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THE EFFECT OF v(E) ENERGY DEPENDENCE AT E < 1 eV ON THE
GROUP CONSTANTS OF 23'Pu IN THE LOWER ENERGY GROUPS

A.G. Gusejnov, M.A. Gusejnov, N.S. Rabotnov

ABSTRACT

The effect of the energy dependence of the average
number of prompt neutrons on the 239Pu fission BNAB-26
group cross-sections has been estimated. It was also
found that the values of X(E) are lowered by
approximately 1% when the temperature increases from
300 °K to 2000 °K. Taking this dependence into account
may improve the predictability of the plutonium-fueled
reactor characteristics.

Measurement of the average prompt fission neutrons U(En) in

the reaction 239Pu(n,f) at En i 1 eV indicate that there is

noticeable energy dependence of l>(En) in this region [1-4]. The

authors of Ref. [5] performed precision measurements of the

average kinetic energy of fission fragments emitted in the same

reaction for the same energy region. By comparing these results

with the systematics data in Refs. [1-4] using energy balance,

they concluded that the physical cause of the variations in v"(En)

and Ek(En) was a difference of the order of 2% in the values of "w

for the 0+ and 1+ states of the compound nucleus corresponding

to the binding energy of the "negative" (0+) 240Pu level and to

the first resonance at E°n = 0.299 eV(I
+) . The figure shows a

system of the type used In Ref. [5]. The same symbols are used

for points taken from various sources. Detailed references may

be found in Ref. [5]. We evaluate the influence of this effect

on the mean value "v used in the 26-group set [6] for low energy

groups, in particular, we evaluate the effect it has on their
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dependence on the neutron spectrum temperature and dilution

cross-section taking resonance 3elf-shielding into account. (From

this point on, for the sake of brevity, E will be used to

signify En) .

The experimental data points in the figure shows the average

number of prompt neutrons per fission at given incident neutron

energies. Assuming that the v(E) values are different for the

two spin subsystems but are not in themselves energy dependent,

the "w(E) dependence can be expressed by

VCE) = ^ (E) v>1 + 0°{E) P°] / [«£( E)

where v° and u1 are the values of v for the 0+ and 1+ resonances,

and o1£(E) are the contributions of the individual resonances to

the fission cross-section.

The continuous thick line in the figure represents the

dependence calculated using expression (1) as given in Ref. [5].

We calculated this curve in a two-resonance approximation, i.e.

assuming that only the two above-mentioned resonances contribute

to the total and fission cross-sections (in fact, in the energy

region in question, their contribution accounts for approximately

90% thereof). The two curves are very close to one another. In

this calculation we used the resonance parameters for 239Pu given

in Ref. [7]. The cross-sections, which are measured in barns,

take the following form (ignoring the Doppler effect):

(2)

0=0,1
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The numerical values for the parameters are given in Table 1 for

a^t = 10.2 b.

For the vJ coefficients in expression (1) we used values of

D° = 2.886 and v1 = 2.827 normalized to the value of v - 2.862

for thermal neutrons (this corresponds to the curve from Ref. [5]

and using Av = 0° - v1 = 0.059, also taken from Ref. [5].

First, let us evaluate the simplest effect - namely the

dependence of v, averaged over the Maxwellian neutron spectrum on

the temperature of that spectrum

where 4>{E,T) = 2Y? exp{-E/kT)/-/x\kr^ .

The values obtained for T = 300-10000 are also represented

in the figure (by large dots); the temperature T is expressed in

eV. The <v>(T) dependence does not repeat v(E), but the maximum

extent of the effect (reduction in <v>) amounts to approximately

1%.

Various cross-section attributes for the twenty-fifth and

twenty-fourth groups of the 26 group set were also calculated in

order to illustrate the influence of the v(E) energy dependence

on the mean values of <v>(T) which may be obtained by taking the

resonance self-shielding of the cross-sections into account. The

following group averages were calculated: <l/(ot + Q0)>tEi <ot/(ot

+ 0o)>iE? <vot/(ot + o0) >i where AE is the energy interval over

which averaging is performed, o0 is the dilution cross-section,

for AE25 = 0.215-0.465 eV and AE24 - 0.465-1 eV, o0 = 0 and o0 -

100 b respectively. As above, < > indicates averaging over the

Maxwellian spectrum, and wo, is an abbreviation for (v°o°f +

v1©1*) . The symbol <1> stands for normalization - the spectrum
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integral over the AE interval. The results are given in Table 2

which also gives some relation? for these attributes including

the integrated value of the self-shielded value of v:

^)> • (5)

Clearly, the self-shielded <v> value for the twenty-fifth group

is hardly dependent on the neutron spectrum temperature. As for

the twenty-fourth group, it is only slightly dependent, and in

contrast to the not self-shielded value ,averaged over the total

spectrum, it increases with T. However, both values, at kT =

0.0253 eV for instance, are significantly lower than the

thermal" v value for monoenergetic neutrons at E = 0.0253 eV."

Because of the approximations used, the evaluated values

presented in this paper are not precise; they do suggest,

however, that if a more precise method were to be used to

estimate the v(E) dependence effect, it could help improve the

liability of the characteristics of thermal systems using

plutonium fuel.
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Figure. Dependence of the average number
of prompt neutrons for 23»

Pu a t a fission
induced neutron energy of < 1 eV:
• - experimental data systematized in

Ref.[1],
• - results obtained by averaging over the

Maxwellian spectrum [4];
0 - conversion intol)(En) of the

dependence on En of -the mean kinetic
energy of the fragments as measured in
Ref.[1];
the continous lines are the calculated
B(En) dependences assuming that the
values differ by 0.059 for the 0+ and
1+ resonances;
the thick line is taken from Ref.[l],
the thin line was calculated by us in
a two-resonance approximation whose

Table 1

Resonance parameters for the 239Pu cross-section
structure to obtain cross-sections in barns

using expressions (2) and (3)for
energies smaller than 1 eV [7]

°, .V

-0,250
0,299

0
129,03

31,92
3,32

0
220,7G

45,21
5,07

0,100
0,0471
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Table 2

Dependence of cross-section parameters
averaged over the 24th and 25th groups
on a Maxwellian spectrum temperature T.

For the 24th group AE = (0.465 -

300(0,0253)
• w0O(0,04217)
1000(0,03433)
2000(0,15867)
3000(0,2a30)
5000(0,4217)

10000(0, G-.33)

2.95K-3)
3,443(-3)
4.730(-3)

o,b32(-I)
5,825(-I)
5,790(-I)
5,720(-I)
5,679(-I)
5,339(-I)

1,656
1,654
1,646
1,628
1,617
1,607
1,593

1.0) eV,

561,3
479,2
343,7
235,9
200,7
175,8
159,3

1000(0,C3433)
2000(0,IOCJ7)
o&0; 0,26.30)
5000(0,4217)
10000(0,6433)

4,307(-4)
3.973(-t)
3,7;C(-J)
<£,44J(-J)

5,395(-I)
5,o65(-I)

I,549(-3)
I,-S89(-3)

5,3o3(-I)
5.35K-I)
5,360(-I)

1,60S
1,665
1,652
I.ooO
1,530
1,659
1,660

3874
4136
244.3
678,9
3940
1071
1194

0 barns
2 , J 4 0
2,340
2,644
2,346
2,843
2.350
2,351

300(0,0253)
500(0,04*17)

IJ00(0,0O433)

wC:o(o,ijj&)
50^0(0,4217)

I0w0(j.o,o3)

For the

2,25d(-3)
2,509(-3)
3.0o£(-3)
3,7o3(-3)
4,I33(-3)
«*,-t-i5(-3)
4.3J4(-3)

24th group

4,5I5(-I)
4,365(-I)
4.0IK-I)
3,57J(-D
3,353(-I)
3,I53(-I)
3.0J4(-I)

oo • 100

1,262
1,239
1.143
1,017
9,543(-I)
6,939(-I)
8,559(-I)

barns

567,9
493,9
372,3
255,7
230,9
202,3
182.7

2,840
2,840
2,643

2,347
2,^43
2,349

2,o3I
2,330
2,330
2,331
2.831
2,331
2,831

For the 25th group AE « (0.215 - 0.465) eV, o. • 100 barns

30C:(0,Oi03)
503(3*0,212)

I000(j,0:.i33)
i000(0,iiJo7)
30:3(^.2530)
3CJ3(C-,i2i7)

:G.:D(O.. ,33)

4,II4(-I)

3,795(-4)
*,272(—»)
o,230(-i)
0,69I(-.)
3,07(-4)

5,552(-I)
a.aoK-I)
5.52K-I)
o,5u9(-I)
5,53u(-I)
5,504(-I)
5,433(-I)

1,500
1,602
1,590
1,573
1,535
1,508
I,5o2

3889
4222
3724
3008
2750
2551
2iO9

2,831
2,830
2,830
2,830
2,830
2,331
2.831
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