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STUDY OF %7Al(n,xy) REACTIONS UP TQ E, = 400 MeV

H. Hiczeoberges, A. Paviik and H Vonach
Institut fir Radiumforschung und Keraphysik
Universitit Wien

Boltzmanngasse 3

A-1090 Wien, Austria

ABSTRACT

The prompt y-radiation from the interaction of fast
ncutrons with Al was mcasured using the white neuton
beam of the WNR fycility at the Los Alamos Natonal
Laboratory. Partial production cross sections for residual
nuclei in the range from F to Al were measured from
threshold up to 400 MeV by observing the most intense y-
rancitions between low tylng levels of these nclei Two-
dimensional neutron time-of-flight versus gamma pulse
height spectra from the interaction of the neutrons with
Al were obscrved afler flight-paths of about 20 and 40 m
with a high-purity Ge-detector, The neutron cross
scetions for prominent y-iransitions in a large aumber of
residual nuclei could be denved with typical uncertaiaties
of 10 - 20 % up to a neutron energy of 400 MeV. The
encegy resolution varies from = 0.2 MeV at 10 McV 0
= 50 MeV at 400 MeV. In the low energy range (up to 60
McV) the results are compared with nuclcar model
calculations using the code GNASH. A very good overall
agreement is obtained without special adjustment of
parameters.

I. INTRODUCTION

Up to now studies of neutron-induced reactions above
30 MeV have been restricted mostly to the measurcments
of total, clastic scattering and inclusive particle emission
¢ross sections. This is mostly due to the fact that the
suandard method for this purpose, the activation method,
needs monoenergelic neutron sources which do not exist
above 30 MeV. One possibility to circomavent this
difficulty is the study of the prompt y-reacuon from
neutron-induced reactions produced by pulsed high
energy "white" neutron beams. Such measurements, if
performed with high resoludon Ge detectors allow the

M. B. Chadwick? , R. C, Haight, R. O, Nelson
and P. G. Young

Los Alamos National Laboratory

Los Alamos, NM 87543, USA

measurcrnent of neutron-induced reactions for the
formation of specific energy levels of specific residual
nuclei over a wide ncutron energy range Therefore a
program for such measurements wa$ initiated at the
WNR facility at Los Alamos some years ago.:2 As a pant
of this effort the prompt y-radiation from neutron-induced
reactiois with alumirmum were studied Al is mono-
isotopic and thus well suited for testing of mode!
calculations and it is also of considersble interest for
applications. In addition there exisis a good data base for
proton-induced reactions allowing detailed comparisons
between the results of proton- and reutron-induced
reactions.

IL EXPERIMENT AND DATA ANALYSIS

The measurements were performed using the white
peutron beam of the WNR facility st Los Alames
National Laboratory.* Data were taken with samples
positioned ot distances of 20.06 m and 4148 m from the
neutron production target at the 30° left flight path ! Tae
experimental set-up was the same as described by Pavlik
et al.2 The ncutron fluence was determined with a 2%U
fission chamber In the 41m rn a 15cm thick
polyethylene layer was inserted into the ncuiron flight
path to suppress low-cnergy neutrons which would have
caused framc-overlap problems. The prompt y-radiation
was registered by two high-purity Ge detectors at -
emission angles of 90° and 125°. The efficiencics of Lhe
Ge detectors were measured using calibrated radioactive
sources. The samples were 2 mm and 6 mm thick Al
plates, for the 20 m and the 41 m set-up, respectively.
Only results from the 125° detector are reported in this
paper. At this angle the angle-integrated v-production
cross-section is approximately given by 4x limes the
measured differential cross section 2

* present address: Lawrence Livermore National Laboratory, Livermore, CA 94551 USA



From two-dimensional peutron time-of-fllght versus
gamma pulse height spectra, on¢ dimcnsional gamma
pulse height spectra were derived for 59 neutron cnergy
groups with increasing widths according ta the energy
resolution of the experiment The energy resolution was
~02 MeV at 10 MeV and = 50 MeV at 400 MeV
neutron energy due to the rather poor time resolution of
the Ge detector. Examples of y-spectra for different
ncutron energies are given in Figs, 1 and 2.
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Fig.2: par of the y-spectrum from the interaction
of 240 - 270 MeV ncutrons with aluminum

Gam:ma-production cross scctions were determined
from the corresponding peak areas in the one-
dimensional pulse-height spectra. The cross sections were
normalized 1o the resulis of 8 14-MeV measurement
performed at the Institute of Ph?sics of the Slovak
Academy of Sciences in Bratistava.

The results were corrected for y-absorption in the
sample; thosc for the low Q-value reactions (n,n'y) and
(opy) were also corrected for y-production due to
secondary neutrons produced in the Al-target.

. CROSS SECTION CALCULATIONS

Calculatons of the y-produclon cross sections
studicd crperimentally up 10 a neutron encrgy of 60 MeV
were performed by means of the code GNASH,6 which
describes  the precompound mechanism of nuclear
reactions by the exciton mode! and allows the addition of
contributions from direct-reactions. Model parameters
were not adjusied, but were kept at values typical of a
large number of analyses of a variety of data at low
energies in order to check the predictive power of this
"standard parameter set*,

For neutrons, the poteatial of Petler et al.? was
utilized. For the proton channel, the global potenial of
Percy® was utilized to proton energies of 44 MeV, and the
potential of Madland® was used at higher energics.
Finally, the potential of Asthur and Young,'? which was
derived for n + *$Fe calculations, was used at all alpha
energics.

The exciton model of Kabach'' was used including
surface effects'? and taking account of multiple
preequilibriorn particle emission. The damping matrix
¢lement was taken as 140 MeV .13 The excitation energy
dependence of the Ignatyuk level density formula!4 wag
incorporated into particle-hole state densities used in the
exciton model calculations. By means of an energy-
dependent level density parameter, the Ignatyuk modcl
includes the theoretically expected disappearance of shell
effects in the nuclear level densities at higher excitation
encrgies, Within this model the auclear moment of
inertia was given the full rigid body moment of inertia.
The level density paramcters were chosen using the
systematics of Arthur,'® Minor adjustments were made to
the pairing energies of #Na, 2'Mg and 27Al to improve
agreement with (n,x) and (n2n) cross section
measurements.

IV. RESULTS AND DISCUSSION

Our preliminary-analvsis of the data has resulied in
the determination of 21 excitation functions of transitons
between low-lying levels in 12 different residual nuclei
for neutron energies from threshold to 400 MeV (scc
Table I). Typical excitation functions are shown in Figs.
3 = 5 for reactions with low, medium and high thresholds.
Figs. 3 - 5 also show the resuls of previous
measurements, 61718 which only exist for ncutron
energles up to 14 MeV, and the ealeulations described in
the previous section As is apparent from the figures,
there is a good agrecment between our measurcments, the
results reported in the literature and the calculated cross



sections. This is also true for most of the excitation
functions not shown due to the limited space, especially
for all strong transitions frem the first excited level to the
ground state. Somewhat larger deviations (in absolute
value not in shape) up to a factor of two are observed for

weaker transitdons between excited

levels of the

Investigated residual ouclei, e.g. the 3,*—2,* transition
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Table I analyzed gamma lines:

tranaition ia X ) Q-value of' the
rendual mucle foaction energy keV) groursd stale [MeV]
L %‘_..;b (an) 1.0 0
”Al%"—u.l 1014.46
'ﬂu,g.*_%* 1719.54
17AL';"-4IL 2211
2,
A3 e (n2n) 4169 431
LVRARN Y £296
27,“,;.*_,%* *.p) 9553 18
nuriﬂ-o“ 984.6
37,“‘,15..._,“ 16983
Bypgs *o2,0| PV 1002. 3
83,72, (nd) . 41
RIVPERICE 1129.7
“M‘L"-vu. 1308.7
25, 3+ 14 (np2n) 9.7 494
Meg™ % (ndn) . 172
”M,%*.,” 9748
“M;z*..,,s (n,p3n) 136899 26
(nd2n) 2438
ny.lﬂ_,g‘ (2,2p3n) 439.9 8.4
2 (nan) -10.1
Dyeamaga | (PIN) 127458 472
(nalpla) 188
2, S+ “(3pdn) 473
e, 350.5
K (n,alpln) -29.2
Oneatags. (n3p3a) 16338 £42
(r,alp3n) -36
W e (n.4pSn) R7.6
F3%aps. (r,a2p4n) 9314 .86.8
(ndc2n) -31.0
8t (n.5psn) ]2
0:27=ps (nadpla) 1982.2 .$39
(n,2alpin] 256
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