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Abstract . : | ""“\

A method is pi‘eaented for i"neaailrin‘g the average energy of the neutrons
from a source. The attenuatioﬁof At»'hé::"x'xégt,‘rox'm by polyethylene is qxeasured by
the use afﬁa long. counter fih good geomef‘i"y.’ The attenuation length is a sensitive
function of the 'fxé'{x_trdn energy. Ther. average neutron energies from eeveral (a,n)

sources h"av‘q _béen measured and agree u}eli mth values obtained 13 other techniques..

)




-3- TCRL-8017

}z..l...A;’:ﬁUR}?TIVE'."E.' NT OF AVERACE NIULEDON ENERCIES I'OR
(o, n) NEUT “-,-N :-r":*'.;ﬁ\ @
) BEN SN

P LA T K P

Wilmot M. Fepss and Alas ®, Smith

v

Lawrence Radiastion Labtoratory
University of California
Rerkeley, California

April 1, 1959

The problem of measuring t_he energy spectrum of neutron sources in the
Mev range is not an easy one. Many expérimenta have been 'pex'form;:c"i. especially
with various (a, n) neutron aourceé. bu_t' the resulte are not too good. In order to
get more lnformation about thej ehergx} of 'n'éutrons from such sources, we have
measured the a.ttenuauon of the neutrons in polyethylene (CHZ) The neutron
detector uacd was a I-’ansen and Mchbbem long countrar. 1 and the measurements
were tnade in good geometry. : . 1

Thé FSuﬁting. rate of the long 'coun{er wasg rﬁeaeured for various thicknesses
of CH, a.nd alao for a thick (8-inch) copper absorber; this latter measurement
supplied the required “room background' correction for all other data. The
measurements Qére carried out in a thin-walled building (about 1 gm/cm2 thick)
to minimize acattering. The voltage and bias plateaus of the long counter were
meaaurecii';,at::qix,fately and were quite flat over a considerable range. The source
counting rgté with no CHZ absorber was checked several timea to asoure fhat
the electronics system characteristics were stable. Variationa observed here

were less than 0.25%. The background counting rate was also checked to see that

no aigmfzqmta changes took place.

L e —

lA. O. Hansen and J. L. McKibben, Phys. Rev. 72, 673 (1947).
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From the total ciross sect:’on@z the attenuation curves for va_rioﬁs mono-
energetic neutrons have been calculated and_‘are shovm in Fig. 1. The energy of
a monoenorgetic neutron scurce can be determined to about 10% from the slope
of the att nuation curve for the ranga of ensrgics shown. The prol:*‘eni is more
. complicated for a source that has a spread of neutron energies. The attenuation
curve is not straight as in Fig. 1 but is curved bec>au8e the spectrum harde‘ns
as it passes through the attenuator. The data from Po-Be is shown in Fig. 1 to
demonstrate this point.

| 1f good enough >data were taken, the neutron-energy spectrum of a source .

could be ottained from the curvature of the atteavation curve. We tried this for.
a Po-DEe source and found that the calculations were too senaitive to thé meagsured
counting rates :lf'of different absorber thicknesses to give good results. Qur
measurements h}s;:l'an accuracy of # 0.5% and were not good enough to give the
spectrum.’ We estimate that measurements ten times as accurate as ours might
give reasdnable énérgy spectra.

From' a measured or calculated neutrén-energy epeétra. we can calculate
- the CHz ‘_atténuation c&rvg.- We b this by using the total neutron cross section
for CHé ahd decreasing the height of the né;ixtron energy spectrum by the proper
_attenuation factor at several different energies for several different thicknesses
of CH, gbsbfbér. The areas undér these different curves are determined and
ﬁlotted versus absorber thickness to make the attenuation curve.3uch a curve for

Po-Be is shown in Fig. 2. also shown are the measured points for Po-Be.

z1'.)..1. Hughes and J. A. Harvey, Neutron Cross Sections, BNL-325, July 1, 1955.
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In order to compare tho calculated and measured attenuation curveo..
we must know that our detector does not distort the energy spectrum, that is, the
detector must have the same sensitivity for neutrons of all energies. Otherwiae.
we would have to weight the encrgy spectrum by the enérgy sensitivity of the
detecior. The energy sensitivity 9f the Hanoen and McKibben counter is known
to be constant to % 10% from ¥ = 25'kev to 9 Mev. 3 Nocorrectipn has been
made for the small variation in energy sensitivity of the detactor.

Meagurements of the gtﬁenuation in CHZ have been made for sources of'
polonium-beryllium, polonium-lithium, plut_qnium-beryllium. and radium- |
beryllium. The results are showh in Fign. 2-5, The curves calculated from

-9

various energy epectra are also ‘shown. 4 Determination of the attcnuation
" curves for Po-Bemand Ra-Be were repeated for thin absorbers to compare the
yield of low-energy neutrong from these sources. From Fig. 6 we see that there

are more low-en"e'rgy neutrons from Ra-DBe than from Po-Be, because the Ra-Be

curve falls faster.

3W. D. Allen and A.T.G. Fergucon, The Measurement of Fast Neutron Flux over

the Neutron Energy Range 0.030 Mev to 3 Mev, AERE-NP/R-2096, October 1956;
and J. E. Perry, Los Alamo Scientific Labor:itory. private communication, 1957,

“David M.{:Darton. Measurement of the Neutron Spactrum from a Po-14" Low-

Energy Neutron Source, LA 1609, July 1953,

°B.G. Whitmore and W. B. Baker, Phys. Rev. 78, 799 (1950).

6Leona Stewart, Phys. Rev. 98, 740 {1955).

y -7D. L. Hill.l Studies with the Ranger, AECD 1945 {rev.), April 1947,

BWilmot N. Hess, Annala of Physics, 6, 115 {1959).
9

Fierre Domers, Energy Distribution of Neutrons from a Ra-Be Mixed Source,
MP-204, November 1945,

234 005
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Curve A of ¥ig. & is the Po-Er calculated attenuvation curve from the
c'alt-:ulated neutron-energy spectrum of rlese for excitatién of the 0; 4.43-, and
7.65-Mev leveld in C12 with no three-body brealiup. Curv;z B is calculated for
Fo-Be from three~body breakup instead qf excitation of the 7.65-1lev level,
From compar.iaon with the experimental data, it is obvious that the attenuation
curve calculated from the energy epectnim shown in teference 8, Fig. 3,
Curve A (no threc-—bo‘dy breaxkup) is the best fit for'Po-Be.

7 used in calculating Curve C of

The neutron energy spectrum of Ra- Be
Mg, 6 is shown in Fig. 7. T_hie has con's;xde'p_ably more low-energy neutrons
than Curve B for Po-Be. Thpée ).ow’-en'ergy x;éutrgne are due to three-body
breakup of the C?"a‘ g;:f};quhnd nucle.us.;' . In other experimonts to measure the
neutron-energy épectrum of Ra-Be, this'gréup of low-energy neut;'ons has not
been détected.. .b'u't"the'ré are other data that tend to con_ﬁrm the existence of the low-
energy group. 'Fi.x'st’.. t_l'xeAa_verage neutron energy-irqm Ra-Be is lower experimentallyl

10

than the average neutron energy from Fo-bBe. The Ra-Ie spectrum extends to

bgghei- energies 'than'Po-‘Be. 8o it must have an appreciable low-energy yield to
nmiake the average energy less., The fact that the age to indium resonance for Ra-Be
neutrons in H;z“-(');‘ia less than for Fo-Be in HzO agrees with thise. Secondly, the age

measurements for a Ra-Be neutron source in graphite indicate three neutron groups

of ages 130, 346 and 815 cmz. 11 The yield of the 130 'r:zzn'Z group is 15% of the

total. Calculatiiig the age from the e;xpx'ezzsicmX 2

Tﬂj. D dE ’
3 28 E

10 p1an R, Smiith, University of California Radiation Laboratory, private
communication, Jan. 1959, ' '

'y, G. Beckerley, Neutron Physics, AECD-2664, 1949,

lzS. Glasstone and M. C. Edlund, The Elements of Nuclear Reactor Theory
. {Van Nostrand, New York, 1952). :

2584 006
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we get 7= 130 cmz. wihich corresponds to e encrgy of about 5 L\ov Thig ig a
lower énergy than is allowed by our measurements. The Fa-De spectrunﬂ shown
in Fig. 7 shows the low-energy group from threve-body oreakup centercd around
0.5 Mev. The energy of this group could 5e lowered to about 100 kev and still
give a;}ra?mexmt with the measured . CiH, attenuation curve. Balow 100 kev there
would start to be disagreesnent, and it is hard to see how a large number of auchr
low-energy neutrons would be produced paysically. Even tiaough the age seems
too small, tihe existence of this low-energy neutron group {r =130 cmz) tends to
confirrn our measurements on Ra-o;-B'e.; l'i_\/ie:.;aux;énxeme by De Fangaer at
Ha.nford-also indicate the presencéd 'ofia low-én;ergy neutron group in ifa-ie.

In Table 1 are shown se‘:‘v'eral eneigies associated with the various neutron.
gources. Column 1 givéé the ’éyer.agé eﬁeigiéé oi various measured ncutron-
energy spectra".‘ 4'ZAJolux_1‘m Il gives the averaye e‘neréﬁes of tae neutron-eneryy
epectx‘é calculated by Hess. 8 Column' a1 giAve::a the "average' energy obtained.
from the attenuation clur'ves. . This is obtained from the average slope of the
attenuation curves fér- the first factor-of-ten decrease in counting rate. Column IV
‘gives the average exie‘i'gy of several neutron spectra raeasured by using a proton-

recoil energy-flux proportional counter. 14

13

1958, :
14ﬂ\‘3urtcm J. Moyer, Survey Methods for Neutron Fields, UCRL-1635. Jan.” 1952.

254  oo7

John De Pangher, Hanford Works, Richland, Washington, private communication,:
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Table I

Average energies for various a,n nzutron sources

Energy (Mev)

Source 1 1, i v
Po-li 0.336( °0.460 0.480
'Po-Be 3,95 4.08 4.2 4.5
Pu-Be 4,436 4.05. a.1 4.2
Ra-Be 4177 3.50 3.7 4.1
36013
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CONCLUSIONS
Thia technique of l;neaauring average neutron energies is quite foolproof
and has the advantage of simplicity. It should bé useful in studying new neutron
sources. The ability to distinguish between gpectra that are quite similar haas
Been c;lemonstrated by the work pregonted here on usual labtoratory neutron-sources.
The fact that the new low-encrgy neufron group iin‘- a Fa-a-3e source hao been

. found by the use of this technique shows its merita.
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Figure Legends

1. Attenuation curves for various monoeﬁergetic neutrons in CHé. &hown
for comparison is the experirnental aitenuation curve of a Po-~iie source.

2. Attenuation curve for Po-Be neutrons in CHZ' Calculated curves from
the spectra of Heaas and from Whitmore and Bakars are shown for
comparison.

3. Attenuation curve for Po-Li neutfbfxs in CHé. The calculated curves
from Hesse zmd'}?»art:c.m4 are _shownlfdrfcomparison. |

4. Attenuation curve for Pu-Be 'n"eutrpns in CH,. Calculated durves f;'om
the spectra qi Heas?'.and SfeWéx;t(’ :;re shown for comparison.

5, Attenuation cu'rv‘es;forARa-a-'Be Aneutrone in CHZ. Calculated curves

9

from the spectra of Heseg 'Hill7 and Demers’ are shown for compaﬁson.

6. Attenuation curve for Po-ﬁe .,:md Ra-Be foz;_ thin CHb2 absorbers.
Calcul@t,ed, ;;arves from Hessa are shown. .Curve A is for Po-Be
calculaéed'cdnside%jng excitation of the 0-, 4.43- and - 7.65-Mev energy
lev'eAl.s ip' Cla Curve B iz for Po-Be considering excitation of the 0- and
4.43-Mev energy levels and three-body breakup instead of excitation
of thie 7.65-Mev level. Curve C is for Ra-Be from the enorgy spectrum
shown iix_' .i"ig. 7. | |

7. The neutrons energy spectrum for Ka-Be calculated by He&s..s

234 010
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