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Abstract. Neutron activation cross sections for Cr isatopes
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products, The linear leasf-squares method was used to resol-
ve the interfering reactions. The results are compared with

other data measured at 14.6 - 14,8 MaV,
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1. Introduction

Activation technique have been used to measure thae cross
sactions for neutron induced reactions on Cr isotopass with tho
emphasiza to (n,p) and (n,np) * processes. Though many such
data have beon measured in the past it is generally difficult
to find out what valus is to bo prefaerred in diffqrent kind of
agplications or coéparisons with thecretical calculations. The
point is that the msasured data often exhibit mutual disagre-
cmont substantially cxcsedihg tha'quotad uncortainties, This
is probably the reason why the new data are still roequosted in
VIRENDA 83/84 (1983). Morecver the chromium is oné of tho poton—
tial component of tha fusion reactor construction material and
obviously precise and raliable activation data are noeded for
that purposa. Recently the Coordinate Rossarch Prograone was
launched by the International Atomic Energy Agoncy, Vienna to
encduroge this kind of measurcments. \/e belicve that one of
tho efficient way to improve the existing situation in activao-
tion data for Cr is their careful roacasuromaents using modern
exporimental procadufes. dafa processing techniques and orror
handling methods.

The activation cross sactions measured in this work will
be ccapared with all other results contained in CiuDA (The in=
dex to the literature and computsr files on Microscopic Neutron
Data, published by IAEA, Vienna). Howesver only those data poea-
sured betweon 14.6 and 14.8 MgV incident ncutron encrgy will

* The (n,np) symbol stands for the sum of (n,n’p), (n,pn) and

(n.,d) contributions,



~ be considered in order to minimizo thé influence of the excita-
tion functions behaviour around 14 MecV. Thess data will be re-
ferenced by the year during swhich they were included in CINDA.
The original reforaences arc omnitted as many of them werc not

avzilable to present authora. Thoy con be found in CINDA howover,

2. Expearimental procedurs.

The details of the experimental technigue and data aquisi-
tion systém are described in our previous papers (Guuca and Ri-
bansky, i983a and Ribansky and Gmuca, 1983). Here ws rapart
unly details pertinent to ths progent experiment. o

The samples used ﬁare prapared by pressing (:1'20..5 powder
into plaxiglass containers (# 16 enm). The enriched samples wore
supplied by TECHNABEXPORT, Moscowe. All samples were of spectral
purity and at least two targets wers prepared from each isoto-
pic mixturs. The isotopic abundances are listed in Table 1. The
sample thickness varisd from 200 to 400 mg/cm2.

The required neutrons were producad via the T(d.n)4ﬂo roac—
tion using small electrestatic accelerator (120 kV) and thick
vatar-cooled Ti-T targot. The time variation of the neutron flux
was monitored by two neutron datectors and was taken into account
in the cross section calculations, These detectors were calibra-

S6

tod several times beforo cach run using Foe(n,p) reaction assu=-

ning tSbb=105.4 X 1.1 ab, Ryves st al. (1978a). To chock the

experimental procedure the Al samples were also irrradiated and

27\

the cross suction for l1{n,p) reaction wzs doetermined, Its va=-

iue=-rolative to 6 (°OFe) - turnaed out to da 71.8 % 2,3 ab, It

np
is not in as good agreement with G6 £ 2 mb reported by Ryves et



al. (1978b) as cne would expect. It is howover in porfect
agreement with the ENDF/8-5 (1979) evaluatica (71.0 mb).
When possible the irradiation of Cr samplss wers rcpea-
ted in order to lowsr the statistical uncertainties. The ac-
tivities of the reasction products wers maasurecd with Gc(Li)
datector (2.5 keV at 1332 keV) and at laast two 3’-ray spoc~
tra wera taken after each irradiation and recorded on a disc
for off-line processing. The full aenergy peék araas wviere cva-
luated using the code GWENN (Gnuca and Ribanhk?. 1983b).
They were correctad for tho selfabsorbtion and the coinciw-
daencoe summing effects using the code KDRSUM (Dobartin and
Sch8tzig, 1979). To determine tha contributions of (n.,p)
and (n,np) processes on neighbouring isctopes leading to
the same reaction product, measurcments wers mada on somples
with several different isotopic abundancss. Thae corraspone—
ding cross sections were evaluated using a linear least -

équare method,

3, Uncertainties
A great carae was devoted to the correct treatment of

both corrdlated (systematic) and uncorrelated (statistical)
errors connected with the present experiment., Ths covarianm
ce matrix method (Mannhart, 1881 and Smith, 1581) vwas e
ployed for the estimation of our total data uncertainties,
The sources of uncartainties which were taken into account
are listed in Tabls 2. All uncortainties quotod in cur pa=-

. par reprasent ona standard doeviation.



4, Results and discussion

The rosults of our measurcments are prasented in Tablo 3.
Those data which are correlated with each other are grouped and
the corresponding covariance matrix is givsn in the lost column,
‘The number of independsnt irradiatibbs is shown in the 4th co-
lumn,. | ]

The decay data of thoe roaction products ars pruosentod in
Table 4. The coincidence sunming corractions (factors by which
the measured full energy peak areas ware multipliedj ara given
in thse last colUmn..Note that for 54Cr(n.p) reaction thcsc core
rections amount to 20 %, The numbers in brackets (colunn 2 and
4) represent thc_ancertainties of the half-livaé and X—tran—
sition intensitiss in the same format as used by Loederor and
Shirley (1978},

Our results are compared with the previous megsurcments
performed at 14.6 = 14.8 MaV in Tables S snd 6. In gencral the
detziled comparison with other data is difficult bocause many
important experimental dutails are.dften not presantad by the
authors, differsnt reference reactions were frequently uscd
and different experimental technique (o.g.ﬁ>counting) Was somo—
tincs employed, Therefore only vory general obsarvatibns based
on Tables 5 and 6 will be presented. The data are ordorsd ac—
cording to the year thay wers included into the CINDA,

Table 5. OCur cross soction for 52Cr(n,2n)-reaction is in
very good agreement with the majority of Bthor rosults, This
statenent includes also these data which do not overlap with

ocur value within the quoted uncortaintiss by less than 32 wb.



Tha reason i3z that the measured excitation function (Chotterjoe
et al,, 1969 and Borman, 1865) é#hibits gradisnt ~ 2 ob/0.1 oY
between 14 and 15 MeV. Ths romaining three values arsc compati-~
ble with our results only at 36 confidsncs levsl.,

For SZCr(n,Zn) roaction the gradient of the excitation
function is ~ 18 mb/0.1 HaV, Having this in mind ona can soo
that our result is in vary‘godd agreencnt with just the half
of other data. The rosult of Araminovicz and Dresler (1S72) is
clearly too low. The valua roportedd by“bhsiov et al. (1972)
is very probably too high and this is probably truo also for
Sailer et al., (1977) value. The last sbservation is based on
£ tat

the non-activation measuremant o Cr(n,2n) cross gaction

(406 X 32 mb) measured by Frohaut ot al. (1880) at 14,76

54

MaV. The contributions of (n,2n) rsactions on Cr_and_530r

isotopes to the Frehaut et al. (1980) valus can ba cstimatad
from the semiempirical calculations of Psarlstein (1973). They
ropresent. 23 mb and 87 mb respectively. The contribution of
SOCr(n,Zh) roaction is only ~ 1 nb and we are left with 383 b
28 ob for the cross ssction of'SZCr(h,Zn) faaction. This value
is in agreement with our rosult and support auf above nentio—
ned assortion, | N
Table 6. Qur cross saection for 52Cr(n,p) reactibn is in

agreement with only 4 out of 10 other measuroments prescnted
in Table 6, Disturbing fact is that tha rest of the data ara
substantially larger than our result. Tho contribution of

530r(n,np) reaction (admitting it was not taksn into sccount)

can not explain the obsarved discrepancy. For natural saoples



(53Cr)¢z7 mb, this contribution represents ~1 ¢

( 53C

assuming Gh.np

e 53 - =
because the product M (7 Cr) S a.np

1 S& 32
abundance = is ~ 75z 7(7°Cr) 63' (

r) = M L8 tho lsotopic
8 Cr). For samples enriched
in °%Cr tho situation is still mare favourable. The incident
neutron enerqgy spread is alsc irrelevant because thé excitation
function of 52Cr(n.p) reaction is practiczlly constant arcund
14 daV (Clatbr, 1569 and»Karn et al., 1959). It appears that
our cross secticn is probably too low though nc obviocus roa=—
sons can beu identified, The measured protcn spectra of 2
(n,xp} reaction (Grimecs et al,, 1978) can also be used to do-
duce ths {(n,p) acfivation cross section. Assuming that the se—-
cond particle (in this case the neutron)‘is certainly emitted
from 2V nucleus once its cxcitation anergy reaches the ncu-
troﬁ binding snargy the (n,p) activation croas soction can be
approximated by the integral of the experimental protbn spec—
trum from pn-threshold to the maximum proton energy. Fron Gri-
mes et al., {(1979) data we obtained ~80 % 15 ub a value which
is in agreement with ocur measurement.

For other two (n,p) reactions the situatibn is nuch bst-
ter, Our i?np(sscr) is in very good agreement with othsr re—
sults. Only the Qaim and Molla (1977) value is noticable hig-
thier than ours, For 54Cr(n.p) reaction no comment is ncedod as
all results are in perfect mutual agrecment. |

The (n,np) data are characterized by a large discrepan—
ces batween our msasurements and those of Qaim and Molla (1977)
vthich are substantially higher. Vthile for 5‘.‘Z'Cr(n.rlp) reaction

‘thoir valus can very probably be in error (othar two results



—8_

arae practically identical with our result) new moasuruﬁcnts
are necded for 54Cr(n.np) reaction in order to reéolve the -
observed discrepancy. 4
The prasent valus for 54Cr(n,c<) cross section is in

very good agreement with Valkonen (1976) and Husain asnd Ku-
roda (1S67) ocasursements, Wa diffar slightly with Ssiler ot

al. (1977) and significantly with Qaim (1973).
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Tablo 1. Isotopic abundances (%4) of Cr meouples

Saaple Isotope
50 52 53 54
Natural Cr 4.35 83,79 9,50 2,36
g 0.5 8.5 0.8 6.2
>%cr 0.01 99.8  0.19 0,01
3cr 0,03 2,19  97.7 0.08
54

Cr 0,13 4,06 2,01 S3.8
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Table 2. Ths principal sources of uncertointies

Sourcao Resulting uncertainty (i)

Counting statistics

Sample mass

Isotopic abundances

XQréy intensities

Detector efficiency (FEP)
Reaction product half=-life
Irradiation and counting geciotry
Coincidence sumaing corrections
_X—ray selfabsorbtion

Monitor calibration (including
bGFe(n.p) raferencae reaction)

Jo5 = G
J.1

0.2

C.,.0 - 7.8
1.5

0.3 - 3,0
Q.2

0.7

05

2.8
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Table 3, Neutron activation cross sacticns for Cr isotopes

at 14.8 eV

Reaction S Uncertainty Noe. C©F Correlation

(mb) (ab) irradiations Ratrix

Ocr(n,2n)*%cr 20,4 0 1.1 2 -
52Cr(n.Zn)51Cr 361 - . 22 1 -
S20r(n.p)*w  70.7 3.1 100
53 5 33

Crin.np)>®v 7.3 0.6 ~14 100
S3cr(n.p)?3v  35.60 1.50 100

27 .

54Cr(n.np)53V 1.53 Q.14 ’ -25 100
Her(np)>v 14,70 0.61 27 -

Mern, 0 TL 10.63 0.46 7 -
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Table 4, Dacay data of reaction products

Reaction Tl/’ E I Coincidonce ‘Refe
product < ¥ Y sumnning corre
(keV) o
49, 42.08(15)m S0.6 54.2(9) 1.113 2)
152,8  30,9(5) 1.108
Sicy 27,703(4)d 320.1  9.85(8) 1.0 b)
>2y 3.760(8)n - 1434.1 100,0 1.0G7 c)
>3y 1,64(5) m  1006.0 90.0(2,0) 1,001 c)
54, 49.8¢1.0)s%)  834.8 200.0 1,215 - )
986,0 81.8(6.4) 1.224
Sipy 5.76(3) n 319.7 1,001 c)

93.4(9)

a) ENDF/B=5 (1979)
blraza (1563)

c)Lodorer and Shirley (1978)

d)Rous et al., (1979)
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Table 5. Comparison of our (n,2n) cross sections with othor

necasureaents at 14.5 = 14,8 MeV

=] Refeaerancs 6 Raferonco
(mb) (mb)
90cr(n.2n)* % 32Cr(n,2n)3cr
20.4%1.1 This work 361322 This work
21,9%0.5 a) 377%45 k)
24 25 b) 439512 a)
26,9%2.0 c) 304%20 d)
26 %3 | d) - 143%17 a)
31.4%2.5 @) 543%50 1)
25,0%2.5 f), EF  412%29 | n), EF
25,0%2,5 g), EF
32.023.2 h)
27.0%5.7 i)
18.8%1.9 1)

~ EF a Deduced from the asasured excitation function

a) Sailer et al. (1977) g) Borman (1S65)

b) valkonsen {1976) h) Mukherjes st al, (1951)
c) Sigg (1976) i) Khurana and Haona (1951)
d) Qaim (1972) = ~3) Chittondan (1981)

e) Araminowicz and Draslsr (1972) k) Molla et al. (1983)"

f) Chattarjes st al., (1SG9) 1) Maslov et al. (1972)

n) Borman (1S68)
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Tabls 6. Comparison of our (n,p), (n,np) and (n,X) cross sec-
tions with other measuremoents at 14,6 - 14,8 lioV

o Reference o Referance G Referencs
(mb) (mb) (mb)
52Cr(n.p)52 ' 53Cr(n.p)53V 54Cr(n,p)54‘v
70,72 3,1 This work 35.631.1 This work 14.7020.61 This work
8 g n) -~ 48 7 n) 18 33 n)
24 210 . b) 40 %7 b} 15 X4 b)
5,12 3.0 o) 36 Zs - p) 13.5 £1,5 s)
73 T3 p) 4 Zs )
110 324 r), EF 37.3%3.7 1)
115 235 s)
82,8%5.8 t) -
105,0%10.5 . h)
82.7%..950 3)
113 24 u), EF
53Cr(n.np)szv 5Ac,r(n.np)"s:”\l 54Cr(n.0051v
7.320.6 This work 1.5320,14 This work 10.63%0.46 This work
12 23 n) 3.0 20,8 n) 13.4 1.2 a)
7.3%0.4 v) 7 X b)
7.121.5 a) . 15,0 £1.6 x)
12.5 21,3 8)

EF n Deduced from the moeasured excitation function

n} Qaim and Molla (1977) u) Kern ot al, (1959)
©0) Drusler et al. (1972) . v) Woebber and Duggan (1368)
p) Prasad and Sarkar (1969) x) Quim (1974)

r) Clator (1969)
§) Husain and Kuroda (1SG7)
t) Mitra and Ghose (19G5)



- 17 -

52

Coincident in-beam measurements on Cr bombarded with 14.6

MeV neutrons

P, ObloZzinsky and S. Hlavac
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Reported are experimental data for 520r sample obtained
by coincident x-& and n—% in-beam techniques. The data in=-
clude average multiplicities related to 8 discrete transi-
tions, average &_ multiplicities following emission of 1,3 =~
11.6 MeV neutrons, average energies of these §< rays and ex-
clusive neutron spectrum containing solely inelastic component.

Work performed under IAEA Coordinated Research Programme,

Research Agreement No 3436/CF
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1, Introduction

Chromium is among basic elements of constructional mate-
rials and its interactions with neutrons are of interest for
both fusion and fission reactor technology,

Probably most important chromium isotope is 52Cr with
83.8% natural abbundance. It has closed_lf_/,/2 neutron shell,
N=28, and the Q-value for (n,2n) reaction is 12.04 MeV. In-
elastically scattered 14,6 MeV neutrons can effectively popu-
late unbound states of target nucleus and can be exploited in
studies of their decay modes, specifically by & emission, via
(n, n&) reactions. In order to probe such states more directly
we used coincident in-beam techniques.

In a natural target, however, one has 9,5% of 53Cr w1th
loosely bound neutron above the closed shell, an 7.94 MeVv,

This means that rays from 33

Cr(n,Zn&), which cannot be se-
parated from 52Cr(n,n‘&«) rays even if high resolution spec-
troscopy is used, should be rather strong. For this reason we
irradiated highly enriched >%cr.

In this report we present complete set of our experimen-
tal data for 52Cr sample obtained by &-K and n-{ coincident
in-beam techniques. Except of average }; ray mul£ip11c1t1es
we for the first time report exclusive neutron spectrum which

unlike total spectrum contains pure inelastic component only.
2. Experimental procedures

Measurements were carried out with the multidetector setup
developed for combined in-beam neutron and éS spectroscopy ex-
periments using the associated particle techniquel). Geometri-
cal arrangement cf the present run is shown in fig.1. All spec-
trometers are in the reaction plane. Since the NaI(Tl) is sen-
sitive to neutrons it was located under 70° towards the incident
beam in order to suppress events due to elastically scattered
neutrons., Further suppression was achieved by the time~of=flight
discrimination. ,

Enriched sample (99.8 +0,1%, weight 119.8g) of powder form
was filled in a thin polyethylene bag (1.5g) of cylindrical
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plastic
r +
a//é
target

collimator

0 -

0
N3 o [
Nal(TU)

sample

o stilbene

Fig.1. Experimental arrangement. Size of spectrometers, their
orientation towards incident beam and sample-to-detector front
face distances were, respectively, @16cm x 10cm, 70°, 30cm for
the NaI(Tl), @12cm x 4cm, 100°, 60cm for NE 213 and 70cm>,70°,
15cm for Ge(Li). The NaI(Tl) was shielded by'additf%al lead
collimator with apperture @gilicm.

shape (@3.5cm x 6.5cm). Its average thickness was 0.0609 at/b.
We measured essentially 2 coincident spectra. First, spec-
trum of discrete g rays observed by the Ge(Li) spectrometer
in coincidence with another & ray detected by the NaI(Tl) de-
tector. Second, two-parametric spectrum comprising of neutron
tof events as observed by the NE 213 igEoincidence with energy
of & ray events from the NaI(Tl). In addition, we recorded
singles spectra from all the spectrometers., Data were collected
by means of standard analyzers and low rate CAMAC oriented two-
parametric system based on the TPA-70 minicomputer. .
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Spectra were processed and analyzed by standard procedu~
resl). Particularly, the Ge(Li) spectra were fitted by the
non-linear least squares method embodied in the program GWENN
(ref.z)). Average g ray multiplicities were obtained by compar-
ing coincident to singles Ge{lLi) yields and by comparing coin-
cident to singles neutron tof spectra. Absolute scale was re-
tained by using measured total efficiency of the NaI(Tl).

Energy=-angle differential cross sections for exclusive
neutron spectrum were obtained under the assumption that angu-
lar correlation between emitted neutron and discrete G ray tran-
sition (mostly 1434,1keV, 2% oF gs) is weak., We used relation

2 3
46 _yyx_d8 N )

d E, cdw dE, dwmot(;i; LT A Qmﬁzm

where Nn is the observed intensity per 1 MeV in the neutron
spectrum as measured in coincidence with discrete 1 transitions
detected by the NaI(Tl), @ stands for the neutron fluence, A is
the number of target nuclei, §2'1 is the absolute NE 213 effi=
ciency including the solid angle in sr and §2ehot is the abso-
lute photopeak efficiency of the NaI(Tl). Neutron fluence was
determined from the count of the associated O, particle dete-
ctor corrected for the solid angle and for the figure of merit
observed by the stilbene monitor.

Corrections for sample~to~detector geometry and selfabsorp=-
tion were calculated by the Monte Carlo procedure. No correc-
tion for multiple scattering was applied.

3, Results

Average & oray multiplicities of cascades passing through
specific low lying transition were observed in 8 instances in
(n,HK) channel., The results are summarized in tab,1. Included
in uncertainties are statistical error in determining peak area
of coincident as well as singles Ge(lLi) spectra, 5% uncertainty
of the NaI(Tl) efficiency and 3% estimated uncertainty of ap-
plied corrections, ‘
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Tab.1, Observed average éQray multiplicities including specific
discrete transition in 5 Cr. Given in brackets are uncertainties.

Transition(keV) Multiplicity
647.4, 47> 4% 5.6 (.6)
704.6,(3% )~ 4+ 6.8 (.7)
744 .2, 6% — 4¢ 5.8 (.6)
848,2, 5% — 4* 4,8(1.5)
935.5, 4*—» 2+ 3.7 (.3)
1246.2, 5% —> 4+ 4,4(1.4)
1333,6, 4* =2+ 3.7 (.4)
1434,1, 2+—=0* 3.7 (.2)

Average (. ray multiplicities of cascades following emis-
sion of a neutron with specified energy are summarized in tab.,
2 and fig.2, Multiplicities were extracted from ratios of gi-
ven bins of coincident and singles neutron tof spectra. Back-
ground was subtracted from the raw spectra by the procedure

3). The uncertainties qouted for mul-

devised by H. Klein et al,
tiplicities are basically due to statistical error in coincident
neutron spectrum, Uncertainties in neutron energies run from
about 20% at 1.5 MeV up to about 35% at 10 MeV. In the energy
regién where (n,2n) channel is open long (n,ﬁ&) cascades are
mixed with much shorter ones from (n,Zn&). Most of the secon-
dary neutrons observed in the present experiment, however, refer
to (n,2n) process leading directly to the ground state of 51Cr.
Tab.2. Average & ray multiplicities as a function of observed
energy of emitted neutrons, Given in brackets are uncertainties,

En (MeV) Multiplicity
1,3 - 1.5 ' 0.7 (2.0)
1,6 - 1,8 2.26 (.47)
1.9 - 2,2 2.82 (.48)
2.3 = 2,6 4,48 (.48)
2.7 - 3,0 4,59 (.47)
3.1 - 3,6 4,05 (.43)
3.7 - 4.3 4,15 (.45)
4,4 - 5,3 3,70 (.45)
504 - 607 3.43 (046)
6.8 - 8,6 3.08 (.45)
8,7 -11.6 2,32 (.53)

Two-parametric spectrum n tof x X energy contains infor-
mation about k ray spectrum as a function of energy of emitted
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Fig.2. Average o ray multiplicity as a function of observed
energy of emitted neutron in the laboratory frame., Shown by
arrow is the (n,2n) threshold.

neutron., Due to low statistics these partial & ray spectra
provide limited, though still useful, insight as concerns their
shape. First moment of the spectrum has the meaning of the ave-
rage energy of cascading @ rays. It can be extracted from the
spectrum by means of the calibration curve for centroids with-
out unfolding of the raw spectrum. This procedure is meaning-
ful in our case thanks to fairly constant efficiency of our
NaI(Tl) spectrometer in a broad energy region. The results are
given in tab.3. _

' The two-parametric spectrum was further used to extract
neutron spectrum in coincidence with 1434 keV (rays. The late

5 Cr which cumu=

ters refer to strong 2* o gs transition in
lates almost all U1Jﬂ@ cross section, This feature, supported
by our singles Ge(Li) data, is demonstrated in fig.3 display-
ing total coincident &\ray spectrum observed by the NaI(Tl)
spectrometer, Pertinent neutrons, therefore, represent prac-
cally complete (n,n') component with no admixture from (n,2n)
channel. In our case the 1434 keV peak should contain contri-

bution from nerby 1333.6 keV and perhaps also from 12456.2 keV



- 23 -

X\lines. This admixture was taken into account using our sin-
gles Ge(Li) data and thus double counting of coincident neu-
trons was eliminated. The resulting exclusive neutron spectrum

is summarized in tab.4 and fig.4.

Tab.3. Average G ray energy as a function of observed energy
of emitted neutrons., Given in brackets are uncertainties.

E. (MeV) B, (Mev)
1.0 - 1.2 1971 (.25)
1.2 - 1.6 2.50 (.36)
1.6 bl 1.9 2033 (022)
1.9 - 2-2 2.30 (016)
2.2 - 2.6 2.39 (.12)
2.6 - 3.1 2.43 (.11)
3.1 - 3,5 2,40 (.15)
3.5 - 3.9 2-60 (.16)
4.4 - 5,0 2.29 (.17)
5.0 - 5-7 2036 (019)
5.7 - 606 2.45 (.22)
6.6 - 7.7 2,53 (.25)
7.7 - 900 2.02 (022)
9.0 ~10.8 1.72 (.22)

10.8 -13.2 1.72 (-29)
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Fig.3. (& ray spectrum observed by the NaI(Tl) in coincidence
with ~ 0,8 - 13 MeV neutrons., Indicated lines refer to (n,ﬁ&)
channel.



Tab,4, Exclusive neutron spectrum referring to (n,n’ 1434 keV)

process (laboratory frame, 100°). Given in brackets are uncer-
tainties. 2.
d= < mb N\
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Fig.4. Exclusive neutron spectrum (see tab.4), Average neutron
energy indicated by arrow is 4,.19(.17) MeV,
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‘4, Discussion

To our best knowledge all data included in this report
have been measured for the first time, Still, however, cer-
tain comparison with earlier data is possible in two instan-
ces. |

J.K. Dickens et al. 4) have reported average § ray energy
observed on Cr(n xg) reactions as a function of energy of in-
cident neutrons. Their value, EQ 2,3 - 2,4 MeV taken from fi-
gure at 14.6 MeV, seems to be i% very good accord with our
results, One of course should keep in mind that we report prac-
tically 52

Our exclusive neutron spectrum at spectral energies above
about 2.5 MeV can be compared with full neutron spectra as
measured by Hermsdorf et al.s) at 14,5 Mev, 90° and by Taka-
hashi et al.s) at about 14,0 MeV, 103° on natural Cr. Accord

with these data seems to be fairly good, too.

Cr(n, n&) component only.

The authors are indebted to 3. Pivaré for the help with
the irradiation facility. They wish to thanki§. Gmuca for mak=
ing available the code GWENN and to M, Morhdé for the imple-
menting the CAMAC-Fortran routines.
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