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THE SPONTANEQOUS FIS3SION NEUTRON SPECTRUM rOR '32Cf IN THE

3 x 10722 x 10° eV ENFRGY RANGE-

M.V, Blinov, V.A. Vitenko and V.I. Yurevich
{(V.G. Xhlopin Radium Instituce)

ABSTRACT

This paper sets forth the results of precision measurements

performed with an improved spectrometer. The energy range of the
measurements is considerably extended. Wirhin the limits of experi-
/s

mental errcr and indeterminacy in the calculation of the "Liiln,a)
reaccion cross-section. the neutron spectrum in the given range may
De approximatec to a one-parameter Maxwellian discribution

(T = 1.42 MeV).

1

- S 252 :
The sponctaneous Iission neutron spectrum for Cf is used racher

widely as a stancard, but its application is often limiced to the

region above 1 MeV since the low~energy part has not been decermined
with sufficientc accuracy. The spread of data obtained by various

authors ;1-6, is shown in Fig. 1.

-

The authors of this paper usec a low-background time-cf-flight spectro-

mecer to measure che spectrum from 300 eV to 2 MeV. The spectrometer has
been described in a separate paper. The neutron detector consiscted of a
6

LiI(Eu) crysctal coupled with a photomul:tiplier (crystals measuring 18 mm
in diameter and 2 and 4 mm thick were used), and to detect the fission

c . i1 . - . £ the der
fragment we used a gas scintillation counter. The design of the detec-

tors was described in Ref. [4]. Two layers of californium were used with

-~

s . . : 2
a fission rate, at the beginning of the measurements, of 20.1 x 107 and

3 ... , N )
98.3 x 10~ fissions/s, respectively. The spontaneous fission concribu-

. o . : y A=l _
zion from cther fissile nuclides did not exceed 1C "%. Delay lines were

used to calibrate cthe spectrometer's time-scale with an accuracy cf

4

8.3 ns. The cime resolution for neutrons was 1 ns. The zerc time

-

paper was prepared with the support of the International Atomic
Energyv Agency (Research Contract No. 2048/R3).



was defined by comparing neutron spectra measured at various pach lengths.
Four path lengths were used for the measurements, i.e. 6.23, 12.3, 25.0
and 5C.0 cm. Different path lengths were used 2o verify the operaticn of

zhe instrument and tc check the measurement conditions, as well as t¢ over-

come the practical difficulcies associaced with measuring the spectra over

3

a wide energy range using one path length. he 6.25 cm path length was
used for che measuremencs in the 300 eV-3C keV region, the 12.5 cm length
for the 5-200 keV region, the 23 cm length for the 70 keV-1 MeV region and
the 30 c¢m length for the 130 keV-2 MeV region. The energy resolution at
che upper limits of the ranges was not worse than 10%. A correction for

energy resolution was made for all the path lengths.

In the given energy range the 2fficiency of the neutron detecctor was

derermined only bv the "Li(n,x) reaction cross—-section. This is because

[o 20N ¢ N

the other reactions on Li and /Li nuclei which produce charged particles
are endothermic, and the spectromecer's energy thresnold for detection

was set at approximately & MeV., The contribution from the I{n,y) reaction
was heavily suppressed by using thin crvstals with a high gamma equivalent
and small thickness, and this contribution was taken into account by per-
"forming measuremencs with a LiI(Eu) crvstal. The 6Li(n,Y) reaction cross-
section is negligible. The efficiency of the detector was calculated by
the Monte Carlo method using the "Li(n,a) reaction cross-section values from
the ENDF/B-V file. Allowance was made for multiple scattering in che

crystal and for che time of flight of the neutrons up to detection.

The random coincidence background accounted for 0.07% of the effect
at 100 keVv, and 6% at > keV for the 5.23 cm pach length. The spectro-
meter electronic circuit reduced the true random ccincidence background
by two orders of magnitude. The screening of the neutron spectrum by
y-rays was estimated to be no more chan C.5% for the 6.25 cm path length.
The corrections for neutron scattering from the parcicle detectors,
scructural materials, ambient air and walls of cthe room were determinecd

both experimentally and theoretically. The method of determining che

corrections is described in a separatce report. Figure 2 shows the energy
dependence of the mein corrections for the 6.25 cm path length, The toral
specirum measurement time was 110 days. To check scabilicv, the

specirometer was monitored from the pcsicion cof the gamma peak, the value



cf the channel and the energy threshold for detec:tion. Sets of measure-

jag

ments performed at different times for differenc oath len s, targets

U

ané crystal sizes were compared, allowing for the decay of cthe califcrnium.

The resulcs of the measurements were in agreement within the limits of

experimencal error.

Figure 3 shows the equipment spectra for the <200 keV region. The
y . . . 7.,
same figure gives the background speccra measured with a LilI{(Eu) crystal.
The energy spectra, allowing for all the corrections for che four path

lengchs, are shown in Fig. 4 as deviations from the Maxwellian distribution

with T = 1.42 MeV. As in Fig. 1, there is normalization for the 1 MeV

region. The figure includes both the statistical and sysctematic errors.

; o e . c 6, . .

Ne allowance was made for the indeterminacv of the "Li{n,a) reaction cross-
section when calculating the errors. They are greatest in the 243 keV

resonance region and above 1 MeV. We find that the data obtained

previously _ 7] are in agreement with the present results, taking into account

8, . . . . . .
i(rn.,a) reaction cross-section, the introduction

-

the new escimates with the

m

of correctio or multiple scattering in the crysctal and the energy

3

S

1

resolucion of cthe spectromerer.

“r

The resulzs indicate zhat the deviation of cthe spontaneous fission

252 Ny ) .
neutron spectrum for Cf from the Maxwellian distribution in the given
energyv regicn lies within the error limits for the experiment and for the
determinacion of the reaction cross-sectiom.
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F NEUTROCN

M.V, Blinov, V.A. Vitenko and V.I. Yurevich
V.G. Khlopin Radium Instcitute

ABSTRACT

The paper describes a ° iI(Eu) crystal spectrometer for performing
time-of-flight measurements on intermediate-enerzy neutrons. The
design of the spectrometer makes for a consideracle improvement in
background conditions compared to the fast-slow coincidence technique
which is normally used. With this spectrometer, it is poessible to
measure neurron spectra in rather intense gamma fields and at heavy

loads.

The measurement of neutron spectra below 100 keV presents considerable

ficulczies. This is due, above ali. to the lack oI oroper high-efficiency
* - < = 4

anc¢ fast-response neutron detectcrs wiich are insensirive co gamma radiaction.

[ 1Y

ai

Moreover, the intermedi ons emitted from excited nuclei are of

oW

r

te—-en

®

Vv ne

09Q

a.

ucr
low intensiczy, and as a rule the background effects are large, thus adding
considerably to the difficulcy of obtaining reliable data. Lichium glass and
Q
fission chambers consiscing of Z“SU layers are often used as detectors in cthis

energy region, and cheir efficiency is poor. What is more, lithium glass is
highlv sensicive to gamma irradiation. The authors of Refs [1, 2] des-

cribed a 6LiI(Eu) crystal speccrometer (offering high time resolution) in
which the above shortcomings were to a large extent eliminated. This
spectrometer provided reliable data on the f{ission neutron spectrum down to
20-30 keV [3]. Progress to lower energies was barred by the true-random
coincidence background (two fission events overlapping during the measured
time interval). Furthermore, in the fast-slow coincidence circuit employed
in zhis spectromecer, a high background level was cauged by the high proba-
i - . . . , -6 .
Bilicv of ~v-v and y-n overlaps during pulse integration Tias 1C s) in
tne siow channel (curve & in Fig. 1).

w7 Paper prepared with the support of the Internaticnal Atomic IZnergy Agency
(Research Centract No. 204G/RI/RB).



The authors of this paper have developed this spectirometer with a view to
substantiallv improving the background characteristics. A distinctive
feature of che spectrometer circuit design (Fig. 2) was che fast analysis of
pulse heights anc¢ widths in the neutron channel and the analysis of pulse
neights and intervals bectween pulses in the fission fragment channel. Pulse
selection in the neutron channel is based on the following principle. An
amplified input signal (a' in Figs 2 and 3) was transmitted to an ingegrator
(RC filter) and to the delay line DL, (t delay = T = <O ns).  An elec-
tronic key discharged che energy stored in a capacitor "C" when the input
signal reached a cerctain amplicude ( ~0.2 of the Schmidt trigger threshold).

The pcssibility of several pulses overlapping in the integration circuit was

thus eliminaced. The crigger threshold was set below the thermal neutron
pulse value. In the linear gates, the signal delayed in DL3 was strobed
£ ¢'). Wnen a neutron or gamma-ray of >3 MeV

by a pulse from the trigger (
was detected, a pulse (d') of standard widch (:u ~5 ns) was transmicted co
a2 shaper with a ''tracking threshold".

The method used zo eliminace the background caused by the overlapping
of twe fission events in cthe measured time interval was as follows (Figs 2
and &4). 4 fast signai, amplified and shaped to a given widcth (:u ~ 3 ns),
was triggered by a univibracor, the threshold of which was set higher than
the height of the pulse generated bv o particles. Summing cf pulses from a
single fission event was excluded bv delaving the pulse in the univibracor
and DL1 for ~10 ns. If two fission events occurred in an interval of
~30C ns, a linear summator integrated the pulse from the univibrator
generaced by the first event (tu ~300 ns) and the pulse generated by the
second event originacting from the amplifier-shaper (c). The linear signal
a

delayed in DL, (: delay ~30C ns) was strobed by a pulse from an integral

2
discriminator in order to prevent the first event from being recorded.

In order to compare the background characteristics of the present
ctrometer with the instrument previously used [1, 2], we measured che
Cf fission neutron spectrum under identical experimental conditions.
The results (see Table) showed that the random coincidence background was
reduced by more than & factor of 10, the true random ccincidence background
became negligible, and che background caused by y-y and y-n overlaps dropped

by more than a factor of 30.



Table

Background effecc, %

. Random True random Y=-v and v-n
Zn, keb : ) . )
coincidences coincidences overlaps
A B A B A B
10C 5.3 C.42 5.0 < 0.001 3.3 < 0.05
5 L1.6 3.2 37.4 < 0.08 25 < 0.5
5 429 33 386 < 0.64 258 <2
Note: A - Fast-slow electronics, B - Present spectrometer; the

measuremenCs were made over a path length of 12.5 cm and the
252¢f source strength was 20.1 x 103 fissions/sec.
The results show that this spectromerer can be used for a wide range of
tneoretical and applied physics experiments in the intermediate neutron energy
region. Iz allows measurements t¢ bDe performed in rather intense gamma

fields anc at heavy loads.
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ectrometer block diagram:

poa

b

Fast amplifier-shaper;

Univibrator;

Electronic kev;
Schmidt trigger:

Linear gates;

discriminator;

chresheold';

Time-amplitude convertor;

Multichannel pulse analyser.
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photomuiziplie:
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International Symposium on the Interaction of Yagt Neutrons with Nuclei

(Gaussig, German Democratic Republic, 26—30 November 1979)

MZASURSHENT OF THE 2720 SPONTANEOUS FISSION NEUTRON
SPECT=UM IN TEE LOW-INERCY REEIOl\ﬁ/

F

M.V, Blinov, V.4. Vitenko and V.I. Yurevich
V.G. Xrlopin Radium Institute, Lerningrad, USSR

ABSTRACT
s ... 252, . . . . L
-ne skcape oI Tne ¢i o sponvanegus I1ssionl neurron specirum in the

1 keV=l MeV energy region was studied by the {time-of-flight techni e
using 2 LiI(Zu) crystal as the neutron detector, Particular azitention
-
v

o the regiaon below 20C keV, The measurement data obtalned

.

was devote
indicate that the spectrum in the whole region studied can be describecd by

2 one-parameter Mazwellian distribution with T = 1.42 MeV.

(Fission neutron spectrum, neutron standard, californium—ZSZ.)

»/  The work is being carried out with the support o
Atomic Inerzy Agency (Research Coniract 2045/RB).
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252

The reason for determining the exact shape of the Cf spontaneous
fission neuiron energy specirum is that it has been recommended by ihe
TAEAL for use as the standard fission neutron specirum. This energy dis—
tribution cen bYe used extensively in various neuiron spectrometric studies
performing relative measurements, The value of this standsrd
specirum depends on the accuracy with which it is kxnown; however, it is

d matter to measure this spectrum wiith precision. Thisg
is due partly to the fact that ithe spectrum in cuesiion occupies a very

wide enerzy range At present, the results of several studies in the

regicn from 0.5 to & MeV are in satisfactory agreement alihough the data
= ! - o . - - . -
cf Refs [1,2] still recuire substantial refinement, In the region below

0.5 MeV the position remains unsatisfactory since <the scatter of data in

0

the different siudies excesds 30-50% [3—5}, which is cuite unacceptable
for a standard, Measurements 1in the low-energy region present particular
difficulties, which are associated primarily wiih the e2ffect of <he
cattering of nigher—energy neutrons anc with unsatisfactory background

- oJ

]

conditions in the experiments,

252

This paper presents the results of measurements of <he Cf spon~

s

taneous fission neutron spectrum ixn the regiorn from 1 keV to 1 MeV. The
most cdetailed siudy was made of the region below 200 keV. For the purpose
of improving the measuring accuracy the effect of neutrons scattered by
{he. spectrometer deteciors and by the environmeni was determined both by
experiment and calculation, The random-coincidence background was con-

sideracly reaquced in the work.

The neutron energy was measured by the time-of-flizht technicue.
Neutrons were recorded by 2 6LiI(Eu) crystal 17 mm in diameter and 2 or
4 mm thici, A gas scintillaticn counter attached directly to a2 minia-
ture FERU-T71l photomultiplier was used for fragment detection. A
californium layer was épplied by vacuum sprayinsg on the bottom of the gas
counter, Two califormium layers were used (1 x 107 fissions/s and
2z lO4 fissions/s). The electronic part of {the specirometer was

modified substaniially in comparison with thai employed in previous

WO LEE. Thus, for example, we used 2 time-ampliiude anzlysis of neutiron
detecior pulses, which substantially reduced the randcom—-coincidence bacik-
ground, The backgrounc associated with the occurrence of two fission
events in ithe Iime interval measured was eliminated vy amplitude selection
in the fast fission-fragment recordiing chnannel. These improvements

enabled us to perform measurements with high-intensity califernium sources
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the low-energzy region. Since we were compelled

B
5

for small flight pat
tc use neutron detectors with crysials of small size ic reduce ths
influence of scatiering from the vhetomuliiplier, the neuiron recording
gfficiency was low. Tris greatly lengthened the time needed for measure-
ments and nence necessitated a2 high level of stability in spectrometer
operation, One series of measurements with the corresponding conirol
experiments took from cne ito two months of round-the-clock operation of

the facility.

The measuremenis were conducted for several flight paths (62.35, 125,
250 and 500 mm) in order o compare the results obtained under different

conditions and to improve the statistical accuracy of the measurementis.

Tigure 1 shows the experimental time-of-flight spectra. In order to
illustrate the contribution from the reactions with iodine muclei we have
also shown here ihe spectra obtained with a YLiI(Eu) crysial naving ihe
same characieristics as the working crystal. The time resolution evalu-
ated from the gamme half-peak width was 1.5 ns. The random—=coincidence
background at 10 keV was 10% of the effect. For comparison we can cite

the Ref, _3] data on backzround, wnich is 300% for the same energy.

T

In our pfevicus studies [5,7] we nad tried to reduce the detector
mass and developed couniers whnich were highly miniaturized in comparison
with similar detectors ordinarily useé in other studies [ 3,4]. In the
present work there was no change in the neutron and fragment detectors
used., However, We considered it necessary to determine the effect of
scattering from them with greater accuracy and over a wider energy range
than before, We made an experimental evaluation of the effect of
scattering on the gas counter by doubling its mass, while approximately
retaining the geometric arrangement. t was more difficuli to evaluate
+he contrivbution of scattering from the neutron detector since if is an
extremely complex matter to retain the geometry while doubling the mass
because of the close proximity of the crysial to the photomultiplier,
Por this reason we carried out measurements as well as calculations in
order ic assess the contribution ¢f neutrons scatiered from the phoio-
1ltiplier, The corrections so obizined correlated satisfactorily with
cre another, Multiple scattering in the crystal and in its packing not
only chanzes the efficiency of recording neutrons of the given energy bui
2lso prings about & shift in the insvant of recording. In order o

correct these distoriions, V.X. Dushin prepared a2 program, wnich solves <ne
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equation of neutron transfer under the geometric conditions of the
detector by the Monte Carlo method [lO]. 4 4C0-group approximaition was
used. For neuirons of each group ithe itime response of the scintililator
was calculated and then used to calculate the correction funciion,
Analysing the possible sources of neutron scatitering, we came to0 the
conclusion that air can alsc make a noticeable contributicn. Calcula~
tions showed that this effect depends substantially on the energy region
being measured and the flight path (for example, for 2 6.25 cm flight

path the correction is 7% at 10 keV).

Pigure 2 shows the energy dependences of some corrections for
scattering and for interactior of neutrons with iodine rmclei. The

total correction in the 1-10 keV region amounts to tenths of the effect,

-

If this is not taken into account, the intensity in this region naturally
increases considera-ly.
. . . 252n4 . C . - c -
Pigure 3 shows tne C{ spontaneous fission neuiron spectrum in the

1l keV~1l MeV region obtained in the present study with zllowance ?or all
corrections. In the calculation of the efficiency we used the oLi(n,a)
reaction cross—section values taken from the ZNDF/B-V file, which agree
satisfactorily with the recent experimental datz [&§,9). In Pig. 3 %he
solid line denctes a Maxwellian distribution with T = 1,42 eV, The

experimental poinis are located sufficiently close to this curve in she
entire region measured. The scatier ¢f points lies mainly within the
statistical errors indicated, The small (~5%) systematic deviation of
points in the vicinity of 250 keV is evidently dus to the error of the

oLi(n,a) reaction cross-section values used. Thus, the 2520f fission

neutron specvrum in the 1 keV-=1 MeV region car be approximated by a2 one-

parameter Maxwellian distribdution,
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Fiz, 1: Neutron specirograms (the low-—energy region
is shown) obtained with crysials:
(1) 6L'T _ . - : .
{ iI(m) (4,7 - data of various series
of measuremenis for 2 125 mm flight path;

s, 0, + = data for a $2.5 mr flight path};

(2) TLiI(E}.;) (O - data for 2 125 mp flight path;

B, 4 - data for 2 62.5 mm flight path).
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miliiple scasiering: in crystal for a2 250 mm
flight path, calculation (- - -): in neutron
detector photomultiplier for 2 52.5 mm flignht

path, calculation ( );s and correction for

interaciion of neutrons with iodine rmuclei in
crystal fcr 2 52.5 mm flignt path,

experiment (= +=. ),
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The Cf spontaneous fission neutron spectrum
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olid line denotes Maxwellian distribution
T = 1,42 MeV). Tne data are normalized in

he 0.4-0.8 MeV region. The errors indicated

are statistical.



