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EVAUATIN OF FISSIN NZUTARQN MULTIPLICITY 24T4 FOR Th-23C
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Abstrects This peper descrides the evslustion of the energy dependent experimental
data for the averege nunber of prompt neutrons, Vp , for the neitron induced fi-
3sion of TheZ32 in the energy range from 1 - 20 MeV. The evaluation takes in account

not only the actusl numerical data of

(En) tut 2lso certein phvaical concepts

based on the energy balance in nuclesgr f{ission. The energy dependence of \’p is re
presented by twWo IPLINE fitted curves becsuse of the awomalous behaviour near thre.
shold and multiple chance fission which introduces e nen-linear dependence on Ip.
Data &re renormalised wherever necessary %o the lotest reconmended value of (3.757)
for Yp for spontemeous fissicn of Cf-<52, The wresemt eviluction is compared wdth
the existing ones. Recommended values of T’, {(En. are given over the mergy range

1 - 20 MeV.

(Evalugtion, Nubar, The<32, Neutron Fission, E, = 1 - 20 MeV, SPLIND fits).

Introduction

Energy dependence of fission neutron multi-
plecity ( 9p ) dete for Th-<3< neitren induced
fission sre valusble for testing the nuclaar
models predicting the distribution of fission
energy between the collective and internal mo-
tions, Yince the nautron emiszion is one of the
rrincipal de.excitation mechanism for fission
fragments, the 'E'k ( average kinetic energy of ihe
fissin fragments) and Vp data should be corre-
leted, In fact the measured data for Ex  andVp
indicates that there is 2 redistribution of fi-
gsion energy between the collective and intensl
motions snd that this redistriution depends on
the excitation energy of the fissioning nucl-us.
Moreover, the even-odd compound nucleus Th-<3> is
interesting to study because the Th-<32 (n,f)
cross-section exhibits large resmances in the
threshold region and also the behaviour of %
is different from that observed for all other
fissioning nuclei. The energy dependent Vp data
are importent for fast breeder reactor aalysis
(i.e.,reactivity snd reeding ratio calculations).
For reactor physics calculation evaluated data
are more useful. This pgper describe the evalua-
tion of directly measured VYp data for Th-£32
(n,f) reaction over the energy renge from 1-20
MeV. The data derived from fission energy balance
equations are not included for this evaluation.

Dats Dase

In all there are _eleven (Refs.l-11) repor-

ted messurements for Yp for Th-<32 (n,f) re.

action. These data sets are scrutinised for the
following points:

(2) Measurement technigqe and standard used
(b) Corrections gpplied and
(c) Errors reported.

The majority (Refs.3,6,8,9 and 1C) of the
measurements have been made relative to Vp for
the sponteneous fission of Cf-<52 and in some
cases (Refs.2,k,7 and 11) relative to VP for
U-235, The genersl techmique for these experi-
ments is to use a fission chamber,which contain
the Th-23% sguple and standard Cf-<52 or U-<35
in different sections,to detect the fissionevent.
This fissicn chamber is surrounded by neutron
detector either liguid scintillator (Refs.3,5,6,
8,9 and 11) or BFj (Refs.2,4 end 7) or He-3
(Ref.10) counter to detect the fission neutrons.
In the present evaluation, 211 the data used are
renormalized to common standard Cf-<52 (VP =

3.757 + 0.0Ck8). The existing messured data be-
low 6 MeV are plotted in figz.l and azbove 5 MeV
in fig.Z and total numbear of date points amnount
to 143 in all. From these figs.1 & 2, one find
thet within reported errors an overgl good
agreement is observed. The lstest (Refs.9,10 and
11) three messurements czver lerge energy rmge
(i.€¢,1.3 to 1474 MeV,1.35 to 6.35 MeV and
1.08L4 to 22.8C MeV repectivaly) and are the mgjor
data sets for this evaluation. Rest of the data
points are few in numbers,scattered asnd also old.
Both BRC (Ref.9) =nd FEI (Ref.10) datz seis are
having very smgll errors of the erdar of v + 1b.
The accuracy of the latest measurement (Ref.11l)
i3 quite poor due to low counting statistics
but the datz agree on the avergge with the BRC
(Ref.9) messurements. FEI (Ref.10) dasta are
higher by about 4X then the BRC dats below 2.37
MeV incident neutron energy. At higher energies
the differences is sbout Z%.

In general any VP Jmegsurement involved
two simultanecus steps,i.e.,recording of fission
event s=nd 3ubseguent detection of the prompt
fission neatrons. In most of the experiments the
detail about the recording of well defined fission
events are not given; so it is not possible to
diascuss its contritution to the uncertainty in
the *P meggurement. As mentioned ezrlier the
fission neutrons gre detected either by BF3 or
He-3 embeded in s polythylen block used as g
neutron moderator or by large Gd or Cd losded
scintillator tenk. Recent review peper (Ref.12)
have discussed in detail the essential differemce
betwesn these tWio teclmigues and only g brief
mention wuld be given here, Liquid scintillgtor
teclnique has a large neutron detection effici-
ency (@nx= 80 o 90k), is quite isotropic, re-
Quire smgll corrections for the spectrum differ-
ence (since gll neutrons are first moderated in
the scinuillator tmk prior to capture in Gd or
Cd) and angulsr anisotropy of the fission frag-
ments in laboratory system. But,because of the
higher sensitivity to gamma ray snd long counte
ing time (2 50 M sec during which the neutrons
&re moderated and cgptwred), liguid scintillator
teclnique have large delgyed gama rays and dead
time corrections. Mcreover, this delayed gammg
rgys correction is estimsted from the published
data on fission fragments having isomeric half-
lives in the C.15 to 8C M-sec rgnge and emit cas-
cade ganme rays which exceed the threshnld of the
liguid scintillater in total energy. On: the con-
trary BF3 or He-3 counter detector technigue has
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smgll neutron efficiency (Sn = 30»),less isotro-
pic so reqire a large correction for the spec~
trum difference and angular anisotropy of the fi.
sSion fragments, €a depends on the position of
fission chsmber along the nextron detector sxls
snd this correction is quite large when long fi-
ssion chamber is used. 4n incorrect estimation
of the angular snisotropy correction could ex-
plain the large difference cbserved betwesn the
measured BRC egnd FEI data in the threshold re.
gion. In Th-232 (n,f) the fission fragments are
emitted preferentially at large angles relative
to the direction of incident nautron inducing
fission. Since the angular distritution of the
fission neutrons is correlated to the fragment
direction, these neutrons are detected with s
better efficiency than in the case of an isotro-
pic emission. This correctiion is muite negligitle
in the cegse of the liauid scintillator,but not
for the BF3 or He.3 counter detector. (nly ad-
ventage of this type of detector is its insensi-.
tivity to gamms rays and therefore the measured
ratio does nct have to be corrected for delgyed
gama rays contritution.

As mentioned in (Ref.12),if the external
random generator is used to trigger the neutron
background messur arents,it Would underestimagte
the real background rate snd subzemently,cver-
estimate the vh « In fact,from figs.1&2 it ia
seen that the measured date of (Ref.11) which
have used extemel random generator, gre Comparsa
tively higher thgn BRC but have teen retained
for evaluation with less weightage in the SPLINE
fitting because this measur ement cover the lar-
gest energy rmge.

Thus the Vp deta measurel by these tiwo
different experimental tecnies hsve systema-
tic difference due to improper estimetion of
corrections spplied and inherent limitetions <f
the teclmi-ues inwlved,

Method of Dat Evaluation

From fig.l it is ncticel that near the
threshold the measured data show ah increase
(& 12%) in Pp with decressing energy Lp,which
though statistically nct significant because of
the large errors associated with each individual
point,seems to be confirmed by the results of
five different experiments. From these figs.l&g
it is sl3o noticed that there is a strong incre-
ese in Yp near the onset of the (n,n'f) i.e.,
second chance fission. Because of this enomalous
behaviour nesr threshold and the non-linearity
introduced by the onset of (n,n'f) and (n,2n*'f),
i.e.,multiple chsnce fission,a single linear
least smare fit canot be used for fitting the
experimental data, Therefore,to take into accont
these observed facts,the present evaluation i3
per formed in two parts,one below (n,n'f) thre-
shold and other above it,using “wo separate cu-
bic SPLINL curves. Fitting in segments is also
necessary becsuse the value at different energy
by their process origin are only partially cor-
related. Single SFLINE fitting produces unjusti-
fiel structure in curve. Below the second chance
fission threshold (v & MeV) the fission neutrens
are all evzporated from the fission frogments.
Avove this threshold, first some necutrons are
scattered followed by the fiazion of residuel
nuclei. Althourh the neutrons emitted prior
fission have no Adirect connection wWith the fi-
ssion process,whereas those emitted fellowing

fission do,both groups are nevertheless in coin-
cidence with the fission evant for asny physical
neagurentnts.

43 explained in previous section,these Vp
data are derived from ratio messurements after
subtracting the neutrons background and gpplying
certain corr~octions. The background cerrection
is statistical in nature while the other correc-
tions are systematic,positive or negative d=pen-
ding_on their contritutions. The reported errocrs
(£AVp ) on messured valuss are statistical only
and for evaluation these measured data are least
square fittel with weights Wy = ‘/(av“)ﬁ'

Result of Evaiuation

In 211 143 experimental data points from
eleven different measurements gre SPLINE fitted
in two segments of energy i.e., from threshold to
5.14 MeV, 93 points end frem 3 to 22.8 MeV, 78
pcints respectively. The amcoth curves represen-
ting the present evaluation are shown in fig.1&
2 slong with the data points. The evalusted date
in tatulated form at energy inteval suitable
for linear interpolation are given in Table 1.
In fig.3 the preaent evaluaticn i3 compered
with 2NDF/B-V (Revision 2),Devey's (Ref.13) and
Russian (Ref.14) evsluations.

Teble 1 Evaluated Yk for Th-232

. - [} § o= v L
*En 'Jp ,En ,Jp ,En +Vp ,En 1 B
1.2 230 2.7 2.23 8.5 3.17 150 412
1.3 2.21 2.8 Z.2h 9.0 3.22 15.5 L 20
1l 2.6 3.0 2.25 9.5 3.26 16.0 4.28
1.5 2.1k 3.5 230 10£ 331 16.5 4.36
16 2.3 LO 234 10.5 3.37 170 L.43
1.7 2.13  4o5 2.38 110 3.44 17.5 4.5C
1.8 2.14 5.0 2.47 11.5 3.51 18.0 4.57
19 2,16 5.5 260 12.0 3.0 18.5 L. 63
2.0 217 6.0 2.7% 1k.5 3468 19.0 4LTC
2.1 2.9 6.5 2.88 13.6 3.77 19.5 4L.75
2.2 220 7.0 299 13.5 3.86 2.0 4.8l
23 2,21 7.5 306 14O 395

% Ep i3 in Mev
Discussion and Conclusion

In Table 2,the evaluated data at twelve
incident nautron energy Ep sre compared with
calculated Vp (Ref.15). The calculations have
been performed in the framework of ( TSM-GMNM) &
seni-empirical scission point model with tem-
perature.dependent shell effects. The cglcula-
ted Yp do not show any increase in Vp with
decreasing B, near threshcld asd are little
lower than the evalusted Y, but agree withe
in calculation uncerteainties » 0,08. According
to the conservation of total enargy released in
fission,the average totsl kinetic nergy, By ,
and Yp are inversely related. Near threshold
the evalugted Yp data shows a decresse a3 Ep
incresse from 1.2 to 1.7 MeV,whereas the mea-
sured Ey date of D'yschenko et al (Ref.16)
show s increase. This behaviour of §p and Eg
indicate that the celculation method should be
improved in the threshold energy region. In the
present evaluation the errcrs estimated for
fitted values aress + 5% in the energy
range (1.0 to 3MeV) sndye + 3% sbove 3 MeV.
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Tetle 2 Sveluated sd Calculetel Vp for Thei3z

E,(MeV)l Evaluatiocn ; Theory
1]

1.1 2.43 207
1.5 <414 2406
2.0 2.-17 <.08
3.0 Ze25 <.18
LO <34 232
5.0 2.47 2.49
6.0 2.7 .66
5.5 2.88 < .98
7.C <99 3.02
8.0 3.12 3409
9.0 3.22 3.18
10.C 3.31 3.37

It cen be seen from fig.3 thst the present
evaluated curve deviate gpprecigble from linear-
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Measured V) (Nubar) data for232Th (nf) from 3.0 to 22.8 MeV used
B and a SPLINE fit
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