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Abstract
It was shown that already existing microscopic experimental datg for spectrum of the
U prompt fission neutron at thermal point allow us to estimate the spectrum shape with high
accuracy. The gverage neutron energy calculsted on the basis of expenmental daty
1.97740 008 contradicts to values from ENDF/B-VI and ABBN-93 fbraries. It was
emphasized that the “old” contradiction berween microzcopic and macroscopic experimants]
data 15 not solved 1l now, :

Introduction

The ©*7 is & most important nucleus for practical applications. So this explain a
particular interest to measurement and evaluation of the = U neutron data. The prompt fssion
neutron spectrum (PFNS) for 2°U ar thermal point have been investigated in many works, but
some problems still exist. The PFNS may be investigated in a several kind of the experiments.
The dirzct information is exiracted from microscopic experument in whuch the spectrum shape
is measured at fixed newtron incident energy. The detector efficiency is the oaly funciion which
reguired for spectrum shape estimation from these expenments. The average cross section
measured in integral experiment also may be osed for PENS evaluation. However, in this case
one should know not only the reaction cross section but the real shape of the spectrum
exposed the investigated sample. In benchmark experiments the reaction rates are measuring in

arious type of the reactors and criucal assemblies. The difference berween expenmental gnd
aa&cuiamd results (if it exisis) may be apphed for FFNS correction. However, the final result
will depend very much on the neutron data accuracy and the acouracy of the codes and mods
that were used fer these calculations.

All recent 771 PENS ev aluations {{1-3]} were based on the expenmental data however,
they give very different spectrum shape (>15%) and different average energy of the fission
neutrons 1.964+0.019MeV [1], 2027MeV [2], 2.033MeV{3], In paper.[1], we used only

icroscopic data for PFNS evaluation. The authors of [2] took into account all set of data
microscopic, integral and benchmark data to find the parameters of the Watt distribution. As 2
result, the low energy part of the spectrum was mainly based on the microscopic data but the
PFNS shape in the high energy region was wnsi*uaim to describe the average cross sections
and benchmark experiments {41, It seems that the parameters of the Madland-MNix mods [3]
were also adjusted to compromise the microscopic and integral dats.

The low average energy 1.97:0.02MeV was reponied i many wxperimentad works.
The authors [2] pomnted out this valug howsver, ’d’i”ﬂf were pbliged 1o Increase 1o ~3% the
average energy to describe the results of integral experiments snd benchmark date. They
concluded that may exist another sources of the discrepancy, however the large uncertainties
for the microscopic PPNS at high energy allowsd them to correct neutron specirum and
include such data in ABBN-93{5]. :




Have we enough the nucroscopic data to carry out the correct PFNS evaluation for

=L and find the average energy with reasonable accuracy supporting the choice between
1.97MeV and 2.03MeV? It seems that analysis of the experimental data coliected in {1} zave
the positive answer. But the resulis of this evaluation and the final conclusion depends on the
madel simplification in particular for the extrapolation 1o high energy region {>10MeV) of the
spectrum and for the companson of the spectra measured at differemt incident energies.
However, this analysis shown us that we have snough datz at thermal point which cover the
energy range from ~0.03MeVY 1o ~14MeV 1o carre out the non-model evaluation of the
specrrum and 1o estimate the average energy of the fission neutrons with accuracy <0.5%
Mentroned sbove problems stimulated this investigation and determine the main goal of this

paper.

Recent evaluation of the micmswpif data and average cross sections.
The following assumptions were used in mza systernatic of the experimental data and

PFNS calculation reported in {1}
1. The PFN spectrs may be described as 2 sum of two Watt distributions for light and heavy

frapments with f:quai contribution: »
S(EE)=0 57 WAE,E,, TNE, )} : (1)

where T are thf‘ temperature parameters for nucleus x and lizht and heavy fragments (i=1.2).
Ey 18 the incident neutron energy, o is the ratio of the total kinetic energy (TKE) at the moment
of the neutron emission to full acceleration value,

2. Temperature parameters for any fissile svatem were caleulated with *°CF dats acco rding to

the following formula:

i o
T =7 B | )
mu |
where B =E +B +E-TKE. E - energy release, B, - binding neutron ensrgy, F, - incident
negron energy, A - mass number of fssile nuc feus. The ratio of the T/T,=1.248 does nw
depends on fissile nucleus and incident energy.
3. There is the only free parameter o was fitted 1o the experimental data [9-11] for inciden
neutron energy <6 MeV, :

The experimental data for **Th, U, U “U, *"Np and ®°Pu (24 spectra) have
bem described in the framework of this model m»zﬁe the experimental errors. The conclusion

vas made that the average emergy for L fission neutron gt thermal energy 1S known now
with accuracy <1% (<E>=1.96440.010MeV). Omitting the details of this evaluation we show
here only average cross sections for 208 and I peutron spectra. The ratio of the
experimental data to caleulated ones are presented in Fig 1,2,

The spectrum shape estimated in [i? for ¥2Cf does not contradict 1o the MECTOSCOPIC
experimental data. In the same time for = U the best sgreement was found for ENDF/B-VI
evaiuazion The ratio of the Z°U neutron spectra from ENDF/B-VI and ABBN-S3 libraries
winch agree reasonable well with macroscopic data, to the spectrum caiculated in {17 {Fig.3)
confirms that very different spectrum shape and average neutron energy are required 1o

describe the microscopic {17 and macroscopic [3] data.
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Fig 1. Ratic of the sxprrunental and calvslated cross sections averaged over FCF speetnan
versus average sacrgy of the reaction meponse. Experimenial data were taken from {6- 11}
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Fig 2. Ratio of the experimental and caloulated cross sections averaged over = U spacinem versus
average snergy of the reaction response. Experimental data were takien from [12-241 -
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Fig 3. The ratio of the *°U PFNS according o z:\él} /B-VI{3] and ABRBN-93 {5] to the
spectrum from [1].
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Fig.5. Average neutron energy versus low FE, and high E; limits. Points shows the
experimental data. Solid line - calculated values after normalization to <> Results for
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Non-model evaluation of the PFN spectrum for 1

There exist four experiments investigated the neutron spectra for © U for incident
NEULTon: energy <30keV results of which are available throw EXFOR lfibrare [25-28] The
original data have a different normalization therefore these data were re- normalized applying
the specirum shape suggested in [1]. The total data set afier the normalization is shown in
Fig 4. As one can see. the data of different experiments does not contradict 1o each other and
may be used as 2 single whole to estimate the average newrron energy and spectrum shape in
the energy range from ~30keV 1o 14MeV. Two percent error was added 10 the origing! values
of wark [28]. All 294 points were suggested gs independent ones.

First of all this data were fitted with mentioned above expression (1) {x" =11} It was
found that o=0.945+0.002 and <E>=197120.002MeV. This value agree very well with
<Er=1.9720.015MeV presented in [29]. The lower valug o=0936 in {1] was estimated if the
data for incident energies up to SMeV were taken into account.

To avoid the uncertaintiss due to large data spread at low and high fimits we used the
following procedure for average energy calculation. Average energies and ratios v gy were

caloulated for various low £y and high £ i;m;ts

) 7
< E { i
g I e o e Fi
;E; g < j:‘ >m’ ~ ;\’g; g E; A
£y £y f e IE}dE

The N(E) denotes the experimental or caleulated specira with fitted parameter o=0.945. The
zv::ra@e <>=1 0029+0.0019 was used to calculate the experimental average neutron ensrgy
< E»T=cr» £ > As one can see in Fig 3 the energy dependencies agree inside the
2ITOrs with xpmmema} data and only small absclute correction is required

Av & next siep the ratio of the rxpenmenta} data 1o Maywellian distribation M(E T}
{T=1.314MeV=(1.971/1.5) MeV} was calculated. The deviation of the experimental points
from the Maxwellian was described by power e:q}a;zxs;oh {x =0 87y

NOE )= (095342~ 04909 - 107 FE -3.9233] 107 £ = 0.24973 - 107 E ) M(E 1.314)

Table 1. Average neutron energy for = U1, The  deviations  of  the
 expenimental and -caloulated spectra

. T ; T : irom Maxwellian distribution arz shown
No | <E> Me¥ comnents 4 in Fig. 6. As one can see the ENDF/B.
] 2.035 ENDE/B-VI, [3] 1 VI and ABBA-93 are going out of the
2 2007 ABRN-93, [2] | experimental srror. The  average
3 1.96420.019 | o=0.936+0027, {1] | energies for the “*UJ fission neutron
“ | 977:0.008 | experiment ; sgﬁr‘:mm at thermal energy estimated
) - 4 with various approaches are collected in
3 1971£0 002 | o=0. 34520002, thiswork | the Table 1. The systematic error of
& 1 Q71 power fit g cai»mat;on (3.6keV) and the ervor

 for caloolation of <E¥pgp {6.6keV)

give the total error for the experimental average ensrgy. :
Conclusiun,

1. The shape of the ~ L] PFNS at thermal point is known with accuracy ~3% (the madmum

difference between model and power it calvuga‘m,ﬁs in the ensrgy range 0.03-% MeV) and the




13 v N 1
o~
>
. J
~
o2
=
Lot
,{; 10
) B
= w0 e : .
g 1 o5 sxperant
z o & : or v
< 4o % Sl 1
% o - v s gyatEmAtE. w0 840
"’f et SYNIRETALIS, 00036
e J S ENDER.VE ]
3 ww}f ABBN-53
4.8 b - ? B e ' : )
6 ‘5 2 i 3 4
E MV
i3 7 ¥ ! .
o~ ¢. ‘
.;; 1 o -3
[
2 E
-
= R
= & expesmen ¢ LW 1
2 47 P : \\ S p
2 67+ power it » \\ RN °
R ~ N 2
g ) “ v o sysmmsic w243 S o R
s s ~
3 o6 ST SwtEgasie 2=0.935 \Q\\\ -
3 R3] o EN})F!H‘-Vi D ‘\‘\..
2 ; e ABENS3 ¢ s .
S 654 ]
»
4 3
: <
14 7 i . ‘ .
4 6 & « = M




average energy with the accuracy ~0.4%. This fact does not allow 1o change arditvary the
specirum shape beyond of these wncertainties.
2. There still exist the contradiction between nux,rf;smpzc and macroseopic data. It seems that
one can not explain this fact due 1o uncertaities of the nucroscopic data. So, new efforts are
required 1o increase the acouracy of the macroscopic experimemal dawa and 10 check the
benchmark calculation. ’
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