14,2 ,.t:V ''B,.•ELASTIC 
,7339 PLUS•eH•MINUS t07l2 

hS\JrcTCNJ • 17,,79 T•SOkTUJ • 23,114, 
ERFitJR lo 435 ~RRCR 1,947 

MB•92 , ,,rASM REF, 8 72 C•) ··············································· ENERGY N,2N CAIISS SECTISN CMBI 
CMEVI MEASURED, EAR ADJUSTEDo ERA ··············································· 14,55o u8,oo 1.;.oo 18il,e7J u.o6o 
15,360 317.00 26,00 321,608 26,378 
15,920 466,00 za.oo 475,"9 za,no 
16,450 547,00 34,00 561,297 34,889 
16,940 621,00 39,00 640,113 40,200 
17,,60 682,00 46,00 706,677 47,664 
18,230 745,00 52,00 775,904 54,157 ............................................... 
rJTTED PARAMETERS ................. 
LEVEL SPACING • 1,675 PLUS•BA•MINUS ,388PEA MEV 
A5THPTBI IC CN,2NI CHO$$ S~CT I liN o 1078,19 PLUS•BR•MINUS 258,82 HB 

RELATED UHA ············ NBN•ELASTJC CRBSS SECTJiN AT 14,2 HEY • 1128,U HB 
CNo2NI THRESHBLD • 12,83 HEY 
CN,3NI THRESHBLD • 23,02 HEY 

THIS ISiUPE HAS 'O NEUTRSNS, 42 PAiTiNS, CMASS • 921 

NEUTRSN EXCESS PARAMETER • ,086¥6 

RATJU ar ASYHPT8TIC CNo2NI Ti 14,2 MEV NiN•ELASTIC 
,9709 PLUS•BA•MINUS ,1497 

N/SPACING • 29.851 
EAABR 6,915 

A/SPACING • 54,92' 
EARBR 12,723 

U'l 

I 'IOOoJ:"""''"'I"'"""'I"'"""""""'""'""'"'"I""""'"'""'""'I""'"'"I"''""'II"""'"'"'""'"l"""'"1 

1260. 

1120. 

980. 

~ 8'f0. 
et: 
< 
CD 

_J 

-' 700. 
2: 
...!. 
z 
N 

.z 560. 

b 

~20. 

260. 

1'10. 

110-92 8 72 (-) 

T . = 2.'!86 t • 203 HEY 
o-.J.N. 2N > = 12se. s * 123. o118 
o-,(,N. 2N > 
q_ll'!.2> "· 73'!!.071 

/ 
/ 

FITTED 
LINE 

/ 
/ 

/ 

/ 
/ 

DATA 
POINT 

/ 
/ 

• EXPERIMENT 
c ADJUSTED EXPT. 

3 

147 

L. 
12 13 IS 16 17 18 19 20 21 22 23 2'1 

ENERGYCHEV> 

20DO.I!""'""'"'mmTI"'"'"'J"""'"""I"""'"''"'"'"'J'""""''"""""''""'"..,.........,._..,....""'!' 

111110. 

UDI. 

I 'tOll. 

Ho-92 B 72 C- > 

A .. 1.675t.38B HEV"1 

qJ.N.2N>= 167B.Zt2SB.8 118 
g+NZN> . 
q,(t4.2> ".971t.1SO 

z. 12110. 
0: 
< 
Cl> 

..J 

..J 
;: 1000. 

,!.. 
z 
N 

z 11110. 

b 

600. 

'tOll. 
FITTED DATA 

LINE POINT 

• EXPERIMENT 
c ADJUSTED EXPT. 

2110. 

3 

0. 
12 15 16 17 IB 19 20 21 22 23 2'1 

ENERGYCHEV> 



148 

··············································· t::u~kUY ~.2-. CAii!ISS SECTliJN C"BJ 
C"~EV'I "'~£ASU~F.D, Ef(N AliJIJSTEO, EAR ··············································· & ... t7t• t32.:tn to.oo tl2.ou:l to.ooo 
1<.230 12~.no 9.0o 12~.~51 9.0o• 
)C,3111 t?",Oet 9,00 128,1¥0 9,013 
t4,J9o t~".n" to.oo t4& • .s7a t0.026 
! ..... t~ t.aJ,:ttt tr..oo t4.S,459 t0.032 
1.a,'520 tCOO,fJIJ lJ,QO 150,638 llo047 
l•.6!J•j t!'t,nn 10,00 151,799 t0,053 
141,6.;0 \lll.l,!'ltJ U.OJ l64,U2" llo069 
: ... 74U H7,:J, u.rn 16&.181 u.o7a 
14,d4U '''·", t.s.uu t73,4lt tJ,toe 
14, ... 211 t"i6,C3 lloO·I 187,731 13,121 ····•·········································· 
J" IT Tt.f• fo'Aii&••J. T(l.f!: ...... ··········· •·.IICLt:A~ fl·t~, • ,799 PL...,-;-~H-t•INU'i ,(.ld6 "'EV 
A~YI'fo'HTIL (" ,,f.t) t~:•SS ,i(CTJV.t-. • 243,74 PLUS•IA•MINUS 

UC.LATt:Lt L·-'Ti ............ 
t~i't.•EL.t~TJC c<=ASS ;iE:ClUH. AT 14,2 "EV • 1728,53 M8 
Cf. ,.1.•0 lHJ<F.-5.,.i'Lt'l • 12,83 "EV 
c;.,J~J h•"t::su:'LO • C'l.02 Ht:V 

T,qs IS~h·P~ ••.tS SO hEUJqSHS, 42 PA0TINS, C"ASS • 92) 

'tl:Uf.·h\~ EACt:~S P,t.A·"'~1~R • .Ots696 

IUTIId i!f -'liYIIPT"TIC IN,2~J Te 14,2 MEV NSN•EL&STJC 
·1•1~ PLUS•iR•HI~US ·0132 

T •'•JW1 00 • ', t.tj.Q f•UDRTIAI • fo46~ 
ENJOV·R ,,.ne EAAQI'A ,825 

,,,rRcH ner, K 72 ··············································· ENEHGY No2N CRBSS SECfiBN CHBI 
fll(Y J .;!a5U"tU, t:H~ ADJUSTED,· ERA ··············· ································ .1.4,110 t3~dH) .0.111) .U:I.UUU 10,000 
1•,2J0 us.oo 9.ou 125.051 9.004 
141.J1U t~6.!!n totiO .UD.~YU Y,U16 
14.39il 1.b.OO 10.00 108.J78 10,026 
10 ••• ~ 1•3.00 10.00 143.459 10.032 
1•.520 1~0.00 11.00 150.6J8 11.047 
14,6UU t~Sl.I'HJ lo.uo 151,799 10,053 
14,600 163.00 u.oo 164.0211 11,069 
10.740 167.00 u.oo 168.181 11.078 
1•.8•o 112.on 13.oo 173.•31 13.108 
14.1120 186.00 13.0? 181.731 13.121 
IIIIIIIIIIIIIIIIIID~II~I•alllelllllllll •••••••• 

F I TTt~ PAhAKET~AS ················· L~¥EL .iPACING I~O.OJ8 PlUS•3R•HlNUS •• 653PER HEY 
ASYH-TJrJC C~o2NI CA•S.l S~CfleN 1 2~7.77 PLUS•BAoHJMUS 27,55 "& 

H[:LATI::O (lATA ............ 
ftP.N•EL4.~TIC CQ~SS SfCTtJJt. AT t4,2 HEV • 1728,'53 HS 
(1~,2~J hiRES~~•LD • 12,03 MEV 
P-4,J;•l) ThRESHALO • 23.02 MEV 

TtdS JS:H"PE liAS 50 r-4EJT~0.\fS, 42 PA!!TSNS, CHASS • 921 

r..t:UHHSr4 l:lCF.~S P&qAME:Ti:~ • .08696 

k,Hl" nr ASYI"PT.,TIC C~•l"-) Til 14,2 MEV NeN•ELASllC 
,1 .. '11 PLUS•,lR•HINUS .• 0159 

tUSPAr.J~I.i a 2,495 A/SPACING I •• 591 
F.•fRitR ,579 ~RRB~ 1. 066 

2~3. 

290. 

2111. 

<3Z. 

203. 

en 17'i. z a:: 
< 
~ 
...J 
...J 

z: I 'I&. 

,.!. 
z 
"' z 116. 

b 

81. 

29. 

o. 
12 

110-92 K 72 

T = • 799!. 086 11EV 
<r.J,N. 2N) = 2'i3. 7 ~2..$-MB- - - -- - - - __ 

o;,f,.N. 2N > _, 
;\1.1'!.2> =.1 ,~.013 

F I TTEO DATA 
LINE POINT 

• EXPERii'l~riT 

0 ADJUS TEO EXP T. 

3 

I 
···~ 13 1~ 15 16 l7 18 19 20 21 22 23 2'1 

ENERGY( MEV) 

H0-92 IC72 

;. "' lll.U;jtjl'i,S53 HEV'i ._:_------
q,JJ1.2N>.,. 2~7.0tZ7 ~ 
f'ti.N,7Nl . ---- ~ 
qj_l'i.2l=.1'i9:t/ 

0 / 

'I 

FITTED DATA 
LINE POINT 

• EXPERIMENT 
c ADJUSTED EXPT. 

~ 

3 

IS 18 11 18 18 20 21 22 23 2'1 
ENERGY< HEY> 



"d•02 .. ,FAQIH REF, A 69 C:Z366t ··············································· ENEkGY N,2N CROSS SECTJ~N CHBI 
CHE'V)· HEASUREllt EAR ADJUSTED, EAR ............................................... 
14ol8b 150,70 z.Ju 1~u.700 2,300 
14,53c, 156,30 1.~o 1,6,Vac. 1,507 
1"ob~LI 201,10 2,60 203,202 2,622 
15.o,o 232,2n J,Jo 234,724 J,JJ6 
1~.<41U 285,00 4,Jg 29U,220 4,365 
tS,9;~..., 311,,60 1,1o 3v4,61J 7,860 
lo,2~U 383,30 &olD 392,5;~ 6,247 
16.~611 432.10 10,4(1 443,o57 10,6&3 
11.ovu 413,10 7,do 426.373 d,051 
17,5411 JtS9,4n 10.10 403.42~ 10,464 ............................................... 
r l T Tl:(i PAkAMf: TE'-15 ................. 
UUCL~AH fl::otP, • 1,600 PLJS•e,.•HI"'US .~l.IO MI::V 
AS't'riPTiHJI.: 1._,2NJ C;te~S SECTUh • :j&o,94 PLUS•IItA•"INUS 85,72 "8 

Ht:LA Tbl CJA flo ............ 
tf(N•E:LA~TJC CAPS$ SECTihf.t AT 14,c- "~V • 172t1,5J M8 
C~t2'-J T1-45cESH91.U • l:l,tlJ HE~ 
CI~,JIU ThhEShf'LD • 23,02 HEV 

THIS l~SUPE rtAS 50 NEUTtc.,Ns, 42 Pttt~Tt>NS, C"ASS • 92) 

~(~lkdN l:a.CESS PARAHETER • ,08696 

HATid er AS't'HPTHTIC CNt2NJ It' 14,2 "EV NOh•ELASTIC 
,.)396 PLUS•8M•HihuS ,04'16 

hSQHTUU • t:,,l14 T•St..ATCA) • 15,347 
EAhifA 1,414 EMA~A 1,918 

, , , FReH Rer, A 69 ( 2366 I ............................................... 
ENERGY N, 2N CROSS 6ECTJ ON IHB I 
CHEVI HEASUAEDo ERA ADJUSTED, EAR ............................................... 
14,180 150.70 2,.10 150,700 2.300 
14,530 156,30 1o50 156,986 1,507 
14,85o 2o1,!o 2,6o 2os,2o2 2,622 
15,0~0 232.20 3,30 234,728 3,336 
15,410 285,90 4,30 290.220 4,365 
15,920 3&6,60 7,7o 394,613 7,860 
16,250 3~3 .. 10 6,10 39Z, 555 6, 247 
16,,60 432.10 10.40 443,857 l0,683 
17,090 4U,10 7,80 426,373 8,051 
17,540 389,40 10.10 403,425 10,464 

••••••••••••••••••••••••••••••••••••••••••••••• 

FITTED PARAMETERS ................. . 
LEVEL SPACING • •,689 PLUS•eA•"INUS1,371PER HEY 
ASYHPTeTJC ~~.2~1 CReSS SECTUN • 671.68 PLUS•OA•MINU9 122,30 "B 

RELATED DATA ............ 
NBN•ELASTIC cReSs SECTION AT 14,2 HEY • 1728.,53 "8 
(No2NI T•RESHOLD • 12,83 HEY 
(NolNI T•AESHBLD • 23,02 MEV 

Till& ICYnr~ liAS 10 11EUTAIN£, 4~ PniUNS, ("AU • 921 

NEUTRON EXCESS PARAHETEA • ,08696 

AATIB eF ASYHPTOTIC (No2NI Te 14,2 "EV NBN•EL&STJC 
,3886 PLUS•BR•MINUS o0708 

N/SPACING • 10,663 A/SPACING • 19,620 
ERRBA 3o118 EAAeR 5, 737 

000. """'l"""-nii.........-n'l""""'1..,.mntmnm'l"'nmrnf'""'""''""'""'l""""''l"'""'"'""'""!! 

812. 

b 

211'1. 

120. 

6110. 

560. 

~ '180. 
a:: 
< 
CD 

...J 

...J 
i: '100. 
).. 
z 
N 

z 320 • 

b 

IID-92 A 69 C2366) 

T" 1.600t.200 NEV 
~.2N>• 586.9*85. 7 "' 
~,2N) 

ilf.2S •.3lf0*.050 

FITTED 
LINE 

H0-92 A 69 C2366) 

A= lf.689t1.371 MEv-1 

qJ.N. 2N) .. 671.7 t 122.3 I1B 
gJ.N,2N) 
q_(llf.2) =.389*.071 

FITTED 
LINE 

---

OATA 
PCIINT 

• EXPERIHENT 
c ADJUSTED EXPT. 

DATA 
PCilNT 

• EXPERIMENT 
c ADJUSTED EXPT. 

0j~z~~~M~~~~~.~SWM~I6~~.7~~.8~WMI9~~m~~2~1~~U~~~~~· 
ENERGYC HEY> 

149 



150 

HiJ•92 I ,,F'A0H At:;F' I 8 52 C83J 

••••••••••••••••••••••••••o•••••••••••••••••••• 
EltEHUY N,2N CR0SS SE:CTl-'111 CM8) 
C"EVJ 11EASUREO, ERA AUJUSTED, EAR ··············································· 14,600 loo,oo too,ou Jot,,a7 too,529 
1&,9no 77o,oo 15o,oo 793,416 154,562 
lY,JOU 950,00 180,00 996 1 441 188,799 ............................................... 
F' I TTf:iJ PAkAMETEPS ................. 
NUCL~AH TE:HP, a 1, 734 PLU~·aN•HI thiS ,10J HEV 
ASYHPT,HIC (N,2NJ CHRSS SECTIIN • ltJa,74 PLUS•SR•MINUS 52 1 04 "8 

AE;LATt:O UAJA ············ 1\itJ:O.-t:LASTIC CA055 SI=CTI-'1'4 AT 14,4! MEV a 1728,53 MB 
C~,.:!NJ THhESHV.lf. • 12,83 HE:V 
Ctot,3tO fH"ESHitlO • 4'J,02 HEV 

ltEUTHr:.4 l::liiCESS PAAAHEH:A a ,08696 

k&TIU 0F' ASYI'PTBTIC CN,2NI Td 14.2 Ht:V fli-'N•ELASTIC 
.6588 PLUS•MR•MI'-US .IIJ01 

T•SQRT(NI • 12,21\1 T•SQRTUJ • 16.632 
ER"~·R • 728 ~RAaA ,988 

HB•92 ., ,fRBH REf, 9 '2 1831 ··············································· ENERGY ~,aN CRISS S6CTUN IH91 
I HEY I HEASUREDo ERR ADJUSTEDo ERR 

•••••••••••••o••••••••••••••••••••••••••••••••• 
14,600 300,00 100,00 301,,87 100,529 
16,900 770,00 uo.oo 793,416 1,4,,62 
19,300 9,0,00 180,00 996,441 188,799 

···················~··························· 

fl TTED PARAHETERS ................. 
LEVEL SPACING • 4,294 PLUS·aR•HINUS ,889PEA HEY 
ASTHPTITJC 1No2NI CReSS SECTIBN • 1257,1, PLUS•8R•HINUS 112~77 HB 

HF\,ITt=LI t:l'!' ............ 
NBN•ELASTJC CRBSS SECTI8N AT 14,2 HEY • 1728,,3 HB 
1No2NI THRESHBLD • 12,83 HEY 
CN,3NI THRES~~LD • 23.02 HEV 

THIS ISBT0PE HAS '0 NEUTR8NSo 42 PRBTBNSo CHASS o 921 

NEUTRBN EXCESS PARAHETeR • ,08696 

RATIB Bf ASTHPTBTIC 1No2NI Te 14,2 HEY NBN•ELASTIC 
,7273 PLUS•eR·HINUS o0652 

N/SPAC lNG • U ,644 A/SPACING • 21.425 
EARBR 2,411 ERRBR 4,436 

12110. 

UIIID. 

9110 • 

80111 • 

~ no. 
< ... 
..J 
..J 

6110. i: 
,!. 
z 
N 

z '1110. 

b 

3BO. 

Z'IO. 

1211. 

o. 
12 

12110. 

1120. 

980 • 

~ 80111. 
a: 
< 
l!l 
..J 
..J 

z: 
,!. 
z 
N 

700. 

z 560. 

b 

'120. 

280. 

1'10. 

tm-92 8 52 C83) 

T = 1. 73'f t .103 HEY 
~.2N>= 1138. 7t52,0 Ill 
g+.N,2N) . 
<U1'1.2) =.659t.030 

FITTED 
LINE 

--

DATA 
POINT 

---

"' F.XPF'RIIFNT 
o AO.AJSTED ExrT. 

IS 18 17 18 19 211 21 ~ ~ 
ENERGYC HEY) 

11C-:92 8 52 CB3> 

A = '1.29'1 t .889 HEv-1 

qJ,N.ZN > • 1257. 1 t 112.8 118 
q.(.N.ZN> 
cr..( 1'1.Z> =. 7~7t.065 

FITTED 
LINE 

DATA 
PC INT 

• EXPERI11ENT 
o ADJUSTED EXPT. 

3 

0i~2~~~~3~M~~~~M~~s~~~~6WM~~~7MW~.8~~~9~~20~~2WI~~~~~~~~~ 
ENERGYCI1EY> 

I 



Au•06 1 I IrA~" Aer. a 10 ··············································· F'•tfft.Y Nt2~ cRass SECTIBH CMBJ 
(ht'f) r4F.&SUA~D, I::HA ADJUST~O, ERA ··············································· 12.6Do 4~o.nn so~oo 450,0ilO 5o~ooo 
1J.lnu o1o.on 6o.oo uo.ooo 60,000 
J.S,9lJil "'"~no 7Q,OJ no~ooo 10.000 
14,bOO "PO~"n dO,l.ll! Ats6,610 80,601 
l~oJOO II<IO,fln 70,00 ~C..l18l9 70,930 
16,luo 990,t'IO 70,tiC.. 1011,442 71,516 
16,700 lOf'O,nn V[110tl 1027,313 92,45U 
17,400 Qoo,or. 73.C\.I 1022,953 72,330 
u•.lt~O Olft,:tn 60,00 9451166 62,319 ··············································· 
r I flt.~ PAHAH£Tf.AS ................. 
~l'~Lt-:A+f 1e~P. • t,l'll "LJS ... If,.•HINU9 ,1)59 HI:~ 
AS'UWT~f)(,. lt•o2fH CH~SS SlCTit"' • 1026,49 PLUS•8A• .. INUS 24,78 fltd 

f:I;LATl:U DATA ............ 
~efii•ELAS11C CAPS~ :ii:CTI"fll AT 14,2 MEt' a 176~,16 MB 
Cl\,11!111) fjolk~S..,t'!LU • tD,cH ME:V 
u~..JIII) Tl-!kESHVLO a 19,67 MEV 

lhlS l&e!Tr'PF. ItA$ 51. t1EUlNdNS 1 44 PA8H1hSt C"lSS • 96) 

loii::UTHI-tt: l:lCE5S PAAA"tETEN a ~od.S33 

~uTJb MF A~YMP18TIC , .. ,:iN) Ttf 14,2 MEV N~N•EL&STIC 
.~us PLuS·~•·•I•U) .0101 

USOHT(fll) • &,,IJd 
fR;. ... ,A ,4'.5 

T•SQATCAJ • 11,669 
ERROR ,s7B 

~U-96 I I ,F'A0H REF'. 8 70 ............................................... 
ENEFita N,2:-.. Ctc0SS SECTIAN 1"9) 
<MEVJ HfASURFDo ER~ ADJUSTED• EAR ............................................... 
1?..6ou 45o,on 5o.oo 450,ooo 5o,ooo 
1J,30U 610,00 OU.UO 610,000 60,000 
1J,90rt no.oo 1o.uo no,ooo 70,ooo 
1•.eou aac.on an.oo 886,610 80,601 
15.3on 89o,oo 7o.u~ 901.819 70,930' 
1o.1ou 99o.no 7o,oo 1011,442 71,516 
tii),700 tooo,no 90.GO 1Ct27,313 92,458 
t1,4on 99n,oo 70.oo tft22,953 72,330 
1&.1oo 91o.nn 60.oo ••5·,166 62,319 ··············································· 
r 1 TTH· PA"A"~TE•s ················· LEH:L :•i"ALI~l• • 8,74~ f'LUS-8k•HINUSt,062PEA HEY 
ASYt!PTnJC cu,2•o CReSS SECTIPN • 10591tl7 PL"'~·SA•MINUS ~4,21 Mel 

AELATf:O OATA 

NON•l"LASIIC r.ooss S~CTI0N AT 14,2 HEY • 1762,16 •B 
C:I,2N) fHkESHl'LD a 10 .at MEV 
Clhl/4) fHIIt!~ .. ~LO • lY.~/ "t:y 

T!oiiS. ISUT0PE t4AS ~2 NfUTR~NS, 44 PAi""NS, C"ASS a 96) 

"CuTHH'• fXCESS PA~~~fTF.~ • ,Qij~Jl 

lh.TilJ &IF aSY'1PT"'TIC INti!~.IJ 10 14,2 HEY fJ0N•ELASTIC 
,60l5 PLUS ... 0A•"INUS ,Oi94 

N/S,.,A(;JI;G • 5 1 Q46 A/SPACING • 10,978 
lirdi"P ,1:!2 E~~~A 1• 333 

1080. 

960. 

ll'tO. 

~ 720. 
<r 
< 
Q) 

600. z: 
I 

2 

"' 

360. 

2'10. 

120. 

o. 
10 

UIIJII 

9611. 

IJIII, 

"' ~ 1211. 
< 
<I) 

...J 

...J 
- 600. z: 
...!. 
z 
N 

z '1110. 

360. 

2't0. 

120. 

RU-96 6 70 

T = 1.1911,059 HEY 
cr..(,N.2N>= 1026.5•2'1.6 116 
<Y..{.N, 2N> 
q_~ 1 '!. 2 > =.563t.01'1 

FITTED 
LINE 

II 12 13 I~ 15 18 
ENERGY< HEY> 

RU-96 6 70 

A = B.71f5 t 1.062 KEV"1 

~.2N>= 1059.9t31f.2 K6 
@.2N> 
CU,llf •. Z> =.601Z.019 

FITTED 
LINE 

DATA 
POINT 

• EXPERIMENT 

c ADJUSTED EXPT. 

17 

DATA 
POINT 

18 19 

• EXPERIMENT 

3 

20 

c ADJUSTED EXPT. 

3 

0i~o~~,~.~~,z~~w,,~~w.~~~~.s~MM,"s~~,~7~~,~8~~.w9~~20 

ENERGY< KEY > 

151 
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.,IJ•tO• • I ,F'A0M REF' I H 70 ························ ······················· t:Ni:HCY frt,211 CA.,SS SECT18N (M8) 
(folEY) MEASURED, EhR ADJUSTED, EAR ··············································· 11.ono 112~.on 1~o.oo 132o.ooo uo,ooo 
tJ.4QO 1460.nn 150.~0 1460,000 150,000 
1•.uuo t••o.o~ 15o.ro 14~o.ooo uo.ooo 
~~.1•10 1~?o.no no.oo 153~,440 151,524 ··············································· 
f I TTrU Pb&MF.TfA5 ········ ........ . 
~IICLf-&k Ti::MP, • 1,072 PLU$•8R•"INUS ,Q89 MEV 
•SYHPTQT I~ "•2NI tA0SS SECTJ0~ • 1,62,42 PLUI•IA•NINUS 37,,1 N~ 

At:LATf.[J OAT& ............ 
r•"N•CL•STIC C:PhtS SECTIPU AT 14,2 Mli'l • 1827,:51 fiB 
(U,2~l ltdiFSt-tPLO • ti.~9 MEV 
cu,JNJ THhEs~o~rLI:i • t5.2tt M.:v 

THIS ~~~Tt:PE ~aS 60 NEIJTASNS, 44 PAOTWINS, (MASS • 104) 

NCUTR;1N EXCi:$5 PA~AI'IETER • .15385 

HATIH b~ ASY"PTeTtC Ctlt?N) Td 14,2 MEV NIN•ELASTIC 
,fi5~0 PLUS•tR·111"4US .020' 

l•Si;iRTC .. l • S,.U4 T•SQAlU) • 10,932 
l:HR"~ , o\A9 EAABA ,908 

RU•l04 •, ,rAu,. Rt:', tt 7U 
••••••o•••••••••••••••••••••••••••••••••••••••• 
~-~~~y No2" tR0SS SEtTI0N IH81 
(HHI HElSU~E~, E~R AUJUSTEQ, ERR ................................................ 
1~.&u~ H~u.o~ no,oo u~o.ooo uo,ooo 
l·L•un t•flo,oo t5o,oo t•6o.ooo t,o.ooo 
14.Ciuu 14,0,01• 1"'·"" 14,(1,000 1,0,000 
15.110 1520,on 1~o.oo 1'35,440 1,1,524 ··············································· 
raTTF.r) Pt.RAH~T-::As ................. 
LEVEL ;-.~JNr. •10.144 PLUS•eA•HINUS1.~67PER "EV 
ASTHPT~TI~ CNo2N! CA~SS SECTI0N o 1,94,70 PLUS•dA•NINUS 48,98 HP 

rn z 
It: 
< 
a:> .... 

HELAT~l aiATA ............ 
"4ri>N•Elt,~TIC CQ~SS SECTUN 4T 14,2 f1EV • 1827,37 MB 
Cfllt2"'l Trt~ESHVLO • S,'i«; M.E'I 

...J 
...J 

i: 
,!. 

C~.3~l lHRES~PLD • 15.28 t1E~ z 
N 

.TklS IS~TaPE ;.445 61) ~EUT~_,NS, 44 PRSTBNS, CMASS a 104) z 
NlUTHn, HCESS PARA•ETE~ o ,15385 b 
AATJ.• ~F AST•PT0Tit CNo2~1 Te \4,2 HEV NBN•ELASTIC 

,A727 PLUS•0N•HI~US t0268 

N/SPJ.Cl:otli a -;,?t5 A/SPACING • 10,iz52 
F.AFc0R 1, :IAIJ eRAeA 1.887 

1100. 

1530. 

1360. 

11!10. 

V' IOZO. z 
"" < .., 
_, 
.J 

~ esc.. 
). 
z 
N 

z" 680. 

b 

510. 

3'10. 

110. 

RU-lO'i B 70 

T = 1. 072 1 • 089 11EV 
o-..(JI. 2N > = 1562. 'i 137.5 118 
cti}I,2N) 
CU!'~-Z> =.B55t.021 

FITTED 
LINE 

DATA 
POINT 

• EXPERIMENT 
u hDJUGT[D [KPT, 

0'~e~~~~~~.~o~~~,.~~~~~z~~~.~,~~~~~~~~~.s 

ENERGYC11EV> 

1700. 

RU-10'! B 70 

vt 
1530. A c 10,1'f'ftl,B67 MEV"1 

o;J.N.ZN>= 1S9'i.7t!i9,0 I'll! 

(ift4~~~ •.873*.027 1360. 

1190. 

lllil.l. 

1150. 

680 •. 

510. 

3'10 •. FITTED DATA 
LIN!! I'OINT 

• EXPERIMENT 

c ADJUSTED EXPT. 
170, 

3 

o. 
B 10 II 12 13 I~ IS 16 

ENERGYC MEV > 



~h4•1~3 • , ,F'tt.,M ltEF' • P 70 ··············································· Ei~l::,..t.Y ~.2u CA0SS 5ECJUN IMBJ 
ff4E'V) MEASII~F.U, EA~ ADJUSTED, ERA ··············································· t0,6Ju ~o7,nn 24o,oo 3o7.ooo 24o,ooo 
1o,8o11 5Jo,ttn 29l,uu 5Jo.ooo 293,ooo 
1l,OAU 706,00 337,00 706,000 337,000 
11 .Ztlo 'i76,nn 314,00 ~76,000 J14 .ooo 
11,4JO "'lo,nn 87,00 610.000 87,000 
u,53r.. '>6i",nn ~o.oo 662,uoo 80,0oo 
12o61U 9Q6,tH') 52,00' 906,000 52,000 
1l,u5u 1014,00 S4,QO 1014,000 54,000 
13,J9o 91l,nu 51.00 vu.ooo 51,000 
1l.tl10 fi74,:'10 5.S,OO 974.000 53,000 
14.2oo 941'1,00 ~1.oa 046,uuo 51,000 
14,610 ~19.'10 47,110 923.459 47,228 
1~.o.so 9~4,:'1!'1 ':,Q,no 993,J&2 50,476 
lS,<~oo toon.t'l~ SJ.llU tOtJ,.S7tt ~l,709 
1~.8?.0 q91,n1 ·o;z,no 1014,444 52,910 
1n,uJrt Y78.1J!J o;o,oc 997.3~7 57,110 
ltl,tHo tno;J,n" 54oti0 1019,ll05 ''·124 
16,5on tn,J,r'J ';c,ou 11ldt1,9t2 55.316 ··············································· 
···············~· UIJCI..f-'H Tt:,..P, • .~JD PLtJS•_,H .. HJP.,US ,067 MEV 
ASYHPT!LliC 0•,2''1 CAVSS SECTIJN • tU2>,46 PLUS•"A• .. INUS 17,70 '113 

ql:LATI:D UATA 

ld'~•t:LAST I C t~AAS"' SEc.;T I0N AT 14,2 Hh' • 1819,36 M9 
(No2/ll, TH~E-SU"~LD 9,4U MEV 
tr•,JN, lhriESH"LD • 16,~2 MEV 

THIS IS0T-tPE t-tAS 51j Nl:.UT~ONS, 45 PQdldt.!St (MASS • tOJ) 

r.;t:IJHI~f\ C'.(Ci::C)S PAQAMEHA • .12&21 

PUTIA ~f ASYMPJ8TIC (Nt2N) T0 14.2·l4EV N8N•ELASTIC 
, 5636 PLUS•QA•M INU!. • 0097 

hSQr<J(t.:) • 7,144 HSOATCU • 9,520 
E;RR~R o510 ER~EA I 680 

AH•t03 , •• rAa" REF' 1 P 7o ··············································· ENERGY N,2N CAriiSS 5ECTUf4 C"BI 
CMEYI MEASURED, ERR ADJUSTED, EAR ··············································· 10,630 30'7.00 240.00 ~071000 240,000 
10,860 530,00 20~,00 530,000 203,000 
u.o&o 706,no 337,oo 706,ooo 337,ooo 
11.200 576,00 ]14,00 576,000 314,000 
11,43U 610,00 87,00 610,000 87,000 
11,5JfJ 662.nn 8o,oo 662,ooo 8o,ooo 
12,610 906 100 52,CO 906,000 52,000 
13,050 11H4,00 54,00 1014,000 541000 
1J,JVO 9tJ,ttD 51,00 913,000 51,000 
13,810 074,00 53,00 074,000 53,000 
1•.2oo 046,og H.oo 946.ooo 5t.oon 
1~.610 o10.oo 47.oo 923,459 47,228 
15,030 0~4.00 so.oo 993,362 50,476 
15,400 11100,00 53,00 1013,376 53,709 
15,8i'U 097.00 52.00 10tt,4tt 52,910 
10,071} 978,Qfl IJ6,00 997,387 57,110 
16.1•o 10S7,oo 54,00 1079,oo5 55,124 
16,590 1063,00 54,00 1088,912. 55,316 ................................................. 
r I TTEU PARAMfTERS ················· LEVEL SPA~ING •12,990 PLUS•BR•MI~US1,899PER MEV 
ASYMPTOTIC CN,2Nl CROSS SECTJBN • 1042,59 PLUS•BR•MINUS 2~ 0 2& MB 

RELAT~D DATA ............ 
N0N·~LASTIC cRSSS SECTI0N AT 14o2 MEV • 1819,36 MB . 
CN,2N) THAESH"L~ • . 9,40 "EV 
Cfrii,JNI THRESH0L0 • 16,92 "EV 

THIS IS0TBPE HAS 58 NEUTR0NS, 45 PRaTBNS, CHASS • 103) 

NEUTH~N EXCESS PARA"ETER • ,12621 

RATI0 ~r ASYMPTOTIC CN,2NI T0 14,2 HEY N0N•ELASTJC 
,5731 PLUS•OR•MINUS ,0117 

11/0PAr:li~G • 4,o4e' Al~fiACil"ili • 'I,V~V 
I::RHI'JR I 653 ERR0R 1·,159 

I ZOO. 

llliiO. 

960. 

ll'tO. 

<r 
7ZO. z 

"' < 
ID 

--' -' 
i: 600. 

,!. 
z 
N 

:i. ~80. 

0 

360. 

1200. 

lOBO. 

960. 

11'10. 

Ul 7ZO. z 
"' < 
~ 
...J 
...J 

liE: 
600 • 

,!. 
z 
N 

z '1110. 

0 

153 

RH-103 p 70 

T = .936!.067 MEV f 
o-.J,.N.2Nl 1025.5t 17.7 6 
o-..c.,N. 2N l 

.561ft.010 <:{.11'1.2) 

FITTED OAr A 
LINE POINT 

• EXPERIMENT 
0 ADJUSTED EXPT. 

3 

II 12 13 I~ IS 16 17 
ENERGY< HEV l 

RH~l03 p 70 

A= 12.990!1.699 HEV'1t 
q.f,;N.2N) 10'12.6SZ1.3 6 
<U,N,2Nl 
~(1 q, 2 ) .573t.Ol2 

FITTED DATA 
LINE POlNl 

• EXPERIHENT 
c· ADJUSTED EXPT. 

3 

11 12 13 I~ IS 16 17 
ENERGY< HEV l 
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RH•103 ,.,FA"" REF", T 60 C590J ............................................... 
l:N~RC..V N,2N CAdSS SECTI"'N CMBJ 
tM.I:YJ ME.t.SURED• ERA ADJUSHD• ERA ............................................... 
tu.J5u 150,00 Jo,oc 150.000 30.000 
11. DUO 347 .oo 6Y,OO 347,000 69 t QQQ 

u.soo cJtt.on 88,0~ 438,000 88.000 
12.100 518,00 100 I DO 518.~~0 100,\100 
12,JUO 'i7?.,no uo.oo 572,000 110,000 
tJ,uou 6961 QQ 140,00 69&. ouu 140,000 
tl.l:t50 729,00 }ljQ I QQ 729,000 150' 000 
14 .uuo uo,no 150 I QQ 74o,oou t5u.ooo 
14,500 77J,on 150,00 775 t 768 150,537 
15 ,too 787 ot'ltl 160 I 00 795,076 161,642 ··············································· 
F' 1 TTEU PAHA"'ETEAS 

NiJCltAR T:.::I1P. • 1,21ld PLIJS•t1JH•hlt4US ,Q38 MEV 
ASYHPTOTIC CN,21rO CRo.1SS SE:CThN • 8J5,17 PLJIS•BA•MINUS 21,69 MB 

RI::LATt:D liATA 

h~N·E.L:ASTIC CR0SS SECTIPN AT 14,2 Ht:V • 1819,3& HB 
,frii,2NJ TriRESHBLD • 9 1 40 MEV 
t N • .Sh J TtHtESHi!LP • 16,92 MEV 

THIS JS.,Tt~PE HAS 58 ~EUTR-'NS, 45 P~IJT0NS, CMASS • 103) • 
~eurR0N excess PARAHETE:R • .12621 

RATid IIIF ASYMPT.,TtC (No2N) Tkf 14,2 HI::Y NIJN•ELASTIC 
,4594 PLUS•BR•MINUS ,0119 

T•SQRT(A) • 12,260 
~~R~N 1 ~86 

RH-103 ... FRBH REF I t 60 ,,90) ··············································· ENERGY No2N CRBSS SECTIBN l"BI 
IHEV I HE .SURE Do ERR ADJUSTED, E~R ............................................... 
10,350 150, DD 3D, 00 l5D, DOD 3D, DOD 
11,ooo 347,oo 69,oo 347,ooo 69,ooo 
11,,oo ,.,e,no 88,oo 4ae,ooo ee,ooo 
12.100 518,00 100.00 518.000 100.000 
12,300 572,00 110,00 572,000 110,DOO 
13,ooo 696,no 14o,oo 696,ooo 14D,OOD 
13. uo 729.00 15D. 00 729.000 150.000 
14, DOO 740, on 150,00 740,000 150, DOO 
14,500 773,0D 150,00 775,768 150,537 
15.100 787,00 160,00 795.076 161.642 ··············································· 
FJ TTEO PARAMETERS ................. 
LEVEL SPACING • 6,528 PLUS•BR•HINUS ,508PER HEV 
ASYHPTBTJC (N,2NJ CRSSS SECTUN • 911,69 P.LUS•SR•HINUS 32,15 M9 

RELATED DATA ............ 
NSN•ELASTIC CRSSS SECTJBN AT 14o2 MEV 0 1819,36 MB 
CN,2N) THRfSH?ILD • 9,40 MEV 
CN,JN) THRESHEILD • 16~92 HEY 

THIS ISSUPE HAS 58 NEUTR~NSo 45 PRST0NSo !MASS • 1031 

NEUTRSN EXCESS PARAMETER • ,12621 

RATU sr ASYMPTBTJC 1No2NI T0 14,2 HEV NSN•ELASliC 
,5011 PLUS•SR•HINUS ,0177 

N/SPACING • 8,885 A/SPACING • 15.,778 
ERR0R ,691 ERRSR 1. 228 

en. 

i 518. 
< 
!! 
:::l 
~ '180. 

~ 

~-· b 

2811. 

182. 

98. 

RH-103 T 60 <590> 

T • 1.Z08t,Q38 I£V 
o;.k".2N>• 83S..8t21. 7 

&flit~~~ •.'159t.012 

12 

FITTED 
LINE 

18 I. II 
ENERGY<l£V) 

DATA 
PtiiNT 

• EXPER I 11ENT 

1:! Afi.RIS I t:U J:.Xt' I,. 

3 

IS 18 11 

•• IIIIIIIIIJIIIItlnllllnt·nlfl"tlltiiUIJIIIIIIfflllltrtnll llllt111111"111111f 

158. 

672. 

~ ~/&. 
a:: 
< 
CD 

:J _, 
;: '180. 
,!.. 
:z 
N 

z S8'1. 

b 

Z88. 

tez. 

98. 

o. 
9 

RH-103 T 60 _(690) 

A = 6.5281.508 i'IEV I 

o;.f,N. 2N) = 911.7 + 32.1 B 

[fl~~g~ =.50lz.Oi6 

FITTED 
LINE 

10 II IZ 13 ·~ ENERGY< HEV) 

DATA 
PCJINT 

• EXPERIMENT 

0 ADJUSTED EXPT. 

3 

IS 16 17 



~IJ·J It• , , ,F'ilJ!H kEF, If 70 ················· ······························ 1: 1~~1.(1,Y ,._, t!U C;t0SS SECT h!JN CMB J 
(JoOtVI UF&~IJ~F.Jo f:kf.l AOJUSTEO~ ERA ··············································· t~.~nn tJtr',Oil 12u,ou 1Jln.ooo 12o.ooo 
l.!,iJI)II 11t.O,Q:) 11C,OU 1360,000 110,000 
t.?..•on t•lf'.l"CI 9tr,r.o 141o.uoo 9o.ooo 
14,Jou ll:rr,uJ 12ti,(IJ 1521,720 120.1J6 ·························· ······················ 
J.t !T, I) r:.._.J.~~TFkS ················· :,uCtt:~ok t~ .. P. • 1.186 J'LrJS·~R·hJNus ,097 11EY 
"~YHP':;:ifr': 1'.,2Pwt t;ft"!'S SI:Cfh.t-, • U95,J5 PLUS•eA•MINUS 5t,5J M8 

j.ifLATt:IJ IJ.C. ' ' ············ ·~;:'4•.-:tASTir. r:R.,sc; SI:.CT!:':.; .-r t4.2 HI:V 11 1874,70 NY 
c .. ~:.,, T""f::St<?Lr • b,hY 11E'i 
t:.o.Hd .. .,l'ff.St-~"LLI J~,o19 !1EV 

'y 1fl:i 'Sto~hSIE lif.~ 64 :-.l:.l•TJ;"·":,• •6 PHJT~:.,S, (MASS • UOJ 

•:t:·Jff.'Mt ~.ccEss P~okA:tcH.I.( 11 .J6l64 

.:.ATI:1 ~f Ac;Y"'PT:)TIC Cfo.o~t.l-J hi 14,2 lti:Y frf0N•~LASTtC 
• ~1!110 PLU$•(-1+\-ItJNUS o027' 

hS~ttl(''O • 9,4t'8 
(!:kt;~Q • 776 

T.-SURTUJ • 12,439 
E~R~R 1.017 

PD-110 , , ,F'ABH REr, B 70 ............................................... 
t::Nt:AG't' N,2~ CA0SS SECTJBN CHB) 
111EV J HEASURf:Do EHA · ADJUSTED• 'EAR ............................................... 
12.soo. 13to.~o uo.oo Pto.ooo 12o.ooo 
1J.nou 13t-D,oo 11o.oo 136o,ooo 110,000 
13,4on 141o.on 9n.no 1•1o.ooo vo.ooo 
l4.31lu 1520.no 120.00 1~21.120 120,136 ................................................ 
J" I TH:O PARAHI::Tfr~ ················· L~VEL SPACING • 7,85• PLUS·•R·I11NUS1,271PgR ~EV 
''VIII'T,TIC ,.._,lrn CHr.!!~~ Sl:l.:fH.W 11 1655,92 PLUS•0A•MINUS 

RELATED DATA ............ 
NDN•Ct.ASIIC CRf45S S~CTI''N AT 14.2 MEV • 1874,70 HB 
(N,2:o THRESW~LD 8,h9 ME'i 
(N,J•IJ TliRESI'lflLD II 15,09 HEy 

fi-llS t!J,~hPE tU.S 64 Nl VT~0P<4S, 46 Pf.IATSN$. INASS • 111)) 

Nl·UTH(I~ tXCESS PARAMf.TEf'l • ,16:\64 

P.AT.Ie r-tF ASYMPTBTtC CN,2NI U 14,~ HEY NSN•ELASTIC 
.~833 PLUS .. gR•HIIIIUS ,0332 

r•tSPAC:lt•C. • Elol49 A!SP~CING • 14.006 
t:hH~H 1.319 ERR0Fl 2,267 

1700. 

1530. 

1360. 

1190. 

"' 1020. z 
"' < 
"' -· _J 

:a: 85D. 

).. 
z 
N 

z 680. 

b 

SID • 

l'ID. 

17D. 

D. 

1620. 

~~~D. 

IZ6D. 

"' 1080. 

·~ < 
~ 
_J 
..J 

:a: 900. 

).. 
z 
"' 

720. 

b 

5'10. 

360. 

180. 

D. 
8 

8 
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PD-110 8 70 

T = 1.186t .097 MEV 
<r.J.N.2N>=1595.3t51.5 M8 
o-...(.N. 2N > q_£ 1'!.2> =.851t.027 

FITTED DATA 
LINE POINT 

• EXPERIMENT 

c ADJUSTED EXPT. 

3 

ID 11 12 13 I~ IS 16 
ENERGYC MEV> 

PD:..uo 8 70 

A= 7.85'!!1.271 MEV"1 

o;J.N.2N>• 1655.9162.2 M8 
o;J.N,ZN> · 
q_,_ 1'!. 2 > =. 883t. 033 

FiTTED 
LINE 

ID II IZ 13 
ENERGY( MEV> 

• 

DATA 

r~· r· 

POINT 

• EXPERIMENT 

c ADJUSTED EXPT. 

3 

I~ IS 16 
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CD•tO~ ,,,fAi:!H AEr, tt 68 CilH911 ··············································· t-t-~E~uY N,2N CR-'~S SECTI"~ U1tU 
lHEVJ HEASUqEOo ERH A(IJUSTtUo eqA ............................................... 
1~,7tt0 834,QO 84,00 b34,0C..O 84,000 
1.5,4•0 11'172,00 lOd,OU 1072,0UO 108,000 
14,11U 1012,00136,00 1072,U01) 136,000 
l4,a7J llij1J9,QQ 1,9,UO 16QQ,9ts6 160,199 
1~.s2u ut•.oo u2,0;:, ttt.so,at:S 164,290 
lt>.l&O uoo,on too.oo 1632.257 toJ,226 
lOod~U lSJIJ,QO 15J,OoJ 1574,374 156,925 
17,7h0 1'21.00 15>2,03 1~70,167 l!t6,914 
18,560 1426,QO 14~o01l 1478,9'10 147,277 
19,421.1 t429.nn 142,0o t•se.od.s 147,931 ............................................... 
F"llli:IJ PAiU'1ETEAS ................. 
1\UCL~AR Tto1P, • loU17 io'LUS•EIH•MI,...,S .Oo5 HEY 
A~YHPT0TIC ("f,2~n CR .. S$ SECTid'~~ 1 15b.?,t;9 PL'-'S•I4A•HJNU::i 61,41 Hti 

1\jl:llll•t::LASTIC CR0SS StCTUr- AT 14,2 11i:~ • 1d4l.29 MB 
Ol,2N) T11oiES~0LD • 11,02 HEY 
(f'.l,SN) TnkESH"'LD a 19.60 HEY 

lidS JS01~t~PE HAS 5o ~~UT~it~;i, 46 PHdl0NSt (MASS • 106) 

r~~t.IJThrt;~ tXCESS PA~AHETCR • tll9".S4 

HATJI6 -'r ASYHPT0TJC Oh2'4) hi 14,2 MEV Ndr.!•ELASTIC 
,3587 PLUS•IItH•HINUS ,Ol3l 

JISUNTUJ • lU.411 
- '=I-INIIIN oBI' 

CD•t06 • I ,F'A0H REF'' B 68 c 2891) ............................................... 
ENERGY N,2N CRBSS SECTJ0N (M81 

. ! =~ ~ ! ...... :~!~~:! ~i. ~:: ....... ~~m ~ ~ ~ ~. ~:: •. 
12,780 834.00 84,00 834,000 84,000 
13,440 1072.00 108.00 1072.000 108.000 
14,110 1072.00 136,00 1072,000 136,000· 
14,870 1589,oo 159,oo 16oo.986 160.199 
15,520 1614,00 162,00 1636,813 164,290 
16,180 1600.00 160,00 1632,2, 163,226 
16,850 1535,no 1!53,00 1574,374 156,925 
17,780 1521.00 152,00 1570.167 156,914 
18,560 1426,00 142,00 1478,990 147,277 
19,420 1429,00 142,00 1488,683 147,931 ............................................... 
rifTED PARAMETERS 

~················ LEVEL SPACING •12, 464 PLUS•0R•M INUS2, 261PER MEV 
ASYMPT0TJC CN,2Nl .. CReSS SECTJ•N • 1607,19 PLUS•eR•MINUS 70,99 MB 

~liLATfO {lATA ............ 
NeN•ELASTIC CReSs SECTieN AT 14,2 MEV • 1843,29 MB 
CN,2N) THRES .. SLD • 11,02 HEY 
CN 1 3NJ HtRESH9LD • 19 1 60 HEY. 

THIS ISeT0PE HAS 58 NEUTReNs, 48 PR0T0NS, CHASS • 1061 

~EUTADN [XCE!jS PAfUHETEA • ,09434 

RATI0 er ASYHPT~TJC CNo2Nl U 14,2 HEY NBN•ELASTIC 
,8719 PLUS•0H·MlNU5 tUl~' 

N/SPACING o 4,653 A/SPAC I ~0 • 8, 504 
··ERR0R ,844 ERR0R 1, 543 

en 

~· 
ID -..J 
..J .... 
z: 
).. 

1!i 
.z. 
b 

1710. 

1520. 

1330. 

"' 11'10. z 
"" < 
!!:! 
...J 
...J 

z: 950. 

,!. 
z 
N 

z 760. 

b 

570. 

3110. 

1110 • 

1~. 

C0-106 B 68 < 

T = 1.017t.08S HE 
~.ZN>• 1582.9! 

~ 0 <:lll'l.2l =.BS9t, 3 

IZ 19 I~ 

FITTED 
LINE 

= 

15 18 
ENERGY< HEY> 

C0-106 B 68 <28 1> 

A = 12.~6'l•Z.261 t~l 
o;J,N.2N>= l6D7.zt· .U 
q,UI.ZN> 
<:lll'l. 2 > =.B72t.03 

FITTED 
UNE 

"12 13 I~ IS 16 
ENERGY( HEY ) 

DATA 
POINT 

• EXPERIMENT 

u hOJU5TCD DIPT, 

3 

17 18 19 20 

DATA. 
P'OINT 

• EXPERIMENT 

0 ADJUSTED EXPT. 

3 

17 16 19 20 



Cll•106 , ,,F'R~" AEr, H 6J 121761 ··············································· t:NERt.Y h,2PII CRISS SECTIIN (Jit8) 
(Hi:VJ HEASUREDt ERR ADJUSTEU• ERR ··············································· 12, Joo 476,00 48,00 476.000 48.000 

.12,91)(; :se5,no 39,0G JU.ooo 39' 000 
l.S,1UO 532.00 53,00 532,000 53,000 
13,500 621.00 62,00 Oll, 0~~ 62' 000 
14 .ouo 64[1,QO 64,00 640.000 64,000 
14 ,JOIJ 819,00 82.0~ 819,964 82.097 
14,6lH.I 95J,OO Y5 ,Oil 957.JclJ 9~.437 
14 .~Ut1 Q80. oo Y8 oOO 967 I 705 98.771 
1),:i!0U 9'56, oa 96100 . Y66,4Y2 97.054 
lj, 700 909,00 u.oo 923.400 92,442 
10.0ill.l 939,00 94100 956,447 Y5, 747 
lO.Jou 1012,on h7.u~ 1U94o714 109,267 
t7. Juo 99010'1 99.00 1018.721 101,872 
17 odl.IO 10cc,no 104.0\1 10771 a~:~o 107,376 

···························~~··················· ~-

f" I Tlf:U PAkAHETERS ................. 
:.!UCLEAA TliMP1 • lo280 PLu:;•Bi4•MhUS .149 HE'I 
ASfHPTBTlC fN,2N) CA.,SS SECTI~N a lt0t~S2 PLUS•8A•HINU5 92,99 HU 

~I:LATED UAU ............ 
lrf0N•i::LISTIC CABS$ SECTU.-. AT 14,2 MEV • 1843,29 KB 
{~,2NJ TI'4~ESHBLD • 11~02 KEY 
(t.f,JN) TI'4"ESH511LD • 19 1 60 JltEV 

. T_HIS IS.6f"PE HAS 58 NEUT!ldNS, 48 PA0Te,.,S, I MASS • 106J 

NEUTkeN EXCESS PARAMETER a , 09434 

AATIU .,r ASYHPTeTIC CN,2~) HI 14,2 "EY NBN•ELASTIC 
,5976 PLUS•BR•Mlt~~US .0504 

T•SOATC N) a 9 1 794 hSQkTCAJ • 13,240 
EAkdA 1 1 135 EAR0~ 1 1 534 

CD•106 , 11 F'Ai1H REF', A 6:S C2176J ··············································· ENERGY N0 2N CRISS SECTISN CMBl 
CHEV l MEASURED, ERR ADJUSTED• ERR ............................................... 
12.300 
121 9Q0 
U,100 
131500 
14.000 
14.300 
14,600 
14.900 
15.200 
15 I 7QQ 
16.DOO 
16, :SOD 
17,JOO 
17,800 

476 .oo 40.00 
385 I no 39, oo 
5J2.00 ,3,00 
621,00 62,00 
640.00 64100 
819,00 82,00 
953,00 95,00 
980.0(1 98,00 
9,6.nn 9&,oo 
909100 91,00 
Q:l9.nn ~ ... 00 

1072,00 107, DO 
990100 99100 

104411)1) 104100 

476~ooo .. a.ooo 
JU,OOO J9,000 
5J',ODO 5J,000 
6211000 62,000. 
640,000 64,000 
819,964 82.097 
957,J8J 95,4J7 
987,70, 98,771 
9661492 97,0'4 
92J,400 92,442 
"1&,111 95 1 74' 

1094.714 109.267 
1018,721 101,872 
1077,886 107,376 •it••··········································· 

rJTTED PARAMETERS ................. 
LEVEL SPACI,.G • 7,206 PLU::i•BR•HINUS1,818PEA MEV 
lSYP1PnHIC C~,2N) CA0SS SECTI9N • 1166,10 PLuS•0R•MINUS 110,15 MB 

RELATED VA Tl ............ 
N8N•ELASTIC CRISS SECTUN AT 14,2 MEV • 184J,29 MB 
IN,2N) TwUE5H9L[I a 11,02 H6V 
CNoJNl THRESHALD •. 19;60 HEy 

THIS 15eT8PE HAS .58 NEUTRINS, 48 PReTSNSo CMASS • )06.1 

NEUTRaN EXCESS PARAMETER • ,Q94J4 

HAriA 1r ASYHPT8TIC CNo2Nl Te 14,2 HEY N8N•ELASTIC 
, 6J26 PLUS•SR•H I NUS , 06JO 

N/SPACING • 8,049 A/SPACING • 14,710 
ERRSR 2, OJ1 ERRSR lo711 

lllO. 

UI'IO. 

810. 

~ 780. 
.a:: 
~ 
...J 

~ 
z: 650. 

...!. 
~ 
z 520. 

b 

390 • 

ZliD. 

1300. 

1170. 

10010, 

910. 

Ul 780. z a:: 
< 
2:! 
...J 
...J 

650. ;: 
I ...... 

z 
N 

z 520. 

b 

390. 

2110, 

ISO, 

C0-106 R 63 CZI76> 

T = I.Z86*.11f9 I£V 
q,(,N.ZN>=IIOI.St93.0 Ill 
g.UI.ZN> 
qj_llf.Z> =.598t, 

FITTED 
LINE 

OATA 
POINT 

• EXPERIHENT 
. c ADJUSTED EXPT. 

157 

12 13 I. IS 18 17 18 19 ZQ 
ENERGY< HEY> 

C0-106 R 63 <ZI76> 

FITTED DATA 
LINE POINT 

• EXPERIMENT 

c ADJUSTED EXPT. 

3 

12 IS I' IS 16 11 18 19 ZQ 
ENERGY< HEY > 
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CU•116 ,,.fA~M REr, P 61 t588J ··············································· tNbHiY N,2N cReSS UCTf"N IHU) 
(HEY) HEASUAED, EHR ADJUSTED, ERA ............................................... 
12,060 1442,00 102.00 1442.000 102,000 
1.S,400 1601,00 113,00 1601,000 llJ,OOO 
1J,o90 1625,oo lU.uo 1625,0uo 11S.ooo 
14,010 1609,00 119.00 1609,000 119,000 
14,0\110 1604,00 114,00 16(14,000 114,000 
14,J1U 1748,00 1114,00 17~0.U"1 124,146 
14.51)0 1634,00 116.0" 1639,148 1U:.,365 
14,6&0 1642,00 117.00 165-0.154 117,581 
14,tS10 1588,00 112,0U 1597,914 112,699 
14,9JU 16J4,00 116,011 U46,0dd 116,858 ............................................... 
fIT fEU PAHAI'IETERS ················· tllJCLEAR TI::HP, • ,933 PlJS•dN•"I'tUS ,07& ttEV 
o\SYKPHHIC CU,2N) CQitSS SI:CTI;i,. • 16&1!,32 PLUS•Btl•MI~U5 23,22 Md 

RI:LAft:IJ uATA ............ 
NlllN•ELASTIC C~0SS SE:CfU~t4 AT 14o2 MEV • 1920,83 Kl 
Ci't,2N) THiiESktRD • f.,77 MEV 
o.,,JN) THNESHfLD • 14oY7 rtEV 

T~H I'HIIT.fD~ wac;: 1t.8 NFIITIUIIN'i. .,, PrhtT~NSe fMASS I 116~ 

NEUTH~N t:XCES$ PARAMEl£q • .}7241 

HATU 0F ASY .. PT8TIC Uh2N) T~ 14,2 KEV NdN•ELASTIC 
,8685 PLUS•UH•KhhJ~ ,OU1 

Y•SO~tiN> • 1,694 I•:IUNHAJ • lUoD•V 
ERRdR • 627 fiRA~R .&10 

CD•116 •• I FASH REF. p 61 ( 588 J ··············································· ENeRGY N,2N CR"S3 ~!CtlON iH91 
("I!!V) MI!.A.!IUII!!I), E.AA AnJU9TED, ERR ··············································· ,~.ot.o t442.oo 1o:!.oo 114~.ooo J.oa.ooo 
13,400 1601.00 113,00 1601,000 113,000 
13,690 1625.on 115,00 1625,ooo 115,ooo 
14.010 1609,00 119,00 1609,000 119,000 
14,090 .1604,00 114,00 1604,000 .114,000 
14,310 174&,nn 124.00 1750,051 124,146 
14,500 1634,00 116.00 1639.148 116,365 
14,680 1642.00 117,00 1650.154 117,581 
14.,810 t5aa,on 112.00 1597,914 112.099 
14.930 1634.00 116. oo 1646.088 116,858 ............................................... 
r ITt ED PARAHETERS .................. 
LEVEL SP4C I NG •13, 224 PLUS•0R·HINUS2, 362PER MEV 
ASYt4PT8TIC (N,2N) CReSS SECTJSN • 1689,34 PLUS•IRo::MJNUS 30,68 HB 

RELATED DATA ............ 
N0N•ELASTIC CR0SS SECTI0N AT 14,2 HEV • 1920,83 HB 
c N, 2N) H•AESHmLD • 8.11 MEV 
IN,JN) ThAES!o40LD • 14,97 MEV 

THIS IS0T0PE HAS 68 NEUTABNS, 48 PRSTUNSt CHASS • 116) 

•EUTR0N EXCESS PARAMETER • ,17241 

AATI0 0f ASYMPT0TIC (Nt2NJ TO 14,2 HEY N0N•ELASTICi 
, 8795 P~US·UR•H I NUS , 0160 

NtSPACING • 15,142 A/SPACING • a·, 772 
ERR0R o 918 ERR0R 1,567 

'I 

~ 

11100. 

1710. 

1520. 

1330. 

(/') 
11'10. i c 

CD 

.J 

.J 
9151). i: 

,\. 
z 
N 

z 7&0. 

b 

510. 

3110. 

Ill) •.. 

CD-116 p 61 (588) 

T = .933 t .076 t£V 
qJ,N.ZN>= 1668.3*23.2 H8 
~.2N> 
<:llllf.2) =.869*.012 

FITTED 
LINE 

DATA 
POINT 

• tl\rf~ i t;Ei'H 
a ADJUSTED EXPT. 

o.~~~~~~~w~.w.w~~~~~~~.z~~~.~,~~~~~~~~~s 

ENERGY< t£V > 

1710. 

1520. 

1330. 

CD-116 P 61 <588> 

A = ls.zzqtz. 362 11Ev-• 
~.2N>= 1689.3t3Q, 7 HB 
g.S.N.2N> 
qillf.2) =.879*.016 

z 160 • 

b 

510. 

380. 

1!10. 

FITTED 
LINE 

DATA 
POINT 

• EXPERIHENT 
a AOJUSTED·EXPT. 

3 

O~~B~~~~~~~IO~~~~~~~~~I~Z~~~I~S~~~I~~~~~IS 

ENERGY< HEY > 



lt••113 , .. rR_.t'l lltEF', G 70 ··············································· • ~1\f:I'II.Y ~.2~ CAUSS SECTUN IH81 
C:ll:iVJ "ti!ASLI~f.U, i:-1'1_. ADJUSfED• EAR ··············································· 1 C!, ~HI! 

, 1:1, JJn 
13.ooo 
14,5211. 
l'itol7U; 
1S,ii4U 
t~.?tsn 

1o,ii!':.!l• 
&,!1,87,. 

1 '"'9 ,I) (I 137.00 
t:SS6,0{1 68,un 
1~n3.'>t'l 74,Ju 
1r.,,7,flO 56,:10 
1r,'l7,10 l7,UO 
p,-;,on 49,oo 
14to 1f,on 9V,\Iu 
1 n7,QU lOl.UCI 
1"6~. 'lf' 219,,1iJ 

1369,000 137.000 
IH6,000 68,000 
1503,000 74,000 
1~32,276 56.193 
1572,471 37,368 
1746,440 49,609 
1514,444 100.692 
1403,847 102,960 
149o,922 224,231 ··············································· 

f'ITTd' 5-l•iUtlfTfr.tC:: ················· 'I:ICL"'~ Tl:t!P, • 1.1~9 ;.._uS•4lU·MitoLI~ ,220 MEV 
ol~'ti1~->T;HIC t:-;,?tq cw,~s:; SE:CTJ..tto • U05,d0 PLUS•0A•Mifi!U!Ii 

tlf-LA TI::O I: A TA ············ • ,_,N•ft.A'.ill': ,~~>"'S'i SEC'TI'.,'4 AT 14,2 "tEV • 1b97,90 Hb 
(t;,llloJ Thl-lft;I·;~Lr ~.,1 ~otEV 

l~d"-J Tllkf~H'Lfl \7,ll ~otEV 

hdS 1 ),:T~j.·•: >•AS 64 •4l:IJ11U:,S, 4'1 PR~ti-'NS• CHASS • 11 H 

!.FU Tri~·" 1: XCf";S PADAHl TC!of a o1.iU 4 

~aTIH ~r &SY'~Prr.qt; ftJo?lli) U 14,:1 f'I~Y ~0N•ELA'STIC 
,rA717 PLLIS.·~H· .. INLIS ,1.1427 

tes.;r-T PO a ~. 272 T•St.RTIU • 12,J20 
E,OfrHJFl 1 0 760 EAK0H 2,3J9 

IN•U3 , , ,rR011 Rer, G 70 ................................................ 
E:I'IEHGY N,2f~ CR0SS SECTION IH8) 
fMEVJ MEASURED, ERJ;t ADJUSTED, ERA ........ ········································ "·••u 1369,oo 137.oo 1~69,000 1J7,ooo 
13,330 1356,~0 68,00 ~~56,000 68,000 
13,86~ 15~~.00 )4,00 1~03,000 74,000 
14,520 1~?7,t11! 56,00 1532.276 56,193 
15.17U 1!)57,01') 37,00 1572,471 37.368 
15,441J 1725ofl0 4«/.00 1746,440 49,609 
15.900 14~9.nn 99,00 1S14,444 100.692 
lt~,2fJIJ 1377.1)f) 101.n0 14U3.847 102,069 
16,ti7U 1462,•11') l19,UO 1496,'122 224.231 ................................................ 
r I TTf:O PAP. A HE. TI:R5 

U:YEL ',;t 1 ACI~G • 0,2!J4 PL:JS•9A•HINUS3,9Jt»PER HEY 

81,09 Hb 

.6SYMPT'Hit; (:'1,2tl) CRgS~ SECTU;U ~~: 1700,65 PLUS•SR•HINI.J~ 110,37 "y 

ql:L.·Pt;U t.IATA ............. 
"4k::,•i;LA.·PIC r.q:.-:;s Si:iCTI·iN f.T 14,2 r1i::V = 1897,90 HB 
·o4.lfn THhESH·Rn c 9,31 MEV 
c hlrn fMkESH·~LU ~ 17.21 HEv 

Tt1IS !SJlllPE I.IA:i 64 Nt:tiTR0f4St 49 PN~HU~S, CHASS • 113) 

iUTh1 .!H" ASYHFT~TJC CN,2"1J Tl6 14,2 HEV NBN•El.ASTIC 
,&962 P1:-US•tR·11IN\JS .0582 

\1/SPACINIJ :;z ~.?lb A/SPACING = 12,211 
;:;.jh(lR 2,942 EAR0R 5,194 

1800. 

1620 • 

1HO. 

l~'J. 

f 
,., 

IIJllu.r ' r < a: 
-' 
--' iiOO.~ 
>;' t 

! 
"'- 720 • 

b 

5~0. 

JliO, 

180. 

1900. 

1710. 

1520. 

1330. 

Ul 
11~0. z 

"' ··< 
~ 
_J 
_J 

950. 
:1:: 
,!.. 
z 
N 

.z 760. 

b 

570, 

380. 

190. 

IN-113 G 70 

T = I. I 59 ! • 220 HE V 
a.J,.N.2N>= 1665.8!81.1 

~~~- . ·~(l'l. 2 l -.H7A-.0'13 

I 
I 

I 
I 

I 
I 

12 

I 
/ 

I 

13 

FITTED 
LINE 

1~ 10 
ENERGY< HEV > 

. IN-113 G 70 

A 9.25'1!3.936 HEV"I 
qJ,N.2N>= 1700.9t 110.'1 H8 
a.J.N. 2N > 
qJI'I.Z> =.896t.058 

FITTED 
LINE 

II 12 13 I~ 

ENERGY< HEV) 

159 

DATA 
Pl'l!NT 

• EXPERIMENT 

L' ADJUSTED EXPT. 

3 

IS 16 11 18 

t 

q 

DATA 
POINT 

• EXPERIMENT 

D ADJUSTED EXPT. 

3 

15 16 n 18 



160 

} 

li'•lliiJ ,,,F'R0" AE::r, G 70 ··············································· i:NI::RGY h,2N. Clf0SS SECT IBN <"B) 
(HEY) 11F.ASUREO, ERA ADJUSTED• EAR ··············································· 12,980 1~94,nO 166,00 1394,UOO 166,000" 
tJ,.Uo t62l.on &e,oo 1623,ooo 6&,ooo 
13,860 174A,[IQ 8:.! 1 00 1748,000 82,000 
14 1 520 lf'Dl,QI) 218,;00 1809,108 218,739 
15,1!)0 17?.7,nn 7&,oo 1743,495 78,745 
t5,44o tf-7D,no 7;,,oo 169o.:s:s:s 7:s,s&9 
15,9~0 1745,00 17&,00 1773,771 180,935 ··············································· 
r1 Tft:.O PAHA~ETE~S ................. 
~UCLI::A~ TEMP. • 1, 021 PLUS•Btf-M 1 NuS ,161 Mt:V 
AliYMPTCITIC (N,2N) CN0SS SECTI16~ • 1767,09 PLUS•BR•MINUS 

NF.LATr:O DATA ............. 
NHN•CLASTIC CRP.:;S SEClhJN AT l4o2 MEV a 1913,22 "8 
Ctot,2~U frtHFSI-IYILD • · 9,11 ME'I 
(N,Jfll) l;4RF.SH:ALD • 16.48 MEV 

THtS l:;i~TdPE .. AS h6 N'.:UTRrd""S' 49 PRBTONS, (MASS • U!tl 

NI:UTHAi E.xCESS ?AJUHETtR • ,14783 

~AllVJ tlf ASYto~PTC1TIC (1..,,2..,) T~ 14.2 HEY tO"N•EtASTIC 
,Q236 PLUS•0A•HINUS e0294 

T•S~~TtiU a B,,Q5. T•SORTUJ • 10,949 
t:Rk~'~ 1.3ns ERR~R 1,727 

HJ•115 , • ,FR0H HEF', G 70 ............................................... 
ENEWGY No2N CR0SS SECTIBN (M8l 
PIHl HElSIIREDo ERR ADJUSTED, ERR ··············································· l2.9il0 13Q4,1lO 166,00 1394.000 166,000 
13,3JO 1623,00 6ts,IJO 1623,000 68,000 
13,8''0 114R,OI1 82,UU 1748,000 82,000 
1•,S2o 1~oJ.oo 216.~0 1809,108 218,7J9· 
l~ol5J 1727,00 78,')0 1743,495 78,74' 
1~.44il 1670,011 73,0U 1690,333 73,889 
:.5,Q5o 1745,no 11e.oo 1773,771 180,935 ··············································· 
F"ITTi;ll f.'.t.HU4fTER~ ................. 
LfVEL SPAC)Nr. •1,,047 PLUS•0R•IIINIJS<4,273PER MEV ,_ 

,6,22 M& 

ASYHPT'dTU; CN,2~l CR,tS:i SECTU11' • 1785,17 PLUS•BA•MINUS . 71,96 HD 

HELATf1l DATA ············ rn:!~·ELA~TIC C~fo:SS St.CTI:lN AT 14.2 MEV • 1913,22 MB 
U•.i:N) fH~P.SH71,D • 9.1\ HEv 
CN,JN) THRt:SW>.ALD 11 16,48 HEV 

THiS JS:JH~PE HAS 66 NI:LITAIIJ,.S, 49 PABT0NS, CHASS a 11SI 

N£UTHl1t'l E:XCE!'S PA!lAHETER • .14783 

RATl3 ""r .ASY"'PHHIC CNt2NI T0 14,2 HEV N0N•ELASTIC 
.,Q;iJ1 PI..US·3.H·Hl flUS ,0376 

N/SPACtr'Hi a 5.479 A/SPACING •. 9 ,,46 
C:tfHV.H l,<.I4.S E~R~R 3,386 

<n z 
"" < 
~ 
-' 
-' 
:c 
.!-
z 
N 

.z 
b 

u·, 
z 
"" < 
(D 

-' 
-' 
'E 
), 
z 
N 

z 

b 

ZIClO. 

IN-115 G 70 

1890, T = 1.02lt,l61 HEY 
o;.(JI. 2N) = 1767.1 t 56.2 HB 
o-.J..N, 2N) 

1680. qlllf.2) =.921ft,029 

1~70. 

IZf>O. 

1050. 

8't0. 

63(), 

~zo: Fl TTEO DATA 
LINE POINT 

• liXPiiRIHHIT 

0 ADJUSTED Eltf'T, 
Z!Q. 

3 

a. 
9 10 II IZ 13 I~ IS 16 17 

ENERGYCHEV> 

ZlllO. 

IN-115 G 70 

1890. A= 12.01f7!1f,273 HEV""I 
o-.,J,N. 2N > = 11BS. 2 t 72.0 HB 

1680. 
g.C.N, 2N) _ 
q_(l!!.p -. 933t. 038 

1~70. 

1260. 

1050. 

ll'iu. 

630. 

'IZO. 
FITTED DATA 

LINE POINT 

• EXPERIMENT 

0 ADJUSTED EXPT. 
ZIO. 

3 

o. 
9 10 II IZ 13 I~ IS 16 17 

ENERGY< HEY > 



5~·112 I I. F'AOH R~F' I 9 68 c 2891) ............................................... 
ENERGy N,2N cReSS SECTI•N CHBI 
CHEVJ fitEASURED, ERA ADJUSTED• ERA ··············································· 12,780 724100 82,00 724,001.1 82,000 
13.440 998100 uo,oo 998,000 110,000 
14,110 1110,00 127,00 1110,000 127,000 
14,870 1217,00 138,00 1225,644 138.980 
15,520 12s:s,no 141,00 1269.644 142,873 
161180 1256,00 141,00 1279,749 1431666 
16,8SO 1255,00 139,00 12&5,131 142,337 
17,7oo 12o•,oo 135.0~ 12•1,351 139,073 
1tl,560 1164100 131,00 1204,264 135,531 ··············································· 
r I TTEO PARAMETERS ················· tiUCL6AA Tt:;HP, • ,945 PLUS•aH•HINUS .1)43 r1EY 
ASYMPTOTIC (N,2N) CReSS SECTI0N • 12d4,;9 PLUS•BA•HINUS 24,82 HB 

RELATED DATA ............ 
h0N•ELASTIC CRISS SECTI0~ AT 14,2 HEY • 1890,20 HB 
C~t2"tJ THkESH0LD • 10 1 90 HEY 

· (ti,.J,.J. lhHESH.0LD • 19 1 30 HEY 

THIS IS8Tt1PE· HAS 62 HEUTR!itNS, 50 PACITIIlNS, CMASS • 112) 

NEUTRBh ExCESS PARAMETER a ,10714 

RATIO eF' ASYHPT0TIC CNt2NJ Tilt 14,4! HCY NSN•I::L.lSTIC 
,6796 PLUS•BA•HINUS ,0131 

T•SQMT(N) • 7,441 T•S\IRTCU • 10,001 
EAF116A I 339 ERROR ,455 

SN•112 ,, ,F'A0"' REF', 8 68 C289U ............................................... 
ENERGy N0 2N CRBSS 5ECTISN CHBI 
CHEVI HEASUREDo ERR ADJUSTED, ERR ··············································· 12.780 724.00 82,00 724.000 82,000 
13.440 998,00 110,00 998,000 110,000 
14.Uo tuo.uo 1u,uo 1110.000 127,000 
14,870 1217.00 138,00 1225,644 138,980 
15,520 1253.00 141,00 1269,644 142,873 
16.180 12•6.00 141,00 1279,749 143,666 
16,850 1255,00 139,00 1285,131 142,337 
17.780 12D5.on u•.no 1241,351 139.073 
18,560 1164,nn 131,00 1204,264 135,531 ··············································· 
r IT TED PARAMETERS ················· LEVEL SPACING •14,267 PLUS•eR·HINUS1,605PER HEY . 
ASYHPTSTIC CN,2NI CReSS SECTI0N • 1303,05 PLUS•BR•HINUS 33,04 H9 

RELATED DATA ............ 
NSN•ELASTJC CRSSS SECTIBN AT 14,2 HEY • 1890,20 HB 
INoZNI THRE~H0LD • 1n,90 HF.V 
CN,3NJ THRESHI!ILD • 19,30 HEY 

THIS IS0T0PE HAS 62 NEUTRSNS, 50 PRBaNS, CHASS • 1121 

NEUTR~W (MC(S!; rARAUEft:R • ,1071" 

RATIO er ASYHPTI!ITIC CN,2NJ TB 14,2 "EV NBN~ELASTIC 
.6894 PLUS•BR•HINUS o0175 

N/SPAC I NG • 4, 346 A/SPACING • 7,850 
fARHA , t89 ERR0A • 89] 

..J 

..J 

1350. 

1200. 

1050. 

;: 750. 
,!.. 
z 
N 

::i. 

b 
BOO • 

'ISO. 

300. 

110. 

SN-112 8 68 C289U 

T :i • 9':1S t .·0':13 MEV 
a.J,N.2N>= 128':1.6t2':1. 
g.(.N,2N) 
q.(1':1. 2 > =.680t.O 

• 

FITTED 
LINE 

DATA 
POINT . 

• EXPERIMENT 
o ADJUSTED EXPT. 

3 

0i'~oMM~~~~~~~z~~~~,~~~~~~~~s~~~~e~~~~7~~~e~~~~9~~zo 
ENERGY( MEV> 

1350. 

1200. 

1050. 

~ 900. 
< 
~ 
:::1 
;: 150. 
,!.. 
z 
N 

z BOO. 

b 

'ISO. 

900. 

ISO. 

o. 
10 

SN-112 B 68 (2891 

A= 1':1.267!1.605 HE'r 
q.r.N.2N>•1303.1t33. 
q.VI.2N> 
q_l1':1. 2 ) =.689t,D 7 

IZ 13 I~ 

FITTED 
LINE 

IS 16 
ENERGY( MEV ) 

DATA 
POINT 

• EXPERIMENT 

0 ADJUSTED EXPT. 

3 

11 18 19 zo 

161 



162 

. ~ . 

SN·tt2 , , ,rAe" A£F', ~ 63 <2182) ............................................... 
ENERGY N,2N CRBS~ SECTUN ("9) 
C"EY) "EASURED, EAR ADJUSTED, EAR ............................................... 
12,300 
121 9QQ 
13.300 

. 13,800 
14.100 
14,400 
14.900 
151 2QQ 
15,700 
16,000 
16,400 
16.800 
17,200 
11, sao 
17, dOD 

760,00 76,00 
1082,00 108,00 
1080,00 108,011 
1166,00 117,00 
1466,00 147,011 
1515,00 152,00 
t676,oo 16d,Ou 
1653,00 165,00 
1810,00 181.00 
1880,00 188,00 
1804,00 180.00 
1876 I DO 188' oo 
1732.00 173,00 
1900,00 190,00 
2064, oo 206,00 

760,000 76,000 
1062,000 108,000 
toao.ooo toa.ooo 
1166,000 117,000 
1466,000 147,000 
1518,336 152,335 
1t~&8,407 169.244 
1670,065 166,703 
1836' 932 183.693 
1912.780 191,278 
1841,25~ 183,717 
1920,J6J 192,446 
1777,805 177,575 
1953,996 195,400 
2126, 51& 212.239 ··············································· 

r I TT~D PARA"ETERS ................. 
NUCLEAR TEMP, • 1,17l PLuS•0R•HINIJS •"75 HEY 
ASYHPT0TIC CN,2NJ CRZSS SECTI"N • 194S,d5 PLUS•ii'R•MINUS 

HELAT~D UA T A ............ 
Nf\N•t:LASTJC CR0SS SECTIZIII AT 14,2 HE'I • 1890,20 MB 
CN,2NJ THAESH0LD • 10,90 MEV 
CN,3N) TrtFtESH0LD • 19,30 HE'/ 

THIS tStthPE HAS 62 NEUTR-'NS, !>0 PR8T.,Ns, CMASS • 1121 

liEUTftDU CWO~QO rAOI.t1,nn ! ,,011~ 

RATir6 df ASYHPHlTtC (N,2NJ Td 14,2 MCV N0N•ELA5TIC 
1. oa94 PLU5•eR·" 1 NUS , oJI!IB 

T•SDATCNI • ~.228 ftSQRTUI • {2,40J 
EAA8R , 591 EHAHR I 794 

SN•112 ., , FRBH REF, R 63 C 2182 I ............................................... 
~NEACy N,2N cUSs SEcTUN lttBI 
(MEV) "EASUREO, EHH AOJUSI~D, ERR • ••••••i iiitiet.eliieliiitlii iliiilllillll• aoaaaaa 
12,300 760.00 76,00 760,000 76,000 
1~.vuu lua4.uu .a.ua,uu lU04,0UO 1oe,ooo 
13,3oo to8n,no 108,00 108o,ooo 108,ooo 
13,800 1166,00 117,00 1166,000 117,000 
14,100 1466,00 147,00 1466,000 147,000 
14,400 1515.oo 152,00 1518,336 152,3U 
14,900 1676,00 168,00 1688,407 169,244 
15,200 1653,00 165,00 1670,06, 166,703 
15.700 uuo,oo 181,00 1836,932 183,693 
16,000 1880,00 188,00 191~.780 191,278 
16,400 1804,00 180,00 tA•t,2!i0 tA:,.,717 
16.800 1876,00 188,00 1920.363 192,446 
11.200 17J2.oo 1/J,uo 17/l,eu' 1/7,5)5 
17,500 1900,00 190,00 1953,996 195.400 
17,800 2064, DO 206,00 2126,516 212,239 ............................................... 
F I TIED PARA"ETERS 

·"··~············ LEVEL SPACING • 8, 779 PLUS•BR•" INUS1,115PER "EV 
ASY"PTeTIC (N,2NI CRBSS SECTIBN o 2029,97 PLUS•BR•"INUS 83,00 H9 

RELATED DATA ............ 
NBN•ELASTIC.CRBSS SECTIBN AT 14,2 "EV • 1890,20 "9 
CN,2NI THRESf-40LD a 10,90 MEV 
(N,JNI THHESHBLD a 19,30 MEV 

TMIS ISBT0PE HAS 62 NEUTAiiNs, SO PABTBi<S, !HAS$ • H~l 

NEUTRBN EXCESS PARA"ETER • ,10714 

RATI0 eF ASY"PUTIC CNo2N) Te 14,2 "EV NBN•ELASTIC 
1.073~ PLUS•BR•HINUS ,0439 

N/SPACING o 7,062 A/SPACING • 12,758 
ERR~R ,897 ERRBR 1,620 

2160. 

1920. 

1680. 

en l'l'tO. 

~ 
lEI 

• .J iJ ·1200. 

...!.. 
z 
N 

z 960. 

b 

720 • 

~60. 

2'10. 

0. 
10 

zi&J. 

1920. 

1680. 

~ 1....0. 
~ 
~ 
..J 
..J 

z: 
...!.. 
z 
N 

:i 
b 

12110. 

lieD. 

720 • 

'1110. 

2'10. 

SN-112 R 63 (2182) 

T = 1.172t .D75 HEY 
q.(,N. 2N) = 19'!5. 8t 73.3 H8 
C1~.2N> 
q.l1'i. 2) =1. D29t. D39 

FITTED 
LINE 

12 13 I~ IS 18 
ENERGYCHEY> 

SN-112 R 63 (2182> 

A = 8.179 t 1.116 HEY"' 
o;J.N.2N)= 2030.0tB3.0 HB 
!.J.hN• ZH > 
q,l1'i. 2 > =1.D7'it .O'i'i 

DATA 
POINT 

• EXPCR lt1ENT 

c AO.JUSTED I;XPT. 

17 

DATA 
POINT 

3 

18 19 

---· 

• EXPERIMENT 
c ADJUSTED EXPT. 

3 

20 

0j'to~~~~~,2~~~,,~~~~~~~.~s~~.s~~~~7~~~~a~~~~s~~zo 
ENERGY< HEY ) 



St••U2 , , ,rReM REF, P 61 U88J ............................................... 
ENE:AGV N,2h CR0SS SECTUN CMSI 
CHEVI MEASURED, ERA ADJUSTED• ERA ............................................... 

. 12,800 512,00 100,00 ,12,0011 100,000 
u,;uo 1U6,oo 5&,oo 11u,ooo 56,ooo 
1J,40o 1077,on 54,00 1on,ooo 54,000 
13,520 1098,00 55,00 1098,0ilu 55,000 
1.1,6-iO 1114,00 56,00 1114,000 56,000 
14,010 1106,00 55,00 1106.000 55,000 
14,090 1272,00 64,00 1272,000 64,000 
14,J10 1128.00 56,00 1129,J76 56,068 
l4,5GO 1309,00 65,00 1llJ,20¥ o5,21J 
14,680 1260,00 63,0U 1266.510 63,326 
14,810 1297,00 65,00 1305.427 65,422 
14,930 121<.00 61,00 U23.349 61,470 
11'),500 1.139,00 1J4,00 1!67_,678 1!6.870 
17,950 l259,no 126,00 1298,263 129,929 ............................................... 
r I TTEU PARAMEIERS ················· "4UCLEAA TE;HP. • ,900 PLUS•0A•HINU~ .111 fiiEV 
ASYHPT0TIC (~,2NJ CNOSS SE;CTJtlh • 1364.42 PLUS•0A•HINUS 74.98 lllil 

RELATED DATA ............ 
N"N•ELASJJC CR05S SECTUN AT 14,l tiEV • "18~0.20 M8 
CN,2HJ T11RESH0LD • 10,90 HEV 
CN,3N) TI'IHESH0LD • 19,30 HEV 

fi'IIS IS0Tt1PE HAS 62 NEUTAUNS, 50 PH"T~NS, t".ASS • U21 

hEUTR0N E).CESS PARAHETEH • .10714 

RATI0 er ASYHPTATIC CH,2NJ h 14.2 HEY N.,N•ELASTIC 
, 7218 PLUS•ilR•HINUS ,QJ'i7 

hSURl(NJ • 7,087 T•SQRT(AJ • 9,525 
ERHtiA 1 874 ERRUR 1.1n 

SN•112 , , ,rAe" REr, P 61 "881 ............................................... 
ENERGy No2N CRBSS SECTJBN, 1"91 
c•Ev 1 MEASURED, ERR ADJUSTED• ERR ··············································· 12 I BOO 512.00 100,00 512.000 100.000 
13,330 1116,00 56,00 1116,000 56.000 
13.400 1077,00 54,00 1077.000 54. ooo 
13,520 1ova.oo ~~. 00 1008,000 "· 000 13,690 1114,00 56,00 1114,000 56,000 
14,010 1106,00 55,00 1106.000 ". 000 
14,090 1272,00 64,00 1272,000 64,000 
14,310 11~8,00 56,00 1129' 376 56.068 
14 ,,oo 13n9,nn 65,00 1JU,21V U.213 
14,680 1260,00 6J, 00 1266' 510 6J,326 
14,810 1297,no 65,00 1305.427 65,422 
14,V30 1214,00 61. oo l223,J49 61,470 
16,500 13J9. 00 134,00 1367.678 136,870 
17,950 1259.00 126,00 l298,26J 129,929 ··············································· 
r I TTED PARAMETERS ................. 
LEVEL SPACING •15, 480 PLUS•BR•M INUS4 ,UOPER MEV 
ASY.PTBT IC CN,2NI CR0SS SECTJBN • 1396,35 PLUS•BR••INUS 90,26 •B 

RELATED DATA ............ 
NBN•ELASTIC CRBSS SECTUN AT 14.2 HEY • 1890,20 •B 
CN,2NJ THRESHALD • 10,90 HEY 
CN,JNt TIIR(:liiiiLA • lftlO HEY 

THIS ISBTBPE HAS 62 NEUTR0NS, 50 PRBTBNS 0 c•ASS • p21 

NEUTR0N EXCESS P&RA•F.TfR • ,10714 

RATIB 0F ASYHPTSTJC (No2NI T0 14,2 HEY NBN•ELASTIC 
, 7387 P~US•SR•" I NUS , 0478 

N/SPACING • 4,005 A/SPACING • 7,235 
ERR0R 1. 063 ERRBR 1, 921 

1600. 

1~'10. 

1280. 

llZO. 

Ul 
980. z 

"" < 
!! 
..J 
..J 
;: 600. 

,!.. 
z 
N 

:i. 6'10. 

t> 

~80 • 

320. 

160. 

1600. 

1'1'10. 

1280. 

IIZO. 

Ul 980. 
~ 
< 
!! 
..J 
..J 

z: 1100. 

,!.. 
z. 
N 

z IPIO. 

0 

'180. 

320. 

160. 

o. 
10 

SN-112 P 61 C588> 

T = . 900 t • Ill HEY 
q.f.N.2N>•136Vit7 
g.(JI,2N> 
q_ll'i.2> =. 722t 

FITTED 
LINE 

SN-112 p 61 (588) 

A = 

FITTED 
LINE 

IZ 19 I~ IS 16 
ENERGYC HEY> 

DATA 
POINT 

• EXPERIMENT 
c ADJUSTED EXPT. 

3 

- -

DATA 
POINT 

• EXPERIMENT 

c ADJUSTED EXPT. 

3 

17 18 19 zo 

163 
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21JDD, 

58•121 , •• FR0rt REF, S 6& C289t) ............................................... 
ENE:AGY N,2N CA0SS SECTI.,N CHBJ UDI. 
CHEV) 11EASUAEU, i::RA ADJUSTED, ERR ··············································· 12,780 1369,00 93.00 1369,000 93,000 
13,440 t!t20,00 102,00 1520,000 102,000 
14,110 1546,00 107,00 1546,000 107,000 UIIID. 
14,870 1709,00 U!t,OO 1720.091 115,746 
15,520 1759,00 1t9,0J 1780.285 120,440 
t6.t&o t777,oo u9,oo t&o7,5t2 tzt.04J ............................................... 

1'11l0. 

r I TTEU PAi.UHETEPS ................. 
NUCLEAR TEHP, • 1,354 PLUS•SA•"INUS .078 HEY 
ASYHPT0TI~ (N,2NJ CASSS SECTISN • 1866,13 PLUS•SA•HINUS 46,75 MB i 12111. 

< 
ID 

'J 

AELATt:U CIUA ............ 
N0N•ELASTIC cqoss SECTU~ AT l4o2 •E• • 1958,4~ •B 
(N,2NI TtiHESHALO • 9,32 HE'/ 
(N,JNI Tri~ESI-4~LD • 16,38 "E'I 

.....1 
I ODD. i! 

,.!. 

~ 
z IDI. 

THIS ISeT~PE HAS 70 NEUTA~NS, 51 PA0f0NS, CMASS • 1211 b 
NEUTRON EXCESS PARA•ETER • .1~7~2 

RATIO mr ASYHPTmTIC (No2Nl T• 14,2 HE• NBN•ELASTIC 
6011. 

Olt,O Ql IIS•r.Uii•H I Nil, , 0~.19 

hSORTCNI • ·11t32b T•SUHTCAI • 14,894 
ERrcl/R ,6,3 E~RitA ,858 'IIJO, 

2111J •. 

SB•121 , ,,rAaH Rer, a 68 C2891J ............................................... 
iiNiiROV ~o3N C~OU ~iiCTI~N (Mil 
<MEV! •EASUREDo ERR ADJUSTED, ERA 

IIDio · 

··············································· 12,780 1369,00 9J,OO 1369,000 VJ,OOO 
1~, 4~0 U20, 00 102,00 U20, 000 102,000 
14 .uo nu, oo 107, oo U4o, ooo 107 ,ooo 
14,870 1709,00 115,00 1720,091 115,740 1680. 
15,520 1759,00 U9,QO 1780,285 120,440 
16,180 1177.on 119,oo 1807,512 121.043 ··············································· 

1~111. 

fiTTED PARA•ETF.AS ................. 
I EYEI SPar. lNG a f\.281 PI.U!\e8ReHINIIS .74?.PF.A HF.Y _ 
ASY•PTmTIC (No2NJ CRISS SECTioN • 1946,88 PLUS•mA••INUS 58,11 HB '" 12t0 •. z a:: 

< 
ID 
:::; 

RELATED DATA ............ .....1 
UISO. i! 

,.!. 
NmN•ELASTIC CqASS SECTimN AT 14,2 •e• • 1958,45 HB z 
(N,2NJ THAESHALO II 9,32 HEY 
(NoJNJ T"AES-~LD • 16.38 •EY 

N 

z 11'10. 
THIS ISBT0PE HAS 70 NEUTRONS, 51 PAeTBNSo <"ASS • i.211 b 
NEUTRON EKCESS PARA•ETEA • .15702 

RATIO gr ASY•PTBTIC (No2Nl TB 14,2 HEY NBN•ELASTIC 630. 
,9941 PLUS•Ii!IR•HINUS .0297 

N/SPAC lNG • 11,145 A/SPACING • l0,264 
EAAaq 1, 317 ERqBA 2', 276 

uo. 

SB-121 B 6B C2B91) 

T" 1.351ft,D7B 11EV 
qJ,N. ZtU • 1866.1 t 1!6. 8 Ill 

aft~~~ a.953t.D21f 

FITTED 
LINE 

II IZ 13 I~ 
ENERGYC 11EV) 

SB-121 B 1111 (21191) 

A= 6.28it.'N2 iiEV"1 

qJJI.2N)• 19'tB.9~5B.1 MB 
GWiq2N) -- ... 
CU1 .z)·"·991it.D30 

FITTED 
LINE 

II 12 13 ·~ ENERGY( 11EV) 

DATA 
POINT 

• EXPERIMENT 
c ADJUSTED EXPT. 

15 

DATA 
POINT 

• EXPERIMENT 

c ADJUSTED EXPT. 

3 

17 

IS 16 11 



58•121 ,,,F'ABM AEr, P 60 C1720) ............................................... 
ENERGy N,2~ CR~SS SECTJBN (Hd) 
C"EYJ MEASURED, f:AA ADJUSTED• ERA ··············································· 13,200 1290 1 00 1JO,OU 1290,000 130,000 
13,59!) 1360,00 140,00 1360,000 140,000 
13,850 1330,00 130,00 1330,000 130,000 
14,140 1310,00 130,00 1310,000 130.000 
14,430 1370,00 140,00 lJ7J,169 140,324 
14,711). 1400,00 140,00 1407,011 140,701 
14,95u 1450,00 150,00 1460,462 151,082 
15,340 1510,00 150,00 1~26,022 151.592 ................................................ 
r I TTED PARAMETERS ................. 
~UCLEA~ TtHP, • 1,215 PLUS•BR•HINUS ,151 HEV 
ASYMPTBTIC (N,~~J CRISS SEI::Tiil~ a 1522.37 PL.U&•IIA-MINUS 61,7§ MB 

RELATEU DATA ............ 
NB~·ELASTIC CPOS$ SECTUN AT 14 0 2 HEY • 1958,45 HB 
(N,2NJ THkESHSLD • 9,32 MEV 
CNt3N) THRESH"'LD a 16,38 MEV 

THIS JSBTIIIPE HAS 70 NEUTRI1NS, 51 PllaTII)NSt (MASS a t2U 

'NEUTASN HCESS PARAMETER • ,15702 

RAT19 BF' ASYMPTOTIC CNt2N) TIIJ 14,2 MEV NldN•ELASTlC 
,7773 PLU3-BA•HINUS 1 0326 

T•SORTOU a 10,165 TeSQitTUJ • 13,36' 
ER~_,R 1,263 E~R0R 1.661 

58•121 , , ,F'RBM REF', P 60 C1720J ··············································· ENERGY N,2N CROSS SECTION '(HBI 
CHEVI MEASURED, ERR ADJUSTED, EAR ··············································· t3,200 1290,00 uo.oo 1290,000 uo.ooo 
13,590 1360.00 140.00 1360.000 140.000 
1J,850 1330,00 UO,OO 1330,000 130,000 
14,140 131o.oo no,oo U1o,ooo no.ooo 
14,430 1370.00 140,00 1373,169 140,324 
14,710 1400.00 140,00 1407,011 140,701 
14,950 1450,00 150.00 1460,462 151,082 
15,340 1510.00 150,00 1526.022 151,592 ............................................... 
r I TTED PARAHETERS ................. 
LEVEL SPACING • 7, 958 PLUS•BR•M INUS2 ,129PER HEY 
ASYHPTBTJC CN,2NI CROSS SECTJBN • 1572,54 PLUS•BR•HlNUS 84,87 H8 

RELATF.D DAU ............ 
NON•ElA~TJC CP0SS SECTI0N AT 14,2 HEY • 1958,45 HB 
CN,2NJ T~RESHii'LD • 9,J2 MEV 
CN,3NJ THRESH0LD a 16,38 MEV 

THIS ISBHtPE MAS 70 NEUTRBNS, 51 PRBTiffSt CMASS • 121) 

NEUTR0N EXCESS PARAHETER • ,15702 

RATJ0 0r ASYHPTBTJC CNo2NI TB 14,2 MEV NON-ELASTIC 
, 8030 PLUS•OR•H I NUS , 0433 

N/SPACING • 8,796 A/SPACING • 15,205 
ERH•H 2, J~J t:RRBR 4, 068 

J 

17111. 

1530; 

1380. 

11110 • 

"' IQZII, i 
< 
~ 
..J 
;:::! 850. 
ll: 
,.!.. 
z 
N 

.z 680. 

b 

510. 

:HI. 

170. 

11DO. 

1530. 

1380. 

11110 • 

"' IOZII • z a:: 
< 
CD 

..J 

..J 
;: 850. 

,.!.. 

"" N 

.z 680. 

b 

SIO. 

31t0. 

170. 

165 

SB-121 p 6D ( 172D> 

T = 1.215t.151 HEY 
~.2N>=1522.'it63.8 HB 
cU,N,2N> 
Cl(1'!.2) a, 777t.D33 

FITTED DATA 
LINE PCliNT 

• EXPERIMENT 
0 ADJUSTED EXPT. 

3 

II 12 IS I~ is 16 17 
ENERGY< HEY> 

SB-121 p 6D ( 172D) 

A = 7.958t2.129 HEv-1 

q.C.N.2N>"' 1572.5t8'!.9 MB 
Cl.(.N, 2N) 
Cl(1'!.2> =.BD3t.D'!3 

FITTED DATA 
LINE PCliNT 

• EXPERIMENT 
0 ADJUSTED EXPT. 

3 

10 II 12 IS I~ IS 16 17 
ENERGY< HEY > 
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stt-123 , , ,rH.,H Her, tt 68 <2tt9t, ··············································· ENEHGY 1~,2N CR0SS SECTJ.,t.l (MB) 
CHEVJ MEASURED, ERR ADJUST~D. ERA ............................................... 
12.100 111l.no 122.00 11u.ooo 122.000 
tJ,440 t247.oo t3z,oo t247,ouo tJ2.ooo 
t4,tto t2&:S.oo t:s,,oc t26J,.Jou t:ss.ooo 
t4,87o t277,oo t37,ou t2a5,12J 137,871 
t5.5itO t35B,on t4Y,Oo 1374.094 t!II0,766 ··············································· 
F'ITTf:U PAHAHt:TEHS ················· NUCLI:::AR TEMP, .• t,22U PLUS•KIH•Hl~US ,l(tJ HEY 
ASYHPTBTlC CN,2NJ CR0SS !tt:CllaN • 13d7,24 PLUS•SR•MINUS 40,71 Md 

RELUEO DATA ............ 
Nklt<t•E:LASllC CRISS SECTIUN AT 14,2 ME'I • 1973,31 MB 
(~~.21'U THRfSH0LD • 9,04 MEV 
C~t3NJ THt.ESH3LD • 15.93 HEY 

hHS IS0THPE ttAS 72 "'EUTRdr•s, 51 PR.,TdNS, CMASS a 123J 

t-4EUTH~tll EXCESS PARA"ETER a o17073 

"ATI" .,r ASYHPTSTIC (t-4,21'4) h. 14,2 HEV NdH•ELASTlC 
• 7030 PLUS·.,~·" I NUS ,02U6 

T•S~tHCN) • 101352 T•SQMHAJ • 13,,30 
ER~0R I 874 ER~i.R 11142 

SB-123 1 I ,FRBH Rer, e 68 c2891J ..............................•................ 
illlliiiQ'f Mt :JN C~AS~ ~iCTI&~N O~~n 
lMEVl HE&SUAF.D1 ERR ADJUSTED, ERR ··············································· 12,780 uu.oo 122,00 uu.ooo 122.000 
13.440 1247.00 132.00 1247.000 132.000 
14.110 1263.00 13,.00 1263.000 13,.000 
14.870 1277.00 137,00 1285.123 137,871 
15.,20 13,8,00 149.00 1374.094 150.766 ............................................... 
riTTED PARAMETERS ................. 
~EV!~ SPA~ lNG • 7 0 783 'LUS•8R•HINUS1.4i.9P!R H!V 
ASYHPTBTI~ C No 2N I CR0SS SECT I eN • 1429 o38 PLUS•0R•HINUS ,4,78 H8 

RE~ATED ~· TA ............ 
NAN•ELASTJC CRBSS SECTUN AT 14.2 HEY • 1913.31 H8 
(N,2N) THRESH0LD • 9104 HEY 
CN,JNJ THRESHSLO • 15190 MEV 

THI~ 1~010PE HAS 72 N!UTRBNS. 51 PReT0NSo iHASS • U3) 

NEUTA0N EXCESS PARAHETER • .17073 

RATI0 er ASYHPT0T!C CNo2NI T0 14.2 HEY N0N•ELASTIC 
• 7244 P~US•BR•HlNUS .0278 

N/SPACIN~ • 9.2,1 AISPACI NG • . U. 804 
ERR0R 1.746 ERR0R 2.983 

16111. 

SB-123 B 68 <2891> 

1'1'10. T = 1. 220 t .103 HEY 
~.ZN>• 1387.2ti!O. 7 H8 

12111. ~ ... 703t.Q21 

1120. 

en 8110. 
~ 
!!:! 
...J 
...J 
;: 1100. 

,.!. 

iEi 
z 6'10. 

b 

'180. 

szo. FITTED 
LINE 

160. 

a. 
9 10· II IZ 13 

ENERGY< HEY> 

1600.--------------------------

•. ,.,o.-

12111. 

1120. 

~ 860. 
Ill:: 
< 
!!:! 
...J 
...J 
;: 
,.!. 

iEi 

800. 

z 6'10.

b 

~80 • 

no. 

llill. 

SB-129 B 68 <2991> 

A= 7. 789tt.lf69 HEV"1 

oo.rJ1.2N>• 11i29.1it51i.B H8 
cx.UI,2N> 
<i(i'i. 2 > =. 721it.D28 

FITTED 
LINE 

10 II 12 13 
ENERGY< HEY > 

DATA 
POINT .. EXPERIMENT 

0 ADJUSTED EXPT. 

3 

I~ IS 16 

DATA 
POINT 

• EXPERIMENT 

c ADJUSTED EXPT. 

3 

I~ 15 II. 



50•123 , , ,F'ABH AEr t P 61 C 588 J ··············································· EN~RUY N,2N CR0SS SECTiiN CM8) 
CHEVJ f'IEASUREDt EAR ADJUSTED• ERA ··············································· 11,970 1089,00 109,00 1089,000 109,000 
13,330 1191,00 60,00 1191,000 60,000 
1l,40U 1145,00 57,00 1145,000 57,000 
1J,520 1161,00 58,00 1161,000 58,000 
13,690 1269,00 63,00 1209,000 63,000 
14,010 1279,00 64,00 1279,000 64.000 
14,090 1335,00 67,00 1335,000 67,000 
14.l10 1263,00 63,00 1264,3cJ4 63,069 
14,500 1343, DO 67, DO 1346,949 67 o197 
14,680 1256,00 63,00 1261,818 63,292 
14,tl10 1281,00 64,00 1288,457 64,373 
14,~30 . 1194,00 60,00 1202,Zl~ o0,414 ··············································· 
Fl TTEU PA.AMETERS ................. 
:~~~~~:, !~"~ N. ;N ~ ·~~:s~L~~C~~;:•:u~JD~~~7 "~~us·eA-HtNus 44, ,o "s 

. RELATED UATA ............ 
· N0N•ELASTIC CR0SS SECTI0N AT 14,2 MEV • 1973,31 MB 

CN,2NJ THAESH~LD • 9,04 HEV 
(N,3N) fHRESHSLD • 1!h90 HEV 

THIS 158T0PE HAS 72 NEUTA.1NS, 51 Pt1~T0NSt CHASS a t2JJ 

NEUTR0N EXCESS Po\AAHETER • ,17073 

RATI0 0F ASYMPT0TIC CNo2N) n 14,2 MEV N0N•ELASTIC 
,6624 PLUS•0R•MINUS ,0226 

T•SDRT(N) • 8,697 T•SQRTCAJ • 11,368 
ERRUR 1 1 366 ERR0R 1, 786 

58•123 , , ,rAsH REF', P 61 C588) ··············································· ENERGY No2N CRISS SECTUN .CM8) 
CMEVI •EASURED, ERA ADJUSTED, EAR ............................................... 
tt,970 toeo,oo too,oo 1oeo,ooo 1o9.ooo 
13.330 1191.00 60,00 1191,000 60.000 
13,400 1105.uo ,,uo 1145,000 ,,ooo 
13,520 1161.00 58,00 1161,000 58,000 
13,690 1269,00 63,00 1269,000 63,000 
14,010 1279,00 64,00 1279,000 64,000 
14,090 1335,00 67,00 1335,000 67.000 
14,310 1263.00 63,00 1264,384 63,069 
t4,5oo 1343,on 67,oo 1346,949 67.197 
14,680 1256,00 63,00 1261,818 63.292 
tt,810 1281.00 64,00 1288,457 64,373 
14,930 1194,00 60,00 1202,232 60,414 ............................................... 
FITTED PARAMETERS ................. 
LEVEL SPACING-•11,155 PLUS•0A•MINUSJ,770PER MEV 
ASY•PT0TIC CN,2Nl CR0SS SECTUN • 1331,61 PLUS•0R•MINUS 59,66 MB 

RELATED DATA ............ 
N0N•ELASTIC CRISS SECTI0N AT 14.2 MEV • ·1973,31 MB 
(N,2N) THRESHBl.D • 9,04 MEV 
(N 1 3N) THRESH21l.D • 15,90 HEY 

THIS IS0TOPE HAS 72 NEUTR~NS, 51 PA0T0NSr CMASS o 123) 

NEUTR0N EXCESS PARAMETER • ,17073 

RUle 0F ASYMPT0TIC CNo2NI Ta 14,2 HEV NBN•ELASTJC 
, 6 748 PLUS•0R•M I NUS , 0302 

N/SPACING • 6,455 A/SPACING • 11,026 
ERAEIR 2 t11J1 ERROR 3·, 727 

"' z 
Ql: 
< 
CD 

:i 
....J 

i: 
A 
z 
N 

.z 
b 

"' z 
~ 
~ 
-' 
-' 
z: 
A 
z 
N 

z 

b 

167 
1500. 

SB-123 p 61 (588) 

1350. T = 1.D25t.161 HEY 
o;.{.No 2N) a 13D7 .1 t qq, 5 118 

1200. ~ =.662t.D 

11150. 

900. 

750. 

600. 

~50. 

FITTED . DATA 
900. LINE POINT 

• EXPERIMENT 

0 ADJUSTED EXPT. 
150. 

3 

10 II 12 13 
ENERGYC HEY> 

I~ IS 18 

1500. 

SB-123 p 61 (588) 

#t--ISSO. A = 11.155! 3. 77D HEv-1 

qJ.N.ZN>= 1991.6159.7 HB 
a,JJ1,2N> 

1200. 'l(1'i.2) =.675*.D 

11150. 

900. 

750. 

600. 

'ISO. 

900. FITTED DATA 
LINE POINT 

• EXPERIMENT 

0 ADJUSTED EXPT. 
ISO. 

3 

o. 
9 10 II 12 19 I~ IS 16 

ENERGY( HEY) 
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Tl:•t2R •• ,rR~a qer, e 10 ··············································· t::"ERGf N,2~ CRi!lSS SECTIBN CMBJ 
C H!;Y I M~ASURED 1 ErfR -ADJUSTED, EAR ··············································· 12,000 14'0.00 160.00 .1450.000 uo.ooo 
1.S,ooo t6rD.'lo t&o.no t&oo.ooo 16o.ooo 
1J,5oo 11oo,oo 1uo.uo 17oo.ooo 1eo.ooo 
t4,.soo 17f'C',oo uo.oo 1781,691 180,171 ··············································· 
•1 TTtl) PI.FcAI\£ TE~S ················· .. hJtLc:A~ Tt:MP, • t,46? PLUS•"K·Mt .. us ,122 MEV 
t.SYMPTBT IC u.··, 1~1 CPi'SS SECT U)t.! il 2030 ,2& PLUS•IR•MINUS 93,48 "B 

RrLATELI l.IATA ............ 
U0N•ELASTtC C:~'!ISS SECTUN AT 14o2 MEV • 2010,00 MB 
C"4olfU TnR~S~PIL~ • 8,84 riEV 
c~.:sro rnkt:S"'G~LP • 15.18 ME'I 

THIS ,l.ir~T.-.P[ ""''~ 76 NE~JTR0NS, ~2 PAIIJTi!JNSt CI"AS$ • 12tH 

~lC!JTAV.,., EXCESS PARAHETCH a .187~0 

PATI" ~f ASY1'4PTP'TIC ~~.2~1 T0 14,2 HEY '~SN•ELASTIC 
1o0101 PLUS·~R·HI~US o0465 

T•SWfCT(N) • t2.745 T•SQRTUI • 16,541 
EIIR0R lo nA4 ERRB~ 1,380 

TE-tZ8. , , ,F'R-'H HEF', 8 70 ··············································· F.'~RGY N,'-N r.RBSS 5F.CTJBN IHBl 
IHF.Vl HF&SIIRFO, FAR &O.HISTF.Do· ERR ··············································· H:m ~:~~:~g m:g~ tm:m ug:m 
13.5on t7oo.no 1eo.oo 170o.ooo 18o.ooo 
14.300 t7!!o,oo 1ao.ao 17&1,691 1&0,171 ··············································· 
F' ITH.O PARAHFTEQS ................. 
LEV\:L SPAC ht:; • 4, 'IO:S PLUS•UR ... !1J NUSt, 052PEA nEV 
A'SYHPT~TIC l"'o2N1 CAUSS SECTJ0t~ • 2175.71 PLUS•BA•MINUS t52,41 H8 

HiiLATt:O iJATA ·····"······ ~P.N•l::LASTIC C'10SS :iECTI91N AT 14,2 !1EV • 2010,00 HB 
0h2i0 THR~Siii,LU &,84 HEV 
CNo3NJ lHH[;SH"LI') : 1),18 HEV 

fHI!; IS.,fbPE t.IA!; 76 NCUtR_,Ns, !.i2 rRUT0N~, cHASS • 12bJ 

NI:UTHU:>4 EXCESS PARA11ET€R • ,1R750 

1UT10 QJF ASYHPT0TIC 1Nt2NI r., 14,2 Ht:V NI1N•ELASTJC 
t.n~24 PLUS•0A•MlNUS ,0758 

1'4/~PACING • 15.5.111 A/SPACING a 26.106 
ERRIOA J • ;l?.6 ERRBH 5,601 

Z200. 

1980. 

1160. 

I '!NO. 

VI 
1320. z 

<>< < 
~ 
..J 
..J 

t: 1100. 

~ 
7 
N 

z 88tl. 

b 

AAC. 

~~0. 

uo. 

0. 

2'1W. 

2160. 

1920. 

1680, 

VI 
1~'10. z 

<>< < 
lXI ..... 
..J 
..J 

:0::: 
1200. 

...!. 
z 
"! 
"" 960. 

b 

720. 

~80. 

2'10. 

o. 
8 

t 

8 

TE-126 6 70 

T = l.'i62t.122 HEV 
O'~.ZN>= 2030.3t93.5 HB 
~.2Nl 
Ctil'!. 2 > "1.010t.O'i7 

I 
I 

/ 
I 

I 

F I TIED DAlA 
LINE POINT 

• 1:11rcrunDIT 
Q ~DJUSTED EXPT. 

3 

IZ 13 I~ IS 16 
ENERGY( HEV) 

TE-128 B 70. 

A= ... !3Q~i!.QS~ !'!EV'1 

0'~.2N>=2175.7t152.'i HB 
<r-'14. 2N) 
q_~l'i. 2 > =t.OB2t.076 

FITTED 
LINE 

10 II 12 13 
ENERGY< MEV> 

DATA 
POINT 

• EXPERIHENT 

c ADJUSTED EXPT. 

3 

I~ IS 16 



re-uo ... r•0• •rr. e 7o ··········•···································· ~:~eRcv ~. 2~ cness seer t BN c KH J 
CHE\1) HElSURELJ, ERR ADJUSTED, EAR ··············································· 12,600 1590,00 100.00 uoo.ooo 100.000 
1J.uoo 174o,oo 12o.oo 174o,ooo 12o.ooo 
13.5110 1760,00 120.00 1760,000 120.000 
t4 • .Sno 1$\0,on 120.110 tBtt.686 120,112 ··············································· 
r IT fELl PAAAMFTfRS ················· ~ ~~~~~~;~, ~~H~rj, ;N! • ~~~S~l~~~;~;: I~U~.j~~::~~U5-BA-HI-US 01,~ 08 

R£:LATE:J DATA ············ NON•ELASTIC Clln$!1; SECTU:'4 AT 14,2. MEV • 2024,,1 M8 
U4t21'4) THkES ... "L:» • 6.4& HEV 
cN,Jt.,) TH~ESH•:LD • 14.61 :tEY 

THIS I~OT"PE HACJ 78 t.li:\JTiiU.~S, 52 PAiHiiNSt CMAS$ a 130) 

NEUTJ(Rt• EXCES~ PAJU.KEHR • ,20000 

q,lTJn· r,!F ASYHPT£'TIC (t,,z .... J T14 14,2 HEV NBN•ELASTIC 
,9582 PLU!t .. f'R•MINUS ,0461 

T•SORTO~) • 11,22!j T•SO!lTU) • 14,492 
SJfH"R 1, 404 EAReA 1,81J 

TE:•130 , •• FRBH REF, 8 70 ··············································· E•ERGY N,211 CA0SS SECTUN I"B) 
CHl:iY) HF.ASURF.D, EAR ADJUSTED' EAR ··············································· 12,600 1590,00 100,00 1590,000 100,000 
l.J,OUO 1740,MO 120,00 1740,000 120,000 
n.~no 176o,oo 12o.oo H•o.ooo uo.ooo 
14.J(I(I 1810,00 120,1)0 1it11,686 120,112 ··············································· 
FJTTl:U PAkAHETE~S ....... -......... . 
LEVEL SPA.C)tJG • "·811 PLUS•BR•H)NUS2,042PEA HEV 
AJ;YIH'T~TIG CN,3tn CR8S3 SECTI'"-" • Za1z,14 PLUS•BA·I41NUS 136,76 HH 

RELATED [I .AT A 
•••••o•••••• 
r.:~N·EL .t.ST I C CP0SS SECT I i1N AT 14.2 HEV • 2024 • 51 H9 
04t:t'll) Thkf!;"'rLD c: 6,48 HEy 
CNo3~J) TnRESHCILD • 14.61 HEY 

HdS JSIIJhPE HAS 7a Nl:UTR0NS, 52 PRBTHN$, ("ASS • tJDJ 

hEUThiiN E:XCES!\ rtdUtiETF.H c: .~01100 

RATJn JJ" ASYiiPTeTIC (U,2tH hS 14.2 HEY NBN•ELASTIC 
,99~9 PLUS•0R•I'IINIJS .0676 

N/Sf-JACINll c: 11,452 
~Rk:l'H ;;.~;.~..) 

&/!:.PACING • J,9,0I)7' 
ERR0k 5, 722 

21.00. 

1890. 

1680. 

1~70. 

en 
1260. z a:: 

< 
"' 
..J 
..J 

1050. 'iO 
,!.. 
z 
N 

z 11'10. 

b 

630. 

~20. 

Z10. 

o. 

aoo. 

1980. 

1760. 

15'10. 

"' 1320. z a:: 
< .. "' 
..J 
..J 

i: 1100. 

,!.. 
z 
N 

z 890. 

h 

660. 

~'10. 

220. 

0 •. ,~ 

B 

169 

TE-130 8 70 

T z 1.271~.159 HEV 
qJ.N.2N>= 1939.8*93.2 H8 
g,S,t:!, 2N ) 
ql1'i. 2 ) =.958t.O'i6 

FITTED DATA 
LINE PCJINT 

• EXPERIMENT 
0 ADJUSTED EXPT. 

3 

10 II IZ 13 
·~·· IS 8 

ENERGY< HEV > 

TE-130 B 70 

A = 6.811 t2,0'i2 HEV'1 

a..rJ1.2N>= 2012.1 t 136.8 H8 

~ Ct(1'i.2) =.99'it.068 t 

Fl TTED DATA 
LINE PCJINT 

• EXPERIMENT 

0 AOJUSTEO EXPT. 

3 

10 11 IZ 13 ·~ IS 
ENERGY< HEV ) 
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1·127 ,,,F'A~t~M REF', tt 72 (•) ............................................... 
ENEHGY •• 2N CRiSS SECTI e• C •8 I 
CHEYJ ,.IEASUREO, EAR ADJUSTCtlt ERR ............................................... 
12.680 1134 1 00 82,0U 1134,0UO 82,000 
tJ,JtU) 1216,00 85,00 12t&,Oil1J 85,000 
14,6~0 1l68,0D 14&J.OO 1373,724 l4U,,86 
1~,620 t56o,oo ttz.oo t~7tl,,to ttJ,J'a ............................................... 
r I TTiO PARAMETERS ................. 
t-4UCLEAH TI;;HP, a 1,,30 PLUS•SH•HINUS ,t87 "EV 
ASYMPHH I C Ol, 2N J CR0SS SECTlt6~ a 165'1,44 PLU5•.,A•"I"US 120,14 "" 

RELATED IJAU ............ 
Ni!N•i:LASTJC CRI!ISS SI:CTh1:~ AT 14,2 fltEV • 200Z,72 M8 
(N,2N) T~HESH21LD a 9,21 HEY 
CNtlNJ T"rfESH!liLD a 16 1 37 HEV 

T ... IS ISiiiTiJPE HAS 74 ~El.ITRiJNS, 5J.Ptoc4tTUNSt (MASS • 127) 

1\.EUTRf.N I:XCESS PARAMt;Ti:~ • ,1C»5l5 

RAile _,r ASYMPTBTIC (~,2~) Tid 14,2 "EY l'flilN•E:LASTJC 
,8286 PLUS•0R•11INUS ,0601 

h!.QHTCN) a 13,162 T•SW~T(U • 17,242 
ERH~A t, 609 E~ReA 2,107 

1•127 , , ,rR0M At:r, 8 72 C•) ··············································· ENERGY N,2N CRSSS SECTISN .IM81 
I MEV I H~ASUREDo ERR ADJUSTED• ERR ............................................... 
i2,6ilo iiH,OO 82,00 1134,00D 82,000 
13,380 1216,00 85,00 1216.000 85,000 
14,650 1368,00 140,00 1373,724 140,586 
15,620 1560,00 112,00 1578.910 113,358 ··············································· 
Fl TTED PARAMETERS ................. 
LEVEL SPACING • 4,638 PLUS•BR•MINUS1,200PER MEV 
ASYMPTSTIC I.N,2Nl CR0SS SECTISN • 1776,98 PLUS•BA•MINUS 156,17 •B 

RELATED DATA ............ 
NBN•ELASTIC CRBSS SECTIBN AT 14,2 HEY • 2002,72 M8 
CN,2N) htAESH9LD • 9,21 MEV 
·cN,JN) T.,.AESM~LD • 16,37 MEV 

THIS ISST0PE HAS 14 NEUTRBNS, 53 PRBTBNS, CHASS • 1271 

NEUTHBN EXCESS PARAMETER • ,16535 

RATU er ASYHPTniC 1No2Nl Te 14,2 MEV NBN•ELASTIC 
,8813 PLUS•BR•MINUS ,0763 

NISPACING • 15,955 A/SPACING • 27,382 
ERHr.R 4.128 t:RR0A , 1, 085 

11100. 

18211. 

I 'flO. 

lB. 

11'1 10110. ~ 
< 
ID 
:; 
~ 
z: 9UO • 

,.!. 
z 
N 

z uo. 
b 

5'10. 

360. 

180. 

ZOllO. 

11100. 

I IIIII. 

1'1011. 

!2 IZliD. 
It: 

:i 
:::i 
.j 

10110. 2: 
,.!. 
z 
N 

z IIDD • .... 
b 

611), 

'1011. 

zoo. 

·ti. o. 
9 

I-1Z7 B 7Z C- > 

T " 1.530t.187 11EV 
qJ,N. ZN > • 1659.1! t 120.3118 

~·.8Z9t.060 

FITTED 
LINE 

10 II IZ IS I~ 
ENERGYCHEV> 

1-127 a 12 c- > 

A " If. 63811. ZOO I£V'1 

qJJ~.:no•1777.0t156.8 148 

$,2N> q:q.z> =.887t.078 

FITTED 
LINE 

10 II 12 13 I~ 
ENERGYC HEY> 

DATA 
PCIINT 

, EXPERIMENT 
a ADJUSTED·EXrT. 

IS 17 

DATA 
POT NT 

• EXPERIHENT 

0 ADJUSTED EXPT. 

3 

IS 18 17 



1•127 I I ,F'Rii!IM REF'. B 62 t56Z) ··············································· ENERGY N,ZN CRISS SECTUN CHBI 
CHEVI MEASURED, ERA ADJUSTED·• ERA ··············································· 13,160 1190.00 70100 11901000 .701000 
14,100 13oo,oo 7o.oo uoo.o·oo. 7o,ooo 
15.210 1300,00 70100 1311.620 701626 ··············································· 
r ITT ED PAHAHEYEAS ················· NUCLEAR li:MP. • 1 1065 PLUS•Ii!IR•"INUS 1118 MEV 
ASYMPTOTIC CN,ZNI CReSS SECTUN • 1355,87 PLUS•BA•HINUS 38,48 HB 

RELATED DATA ............ 
NBN•ELASTIC CROSS SECTIBN AT 14,2 HEV • ·2002,72 HB 
CN,2NJ THAESHALD • 9 1 21 MEV 
CN,JNJ htRfSHQILD • 16,37 MEV 

THIS ISDTiSPE HAS 74 hEUTAII!INS,. 53 PA~TSNS, CMASS • 1271 

NEUTA0N E:XCESS PalbMETE:A • ~16535 

AATI0 BF' ASYMPTII!ITIC CNt2NJ HI 14o2 MEV kiN•ELASTIC 
,6170 PLU$•0R•MINUS .~192 

T•SQATCNJ • 91161 
ERAQIR 1o015 

T•SQAT CA J • 12 ~ 002 
ERABA ·, .1.330 

1-121 .. ,rAe• REr, a 62 cu21 ··············································· ENEAUY N,ZN CRISS SECTIBN IHBI 
Cr.EVI "EASUAED, ERA ADJUSTED, ERA ··············································· 13.160 1190,00 70,00 1190.000 70,000 
14,100 1~00,00 70,00 1300,000 70,000 
u,21o noo.oo 7o,no 1311,620 70,626 
••••••o••••••••••••••••••••~••••••••••••••••••• 

rJTTEU PARAMETERS ................. 
LEVEL SPACINO •10,7J6 PLUS•OR-HINUS2,887PeR MEV 
ASYMPTOTIC CN,2N) CROSS SECTION • U78,46 PLUS•BA•HINUS ,4,82 HB 

AELAT(;D DATA ············ N•N•F.LASI IC CR0SS SECTI"N AT 14,2 HEV • 2ooz',72 HB 
,,.,2NJ THRESH0LD • 9,;t1 P4EV 
fN,Jtl) THRESHPILD • 16,37 MEV 

THIS IS0T~t~PE HAS 74 NEUTAII!IN$, 53 PASTBN$, CMASS • 1271 

NEUTRON ~XCESS PARAHETEH • o16535 

R.&TIU or ASYP'IPTIHIC CN,2NJ '" 14.2 MEv NSN•ELASTIC 
,11803 PLUS·~R-HINVS ,0274 

N/SPACJI~G • ~,893 A/SPACING • 11.1 829 
EAAeR 1.A~4 EAABR . 3,181 

.·:· 

1'100. 

1260. 

1120. 

980. 

"' 8'10. z a: 
< 
"" ..J 
..J 

i: 700. 

,!.. 
z 
N 

z 560. 

b 

~20. 

260. 

1~0. 

I SOD. 

1350. 

12011. 

IDSD • 

"' 900. z a: 
< 
CD 

::; 
...J 

2:: 
7SO. 

,!.. 
z 
N 

z 600. 

b 

~so. 

300. 

ISO. 

D. 
! 

I 

171 

1-127 8 62 <562> 

T = 1.0651,118 HEY 
q.{,N.2N>= 1355.9138.5 
o-.J..N, 2N) 
q11'i.2) =.6771 .. 019 

PITTED DATA 
LINE PCJINT 

• EXPERIMENT 

0 ADJUSTED EXPT. 

3 

10 II IZ 13 I~ IS 18 17 
ENERGY< HEY> 

I-127 8 62 (562> 

A = 10. i36t2.887 HEV"1 

o;J,N.2N>= 1378.5t5'i.8 H8 
o:J..N,ZN > 
q.l1'!.2> =.6AA1,027 

FITTED DATA 
LINE PCJINT 

• EXPERIMENT 

0 ADJUSTED EXPT. 

3 

10 II ·~ 13 tq IS 16 17 
ENERGY( HEY) 
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1•127 . ,,,F:RDH REF'," 53 C91) ................................................ 
ENERGY . N,2N CABSS SECTI0N CHSI 
CKEYI KEASUREDo EAR ADJUSTEDo EAR ............................................... 
12,.soo 900,oo 5o,oo 90o,oou so,ooo 
t;J,lOO 1120,00 ·70,00 1120,00U 70,000 
t4,tou t;,oo,oo ao,oo tJoo,ooo ao,ooo 
t5,6DO tJzo,oo .oo. t335.Bil.S t.ooo ............................................... 
F I TIE~ PARAHETERS ................. 
NUCLEAR TEMP I • 1 '383 PLUS•SR•M I NUS • 084 "EY 
ASY"PT.,TIC CN,2NJ CROSS SECTUN a 1414,13 PLUS•SR•"INUS t9,22 "tt 

AI:LATED DATA ............ 
IH!JIII•ELASTIC CA£!19 SECTI&N AT t4,2 rtEV • 2002,72 Mli 
CNt2N) 1 .. HESHeLD • 9,21 HEV 
OhlN) THAESHtlLD • 16,,)7 MEV 

Tt-415 lSehPE HAS 74 rtEUTR0NS, 53 PA0HINS, ("ASS • 127) 

NEUTR0ft E:ACESS PARA11ETER • ,16535 , 

RATid 0F A5Y"PT0TIC lNt2hJ Till 14,2 KEY N0N•ELASTIC 
, 7061 PLUS•0A•MI NUS , 0096 

T•SQRT(N) • 11,897 T•SQATUJ • 15,586 
(RR0R , 723 f:AR0A o947 

1·127 , , ,FASM REF', M 53 C91J ............................................... 
!li!nav r~o~H onloV iliCTI~~ (~Ill 
CH6VI ""SUR6Do 6AR &n.ruSTED, ERR ·····""··························'·············· 12,100 900.00 50,00 . 900,000 50.000 
\3,100 1120.00 70.00 u~o.ooo 70,000 
14,1oo 1•oo.oo eo.oo uoo.ooo eo,ooo 
15,600 1320.00 ,00 1JJ5,80J 1,000 

·······~·.······································ 
F I TIED PAAAHETEAS ................. 
LEVEL SPACING • ,,811 PLUS•BR•HINUS ,9J7PER MEV 
ASYitPTeTIC CNo2NI CROSS SECTUN ~ 1482,91 PLUS•U•HINUS 40,92 HB 

Ht:LA1t:U UAii ............ 
N0N•ELASTIC cReSs SECII0N &T 14·2 HEY • 2002 .• 72 HB 
lNt2N) THRESHBLO • 9,21 MEV 
(h,JN) THRESHeLD • 16,;n MEV 

THIS I.S0TOPE HAS 74 NEUTR0NS, 5J PR010NSo CHASS • 1271 

NEUTASN EXCESS PAAAHETER • .1UJ5 

RAllS SF· ASYHPT0TIC CNo2NI Te 14.2 HEY N0N•ElASTJC 
• 740, "PLUS•0A•HI NUS , 0204 

1 N/SPACING • 12,734 A/SPACING • 21,8, 
EAR0A 2, 053 EAR0A J ,,24 

! 
CD 

:i ..... 
z 
,1. 
jEi· 
z 
b 

VI 

~ 
< 

"" 
:::1 
z 
).. 
z 
N 

z 
b 

I SilO. 

13511. 

1200. 

10511. 

8011. 

lSI. 

600. 

'ISO. 

300. 

11100. 

111110. 

12110. 

IIZO. 

3116· 

BOO; 

6'10. 

'180. 

320. 

160. 

I-127 " 53 ( 91) 

T " 1.383t.Q81i 1£V 
~.2N). 1'11'1.1 t 19.2 Ill 
<U.N. 2N) 706 <iil4.Z) •. t,Q10 

10 II 

1-127 

FITTED 
Lit£ 

12 18 " 
ENERGY01EV) 

"53 (91) 

Fl TTED 
LINE 

OATA 
POINT 

• EXPERII1ENT 
c ADJUiTiO EXPT. 

15 

DATA· 
POINT 

IB 

• EXPERIM(NT 

.11 

o ADJUSTED EXPT. 

3 

o • .r..w..c.........a .................... ~ .... .w... ........ .....,. .......... w.. ........ .....Jw.... ................ ...&..........: 
9 10 II 12 13 I~ IS 16 1. 

ENERGYC MEV) 



CS•133 •• ,FRBH REr, a 72 ··············································· ENERGy N,2N CRBSS SECTJBN CHBI 
CHEYI HElSUREDo ERR ADJUSTED', ERR ............................................... 
12,680 1038,00 73,00 1038,000 73,000 
13.380 1157,00 77,00 1157,000 77,000 
14,650 1:S59,on 99,00 1364,356 99,390 
15,620 1449,0G 102,00 1465,486 103,160 ··············································· 
r! TTED PARAHETEPS ················· NUCLEAR TEHP, • 1,687 PLUS•IR•HINU$ ,Q6S MEV 
ASYHPTBTIC lN,2N) CRBSS SECTUN • 1618,33 PLUS•IR•MINUS 39,34 MB 

R~LATcD DATA ............ 
NaN•ELASIIC CRBSS SECTIIN AT 14,2 HEY • 2046,10 MB 
CN,2N) THRE«;HfiLO • 9,05 MEV 
CN,JtU THAESHBLD • 16.29 MEV 

JHCS ISIT0PE HAS 7B NEU!RBNS, 55 PRBT8N$o CHASS • 1331 

NEUTRON E.I.CESS PARAMETER • 117293 

Jh,flD BF ASYMPTBTIC CNt2NJ Tltl 14,2 MEV NIN•ELASTIC 
,7909 PLUS•IR~HINUS ,0192 

T•SORTCNJ • 14,899 TeSQRTCU • 19,455 
EAA~A 11574 ERRBR . , 750 

cs·t33 1 I. rReM Aer. a 12 ··············································· ENERGY N,2N CRISS SECTISN CHBI 
CMEVJ HEASUAFDt E~A ADJUSTED, ERA .............................. , ............... . 
H.6~0 tn~&.oo 73.00 lOU,OOO 73,000 
1J,JbO 1157,00 77,00 1157,000 77,000 
1~1650 1;,'i9100 99;00 1364,356 99,390 
15,6:?.e, 144t~no 102.00 14651486 103,160 ··············································· 
r I Tl[:LJ PARAHETEn5 ················· ~~~~~T ~~~g I~~, :N ~ • ~::s~L~~c;~e~ I :IJ~ 76i~t~E~L~:!8R•M I NUS 

·RELATI:lJ DATA ............ 
,ll0N•F.L4STIC CQP.Ss SECTI~N AT 14.2 MEV • 2046,10 MB 
CN,2NJ THQESfiHD • 9,05,i1EV 
CNo31lJ THRESHt"LD • 16,:?9 HEy 

THIS IS0TCPF. HAS 78 ~EUTAitlNS, 55 PR8Tii!INS, (MASS •• 133) 

NI::UTRJIII4 t::xr.ESS PAAAHETE~ • .17293 

HATI[i BF ASY .. PTaTJC CN,2N) Tg 14,2 HEY NSN•ELASTIC 
.8&32 PLUS-KA•HINUS 10219 

N/SPACJNG • 21.150 A/SPACING • 36,063 
crm0R 1. "''' tHH_,I( 2,484 

\ 
I 

\ 

1530, 

1360, 

1190. 

~ 1020. 
a:: 
~ 
..J 
..J 

i: 
..!.. 
z 
N 

z 
b 

en z 
a:: 
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..J 

..J 

i: 
..!.. 
z 
N 

z 
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850, 

880. 

510. 

3'10. 

170 •. 

1900. 

1710. 

ISZO. 

1330. 

11~0. 

950 • 

760. 

~0. 

380. 

190, 

CS-133 872 

T • 1.6872,D65 11EY 
~.2N,>= 1618.3239.3 H8 
g.C..N,2N> 
qJ.1q_ 2 > =. 791t.019 

.. 

FITTED 
LINE 

10 II 12 13 ·~ ENERGY< HEY ) 

CS-133 872 

A = 3. 688 t. 2S'i HEV"1 

CY.J.N.2N>= 1766.1*'!'!.0 HB 
g,C.N. 7.N) 
q_(l'i.2) =.863*.022 

FITTED 
LINE 

10 II 12 13 I~ 
ENERGY< HEY) 

173 

DATA 
POINT 

• EXPERIHENT 

c ADJUSTED EXPT. 

3 

IS 16 17 

DATA 
POINT 

• EXPERIHENT 

c ADJUSTED EXPT. 

3 

IS 16 17 



174 

cs•tJJ , •• rA"" REF', B62t5621 ··············································· ENERGY N,zN CRiSS SECTIBN (M81 
CMEVI MEASURED, EAR ADJUSTED, ERA ··············································· 13,160 1180,00 100.00 1180,000 100,000 
14,100 1300,00 lOO,OU 1300,000 100,000 
16,030 1130,00 100.00 114~,960 101,412 ··············································· I 

rt TT~D PARAMETERS ................. 
NUCLEAR TEMP, • ,6541 PLUS•BA•MINU$3,530 MEV 
ASYMPTOTIC (~,2~) CA0SS SECTUN • 1214,02 PLUS•SR•MINUS 94,12 MB 

AELA TED DATA ............ 
N0N•ELAST IC CRISS SECT UN AT 14,2 MEV • 2046,10 MB 
CN,2to THRESI-f"LD • 9,05 HEY 
lNo3NJ THAESH1.LD • 16,29 ':'EY 

THIS 1SQIT0PE 1-4AS 78 t{E.UTA0NS, 55 PABTI!INS, C"ASS • 133) · 

NEUTRON EXCESS PARAMETER a ,17293 

RATIO er ASY1'4PT"TIC (Nr2frlll T0 14,2 HEY N0N•ELASTIC 
,5933 PLUS•~A·MlNUS ,0463 

T•SQRTCA) • 7",542 
~NRHN 40,710 

CS•133 , .,rAeH Aer, 8&2C,62) ··············································· ENERGY No2N CRISS SECTIBN IMBl 
CHEV) ~EASURED, ERR ADJUSTED, ERR ····· .. ······ ................................. . 
13,160 1180,00 100,00 1180,000 100,000 
14.1ou uoo,uu 1oo.oo noo.ooo loo.ooo 
16,03'1 1130,00 100,00 1145,960 101,412 ··············································· 
r ITTlU PAR._f'ERS ................. 
LEVEL s.-ACING •11.604 II'LU::i•BA•HINIJ91542tPEA MEV 
ASYHPT0Tit' CN,2N) CReSS SECT UN • 1213,80 PLUS•iiA•MINUS . 96,17,.M8 

I-lEI. A H:IJ UA lA ............ 
1~0N•ELASTJC CA5'!SS SECTI"N AT 14.2 MEV • 2046,10 MB 
(N,C!t~J T1-4RESH"LD • 9,05 HE:V 
0-4t3NJ THPIESH~~O : 16,29 MEV 

THIS 1S0T0PE HAS 78 NI:UTA0NS, 55 PA0T0NS, CMASS • 133) 

NEUTH·U·~ ~XCE:SS PAQIH~TEH • .17293 

RATI"' Of ASYM~T0TIC CN,2N) Tri' 14,2 MEV N0N•ELASTlC 
,5932 PLUS ... UQ•:1INUS ,0470 

U/SPACJNG • 6,687 A/SPICING • 11·,403 
E~RU!f 311,058 ERR DR 530,393 
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12611. 

11·20. 
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"' 11'10. z 
0:: 
< 
(D 

..J 

..J 
700 • ;: 

..!. 
z 
N 

z sao. 
b 

11211. 

zeo. 

1'10. . 

1~00. 

IZtiO. 
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z 660. 
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~20. 

280. 

CS-133 862(562> 

T = • 65'1! 3. 530 11EV 
o;.(.N.2N>= 121'1.0!9'1 ----
cx.CJ4, 2N > 
qJ_1'1.2> =.593 .0'16 

FITTED DATA 
LINE POINT 

EXPERIMENT 

c ADJUSTED EXPT. 

3 

. 10 II 12 13 I' IS 16. 17 
ENERGY( 11EV) 

CS-133 962(562) 

A = 11.66'1~><5'12.5 MEV"I 
q.I,N,2N>= 1213.!11!1!;.2 
g,SJ:I, 2N ) · . 
q_l1'1. 2 > =.593t.O'i7 

FITTED DATA 
LINE POINT 

• EXPERIMENT 

0 ADJUSTED EXPT. 

3 

10 II 12 IS I~ 
ENERGY( MEV> 

IS 16 17 



CE•t40 I .. FRiiJM REF. 868U8t1J ··············································· ENERGY No2N CABSS SECTIBN lMBJ 
!MEV I MEASURED, ERA ADJUSTED• ERA ··············································· 12,940 UA7,00 1U,OO U87,000 111,000 
13,510 1743,00 U2.00 1743,000 122.000 
14,100 1804,00 105,00 1804,000 105,000 
14 .sao 1823 ,oo ua.oo 1832,89S U8,69S . 
1,,620 1982,00 139,00 2D02,t24 140,467 
16,;uo t9o4,oo t:s:s.oo 19:St.96o 134,953 ··············································· 
rJ THO PARAMETERS ················· NUCLEAR TEMP, • 1,232 PLUS•IR•MINUS ,079 MEV 
ASYMPTBTIC IN,2NJ CRSSS SECTIBN • 200lo41 PLUS•IR•MJNUS .44,54 MU 

RELATED DATA ............ 
NBN•hASTIC CAB$$ SECTIBN AT 14,2 MEV • 209S,72 MB 
CN,2N) TriAESHPLD • 9•27 MEV 
tN,JN) THAESHQILO • 16,78 MEV 

THIS J$BT0Pf HAS 82 NEUTRBNS, 58 PRBTBNSo. !MASS • 1401 

IIIEUTAA~ ExCESS PAAA"ETEA • ,17143 

PATIB BF ASYMPTOTIC lNo2NJ T8 14,2 MEV NBN•ELASTIC 
,91J'O PLUS•eA•MINUS ,021J 

.T•SQATCN) • 11.",1!6 T•SOATU) • 14,5fJ 
ERA0A , 715 ERRBR ,935 

CE-140 ",FABM AEF, 868128911 ··············································· ENERGY N1 2N CRISS SECTIIN CMB) 
Cf'(EV) MEASURED, EAR ADJUSTED• ERA ···············································. 12.9<n 15e7.no 111.go '1587,ooo 1u,ooo 
tJ,5to t'•:s.oo 122.00 1743,ooo 122,ooo 
t4,1nQ 1Pf'l4,nO aos.oo 10o4.000 lo,,ouu · 
t4,&tto s~t2l,on t28.oo 1&J2,895 121,60' 
t5,6~n 19132.nO 139,00 2no2,024 140,467 
16.3111 1904,_00 133.00 1931.960 134,953 ··············································· 
r I TTJ:U PARAt1ElEAS 
••••••••••• , ••• i. 

LEVEL SPACING • 7,893 PLUS•eR•Hit,US1,139PEA HEY 
. ASYMPTCHJC (ri,?.N) CA0SS SECTUN • 2055,44 PLUS•BA•MINUS 59,05 MB 

RELATED LtATA ............ 
N.:IN•ELASTJC CAl!!!';~ SECTitl~ AT 14,2 .. EV • 2095,72 M8 
1Nt21'11J IHRES1-4~LD • 0.27 MEV 
fN,JN) THRES~!-'LO • 16• 78 MEV 

TloiiS IS~tTUPE UAS 82 NtUTHllNS, 58 PRBT0NSt CMASS a 140) 

NEUTHi!"' EXCESS PARAHETC~ • ,17143 

AATift 0r ASYp.tPfPTIC CN,2N) T0 14,2 HEY NBN•ELASTtC 
,9808 PLus-e~-•••us .ozaz 

NISPACIN(; • 10,389 A/SPACING • t7,7J7 
ERRii!R 1, 499 ERR0A 2o560 
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.•'!60· 

·~· 
(f) 1320. 
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220. 

9 

CE-I'iO B6BC2891> 

T = I. 232 t • D79 MEV 
~.2N>= 2DOI.'it'i'i.S HB 
g.(..N,2N> 
<Utll. 2 > =.95St.D~t 

FITTED 
LINE 

II 12 13 ·~ ENERGY< MEV> 

CE-I'iO 868<2891> 

A = 7. 893 t 1.139 MEV"1 

qJ,N.2N > • 2055.'it59.1 HB 
o;,(,N, 2N > 
~(l'i. 2 > =.981t.028 

II 

FITTED 
LINE 

12 13 ·~ 
ENERGY( HEY> 

175 

DATA 
POINT 

• EXPERIMENT 
D ADJUSTED EXPT. 

15 

DATA 
PCJINT 

16 

• EXPERIMENT 

3 

c ADJUSTED EXPT. 

15 16 

17 



176 

Ph•141 , ,fR0M REF, 8 68 12891 I ····•··········································· ENERGy No2N CRiSS SECTI0N lMBI 
lMEVI HEASUREDo ERR ADJUSTEDo ERR ··············································· 12,780 1496,00 144,00 1ot96,000 144,000 
13,44U 1485,00 143 1 00 1485,000 143,000 
14,110 1614,00 159,00 1614,000 159,000 
14,870 1700,00 164,00 1709,007 164,869 

~::~:~ t::~:g~ ~~!::: ~=~;::!: ~;::::~ 
16,850 1872,00 180.00 1904,409 183,116 ··············································· 
r I TT~D PARAMETERS ················· hUCLEA.R TE.HP, • 1,228 PLUS•0R-t4INUS ,106 KEY 
ASYHPTeTIC lNo2Nl CRUS SECTI0N o 1868,44 PLUS•0R•MINUS ,8,22 Mli 

·.· 
RELATED DATA ............ 
N0N•ELASTIC CRiSS SECTI0N AT 14o2 HEY • 2102,73 H8 
CN,2N) THRES~IiU.D • 9,46 MEV 
CN,3NI TH~ESH0LD • 17 1 45 MEV 

TttiS IS0Tt!PE HAS 82 NE"!TNSNS, 59 PAST6NS, (MASS • 14U 

NEUTRON EXCESS PARAMETER a .16312 

kAT10 Bf ASHIPTSTIC CN•2til Te 14,2 MEV N"N•ELASTJC 
,8886 PLUS•0A•11INUS .0277 

hiQRTUU • 1L,_~n 
li:nnon . ~~n 

PR•141 .,,riieM AEr, 8 68 128911 ............................................... 
I::NbRUY "•ir:n '-"~!.!. !fl:fiDU ti1DI 
C11EY I Mf;:.t.SUAF.D, ERA ADJUSTED, ERA 

••••••••••••••••••••••••a•w••••••••~~··•••••••• 
12,780 14q6,00 144,00 1496,000 144,000 
13,4.0 1485,00 1<43.00 1485.000 143,000 
14.110 1614,00 159.00 1614.000 159,000 
14,8/U .LiUUiUU lU.IO~ lPI!It,001 1t~.l4oD 
15,520 1787.00 172,00 1804,517 173,686 
16.180 1801.00 114.00 1825,849 176,401 
16,850 1872.00 180.00 1904.409 183.116 ··············································· 
r 1 fTED PARAHETERs ................. 
LEVEL SPACING • 7,894 PLUS•BR•HINUS1,348PER >iEV 
ASYHPT0TIC JN,?.N) CROSS SECTI0N a 1922.96 PLUS•BR•HINUS 67,85 H8 

RELATED DATA ············ N0N•ELASTIC e•sss hcTI;,N AT 14oZ MEV • 2102,74 HU 
CNr2NI T~RESH0LD a ·9,46 MEV 
CN,3N) THRESH0LD • 17,45 MEV 

TNIS ISOUPE NAS 82 NEUTR0NS, 59 PRBT•NSo JHASS a 1411 

NEUTRON EXCESS PARAMETER a .16312 

RATIB oF ASYHPT0TIC lNo2Nl T0 14,2 HEY N0N•ELASTIC 
,914' PLUS•0R•HINUS o0323 

N/SPACING a 10.388 AISP~CINO • 11,80~ 
EARS A . 1, 774 ERROR 3,0,0 

1890. 

1680. 

1~'10. 

., 
1260. ·~ 

< 
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-' 
-' 
i: 1050. 

..!.. 
z 
"' z 1!1111 •. 
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630. 

'120. ' 

l!U •. 

o. 
9 

2100. 

11\1911. 

1880. 

Jq7Q, 

., 
1260. z 

0:: 
< 
CD 

::l 
1050. i: 

..!.. 
z 
N 

z 11'111. 

b 

630. 

..zo. 

210. 

PR-1q1 B 68 <2891) 

T = 1.228t.tQ6 11EV 
o;.(.N,2N)• 1B68,qtS8.2 HB 

~. 2N) 889 028 
<U_1q,2) =. *· 

I 

FITTED 
LINE 

II 12 13 ·~ 10 
ENERGY< 11EV ) 

PR-1q1 B 68 <2891) 

A = 1.saq•1.3qe MEv-1 

~.2N)" ISZ~.Qt~7.B HB 
~.2N) 
Cll1q,2) =.915*.032 

FJTTFO 
LINE 

DATA 
POINT 

• FXPFR 111tN f 
D ADJUSTED EXPT. 

15 

OATA_ 
POINT 

18 

3 

17 18 

• EXPERIMENT 
c ADJUSTED EXPT, 

3 

10 II 12 13 I~ IS 16 17 IB 
ENERGY( HEY) 



PA•t41 , , ,FR8M REF, F 60 UOiU ··············································· ENERGY No2N CRISS SECTIIN IM8l 
IMEVl MEASURED, EAR ADJUSTED• EAR ··············································· 12,410 1231,00 111,00 1231,000 111,000 
1J, 770 1JS6oOO 125,00 1386,000 125,000 
14,740 1591,00 143,00 1597,880 143,611 
t5,780 1737,QO 1,6,00 1756,176 1,7,71' 
16,960 1606,00 145,00 1634,6S3 147,517 ................................................ 
rITTEr PARAMETERS ................. 
NUCLEAR TE"P• • 1,199 PLUS•IA•MINUS ,t39 MEV 
ASYMPUTIC CN,2N) CReSS SECTUN • 1696,76 PLUS•IA•MINUS 71,11 MEl 

AELATE:O DATA ............ 
NIN•FLASTIC CRUS SECTION AT 14,2 MEV • 2102,73 H8 
CNt2~;) THAESHALD • 9,46 MEV 
C~t3K) THAESHI!ILD •· 17,45 MEV 

THIS IS8T0PE .. as 82 NEUTA8NS, . 59 PA8TII5NSt CMASS • 14U 

~EUTRS~ EXCESS PARAMETER • ,16312 

RATIO ar ASYMPTOTIC 1No2Nl Tl 14,2 MEV ~IN•ELASTIC 
,8069 PLUS•SA•MINUS ,0371 

T•SQATCNJ • 10,8'7 T•SQATUJ • 14~,237 
EAABA 1 1 259 EAAIR 1,651 

PR•141 ,,,F'AeM AEr, F 60 C602J ··············································· ~NERGY ·N,2N CRISS SECTI9N IM8l 
<HEVl MEASURED, ERA ADJUSTED, ERA ··············································· 1?,410 1231,00 111,00 12Jt.DOO 111,000 
1J,77C 1386,00 125,00 1386.000 125,000 
14,7&0. ti591,CO U3.tl0 1597.880 143,618 
t5,7bO 1737,00 156,00 1756,876 157,78, 
16,9b0 1606.0tt 145,00 1634,653 147,517 ··············································· 
F ITT! D PARAHE TEAS ................. 
Lt:Vtl :.. ... At:ING I 8,1J~ J'LUS•BH•KINU:t1,916PI:H MEV 
JSYHPT0TJC CN.2NJ CtUJSS SECTUIN • 1745,71 PLUS•8A•MINU9 94,30 MS 

RELAlEU VATA ............ 
NQIN•ELASTIC CPeSs SECTI0N AT 14,2 MEV • 2102,73 MB 
CNt2NJ T11RESHV.l0 • 9,46 MEV 
(U,JNJ l..tkESW~LD • 17,45 MEV 

THI~ 1St'IT0PE HAS 82 NEUTABNS, 59 PABTBNS, CMASS • 14U 

t~EUTJfbN excess P.uartETER • .16312 

RJTIB Sf ASY11PTPTIC CN,2NJ Te 14,2 MEV hSN•ELASTIC 
, 8302 PlUS•SA·H I NUS • 04~8 

N/3,AC:ING • 10,080 &13Po1CIN~ • l7 ,333 
EAABR ·2,448 ERRBR 4,210 
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177 

PR-11H F 60 (602> 

T" 1.199!,139 MEV 
~.2N> .. 1696.Bt78.1 MB 
cti.N,2N> Clf1q, 2>".B07t.037 

FITTED DATA 
LINE POINT 

• EXPERIMENT 
D ADJUSTED EXPT. 

3 

9 10 II 12 13 I~ 
ENERGY< MEV> 

IS 18 !7 18 . . ~ 

PR-1q1 F 60 (602> 

A= B.135t1.976 ME'r1 

~.2N>= nqs. 7tgq,3 HB 
cti.N. 2N > _ · 
<tJ.lq,2) -.B30t,Qq5 

FITTED DATA 
LINE POINT 

• EXPERIMENT 

D ADJUSTED EXPT. 

3 

·Ia II 12 19 ·~ ENERGT'CHEV> 
IS 16 17 18 



178 

PA•141 , , , FASM REF, K 60 ( 770 I ............................................... 
ENERGY N,2N CResS SECTUN CMBI 
CHEVI HEASURED, ERR AUJUSTEDo ERR ··············································· 12,200 1240,00 100,00 1240,000 s.oo,ooo. 
u,6oo 1~9o,oo no,oo 159o,ooo no,ooo 
13,800 1690,00 150,00 1690,000 150,000 
14,050 111o,oo no,oo 111o,ooo 15o,ooo 
14,300 1800,00 170,00 1101,504 17Q,J,42 
15.95o 1760,oo uo,oo· uoz.1n 161,995 
16,700 1630,00 uo,oo 1660,323 182,981 

········································~······ 
r1 TTED PARAMETERS ................. 
NUCLEAR TEMP, • 1,151 PLUS•IR•MINUS ,0114 MEV 
ASYHPTeTIC CN,2NI CRasS SECTI0H • 190o,39 PLUS•8R•MIIIUI 71,28 MB 

~ELATED OATA ............ 
N0N•ELASTIC CR0SS SECTI0N AT 14,2 MEV • 2102,73 M8 
CN,2,0 THAESH8LD • 9,46 "EV 
(N,.SNI THAESH8LD • 17,45 MEV 

THIS ISOTePE HAS 82 NEUTRINS, 59 PMOTINS. CNASS • 14U 

1'4EUTRSN EXCESS PARAMETER • ,16312 

RATI0 SF ASYMPTeTIC CNo2NI Til 14,2 MEv N0N•ELASTIC 
0 906~ P~Y$•0R•MIN~S 0 0H9 

T•SORTCN) • 10,423 T•SQRTU) • 13 1 667 
EAR0R , 8,1 ERR0R 1o116 

PA•t•t , 0 0 rAeM REr. K •o C17o, ............................................... 
EN~Ray No2N CRBSS SECTISN CHHI 
CII!&Y') MCAtUnCD, cnn AD~U~'(D, ERn ............................................... 
12.~00 t240ooo tooooo t2•o.~:~oo too,noo 
12,ooo , •• n.oo 15o,oo 1"0,000 uo.ooo 

u:m tm:~~ m:~g m~:g~g m:m 
14.300· 1ano.on Po,oo 1601,,04 170,142 
15,950 1780,00 160,00 1802.193 161·,995 
.16.7oo 183D.nn 160,00 1eoo,J23 182,9U ............................................... 

, FITTED PARAHETER$ ................. 
LEVEL SPAC lNG • 8, 703 PLUS•0R•HINUS1,~83PER HEY 
ASYMPTBTIC CN,2NI CReSS SECfUN • 1902,17 PLUS•0R•HINUS 95,13 H8 

RELATED DATA ............ 
N0N•ELASTIC CRBSS SECII0N lT 14,2 HEY • 2102,73 HB 
CN.2N) THAESH0LD • 9o.6 HEY 
CN,3N) THAESH0LD· • 17,•5 HEY 

THiS ISBT0PE HAS 82 NEU.TR0NS, 59 PR010NSo CHASS • 1411 

NEUTR0N EXCESS PARAMETER • ,10312 

RAile er ASYHPTBTIC CNo2NI Te 14,2 HEY N0N•ELASTIC 
,9332 PLU9•DA•_M1NUS ,0452 

N/SPAC I NG • 9, 422 A/SPACING • 16.201 
ERRSR 1o 922 ERR0R 3,133 
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210. 

9 

PR-l'fl t:: 60 (770> 

T = 1.151!.091f HEY 
a;.(.N. 2N > • 1906.1f* 71.3 H 
~.ZN> 
q111f.2) •.907*. 

FITTED 
LINE 

II 12 13 ·~ ENERGY< HEY> 

PR-l'fl K 60 ~770> 

A" 8.703•1.683 HEV"I 
""""',ZN)•J95Z.Zt95.1 H 
~.2N) 
q,llq.z) ... 1133•. 5 

FITTED 
LINE 

DATA 
Pl'JINT 

• EXPERIHENT 
Ill ADJUiTED EXf?T. 

IS 

DATA 
Pl'JINT 

18 

3 

17 

• EXPER I HENT 
c ADJUSTED EXPT. 

Ill 

o.r..... ............................... ""'"': .......... ~ ..... ...._. ..... ~ ..... ""'"': .......... ~........, 
9 10 II 12 13 I~ IS 16 11 18 

ENERGY< HEY> 



ND•142 1 I ,rAsH AEr I a 10 ··············································· E•ERGY N,2N CRBSS SECTIBN c•at 
C•EV I •EASURED, ERR ADJUSTED• ERR ··············································· 1l,Mou 122o,no 1ao.oo 122o.ooo 12o,ooo 
1J1lOO 1360,00 120,QO 1360,000 120,000 
14,100 1560,00 120,00 1560,000 120,000 
14.600 11540100 120,1)0 1S44,9SO 1201386 
15,100 161~.00 uo.oo 1621,090 120.827 
1~.700 1710,00 170.00 1728,518 171,841 
1613oo 1~no.oo 170,I)o 1825,746 172,432 
1~.9oo utto.oo t5o.no 1790,536 152.603 
17,5oo 11.so,oo t7o,oo 1764,611" t73,401 ··············································· 
r I TTED PARA•ETEAS ················· ~UCLEA'f TEMP, • 1,282 PLUS•OA•MINUS ,QS5 ME¥ 
ASYMPTiJTU; C~,2JU CReSS SECTUfl • 1818,23 PLUS•BR•MINUS 3J,00 MB 

AE~ATEa UAU ............ 
N8N•ELASTIC cA~Ss SECTIMN at 14,2 MEV • 2109,72 HB 
(~t2N) THRESH2'LD • 9,88 MEV . 
C~tlNJ hlhESHALn • 18.00 MEV 

THIS ISVT~PE HAS ez.r•EUTR8NS, 60 PABTSNS, CHASS • 142) 

NEUTQAN EXCESS PARA14ETER • 1 15493 

lltTJd or ASYHPTBTIC CN,:!NJ T" 14,2 MEV N8N•iLASTJC 
.8618 PLUS•CR•MINUS t0156 

T•SQRHNJ • Uo609 T•SDATUJ • 15,277 
t:kR0A o 498 ERASA ,65S 

ND-142 •• ,rR"" REF, a 7o ··············································· ENf;RUY Nt2N CRBSS SECTJBN (MBJ 
(HEVJ MEASURED, ERA ADJUSTED, ERR ··············································· 12.80U 1'20,00 120,00 1220,000 120,000 
1l,JOU 1360,00 120.iJO 1J60,000 120.000 
l4ol:lU t560,on 120.00 1'60,000 120,000 
14,600 1540,Iln 120.00 1544.9'0 120.386 
15o100 1610,00 120,0U 1621,090 120,827 
1~.700 1710.01] 170,00 1728,518 171.841 
16.:Sll0 lf'O,O,no 170,:JO 1825,746 172,432 
16.900 1760,00 150.00 1790.~36 152,603 
11.~00 t73n.oo 110,00 1764,011 17.S,"01 ··············································· 
r I TTED PAfUMFTEClS ................. 
LEVEL S?ACJ•G • 1,339 PLUS•0R·~INUS ,655PER •EV 
ASYiiPT0TJC ('11,2Nl CR"SS SECTUN • 1882.30 PLUS•SA•MINUS 40,43 pt8 

rlELAHD DATA ············ N•N·HASIJC CR~SS SECIJaN AT 14,2 •EV • 2109,72 •B 
(!'11,2fn TH~ESHPLD • 9,88 MEV 
(U • .3U) Tth~6fi:HPLD • U .00 'fliV 

T~IS ISIHi.!PE HAS 62 NEUTAIIINS, 60 PAiHBNS, CHASS • 142) 

NEUTHD~ F.XCESS PARAMETEQ • .15493 

RATIU af" AS'fi':PTBTJC cN,2NJ T0 14,2 MEV ~eN•ELASTIC 
.•92?. PLUS•0R•HINUS , 0192 

N/5PAr.JN~ II 11ol73 A/SP.t.CING • 19,349. 
ERR~R ,Qq7 ERR0R 1o 727 

i( I 
J, 

1800. 

1600. 

1'1011. 

~ 1200. 

i 
..J 
..J 

i: 
.!.. 
z 
N 

1000. 

:i aou • 
b 

600. 

'1011. 

2110. 

ND-1'!2 B 70 

T • 1.2B2t.055 KEY 
~.2N>" 1B1B.2t33.0 KB 
g+N,2N> 
CU,1'i. 2 > •,862t •. 016 

FlllfU 
LINE 

UATA 
POINT 
• EXPERIMENT 
c ADJUSTED EXPT. 

3 

179 

o •. ~9~~~~~~~,~~1~2~~~,~,~~,~~~~~,5~~~,~6~~~,~7~~,8 

1800. 

u;w. 

I~W. 

;!: 800. 

b 

600. 

'1011. 

2110. 

0. 
9 

ENERGY( MEV> 

ND-1'12 B 70 

A= 7.339t.655 KEV"1 

~.2N>= 1BB2.3t'IO.'I KB 
C!,(,N,2N> 
Cll1'1.Z> •.B92t.019 

FITTED 
LINE 

10 II 12 ,; I~ 
ENERGTC KEY ) 

DATA 
POINT 

• EXPERIMENT 
D ADJUSTED EXPT. 

3 

IS i8 17 18 



180 

SH•144 ",rAe" REF, 8 68 C2891) ............................................... 
ENERGY N,2N CRZSS SECTIIN CM81 
CMEVl MEASUREPo ERR APJUSTEPo ERR ............................................... 
tz,7ao a9o,oo ea,oo &9o,ooo aa,ooo 
13,440 1081,00 106,00 1081,000 106,000 
14,110 1371, DO 137 ,DO 1371, ODD 137 ,ODD 
14,870 1629,00 160,00 1637,368 160,822 
15,520 1637,00 160,00 1652,537 161,519. 
16,180 1703,00 ~68,00 1725,718 170,241 
16,850 1703,00 168,00 1731.465 170.808' 
17,78o 1856,oo 181,DD 1894,n6 1b4,729 
18,560 1706,00 166,00 1745,62~ 169,1, ................................................ 
rJTTED PARAMETERS ················· NUCLEAR TE"P, • 1,370 PLU5•8A•M1NUS ,061 "EV 
ASY~PTITIC CN,2Nl CRBSS SECTIBN o 1878,00 PLUS•IR•MINUS 49,07 M8 

RELATED DATA ............ 
NBN•ELASTIC CRBSS SECTIBN AT 14 0 2 MEV • 2123,64 M8 
CN,2N) THICESH&!ILD • 10,62 MEV 
,,.,3N) THAESH"LO • 19,13 MEV 

THIS IS~T0PE HAS 82 NEUTR0NSo 62 PR0T.NSo CMASS • 144) 

NEUTRBN EXCESS PARAMETER • .1J889 

RATIB er ASYHPtBTIC CNo2Nl fa 14,2 MEV NIN•ELASHC 
,884:3 PLUS•8A•MI~US ,0231 

T•SQATCN) • 12,406 
6RR0R ,GU 

T•S~RT(A) • 16 1 440 
ERRIR ,732. 

SH•144 .,.rAeM AEr, 8 61 121911 ··········•···································· ·ENERGY N0 2N CRfSS SECTifN CM81 
CHEVl MEASUREPo ERR ADJUSTED• ERR ·································•············· 1~.,•u a•a.oo 88,DO eoo,ooo aa;ooo 
13,440 1081,00 106,00 1081.000 106 .• 000 
l"tllO l~7l,UU 137,Uu .a,;;ll,UUU ,i.,II,UUU 
14,870 1629.00 160,00' 1637,368 160.822 
15,520 1637.00 160,00 1652,537 161.519 
16,180 1703,00 168,00 1725,718 170.241 
16.850 1703.00 168,00 1731,465 170,808 
t7, 7tto 1&56, oo -181,00 1894.236 t84. 729 
18,560 1706.00 166,00 1745,622 1611,855 

••••••••••••••••••••••••••••••••••••••o•••••••• 

f I TTtD rAnA.IfT[n:'l ················· LEVEL SPACING • 6,462 PLUS•BR•HINUS ,706PEA MEV 
ASYHPTBTIC lN,2NJ CR~SS SECTI9t4 • 1966,30 PLUS•OA•"INUS 69,61 MB 

RELATED DATA ............ 
N0N•ELA5TIC CR05~ SECTION AT t4."~ MEV • 2123,64 MA 
CN,2NI THWESHPLD 1 10,62 HEY 
CN.JN) THRESH0LD II 19,13 MEV 

THIS IS8T3PE HAS 82 NEUTRBNS, 62 PRBTBNSt C11ASS • 144) 

NEUTRBN EXCESS PARAMETER 1 .13889 

IU.TIM er ASYMPTiiTIC CNe2NJ T8 14.2 11EV NSN•ELASTIC 
o9259 PLUS•0R"HJNUS o0328 

PUSPAClNG • 12.690 A/SPACING • . 22.?.84 
EHR0R 1. 386 ERRBR 2, 435 

I 

111110. 

16110. 

1~70. 

.~ 1260. 

~ 
...J 

.. g 1050. 
,!.. 
z 

·N 

~ 8110. 

b 

630. 

'1211. 

210. 

o. 
10 

1800 • .., 

1680. 

1~70. 

~ IUO. 
< 
CD 

:::1 
;: 
,!.. 

~ 

1050. 

z 8'10 • 

b 

630. 

'121). 

210. 

SH-1~~ B 6B C2B91) 

T • 1.37Dt.061 HEY 
o;.(JI,2N)•1878.Dt~9 • 
g.L.N,2N) . 
qj_1~.2) -.~t.Q23 

IZ 13 I~ 

FLTTED 
liNE 

IS 16 .II 
ENERGYC HEY) 

SH-1~~ 8 68 ~2891) 

A D 6. ~62! • 706 HEv-1 

~.2N)• 1988.3~8!. 

q~CJ( 2N) 9"6 . O"• q_(llf.Z> =. ' *· .,., 

FITTED 
LINE 

12 I~ IS 18 
ENERGYC HEY> 

DATA 
POINT 

• EXPER 111ENT 
fi 1\UJu:) I t:U t:.IU"I • 

17 

DATA 
.POINT 

18 

3 

19 

• EXPER IHENT 

20 

c ADJUSTED EXPT. 

3 

11 18 19 20 



SH•144 , .. rROH REr, A 6;J U182J 

· e :e: ~;· · · · ·· •• ••••·• :: ;: ·~::;;·;e~;i;: ·~;:~··· 
"IMEVJ HEASURED 1 EAR ADJUSTED, ERA ............................................... 
12,900 769,00 77,00 769,000 77.000 
13,300 953,00 95,00 953,000 95,000 
1J,8oo 1247,oo 125,oo l247,ooo 125,ooo 
14,100 1544,00 154,00 1544,000 154,000 
14,400 1501.00 151,00 1510,422 151.243 
14,900 1569,00 157,00 1577,395 157.840 
15,200 1670.00 167,00 1682,J9J l68,2J9 
15,700 1516,00 152,00 15J2,06J t5J,611 
10,000 16,0,00 165,00 1670,368 167,037 
16,40o 16·:n,oo 163,oo 1654,657 165,364 
17,200 1634,00 163,00 1663,170 165,980 
17,500 2000,00 200,00 2039,04, 203,904 
17,800 2336,00 234,00 2384,298 238,831 ··············································· 
rJTTED PAAAHETEAS ................. 
NUCLEAR H:HP, • 1,667 PLUS•"R•MI .. IJS ,168 MEV 
ASYHPIBTJC 1No2NJ CADSS SECTJ8N • 209J,U PLUS•IA•HINUS 153,, Ml 

AELA TED DATA ............ 
NIN•ELASTIC CRISS SECTIIN AT 14,2 MEV • 212J,64 HB 
CN,2NI THAESHPLD • 10 1 62 NEV 
Ct~,3NJ THAESHILD • 19,13 NEV 

THIS ISIUPE HAS 82 NEUTRINS, 61 PAITI~S, (HAS$ • 1441 

NEUTRIN EXCESS PARAHETEA • ,1J889 

·RATIS ar ASYHPTBTIC 1No2NJ TB 14,2 MEV NIN•ELASTIC 
, 9856 PLUS•BA•H (NUS , 072J 

T•SQRTCNJ • 15 1 095 T•SGATUJ • 20 1 004 
ERRBR 1o521 EARBA 2,016 

SH•144 ,.,rAIN AEr, A 63 121821 ................................................ 
ENERGY N0 2N cRUS SECTIIN IHII 
IHEVJ HEASUAEOo ERA . ADJUSTED, ERR ............................................... 
12,900 769,00 77,00 769.000 77,000 
13,300 953,00 95,00 953,000 95,000 
13.8oo 1'47,'1n 12~.00 1247.ooo 12,,000 
14,100 1544,00 .154,00 1544.000 154,000 
14,400 1508,00 151,00 1510,422 151,243 
14,900 1569,00 157,00 157-7.395 157,840 
15,200 1670,00 167.00 1682.J9J 168,2J9 
15,700 1516.00 152.00 1532.063 153,611 
16,000 1650,00 165,00 1670,J68 167,0H 
16,400 1631,no 163.00 1654,657 165,364 
17,200 1634,1)0 163,00 1663,870 165,980 
l7,,ou !Ouii.Uu l'uu,uu ,lu.,Y,U4' :iu,,¥04 
17,800 2336.1)0 234,00 2384,296 238,838 ··············································· 
rJTTED PARAMETERS ................. 
LEVEL SPAGJNG • 4,042 PLUS·9R·HINUS ,964PEA HEV 
-'SYHPT9TIC (N,~N) CRliSS SECThUw • 23o5.6J PLUS•IA•MINUS 228,14 HB 

RELATED OATA ............ 
NIN•ELASTIC CAPS$ SECTUN AT 14,2 HEV • 212J,64 HI 
CN,2NJ THRESfoiBLD • 10,62 "EV 
CN,JNJ THHESHPILD • 19,13 "EV 

THIS lSITbPE HAS 82 NEIHRBNS, 62 PR0T0NS, CHASS • 1441 

NEUTRBN EXCESS PARAMETER • ,1J989 

RATIO ar ASYMPTOTIC 1No2NJ TO 14,2 HEV NON•ELASTIC 
1. 0857 PLUS•BR·H I NUS o1074 

N/SPACIN& • 20,287 AISPAC!NO • J5,626 
ERRBR 4 ,8J8 ERROR 8, 497 

l 

~ 
a: 
< 
!!! 
...J 
...J 
;: 
,!.. 
z 
N 

z 
b 

If) 

i 
< 

• ID 

...J 

...J 
;: 
,!.. 

F5 

2700. 

2'130. 

2160. 

1890. 

16211. 

1350. 

·1080. 

81o; 

5'10. 

270, 

2'1311. 

2160. 

11190. 

1620. 

1350 • 

SH-l'i'i R 63 <2182 > 

T = 1.667 t .168 HEY 
~.2N>• 2093.1 ~ 153.SHB 
~.2N> 
q11li.2> =.986~.072 

FITTED 
LINE 

12 IS I~ 15 18 
ENERGY< HEY> 

SH-1'i'i R 63 <2182> 

A • Ci.Q1!2t,96'i HEV"I 
~.2N>• Z305.6~228.1 HB 

~ •1.086~.107 

! 

DATA 
POINT .. EXPERIMENT 
·c ADJUSTED EXPT. 

3 

17 18 I!J 20 

~ 1080. 

b 

810. 

5'10. 

270. 

FITTED 
LI~E 

DATA 
POINT 

• EXPERIMENT 
c ADJUSTED EXPT. 

3 

0i~o....J~II ..... ~I~2 ..... -,~,~~~~~--:1~5 ..... ~18~""":1~7 .... ~18:--:l~il"-~20 
ENERGY< HEY> 

181 



182 

TH•t69 .. ,rAe" REF', T 60 c590, ............................................... 
ENERGY N,2N CR0SS 5ECTI0N lMBI 
CMEVI MEASURED, ERR ADJUSTED• ERR ··············································· 9,800 431,00 170,00 431,000 170,000 
10,350 665,00 270,00 665,000 270,000 
11,500 865,00 350,00 865,000 350,000 

. 12,300 934,00 370,00 934,000 370,000 
13,000 924,00 37(1,00 924.000 370.000 
tJ,eso 955,oo Jeo,oa 955,ooo Jeo,ooo 
14,500 1032,00 410,00 1033,894 410,753 ··············································· 
FITTED PAHAMETERS ················· NUCLEAR TEHP, • 1,122 PLuS•IR•H I NUS , 066 HEY 
ASY"PTeTIC CN,2NI CR.,SS SECTJ0111 • 1031,82 PLUS•IR•MINUS 37,46 HB 

RELATED IJATA ............ 
N0N•ELASTIC CABS$ SE:CTI0N AT 14 1 2 MEV • 2292,22 MB 
(fii,ZNJ THRESHOLD • 8,11 MEV 
(U,3NJ T11RESH0LD • 14,96 "EV 

THIS ISBT.,PE HAS 100 NEUTRIIJI\IS, 69 PRttT0NS, IMASS • 169) 

hEUTH0N E:ACESS PARAHETEH • ,18343 

RATI0 11:1r ASYHPTBTJC (N,2N) T., 14,4! HEY NBN•ELASTJC 
,4501 PLUS•iH~·MlNUS ,010•3 

T•SURT(N) • 11,220 reSQHTUJ • 14,586 
ERRi"R ,660 ERRBR ,858 

TM•169 , • ,FR0M REF; T 60 <590 I ··············································· . [lt(flG"i iii,C'"'i t:f'l!:i5 ~ECI UN '"tU 
CMEYI HCACURED, ERR ADJUSTED• ERR ·················· ............................ . 
9,800 431.00 170,00 431.000 170,000 

, n ,.150 ~f-li, oo 2'0. oo 6•~. uoo 27o, ooo 
11,500 865,0o 35o,oo 865.ooo 35o,ooo 
12,3oo 934,oo 37o.oo 934.ooo .no.ooo 
13,ooo 924,00 37o,oo 924,ooo 37o·,ooo 
13,850 955,00 380,00 9,5,000 380,000 
14,5oo 10J2.oo 4to.oo 1033,894 410,7'3 ............................................... 
FJTTt!D PAFcAf'IETP.As ................. 
LEVEL SPACINCI • 7,225 PLU!•BR•HlNUS1,065PEA MEV 
ASYHPTBTIC P~,2NJ CHBS.S SECTUN • 1089,05 PLUS•BA•HINUS 55,05 MB 

RELATED LIATA ............ 
N0N·~LASTIC CR~SS SEtTJeN AT 14.2 MEV • 2292,22 HB 
U~,2N) THRESH0LD • 8,11 HEY 
0~, 3ro TI;OC:'iuCJlD • l4, 06 HCV 

THIS ISST"PE IUS 100 ~EUTRBNS, 69 PRBTrlNS, CHASS • 169) 

NEUfR0N EXCESS PARAMETER • ,18343 

RATI0 gF ASYHPT0TIC (N,2Nl T0 14.2 MEV N0N•ELAST!C 
.4751 PLUS•0R•MINUS ,0240 

1\1/SPAC lNG • 13.841 
. ERROR 2, 040 

A/SPACING • 23,391 
. ERR0R 3 • 448 

"' z 
0:: 
< 
a> 
:::; 
...J 
;: 
,.!.. 
z 
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z 
b 

11'1 z 
0:: 
< a> 
~ 
...J 

i: 
,.!.. 
z 
N 
;;. 
b 

1500. 

TH-169 T 6D (59D) 

1350. T = 1.122! .D66 IIEV 
q.(,N.2N)= ID31.8*37.5 H8 
qJ.N,2N) 

1200. q_~l'!.2) =.'!SD*.DI6 

1050. 

900. 

750. 

600. 

~so. 

FITTED DATA 
300. LINE POINT 

• I:'XPf.I<IHI'NI'. 
0 ADJUSTED EXPT. 

3 

9 10 II 12 13 ·~ IS 
ENERGY< MEV) 

1500. 

TH-169 T 60.<59D> 

13!0. 
A • 7.225*1.D85 HE~1 

q.(,N.2N)= 1089.D*55.1 H8 

1200. 
g.U'l. ZN> 
q_~l'!.2> =.'!75*.D2'! 

1050. 

900. 

750. 

ljl'fl .. 

~50. 

""· 
FITTED DATA 

LINE P'OINT 

• EXPERIMENT 
0 ADJUSTED EXPT. 

150. 

3 

9 10 II IZ " I~ 
ENERGY< MEV ) 



! .. 

AU 197 ,.,F~8M REF, T 60 C590) .................... , ......................... . 
h~AGY N0 2N CABS$ SECTUN 1•91 
I MEV) MEASURED,. EAR ADJUSTt:D• ERA ..................................•............ 

9,11JO 235,00 47,00 235,000 47,000 
9,350 3Ae,oo 76,00 3ea,ooo 76,000 
9,800 720,00 140,00 720,000 140,000 

10.J50 1285,00 2'0,00· 1285,000 250,000 
u,ooo 1615,00 310,00 1615,000 :uo.ooo 
u,5oo 1695,oo 32o,oo 1695,ooo :sao.ooo 
11,8JO 1899,00 361,00 1199,000 361,000 
12.1~0 1645,00 311,00 1645,000 311,000 
12.300 1824,00 351,00 1124,000 351,000 
12,800 2145,00 401.00 2145,000 401.000 
13,1JOO 2074,00 391,00 2074,000 391,000 
13,e5a 2124,oo 391,00 2124,ooo 391,ooo 
14,000 2214,00 412,00 2214,000 412,000 
14,500 2168,00 392,00 2170,865 392,518 ··············································· 
r I TTEO PARA•ETERS ................. 
NUCLEAR lt:MP, • 1 1 787 PLUS•.,H•HINU$ ,149 HEY 
ASYMPTIU I C IN ,2t4) CReSS SECT 14 .. • 2731, ~9 PLUS•SA•MINUS 229,33 MB 

RtLATED ~AU ............ 
N~N-ELASTIC CReSS SECTiilr. AT 14,2 MEV' • 2472,01 HB 
CN,2NJ TttHESH0LD • 8,12 MEt;" 
CN,Jh) THftESH0LD • 14,82 MEV 

THIS ISBHH't:' HAS 118 t.I:UTASt4;i, ?0 P.:t"h'NS, IMASS • 197) 

NEUTAdfll E~CESS PARAMETER • ,19797 

RATI0 er ASYMPTOTIC (111•2,.) Te 14,2 MEV NIIJN•ELASTIC 
1,1051 PLUS•OA•MINUS ,0928 

T•SORTCNJ • 19 1 412 T•SQATUJ • 25,082 
ERAi:tA 1 1 619 EAA0R 2, 091 

AU 197 •• ,FR0M REF' I T 60 C590J ............................................... 
. ENERGY N,2N CA0SS SECT UN CM8) 

CHEVJ !'tEASUREO, EAR ADJUSTED, EAA ............................................... 
9,100 
9,350 
9,800 

10.&50 
u.ooo 
11. ~00 
11,800 
12,100 
12.&00 
12,auu 
13.000 
13.850 
1• 1 UUU 
14,500 

235.00 47,00 
388.00 76.00 

-- 72o.no uo,oo 
ue5.oo no.ou 
1tt1S,nn 31o.oo 
1695,oo 32o.oo 
1tt99,00 361,0IJ 
1645.00 311.00 
1824,1HI 351,00 
Z14,,00 401,00 
2074. on 391, oo 

m::~g m:~g 
2108.00 392,00 

235,000 47,000 
- ·.see,ooo ·J6·.ooo· 

720.000 140.000 
ua,,ooo 2!o,ooo 
l615,ooo 31o,ooo 
1695,000 320,000 
1899, OOIJ 361 1 000 
1U5, 000 3U I DOD 
1824,000 351.000 
2145,000 401,000 
2074,000 391,000 
ZU4.000 391.000 
2214,000 412,000 
2170.865 392.518 ··············································· 

rtTTED PARAMETERS ................. 
LEVEL SPAC.:It4G • '..215 PLU5•0fi:•MJ~US ,524PEA I"EV 
ASYMPT0TIC (N,2NJ CA.,SS SECTirdh • 3438,49 PLUS•0R•MINUS 472,15 M8 

RELATED DATA ............ 
NFIN•ELASTIC CAPSS SECTIIN AT l4o2 MEV • 2472,01 MB 
CN,2NJ THAESN0LD • 8,12 MEV 
Wt3N) THRE:51-4ALt' • . 14_.82 MEV 

THIS ISST-'PE HAS 118 NEUTA0NS, 79 PRehN$, (MASS • 197) 

NEUTA0N EXCESS PARAHETER • ol9797 

RATIO 0F A9YHPUTIC (N,2"J T0 14,2 MEV NSN•ELASTIC 
1,391/J PLUS•IIIA•MINUS ,1910 

N/SPACING • 53,273 
ERROR 12.603 

A/SPACINO • 88,939 
EARBA 21,040 

31100. 

2'700. 

2'100. 

2100. 

"' 1800. z 
a:: 
~ 
~ 

= 1500. 
E 
,.!,. 
z 
N 

z 1200. 

b 

900. 

600. 

900. 

3!iiJO. 

zeoo. 

~ ~00. 

~ 
...J g 2000. 

,.!,. 

~ 
.z 1600. 

b 

AU 197 T 60 C590> 

T = 1. 787 t. 1 1!9 HEY 
o;J.N. 2N> = 2731. 9t 229.3118 
cxJ.N, 2N> 
CU.11!.2) =1.105*.093 

FlTTEO 
LINE 

9 io II 12 
ENERGYC HEY> 

AU 197 T 60 <590) 

A= Z.215t.52'i HEV""1 

o;.(.N, 2N > = 31!38. 5* 1!72.1 11B 
a;J.N. 2N) · 
~=1.391•.191 

/ 

FITTEO 
LINE 

IQ ~NERGYc~h> 

183 

~ 

OATA 
POINT 

• EXPERIMENT 

0 AOJUSTEO EXPT. 

3 

13 1~ 15 

OATA 
POINT 

• EXPERIMENT 

C• AOJUSTEO EXPT. 

3 

13 ·~ IS 
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TL-203 ,,,rAiiH REF', T 60 <590) ............................................... 
EN~RGY N,2N CRess SECTteN ("91 
tHEVJ HEASUAEOt ERR ADJUSTED, EAR ··············································· 9,100 190,00 38,00 190,000 38,000 
9,350 400,00 80,00 400,000 80,000 
9,800 470,00 94,00 470,000 94,000 

to,Jso 740,oo tso,oo 7~o.oo~ t5o,ooo 
11,000 !1100,00 220,00 1100,000 220,000 
11,500 1130,00 230,00 11JO,OOO 2JO,OOO 
12,300' 1290,00 260,00 "1290,000 260,000 
13,000 1420,00 280,00 1420,0d0 280,000 
13,85U 1450 1 00 290,00 1450,000 290,000 
14,000 1460,00 290,00 146li,OUD 290,000 
14,500 .1560,00 310,00 1561,907 310,379 ··············································· 
r I TTtO PARAHfTERS ················· NUl:LE:AR TE-IIIIP, a 2,283 PLUS•BR•HlNUS ,270 HEY 
ASYHPTBTIC Pf.2N) CReSS SECTI"N a 2079,07 PLUS•SA•HlNUS 279,25 MB 

RELATED L!ATA ............ 
N0N•ELA5TIC CReSS SECT!eN AT 14,2 •Ev • 2509,65 "9 
CN,2N) THAESHeLD a 7,76 HEY 

· fN,Jul THHF.5HIILD 1 l1,7i HEY 

IRt! l,.,idli"l! rti!l .LII IU::UTftDU), 01 rnwTIIuG, IHA~O a roU 

~EuTASN ElCCESS PAAAfitETEA a ,20197 

AATl0 er AS'fHPT8TIC CNt2N) HI 14,2 HEY ~BN•ELASTIC 
.A'R• PI.IIS•fiR!!HINU5 .1113 

T•SQATUt) • 25,217 T•S.;JHTU) • 32,528 
ERA0A 2.982 ERReR ~.847 

TL•20~ ••• rAeH REF", ' 60 n9o, ............................................... 
ENERGY N,2N cResS SECTI~N CH91 
(HEV) MEASUREU, t:NN AUJUSHI>, e~~ iiiiliil······································· 9.100 190.oo 3s.oo 1vo.ooo Ja.ooo 
9,3so 4nO.Ot'l eo.oo 40o.oou eo.ooo 
9,800 47['1.(U) 94,00 470 1 000 94,000 

llJ,J~O 740,011 150,00 740,000 1~0.000 
u.uoo tti'IC·,OIJ 22o,uo uoo.ooo 22o.ouo 
11.5UU 1130,1}0 230,00 1130,0UO 230,000 
12.30o 129t~.on 26o.oo 129o.ouo 26o,ooo 
t3.ono 142n,n,-. 2Au.oo 142o.ooo 28o,ooo 
13,85u t"~o.no zvo.l'O 1450,1100 zwo,ooo 
1-4,000 1-160.("10 200,()0 1460.000 290.000 
t4,';;00 1'51\o,no 31o.oo t56t,9•J7 J10.l79 ··············································· 
F l TTED PAhUtfTEAc; 

~~:e~·;;;~~;~·:•;,l,~ PLU5·~R-to!I~\IS .42l'!H MEV 
ASYHPT0Tit: PI,2N) CR~SS SfCTU~ • 2972.05 PLU5•0A•HINUS 7t5,84 HEI 

loli!!L• lfn r •• ,. ............ 
NP.N•ELASTIC CQrSc; SECTI0to. AT 14,2 MEV ~• :.!509,65 MB 
(h,2t'l) fliqi::SI-'~LD • 7.76 MEV 
h'•lNJ T~RESI-I?.Ltl • 14o72 MEV 

HilS IS0T;dPE t'AS 122 rlEUTR0~S. 81 PR0T0NS. (MASS • 203) 

rlF:UT,U1~ EKCESS PARAHHER • ,20197 

~ATU! er ASYt:PH'TJC (~,2NJ T0 14,2 MEV N0N•ELASTIC 
l,li•:t PLoJS•~,A•M ~NUS • 28'i2 

N/SPACING • 105.6'.8 
ERki1R 38, ~02 

A/SPACING • 175,758 
ERR~H 64,064 

2'100. 

2160. 

1920. 

1880. 

en 1'1'10. z 
a< 
< 
a:J 

...J 

...J 

! 1200. 

z 
·N 

z 9611. 

b 

72Q, 

'180. 

2'10. 

0. 
1 

2960. 

2590. 

.... 
-' 
;: 1850. 

..!-
z 
N 

z 1~00. 
tJ 

1110. 

370. 

TL-203 T 60 (590> 

T = 2.283t.270 11EV 
qJJI. 2N >" 2079.1 t 279. 3HB 

g.C.N, 2N) 828 
Clt11f.2>"· *.111 

FITTED 
LINE 

9 10 II 12 
ENERGY( HEV > 

-IL-;W::t l tiO. tSliU> 

A = I. 1551. lf21 HEV"1 

u.J.N.2Nl • 2972.01715.8 HD 

~ q_p'1. 2 > =l.IB'f*.285 

DATA 
Pill NT 

• EXPERIMENT 

c AOJUSTEO EXPT. 

13 

DATA 
Pill NT 

I~ 

• EXPEIIIHENT 

3 

c ADJUSTED EXPT. 

3 

IS 

o.?7~~~~~~~~~~~o~~~~~~~~~~z~~~~3~~~~~~~~~s 
ENERGY( HEV > 



P6•204 ,.,F"R!aH Rer, I 65 16031 ··············································· t:NEHGv N.2~ cRess secTUN cHBJ 
CMEVJ MEASURED, ERR ADJUSTED, ERR ............................................... 
1U,070 940,00 9CJ,OO 94U,OOO 99,000 
10,760 1347,00 139,00 1347,000 139,000. 
11,400 1114,00 121,00 1114,000 121.000 
12,000 1297,00 89,00 1297,000 89,000 
1:t.050 1591,00 84,00 1591,000 84,000 
12,310 t622,no 80,oo 1622,00o ae,ooo 
12,400 1519,00 114,00 1519.000 114,000 
12 1 970 liiAS. 00 QO .00 1685,000 ~0 ,000 
14,000 1H8,QO 69,01) 1748,000 69,000 ................................................ 
r I TTED PARAMETERS ................... 
NUClEAH TEMP, • 1,1)27 PLUS•IIIA•"INUS ,156 NEV 
ASYHPTdfiC CN,2NJ CR0SS SECTU:N • 17:S5,YO PLUS•BR•HINUS 101,56 MB 

RCLATED liAU ............ 
NldN•I::LASTIC CROSS SECTION AT 14,2 MEV • 2515,90 MB 
o:,2h) THhESHelD • 8,44 HEy 
C~t3NJ THRES.,.0LD • 15o26 MEV 

THIS IS0HIPE HAS 122 NEUTR0NS, tS2 PRUHINS, C"ASS • 204) 

NEtJTkdN l::XCESS PARA11ETEA • o19608 

RATI~ ~f ASYHPT~TIC 1No2NI U 14,2 "EV N0N•~LASTIC 
,6979 PLUS•0R•MINUS ,0432 

T•SIJRHNJ • 11,344 T•Su~TUJ • 14,668 
EAF.ilA 1, 723 ERR0R 2, 228 

P1:1·204 •• ,rR0H Her, t 65 uo3J ............................................... 
ENERGY N 1 2N CRiiliSS 5ECTI0N CH8) 
CMEYJ HEASUREO, ·eAR AUJUSTEOt EAR ··············································· 10.010 o•o.oo 9Y,Ou 9.o.uoo vv,ooo 
10.760 13ol7. no 139,011 1347 .ooo 139, ooo 
11,400 1114,1)0 UJ.,OO U.H,OOO lll,OUU 
1;i.OOO 1297,00 09,00 1297,000 89,000 
12.050 1591.00 84.00 uu.ooo 84.000 
12,l10 1622,rtO 8t5,00 1622,000 d8,000 
12.400 1519,00 114,00 1519.000 114,000 
12,970 usS,f)n 90,oo uss,ooo 9o,ooo 
14,0uu 17'1&,nn oY.uu 1748,000 ow.ooo ··············································· 
rt TTED p,t,;UMETERS 

LEVl:L :iP4CING • ~.Jll PLU9·0~·HihU4J2,9J7PER H!V 
ASYHPUTJC cro.,2"J CN~SS SECTJ"N • 1029,60 PLUS•SR•MINUS 137,85 H9 

RELA TEO U• TA 

N0t,•ELASTIC CQ0SS ~ECTUN AT 14,2 HE¥' • 2515.90 HB 
(N,2NI TH~ESH!'LD II 8,44 !'tEV 
CNtJNJ THRESJ.'~LD • 15o26 MEV 

THIS IS0T0PE HAS 122 NEUTR.,NS, d2 PHBT"NS, CHASS • 204) 

NEUTkBN EXCE'iS PARAMETER • ,19608 

RATIO Dr .lt'VI"PTDYIC Clh2IO hi 14tl U(V NlJN .. (i.A:JfiC 
,7272 PLUS.;.0R•"INUS ,0548 

N/SPACJNG • 13.075 A/SPACING • 21.863 
ERRaA 4,115 EAR0R 6,881 

1900. 

1710. 

1520. 

1330. 

V> 
11'10. z 

a:: 
< ... 
...J 
...J 

950. i: 
).. 
z 
N 

z 760 • 

b 

2000. 

1800. 

1600. 

1~00. 

"' 1200. z 
a:: 
< 
"" ::::; 
...J 

z: 1000. 

).. 
z 
N 

z 800. 

b 

600. 

~-

200. 

185 

PB-2D'i I 65 <6D3) 

T = l.D27!. 156 HEV 
~.2N)= 1755.9* 1DB • 

~ q_(1'i. 2 > =.698*.D'i3 

OTTED DATA 
LINE POINT 

• EXPERIMENT 
c ,ADJUSTED EXPT. 

3 

10 II 12 13 
ENERGY( HEV) 

I~ 15 16 

PB-2D'i I 65 <6D3> 

A = 9.331 t2.937 HEV'"1 J,;~ 

W·'"" '"'·'~ a,C,N.2N> 
q_(1'i.2) •. 727•.D55 

I l 

FITTED· DATA 
LINE POII'~T 

• EXPERIMENT 

c ADJUSTED EXPT. 

3 

10. II 12 13 I~ 15 16 
ENERGY< MEV l 
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PB•2o4 , ,,rAe" REr, ' 60 c5VOJ 
"""""""""""""""""""""""" 

ENER•Y N,2N cRBSS SECTION c•al 
CHEV 1 MEASURED, ERR ADJUSTED, ERA ··············································· 10,100 471,00 190,00 471,000 190,000 
11,500 1000,00 400,00 1000,000 400.000 
12,:soo 1240,oo 5oo,oo 124o,ooo 'oo,ooo 
12,eoo t:s:so,oo 5Jo,oo l:S:so.ooo 5:so,ooo 
14,000 1750,00 180.00 1750,000 180,000 ............................................... 
rifTED PAd•ETERS .................. 
NUCLEAR TEHP, • 2.059 PLUS•BH•HINUS ,144 HEY 
ASYHPTBTIC fN,2NJ CR~SS SECTUJN a 2312,82 PLUS•IA•HINUB 125,86 HB 

RELAU:D DATA ............ 
N0N•ELA5TlC CRBSS SECTI0N AT 14,2-HEV • 2515,90 HB 
CN,2NI THFIESHBLll • 8,44 HEy 
CN,JNI THHESHaLD • 15,26 HEY 

TtHS I SII'TidPE HAS 122 NEUTHUN!), 82 PR~TBNS, C"ASS • 204t 

NEUTRidN excess PARAMETER a ,19608 

RATI0 Bf ASYMPT0TIC CN,2NJ TB 14~2 KEY NSN•ELASTJC 
.9193 PLUS•BR·HINUS ,0500 

hSQRTCNJ • 22,742 T•SQRTUJ • 29,408 
EA~IIIR 1t 591 ERR0A 2, 057 

PB•204 , , ,FRBH REF, T 60 U90J ··············································· ENERGY N,:HI r.RB-;.S S&r.TIIIN fHAl 
CHEVJ MEASURED, ERR ADJUSTED• EAR ··············································· 10.100 471,00 190,00 471,000 190,000 
11,500 1000.01) 400,00 1000.000 400,000 
12,Joo 1~4o.nn 5no,oo tr•o,OO(I '1oo,ooo 
12,800 1330,00 530.00 1330,000 530,000 
14,000 1750.00 180,00 1150,000 180,000 ............................................... 
rt TTEO PARAMETERS ................. 
LEVEL SPAC:INO • 1.712 PLUS•8A•HINUS ,251PEA MEV 
A$YHPT0TIC CN,2NJ CRB$5 SECTISN • 2960,90 PLUS•IA•MINUS 2U,01 MB 

RELATED ·DATA 

NBN•ELAST IC CA"SS SECT UN AT 14o2 MEV • 2515,90 MB 
(N,2NJ fHRE$H0LD • 8,~4 HEY 
CN,JNJ THRE$HBLD • 15,26 HEY 

THIS 1SBT0PE HAS 122 NEUTR8NS, 82 PASTSNS, CMASS • 204, 

NEUTR0N EXC!9S PA'UH!TEA • ,}9608 

RATIIII er ASYHPT0TtC CNt2NJ TO 14,2 HEY NSN•ELASTIC 
1,1 16Q PLUS•SA•H I NUS , 0839 

N/SPACING • 68.A49 
EARt!A 9, 752 

A/SPACING • 115,124 
EARIIIA 16,307 

2250. 

2000. 

1750. 

"' 1500. z a<. 
< 
!.'2 
...J 
...J 

1250. ;: 
,!.. 
z 

·N z 1000. 

b 

75o. 

500. 

250. 

3200. 

2\ICIO, 

2SGO. 

Z2'10. 

"' 1920. &! 
< 
!.'2 
...J 
...J 

I GOO. ;: 
,!.. 
z 
N 

z 1280. 

b 

960. 

6'10. 

320. 

PB-20~ T SO C590> 

T c 2.0591,1~~ HEY 
q.V1.2N>• 2312.Bt 125.9HB 
<X.C.,N. 2N > 
~c.919t,QSQ 

FITTED 
LINE 

10 II 12 13 
ENERGYCHEY> 

PB-20'1 T SO C590) 

A ~ 1.//:l•.:l!:>l fltyl 

q,(JI.2N)• 2'i60.it211.1 HB 

~ 
~(1~.2> •1.177t .. 06~ 

FITTED 
LINE 

10 II 12 13 
ENERGY( HEY) 

DATA 
POINT 
• EXPERIMENT 
n ADJUSTED EXPT •· , 

3 

I~ 15 16 

DATA 
POINT 
• EXPERIMENT 
0 ADJUSTED EXPT. 

3 

I~ IS 18 



TH•232 1 ,,F'A8H REF, 9U61 C659) ............................................... 
ENERGY N1 2PII CROSS SECTUN Cl't8) 
CHEV) l'tEASURED, EAR ADJUSTED, EAR ............................................... 
7,280 603,00 28,00 603,000 28.000 
7,,90 976,00 45,00 976.000 45,000 
7,840 1200,00 70,00 1200,000 70,000 
8,010 1390,00 70,00 1390,000 70,000 
8,610 1610,01) 70,00 1610,000 70,000 
9,020 1750,00 80,00 1750,000 80,000 
9,630 1940,00 90 1 00 l94Q,OOO 90,000 

to,oJo tsJo,oo ao,oo ta;so,ooo ao,ooo 
10,&20 1910,00 oo,oo 1910,000 9u,ouo ............................................... 
r I TTED PAAAKETERS ................. 
NUCLEAR TEMP, a ,703 PLUS•0R·MINUS 10ZJ .HEY 
'SYHPUTIC CN.2~0 CR0S9 S!CTUN • 1987 1 11 PLUS•"H•HINUS 55,11 H& 

RELATED UAU ............ 
NBN•ELASTIC CABS$ SECTION AT 14,2 HE'I • 2688141 H9 
CN,2N) THRESHBLD • 6 1 46 HEY 
CN,JN) THRESHBLD • 11 1 61 HEY 

THIS ISBTBPE HAS 142 NEUTRBN$, 90 PASTeNS, CHASS • 232) 

NEUTRI6N EXCESS PARAMETER • ,22414 

RUU Bf ASYHPTBTJC CN 1 2NJ T0 14.2 HCV NdN•ELASTIC 
I 739'- PLUS·AR•H I NUS • 020, 

hSQRT(NJ • 8,377 T•SQRT(A) • 10,708 
ERROR 1 322 ERRBR ,411 

TH-232 1. ~rAe" AEr. auu c6,9J ............................................... 
ENEI1C.'f N1 2N CABSS SECTJeN IHB) 
CHEVJ fltEASURF.Dt ERA ADJUSTED, EAR ............................................... 
1.28o 6oJ~oo 2e.oo 60J.ooo za.ooo 
7,59u 97&~oo 45,oo 97610uo c!t,ooo 
71840 1200.00 70,00 12001000 701000 
8,010 1J90,01J 70,00 U901000 70,000 
81610 1610,oo 1o.oo 161o.ooo Jo,ooo 
9,0il!'o 11so.oo eo.oo 115o.ooo ao,ooo 
91630 1940100 90,00 1940,000 90,000 

10.oJo 1&3o.oo eo~oo 1Uo.ooo ao.ooo 
10.620 1910,/'Jn vo.oo 191o.ooo vo.ooo ··············································· 
fiTTED PARA"F.TEAS ················· LEVEL SPACING •14.051 PLUS•BR·H1NUS11410PER HEY 
A!<tYf1PTATIC (N,?NJ CAIIISS sECTISN • ao112,8J PLUS•IA·MINUS ll1'3 MD 

RELATED DATA ............. 
NBN•ELASTIC CROSS SECTIBN AT 14o2 MEV • 2688141 MB 
CN,2NJ THRESHUD • 6 146 HEY 
CN,JNJ HtAESI-I0L0 • 11 161 MEV 

THIS IS0T8PF. HIS '4' NEIITA8NS~ QO Pll!i.'TaN$, (MASS • 3J?) 

NEUTRSN EXCESS PARAHETER • .22414 

RATU 0F' ASYHPUTJC (N,2NJ TB 14.2 HEY NBN•ELlSTIC 
;17t7 llliJ~•eA•IIfiNUS .OJO) 

N/SPACING • 10ol06 A/SPACING • 161511 
ERA0A 11014 ERABA 1•6!57 

·. 

2100. 

1890. 

16111. 

1~70. 

., 
1260. z 

"" < .., .... 
-' 
-' ;;: 1050. 

,.!,. 
z 
N 

z 8'10 • 

b 

630. 

'120. 

210. 

TH-232 BUS! CS59) 

T = , 703t.027 HEY 
o;.(,N. 2N> = 1987 .2t 55. I 

~ qi1'!.2) =. 739t.02 

FITTED 
LINE 

OATA 
POINT 

• EXPER I KENT 

{-

c ADJUSTED EXPT. 

o.t&~~~~~~~~e~~~~~~~~~.o~~~~.~.~~~~ 
ENERGY( HEY> 

2200. 

TH-232 BUS! (659) 

1980. 
A = 111.051!1.'110 HEv-1 · 

q.{,N.2N>= 2082.8•81.5 HB 
a..{.N. 2N > 

f 1760 •• ~(1'1.2> ~: ~75•.030 

15'10. 

., 
1320. z 

"" < 
~ 
-' 
-' 
z: 1100. 

,.!,. 
z 
N 

2 880. 

b 

61;0. 

FITTEO OATA 
~~0. LINE POINT 

• EXPERIMENT 

c AOJUSTEO EXPT. 
220. 

3 

0. 
6 e 9 10 II 12 

ENERGY( MEV> 

187 



188 

Tr1•232 •• ,F'A0H Aer, T 60 C5YOJ ··············································· ENERGY N,ZN CROSS SECTUN (119) . 
CHEVJ MEASURED, ERR ADJUSTED, ERA ............................................... 
tt.4IIO 1•2o,oo zao,oo 14i:!o,ooo zao,ooo 
9,1oo 15oo,oo loo.oo 15oo.ooo Joo,ooo 
v,aoo tuo,oo zvo,oo 144o,ooo 29o.ooo 

11.1,350 1600,00 • .\20,00 16QO,OOO 320,000 
u,ooo 2100,00 420,00 2100,0110 420.000 
11,500 1840,00 370,0U 1840,000 370,000 ··············································· 
F' I TTEU PAHAHETERS ················· NUCLEAR TI::HP, • .716 PLiJS•Bif·~ll~uS ,191 HEY 
AS'trtPT0TIC C~,2NJ CA0SS SECTI0N • t74Y.29 PLUS•BA•MJNUS 15Q,Q9 MY 

RELATED I) AT A ············ N.,~·ELA.STIC CR0SS SECTitlli AT 14 1 :.! HEV • 2&88,41 M8 
{N,2N) Tr1kESH0lD II b,4b HEy 
tN,JNJ THHESHI:ILL• = u.&l I'IEV 

THIS IS~T0PE HAS 142 IH:UTR0~S. 90 PH~T~NS, (MASS • 232) 

Nt.UTH0tot E.XCESS PAflAMETEH • ,22414 

RATI0 er ASYH.PT0TIC CNo2NJ TB 14,2 HC:V N0N•Eu.STIC 
,&507 PLUS•I:IR•MINUS ,Q5S8 

hS~RHNJ • 8 1 532 T•SURTUJ • 10,906 
ERHUR 2e276 EHHI:IR 2,909 

TH-232 o, .rReH Aer. T 60 cSOo) ............................................... 
EN~RGY N,2N CA0SS SECTISN CMU 
CHEVI HEASUAED, ERA ADJUSTED, EHR · ............................................... 
e.•uo 1420.on uo,oo 142o.ooo zeo,ooo 
9,100" 15oo.oo 3oo.oo 15oo.ooo :soo.ooo 
9,800 1'1'10,1\0 290,00 1UO,OOO 290,000 

10.350 1600.00 320.00 1600,000 .uo.ooo 
u,ooo 21no,oo 42o.oo :uoo,ooo 4Zo.ooo 
u.soo 1B4o.oo :no.oo 1B4o,ooo 37o,ooo ··············································· 
fiTTED PAkAHETERS ................. 
~;~~~T=~~~ I~~~;~~· ~==S:L~~~;~;:I=U~~9!~::e:L~~~~A•f41NUS 180.44 M& 

RELATED DUA 

N0111•ElASIIC CR05S SECTIVIN AT 14o2 I"'[V • 2688,41 HB 
CN,2NJ T~J:!ESHPLD • 6,46 MEV 
(N,3NJ htRF.SHfllD • Uo61 MEV 

THIS IS0H:PE HAS 142 NEUTRBNS, 90 PRiUBNS, CHASS a 2321 · 

NE:UTR~N EXCESS PARAMETER • .22414 

RATI0 er ASY.-PTeTIC CN,2NJ Te 14,2 KEV N0N•ELASltC 
.6683 PLUS•"R•HINUS o0671 

N/SPACIN(, a 9,43& A/SPACING • 15,417 
ERrBR 5 o100 ERRSR 8.333 

2600. 

23'10. 

20110. 

1820. 

en 1560. z 

"' < 
~ 
...J 
...J 

1:300. ;: 
).. 
z 
N 

z 111'10. 

b 

23'10. 

2080. 

1820. 

"' 1560. z 
"' -< 
~ 
...J 
...J· 

! 
1300. 

z 
N 

z 1!1'10. 

b 

780. 

520. 

zm. 

0. 
6 

TH-232 T 60 <590) 

T = • 7161.191 HEV 
q.(,N.2N>= 17'l9.311SO.IHB 

cr~.2N> 
~ll'l.2) =.6511.056 

FITTED 
LINE 

-7 8 ·g 

ENERGY< HEV > 

TH-232 T 60 (590~ 

A = 15.0'18!8.133 HEv-1 

o;.VI.2N>= 1796.6.t 180.'1 HB 

~ qJ1'1.2) =.668!.067 

DATA 
POINT 

·• EXPERIMENT 

c ADJUSTED EXPT. 

3 

10 II 12 

FITTED DATA 
LINE POINT 

• EXPER I HENT 

o ADJUSTED EXPT. 

3 

9 10 II 
ENERGY( HEV > 



U•238 ,,,f'A9H REF', K 58 1•359 ) ............................................... 
ENERGY N,~N CRBSS SECTI0N IMBI 
IHEY.) HEASUPED 1 ERR ADJUSTED, EAR ............................................... 
e»,800 270,00 20,00 270,000 20,000 
6,960 540,00 40,00 540,000 40,000 
7,000 470,00 .so,oo 470,000 30,000 
7,200 510,00 40,00 510,000 40,000 
7,250 790,00 50,00 790,000 50,000 
7,450 890,00 50 1 00 890,000 50,000 
7,580 980,00 50,00 980,000 50,000 
7,820 1110,00 50,00 1110,000. 50,000 
7 ,BeU 1010, oo 50,00 1070,000 50,000 
8,490 1210,00 50,00 1210,000 50,000 
8,900 1390,00 50,00 1390,000 so.ooo 
9,•'80 1460,00 50,00 1460,000 so,ooo 
9,91U 1490,00 50,00 1490,000 ,0,000 ··············································· 

F' I TTED PARAMETERS ................. 
NUCLEAR. TE"P, • , 738 PLUS•IR•ItiiNUS , 045 "EV . 
ASYMPT9TIC CN,2NJ CA~SS SECTUN • 1562,97 PLUS•IA•NIIIUS 72,32 "8 

RELATED DATA· ............. 
N~N·ELASTIC CRBSS SECTIBN AT 14,2 MEV • 2724,89 MB 
CNI2fotJ" T .. RES~0LD • 6 1 17 MEV . 
CN,_3N_) THAESHBLD • 11 1 32 MEV 

THIS JS0TBPE HAS '146 NEUTAEINS, 92 PR0TiNSt CMASS • z~U 

NEUTABN EXCESS PAAAHETEA • ,22689 

RAT19 SF' ASYHP"'TIC CN,2NJ Te 14,2 HEY NI!IN•ELASTtC 
,57~6 PLUS•IR•HINUS ,0265 

hSQRTCNI • 8,917 T•SQATUJ • Uo385 
EARBA , 544 EAReR .694 

U•238" ••• rAeM REF', IC 58 C•359 I ............................................... 
ENERGY N1 2N CRI!ISS SECTION IMBI 
CHEVJ MEASURED, EAR ADJUSTED, EAR ················································ 6,eoo 21o.oo zo,oo 2tu.aao 2o.ooo 
6,960 540.00 40.00 540.000 40.000 
7,000 470,DO 10.00 470,000 30,000 
7,200 5tO.no 40.00 510.000 40,000 
7,250 7QOoOO 50,00 790.000 50.000 
7.450 evo.nn 5o.oo 89o,ooo 5o.ooo 
7.S80 9fl0o00 ,0.00 980.000 50,000 
7,820 1110.00 so.oo 1110.000 so.ooo 
7.880 tn70.00 so.oo 1070,000 '10,000 
8,490 1210,00 50,00 1210.000 so.ooo 
8.960 139o,no 5o.oo 139o.ooo so.ooo 
9.u.o 1•6o.oo so.oo 1460,ooo so.ooo 
9,970 1490.00 50.00 1490,000 50.000 ··············································· 

F' I TTEO PAPAhETERS 

LEVEL SPACING •11,869 PLUS•IN•HI~USl, 692PEA MEV 
ASYHPTBTIC P·lt2NJ CMBSS SECTJ-'N • 1667,22 PLUS•BA•MINUS, 98,40 HB 

RELATED DATA 
,.~ •• , •••• ~! 
N0N•ELASTIC CRPISS SECTI£1N AT 14.2 MEV • 2724,89 M8 
CN,2NJ THME$t49JL0 • 6 1 17 MEV 
CN,JN) THRESHBLD • 11el2 HEY. 

THIS IS,fUPF HAS ttt. NFI.ITIUIN";, V? PliiBniNCj., (HA!ili • 2JRl 

NEUTA0N EXCESS PARAMETER • .22689 

RATU BF' ASYHPTBTIC CNo2NJ T8 14,2 MEV N0N•ELASTIC 
o6119 PLUS•QR•HINUS o0361 

N/SPACING • Uo301 A/SPACING • 20,052 
ERA0R 1o 754 ERABA 2·,859 

1700. 

15311. 

1360. 

1190. 

~ 10211. 
ct: 

:i 
::::; 
...J 

!· 1150. 

z 
N 

z 8110. 

b 

510. 

3110. 

no. 

0. 
6 

1620. 

1260. 

~ 1080. 
0:: 
< 
a:J 

-' 
-' 

"' 
900. 

).. 
z 
N 

z 720. 

b 

5~0. 

360. 

180. 

6 

U-238 1: 58 (-359 ) 

T = • 738 t .OilS HEY 
·qJ,N.ZN)a 1563.0*72 • 
cxJ..N,ZN> 
q_~t'i.Z> =.57'it.027 

FITTED DATA 
LINE POINT 

• EXPERIMENT 

c ADJUSTED EXPT. 

3 

6. 9 10 II 12 
ENERGY( HEY> 

U-238 K 58 (-359 > 

A= 11.869'1.692 11EV"1 r
cr.J,.N.2Nl= 1667.2•98.~ 118 r ' 
cr.,{,N.2N> 
q_p~. 2 > =.812'.036 

FITTED DATA 
LINE POINT 

• EXPERIMENT 
c ADJUSTED EXPT. 

3 

9 10· II IZ 
ENERGYC HEY ) 

l89l 

'•I. 
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U•238 ,,,F'Rii!IM ACF, .C 66 C359) ··············································· ENERGY N,2N CASSS SECTUN CHB) . 
CHEV.j HEASUREDt ERR ADJUSTED• ERR 

··:: :~~···· .. ;:::::··;: :: ~······;:::::: .. ;: :::: 
6,96o 59o,oo 5o,oo 59o,ooo 5o,ooo 
7,000 520,00 40,00 ,20,000 40,000 
7,200 560,00 50,00 560,000 50,000 
7,250 &7o,no 7o,oo B7o,ooo 7o,ooo 
7,450 9&o,oo ao,oo 9&o.ooo ao.ooo 
7,~bu toeo,oo ao,oo toeo,ooo ao,ooo 
1 ,e2o 1220, oo eo. oo 1220 .ooo eo ,ooo 
7 .&t4u lt&o,oo au,oo uao,ooo eo,ooo 
1:1,490 1330,00 90,00 1330,000 90,000 
8,960 1530,00 90,00 1530,000 90,000 
9,4&0 1610,00 90.00 1610,01.10 90,000 
9,970 1640,00 90,00 164(1,000 90,000 ··············································· 

Fl TTED PARAMETERS ................. 
IIIUCLf:AA H::HP, • ,770 PLOS•9R•H1~US ,u!:il HliV 
ASYHPT0Tit; CN,2NJ CA0SS SECTU~ a 17:id,!ta PLUS•21R•HINUS 107,34 N9 

~HsN•t\..ASllC CR121SS SECTii!"- AT 14 1 2 HEV • 2724,89 HH 
(N,2NJ Ttlf0:('3t40L0 ~ 6,17 MEV 
tt.,.~N) Tl::ltHiSW"\1,0 : U,,;l.'l: KF.\1' 

HdS lS'-'hlPE HAS 146 t-.EUT~eNs, 92 PHUh:!NSt .(HASS • 238> 

NE:UTR~N E:XCESS PARAHETER • .2~f.tb9 

"Alh.r ~F A$)'1"!PTeTIC ChtZ!,) hJ 14.2 III!Y Ut;N•(LASTIC 
,e~'q "LU3•111ft..,ll NU~ iU.I9" 

hSQHTCNJ c 9,J04 T•S&.RTCAJ II 11.879 
ERk,\A ,t.'l,.b ERR~H • 787 

U•238 ,,,F'ABH REF', K 66 U59J ............................................... 
ENERGY N,2N CARIS$ SECTION CHBt 
CHI:VI HEASURED, EAR ADJUSTED, EAR 

•••• II II l&&lllllllilllillilialaaaiaa••••••••••••• 
6,800 300,00 20,00 300,000 20,000 
6.?60 5?0.ftlt 5!ttftft 590,000 ,o,ooo 
7,000 520.00 40.00 520,000 40,000 
7.200 560.00 50,00 560,000 50.000 
7,250 870.00 70,00 870,000 70,000 
7,450 98o.oo so.oo 98o.ooo eo,ooo 
7,580 1oso,ot~ eo.oo 1o8o.ooo eo.ooo 
1. 82o 1220. no 80. oo 1220, ooo eo, ooo 
7,&8o u8o.on 80,oo 118o,ooo 8o.ooo 
8, 490 13~0. 00 90.00 1330.000 90.000 
8,960 1530.00 90.00 1530,000 90,000 
9,180 u1o.no vo,oo 16lo.ooo 9o,ooo 
9,970. 1640,00 90,00 l64U,ODO 90,000 

a •••• •• •• •••••••••••• u••••••• ••••••••••••••••• 

t I THR "IAIMfTFHC: ................. 
LEVEL SPACI~G •10,602 PLUS•IIIN•MINUS1,685PEA MEV 
ASYMPTIHIC CN,2N) CReSS SECTJe~ • 1901,52 PLUS•IR•MlNUS 147,77 M8 

RELATED DATA ............ 
Ni:!N•ELASTIC CRnSS SECTU~ Af 14.2 MEV • 2724,89 MB 
CN,2N) htRESMALD • 6,17 MEV 
C~o3N) THRESH0LD • 1lo32 "EV 

THIS IS.,T~PE HAS 146 ~EI;JTRONS, 92 PRBTIIINS, c"MASS • 238) 

NEUHIIIIN EXCESS PARAMETER • ,22689 

RATI" lilr AIYHPT9TIC (Nt3NJ Tl 14,3 MiY NIN•Ea.ASfiC 
• 6978 PLUS•IIIR•MlNUS t0542 

N/SPACING • 13,771 &/SPACING • 22,449 
ERR.,R 2o189 ERROR 3.568 

1900. 
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1520. 

1330. 
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"' 11'10. z 
~' 
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i: 950. 

.!.. 
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::i. 760. 
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570. 

380. 

UIO. 

ZI(JO. 

111!10. 

1680. 

1~70. 

~ a lOU. 
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...J 
...J 

z: 1050 • 

).. 
z 
N 

z 8'10. 

b 

630. 

'IZO. 

210. 

' 

U-238 1C 66 <359> 

T = • 770t.051 HEY 
a..(.N,2N)= 1758.6t 107 
a..(.N. 2N) 
q_ll'i.2> =.6'i5t.039 

8 

FITTED 
LINE 

8 
ENERGY< HEY> 

U-238 I( 66 <359) 

A = I 0. 602 !I. 685 11EV"1 

q,(,N.2N>=I901.5tllf7.8 HB 

~ qJllf.2) =.698•.05'1 

FITTED 
LINE 

8 9 
ENERGn HEY) 

DATA 
Pl'liNT 

• EXPERIHENT 
D ADJU5TfD fXI'T." 

3 

Ill II IZ 

DATA 
Pl'liNT 

• EXPERIHENT 
0 ADJUSTED EXPT. 

3 

10 II IZ 



REFERENCES 

1. D. W. Barr, C. I. Browne, and J. S. Gilmore, Phys. Rev. 123, 859 (1961). 

2. R. J. Prestwood and B. P. Bayhurst, Phys. Rev. 121, 1438 (1961). 

3. J.D. Knight, R. K. Smith, and B. Warren, Phys. Rev. 112, 259 (1958) •. 

4. N. N. Flerov and V. M. Talyzin, J. Nucl. Energy 4, 529 (1957). 

5. S. Pearlstein, Nucl. Sci. Eng. 23, 238 (1965). 

6. S. Pearlstein, J. Nucl. Energy 2?, 81 (1973). 

7. International Atomic Energy Agency, CINDA 73, Vols. I and II and Sup
plement, Vienna (1973).· 

8. S. T. Perkins and R. J. Howerton, UCRL-50400, Vol. 10 (June 1971). 

9. R. H. Moore and R. K. Zeigler, LA-2367 (Oct 1959). 

10. D. S. Mather, P. F. Bampton, R. E. Coles, G. James, and P. J.· Nind, Mea.: 
curement of (n, 2n) Cross Sections for Incident Energies Between 6 and 
14 MeV, AWRE-0 72/72, EANDC(UK), 142-AC (Nov 1972). 

191 




