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ABSTRACT

Reutron tctal cross sections of socr. 520:.

determined in the energy region from 10 - 300 keV by means of trens~
migsion measurements on enriched sanples. R-matrix fits to the trans-

sz. and 64}(1 have been

mission data were carried out and the thus 4 ned are

presented.

Der tocale Neutronenwirkungsquerschnitt von socr, SZCQ 62“1 und 64“1
’ im Energiebereich von 10 - 300 keV

Z2USAMMENE PSSUNG
Die totalen Wirkungsquerschnitte von socr. szcz, GzNi und 64“1 wurden
im Energiebereich von 10-~ 300 kev durch ssi

cterter Froben bestimmt. R-Matrix fits an die Transmiesionsdaten wuxden
durchgefdhzt und die so beatimmten Parameter werden vorgelegt.
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The Total Neutron Cross Sections of soc:. 52(::, 62N1 and 64"1
in the Energy Region 10 - 300 keV

' INTRODUCTION

ission on enriched samples of SDcr, E'zcr:, SZM

and G4Ni have been carried out as part of a program tc¢ obtain a con-

sistent set of resonance parameters which describe the neutron total
and capture cross sections of reactor construction materials in the
energy xegion of importance to the fast oreedex development program.
Previous measurements on these isotopes have been made with monochro-
matic neutron beams and did not include measurements of newtron
capture [_1_7, L—Zj, L_3_7 or were made by time of flight techniques
with linac produced neutrons 1_4_7 which must contend with a severe
Y-flash problem. Some disagreement in the derived resonance parameters
from these previocus experiments have resulted. It is felt that the

present transmission measurements, along with m ts of

capture which are currently being analyzed, both made by time of flight
techniques using the Kernfnrschunaszentrum. Karlsruhe 3 MeV pulsed
Van-de-Graaff will avoid many previous difficulties and result in a
more accepteble set of resonance parameters for reactor shielding and
reactor design calculations.

s

EXPERIMENTAL METHOD

The transmission measurements were carried out by the time of flight
technique over a flight path of 4.96 meters. Neutrons were produced by
means of the L17(p,n)Be7 reaction in a thick lithium target with the

1 nsec wide proton bursts from a pulsed Van-de-Graaff-accelerator operated
at a repetition rate of 250 kHz. The neutrons were detected by a 4%" dia x
1/2" thick Gl.:l. 1ouded' glass scintillator+) an@ XP 1040 photomultiplier.

A more detailed description of this d appears el L-5_7.
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Flight times of the were d ned and ded with a Laben
digital time sorter and a CAE 510 on-line computer. Samples and an
identical empty sawmple holder wers cycled into the beam approximately
every 15 minutes to average out beam fluctuations, the cycling period
being ned by the p beam i . The samples consisted
of enriched matals or oxides placed in 1.1 cm diameter thin-walled

aluminium containers. The sample thicknesses used and the isotopic
composition of all samples are given in Table I. During analysis of the
data it was found Qifficult to fit the shape of the low-energy

transmaission of in the on the
oxide samples. Chemical analysis of the szcx-oxide showed a 0.38 ¢ HZO
nant. This ght p B,0 vas for all the “Zcr and
0cr semples, resulting in improved theoreticel fits to the data in all
cases. :
TABLE I:
Sample Haterial"' Isotopic Composition
{Atomic Fraction)
50
Thick: 6.20 g &203 0.9680 52(:1'
0.0298 53Cz
Thin: 4.02 g cr,0, 0.0018 54CF
0.0004 Ccr
52
Thick: 13.05 g cx .0 0.9974 Ccr
23 0.0002 :gc:
Thin: 7.96 g cr0, 0.0023 s4ct
0.0001 cr
62
Thick: 8.49 g NL 0.9875 5 Ni
0.0047 T
Thin: 5.07 g NL 0.0056 et
i 0.0022 1 Ni
Thick: 10.63 g §i 0.9792 g:m
- 0.0092 ; 60""
Thin: 4.24 g N1 ©0.0073 ; GINi
o ©0.0005 6 1
0.0038 4

*smmples were cbtained through the USAEC-EANDC loan pool.



Tranmissions lnd‘lt.h.iz statistical uncertainties wers computed from the
data by megans of the FORIRAN IV code TBAHIL 6 - The-sasple and open .
blckgmndl for thase- ulculau.onl are determined from the counts in the
nmpll .and open spectra, n~p¢ct.tvely, in a !:og:l.on betwean the y~ray.
peak 'and onset of the ’ s on several.
"hlack" resonances in the, anexgy-region below 50 keV showed no ind.ll:l-
tion of'a time dependent. background,:thus  the above method 9! blcleqmund_
vdet-rlj.nau.on is felt to be zulbnlb e, Chi—ﬁuaze £its to the trans- . .
mislinn d.ltn wers then calculated using an: R-matrix fomli- luch as
t!-.nt uvi ed by Lane - and 'mc-uL 7. 'l‘hlu fits and the_finnl plotting
routini wue carried aut by means of tha. code Fanal II L 8,_/ m-
pzoqram acdepts an initial ut of parameters for the major i.otapu o!
resolution broadened ross
ding to

ncludj.ng ccntaninant- + comput

sectionl and then transmissions at 2 energies
. 'l'he chi-square azmr is calculated and p!al lccud

'l‘he calculationn are then !epeated until the .
% bed amount, i.e.,» "

pumeuza are "uiqglld"
relative change in xz is 1le;

_Hheu




and t is the'flight time in nsec. Doppler broadening was assumed to
.be negligable. Nautron energies were computed from thelr time

of flight using the y-ray peak po-:lum to determine time gero.

ini the case of the oxide 1 the oxygen « tion was in-
_cluded by ueans. of a potlntinl scattering radius of 5.6 farmis as a

cont-.lnnnt. bput. This pzoducod ® slightly snergy dspandent cros
section for oxyq-n below 300 keV which is in good sgreemant vith the
dsta of lboxi.nq Set al. L 9_/ 'm- hyd:og-n contribution from the
water contsminant was teken intc ucemmt by means of the Eonuln :

‘nfG—lLlo_/

Tha resulting best fits to the ttanuluion data are shown with the
lnluxed thick and thin sample d-u paintq in the lower diagrams of

. ﬂ.qu:u 1 throwh 8. rar the sake ot chriry arror bars 1nd1cnf_1.nq
. the -uu-ucu unc-:w.n:y in the -n-una data were plotted !or .

eavery 10 or 20 paint, only.~'.l'hn upcr diagrams of ﬂ.quzu 1
t.hrowh 8 are plotl of the znolutien—bronﬂ-nod, total cross uctz.onl .
for the -pure uowpn. 5°c:, 52 62,,1 and “u Thesa cross uctlonl
were computed !:c- the derived l-lluix pumt.n qivon in tables tr
throuqh v.f) In t.hen tables are u-m th. valuss and utmt«l
errors for the resonance anergies, l N lnd the neutron vldt.hl,

r + lor’ ql‘ for £>0}. Also given are vllnn of &, the s-vava patnn-

‘u.u. lcathrinq pu-ctlr, and 8 & parsmater vhl.ch Sdscriban. tha

affect at ru.lt-m: resonances. s u the ntnnqth t\mctlon of a "Pl.cknt
Fenca® modsl which aesi .qullly paced ) of equal widths
out-fd- the region of ‘inalysis. Since two' sepsrate eiiesgy rqibns were
rqu.i.nd in/these axperiments, two values. of the pu-ct-n L and 5y

" were obta!.{nd for each 1lotnpn and are given in tho uhl.u uth their

Fete oL toEA] mln.cum—vilw*uiﬁhtd‘!
-mlndnlidformpnmi 0 Op cnbo

!xme.) .. i

- data cedter at Saclay (Postal -ld:n- . cooM, B.P. d. F-91 Gif-sur-Yvetts,
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TaetE 11 - Pcr marger °

!:o (kev} ) I'3 I‘n(lu'v) . 2 B R

28,43 & .09 " 0.415 i .010 o
v 3 N o

37.32.¢ .12 2,24 % .03 o

54,99 = .18 6.281 ¢ 017 [

64.8 = .2 L., 0.043 % .020 o )
94:75 ¢ .4 T o167 % .08 o
111.8 £ .5 o 0.09 % .05 >0
114.8 ¢ .5 . o2 .05 7 o
129.0 £ .8 ‘0.54 t .08 o
156.6 £ .7 ’ 1.23 % .11 [}
162.45 & B 0,75 & .10 o
185.2 % .9 3.52 % .14 o
218.3 1.2 ©.17 t .13 o
231.6 * 1.2 T, 0.9 .15 °
245.6 * 1.4 - " 0.0 £.15 °
276.6 * 1.5 o 1.9 t.2 T o
269.8 B 3.7 e ¢ -
B, < 17 kev

ay w7 E ]
s;=0 :
a
. . ¢




TABIE III - 52c: Target

x (keV) ] I‘n(ch) 12
22,92 ¢ .07 = 0,005 >0
31.62 £ .10 0.015 % .008 [}
50.19 & .16 1.71 .02 )
57.6 t .2 0.079 £7.017 0
96.2 t .4 €.40° % .06 0
106.0 + .4 0.06° ¢ .04 >0
111.6 & .5 0.06 % .05 >0
116.1 £ .5 = 0,03 i o
121.4 & .5 0.61 £-.06 : 0.
130.1 t .6 0.22 % .08 >0.
139.7 ¢ .6 5.4 & .2¢ )
141.3 % .6 0.7 "% .2% o
234.0 % 1.3 0.3 % .2° >6
235.8 % 1.3 1.1 02, i >0
242.6 % 1.4 0.22 % .15 7 >0
246.3 + 1.4 1.01 & .16 >0
249.9 % 1.4. 0.55° % .16 0
256.7° & 1.5 0.31 % .17 >0
0.55 “£:.191 >0

281.9 % 1.6

8y = 1.5 xi10

ay - 4.5 In




manrz 1v - S% rarget- -

E, (kev} g l‘n‘(knv) 3
42.87 ¢ .14 0.340' % .015 o
56.91 & .19 0.056 017 0
7.2 t .3 6.07 * .03 o
78.4 £ .3 ©.05 * .03 °
24.7 & .4 2.5 % .1 0
105.6 * .4 4.6 2.2 o
149.3 2 .7 0.14 % .67 )
188.2 £ .9 #0.09 ' o
214,7 £ 1.1 .15 % .13 o
2295 % 1.2 6:18 .16 0.
243.2 % 1.3 L0.78 % .15 o
81,1 % 1.6 . 4.8t 4, o .
=268.0 =1.00 °
'Bn > 90 keV. .
l;.l. 6.5 £

4

Sy =41x10




ARz v - 54N1 Target

. By Ge®) g I kev}. L
4.3 & .2 2.9 2.5 . °
33.82% .10 8.90 £ .05 o
106.5. t 4 - 0.11 £ .05 >0
129.3 % .5 1,34 £ .07 ! °
142.0 £ .6 0.17 ¢ .07: © >0
148.8 & .7 0.08 ¢ .07 . o
155.0 & .7 .9 t.1 0
163.2 £ .8 0.14 £ .08 0
177.7 ¢ .8 0.47°% .09 o
181.5 % .9 } C 0.6 % .11 ‘ >0
205.3 % 1.1 %0.06 . : 0
214.7 1.1 . =0.08 . e
219.8 - 1.1. . 0,03 o : o
+ 0,15 “ °
3.77 £ .16 ; 0
0.32-% .13 . >0 .
. 0.17-¢ .15 >0 .
i 2.2 £°.2 [
0.35 + .19 0
TS R
o ajim 6.4 i ; : : =
EarTIva e :
; N I P .
6 . . e
[ .
a 3 e
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DISCUSSION

‘A comparison of the 50(:: and 5zcx: results with data of other authors

‘dndicates some significant differences in the nn-zgy measursment st aif-
:!‘ennt facilities. In particular the tima of fl;ght measuresents of ref.
Z\_«IJ using electron linac produced nautrons show a systematic dis-

a;‘t with the ensrgias of Tables I and III, (virtually

no d.tff-nnc- at the lowest enexgies, approximately 1 keV at 100 kaV -
neqttcn enexgy and appraximately 5 keV at 280 keV neutron energy),
ergies of xef. L_4_7 being .consistently higher. Within the rather
hz&éﬂ erxox limits this energy diffexence varies as !3/ 2 suggesting a
constnnt exror in one ox the other time scale such as incorrect location
of th. zero of time would cause. In the present data the y-ray peak

is ze\corded in t;he neutron time of flight spactrum and ix used directly

to caqzuta the zero of time. The ~ Cr energy data: of Miller and Rohr _L—i 1_7

taken a‘ldth the KFK vVan-de-Graaff and with a different flight path and

d ‘; fxom. the P experiments show a similar :alncionlhip to' the

53cr u’mnance energies of ref. / 4 /.

On the otherhand, the “Ocr, %1 and s‘m data of ref. / 3 7, taken with
2 : -' d by a vun—dn-Graaﬂ, show a small,

approximately constant {with energy) shift in rescnance energies for each

isotop- of <:1 keV compared to the pnnnt results on' these same i-oupn.

' * agreeme! t considering the xef.; L 3 _/ energies are based on' a neutxon
thxelhold measurement and conu.u_n an \mc.rtninw due to the 71.1 target
thickmu.

A recent raport of Garg et.al. L—12_7 gives SZM reschance paramaters which

these authoxs-have: derived from ssion - on natural
nickel samples. Our, results on npuat-d Zui saaples clearly show ﬂut
62

there is no rescnance in ~'Ni vit.h a width as.large as +25 kaV near 89 ke

i Yeported in L 12_/ On"the other hand the pronnt data
lhD\l nv‘nl additional szui réscnances which were not cbeerved in the .
natural nickel transmission data / 12_/ The neutroa‘widths reported here
are in fair agresment with thise of pzuvioul authors L 1,2, 3.4 _/
Al!'.bouqh ch-re are ‘sime dilctopam:in cutside quoted. exrors: in sose’

1nd.1.v1dual neutron widr.hl, r_hc s-wave strength !unc:ion nlnu for 50 Cx

(&3
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and 52Cr ccmputed from the present data are in v‘zy good sgreemant
with thoss reported in ref. L—lj- The present values are listed ’
in Table VI along with the s-wave stxength functions derived from
the 5241 ina N1 cata. Some values of other authors are included

for comparison.

N TABLE VI - s-wave strength functions

Target Experimental
Nucleus Strangth Function
: (s_x 1079)
, * 10
50ce 1.7 2 0.7 2.18 £ 0,75%
52¢y 1.9 ¢ 1.0 : 2.10 ¢ 1,05
624 1.8 £ 0.9 2.9 % 0.8t
. conpilation
64yy 3.5% 1.4 2.0 0.7
_compllation

r 5°c: the preaent g I'n values appesr to be in better agreemant with
the results of ref. / 4 / than those of ref, / 3 7. Our somewhat lower
value for the width of the socr (94.7 kev} ‘znonmc‘ may be due to our
dl.ucéc’fnclulion in the analysis of the broed 52& resonance hearby
a3 a contaminant. ¥or S2cr the present rosults and those of raf's./ 3 7
and L_A_T are in falr agreement. It should be foted that the resonsnce

near 140 keV in 526 vas anelyzed as a doublet in the present data.

‘A u.nqlct with l‘ = 6.2 kaV also fits and may bc prefasrred. For the

ilocupn zﬂi and ‘Iu the preasent l'“ an.un for s~wave resonances are

in fair agrsement with thoss of ref. [‘3_7 although in general ouy

:valu.- are lower,

Some remnrks should bé made with Tegurd to lpl.n assignments ol pn'tlculu'
resonances. The 52&_ (31.62 Xay) resonance is choztod bare as s-wave
llthanqh vit.hin the -ucuuc. of the data a higher l—nn lhlp. would

“aleg fit. The 52ns (56,91 keV) resonance 13 clearly not s-vave se

cnwuudunf. Lz_/

B v
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FIGURE CAPTIONS

Pig. 1z

Fig. 2}

: ilbtépe' 50(:: computed from the R-matrix p‘uuct

(Below) - The transmigsion dats and R-matrix fit for 0.073 and

10.126 nuclei/barn- chremim-oxide samples, cnr:l.chcd in soqr, ¥s.
. nsutron energy in the regicn 20 -~ 12C:kev. " 'v ©© R

(Above) -~ Resolution d, total ‘-4,-. ction for the pure

{Balow) = The tranrmission'data and Romatrix fit £Or the 50¢yr
nmplel, vs. nautron energy in th- rugion 120 - 290 ke,

(Abov-) - Rnlolut:ion broadened, totll cross-section for th-

. pure isotope so Cr computed from the R-matrix. parameters.

Fig. 3:

Fig. 4:

Fig. 5:

Fig. 6:

(Belov) 'rh- tnn-iuion data and R—ntru fit for 0.142 and

o 232 nuclni/bam chromium-oxide samples, nnrichcd in szcr, vs.

nlut:zon _enexrgy, in the region 27 - | 90 keV.

{Above) ~ Resolution broadaned, total cross-section for r.he pure

. isotope 52 Cr computed from the R-matrix puuetu‘s. B

d

(Below) - The transmission data and R-matrix' fit for the 5%
samples, ‘v&. neutron energy iri.the regién 90 - 290 keV. ° Tl

{Above) - Resolution bmldcn-d, total cross-section for the puve
isotope 52c: computed from the R-matrix parameters.

{Below) - The transmission data and R-matrix £it for 0.044 and
0.073 nuclui/blrn nicke smples, -m:ichnd in 62"1‘ ys. neutron
energy in the region 27 = 90 keV. R

(Above) - Ruolutj.on broadened, f.ot-l cros ection for t:h- pure
1lotcpc 6?‘:{1 cn-putnd from the R—ntzix pax-ﬂ'.n

(Balow) - The' transmission data

samples, ve. snergy in tha region 50 - 290 kev.

(Above) - Resolution b a “wl:ll ss-saction for the pure
o a .

isotope 62lu. g:c-pqt-d from tha l—-nt.i;xr parmmeters.




Fig. 7:

Fig. 8:

=15 =«
{Below) - Tha transm lion data and R-matrix fit for the 0.035
n\;chi/bn:m nickel sample, enriched in s‘m, ¥8. neutron energy
in the region 16 - 98 kev. :

{Above) - Resolution broadened, total } tion for the pure
isotope 6‘“1 computed from the R-matrix parsmeters.

(Below) - The transmission data and R-mstrix fit for the 0.035 and
0.089 nuclei/barn “Ni enriched samples, vs. neutron energy in the
region 98 ~ 290 keV. o

(Above) - Renlm:ioﬁ broadensd, total crose-section for the
pure isctope 6‘N1‘ l::npu_t_od from.the R-matrix parameters.



1 By













<

. Fg.5







&
i o




LTI

ﬁ(ﬁﬂ
s @« B ® ¥




