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In the R-matrix theory of Wigner and Eisenbud { 11 the
relation between the R-matrix and the collision matrix implies the
invermsion of a channel matrix. Relying themselves on the theory of
Bohr [2] , according to which the fission proceeds through a
limited number of channels, Reich and Moore [3] obtained the
multilevel formula of the fission cross-section, applyable in the
low energy range.

For thermal neutrons one can assume a single neutron channel
a single fission channel and very many capture channels, resulting

the following neutron fission cross-section expression [9} H
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where the sum on J implies but two terms for J-I#.’ |
being the spin ofthemlens tugctméthe f.\lm;mﬁexgam
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defined by the relations :
2

A = zi I~ (2)

Using the cross-section formula of Reich and Moore, Shore

and Sailor/%,¢J , analysed the 235

U fission cross-section in the
energy range of neutrons less than 1.5 ev, admitting the interfe-
rence between the resonance levels at the neutron positive energy
and supposing the existence of two bound levels of the opposite
spin state. The interference between the resonances in the same spin
state needs, besides the energies and the widths of the levels, an
additional parameter to be determined for each resonance, S, ’
representing the sign of the product /645/84! relative to ang
other resonance.

The present paper is meant to present a code to calculate

the 235

U thermal fission cross-section, using the experimental data
of Shore and Sailor [67 and starting from the formula (4/ . Taking
into account that for § -wave neutrons the statistical weight
factor has two poésible values, corresponding to the two possible

values of the angular momentum, ]' , of the compound nucleus, and
235

since the spin of the U nucleus is 7/2, we.can use a statistical
weight factor j < { , introduced in the definition of the neu-

tron reduced width. :

S = 29 [0 £ /3)

Replacing fﬁ' for l-zz , we obtained the following
2 i

fission cross-section formula :

$r6x Uptlim lislrg) (6 NEE)2 $irlie]
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where ¢€=3.2¢ 1 2% , when the cross-section and neutron energy

are given in barns and electron-volts, respectively. The auantities

Dy are defined by the expressions :
2
D, = (r‘-E/‘¢g/;r (5)

and the quantities M and N represents the real and imaginary

part of the denominator of the formula (1), having the forms :
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The numerical calculations were carried-out on a IBM-360D-30
electronic computer. The program computs the fission cross-section

in two cases, using the multilevel expression (4) and the singlele-

vel formula :

@;V?.—c E—ML_. (g
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In figure (1) the curves computed with the multilevel and
singlelevel fission cross-section formula rare compared with the
235

experimental data. The U resonance paramebé?% tu?d.in computation

are listed in tabel (l). One can notice the existence of a good fit
between the curve (a) and the experimental points for the first

two resonance levels at 0.29 and l.l4ev. The curve (a) was obtained
assuming the interference between the first seven resonance levels,
according to the formula (4), to which we added the contribution

of two bound. levels, of the opposite spin state, using the formula (8{

The curve (b) represents the computed fission'cross-section‘assumiﬁg,
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a sum of contributions from each resonance term, according to the
formula (8). It is seen the failure of the single level formula in
obtaining the fission cross-sections.
Figure (2) illustrates the values computed for the 2350
fission cross~section in the proximity of the thermal energy of

neutrons, according to the multilevel formula (4) and the experimen-

tal points found in the measurements performed in our laboratory

to determine abhsolutely the 2350 fission cross-section for 2200m/sec
neutrons [ﬂTJ . The experimental values were normalised to the
235

U fission cross-section value for thermal neutrons determined

in our absolute measurements

Gy (697 72 + 22) farns

It is seen a very good agreement in the energy range from
0.017ev to 0.6ev, but for the low energy less than 0.021 ev the
experimental errors become greater than 2%. For energies above
0.6ev, a pour fit resulted hecause our meaSurements were performed
in conditions which permited a very good determination of the 2350
fission cross-seciion for 0.023ev neutrons, when the rotation speed
of the chopper was chosen as being low enough.

Finally, we have studied the importance of choosing of the
resonace levels and parameters in the computation of the fission
cross-section value for the 2200 m/sec neutrons. It has been settled
that the bound resonance level at 1.45 ev has a great influence in
the low energy range. In figure (3) were drawn the multilevel curves
computed for three different values of the neutron width of this
level.

nray -3
a). the curve with /" = 3036 »® "< , value used by Shore and

b). the curve with /fy’z 2527 x# eV , value used by de Saussure /2]

c). the curve with f5° = & pFx #-3ey | value which we have used to
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obtain the best fit of the computed thermal fission cross-section
with the experimental value.

As can be seen from this figure, a verv areat difference
among this three curves exists in the low energy region. In this

respect, it is also obwious table (2), in which 235

U fission
cross-sections values for 2200 m/sec neutrons are listed for dif-
ferent neutron width values of the bound level at - 1.45 ev. Taking
into account the dificulty of the determination of this level from
experiences and the great influence that it exercits on the thermal
fission cross-section value, we preferred to use in computing the
fission cross-section a value of the neutron width fitting the va-
lue found experimentally for the fission cross-section.
The second bound level, ‘at - 0.02 ev presents a minor influ-
ence on the fission cross-section value for thermal neutrons. Thus,
neglecting this level in computing the fission cross-section, a value
562.83 barns was obtained, that means a 3.5% variation in the fission
cross—-section values.
As concerns the influence of the distant resonance levels
on the thermal fission cross-section value, we found it to be a ve-
ry little one. Thus, the neglection of the level at 6.40 eV gives

a variation in the fission cross-section value for 2.200 m/sec neu-

trons less than 0.02 %.
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Fig.l. Onelevel and multilevel fit to the 235U fission
cross-section.

single-fission channel multilevel fit
- - -onelevel fit

+....experimental points.

Fig.2. Single-fission channel rultilevel fit
to the 2350 fission cross-section ;
exnerimental points and errors are shown.
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Fig.3. Multilevel 235u fission cross-sections curves computed
for three diffegsnt values of the neutron half-width

of the bound level.
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Abstract: A multilevel calculation of the 2-5°U neutron fission cross~
section is presented.The values for neutron energy less than 2 eV are
computed with a program written in FORTRAN IV.The curves obtained uainé
the multilevel-énd single level fission cross-section formula are
compared with experimental data.It is obvious the failure of the'single-
level formula.The values computed for neutron energies_lesa than 0.6

eV are in good agreement with the experimental points found in our
measurements to determine absolutely the 235y fission eross-section

for 2200 m/sec neutrons.The influence of the bound resonance levels

in computing the fission cross-section values for 1low energy neutrons

is studied.
Table 1.

235U resonance parameters.The values were used to

generate the curves shown in Figure 1.

Y - 1 » Relative sign |
£ ! Iy far ; It 29 olflthe prodic]
(ev) 11072 ev) |07 ev) (1072 ev) (107C ev) | - Ay

“1.45 0 256 L33 . 223 . 2770

~0.02 97 Po3a i 63 f 0.72 !

0.282  99.7 | 21.9 | 7.8 4.49 +
1.138 134 C41.9 92,1 | 1209 -
2.036  41.4 . 34.6 ¢ 668 503 . N
3.599  8l.4 P37 45 23.4 -
 4.847 ) 27.8 L 25.5 2.3 25 -
| 6.40 42 \ 33 9 100 -
| 8.795| 93 33 | 60 . 257 : -
Table 2.

'2350 thermal neutron fission cross-section

values.In computing it was used five different

__/k;alf-mid&ha_nt hm:.n.d_lﬂ_el..,,___
A; 0‘,,’ !
-3 .. !
L1077 ev) . (barns) !
. ' $43.0F !
2.650 557.98
2.700 567.37 i
2.T70 §82.40 I
3.036 637.90 i




APPENDIX

By the following program, written in FORTRAN 1V, we have
computed the sums (4) and (8) for neutron energies less than 2eV.

The identifiers GAMAT , GAMA2. , GAMA3 and GAMA4 stand
for /;; ,0p, Ny and /) , respectﬁz:}y.'rhe sign s, , of
the product ﬁ“‘/sv relative to the f‘fr_s?%’:ﬁaﬁfidentified by ~ISEMN.

The neutron energy parameter, identified as E4 , was varied
by steps of 0.001 eV from 0.01 to 0.15 eV, except the interval from
0.025 to 0.026 eV where the step was 0.0001 eV. In the energy range
from 0.15 eV to 2 eV we have chosen a step of 0.0l eV.

At the energy value corresponding to 2.200 m/sec neutrons,
besides the above mentioned'sums, the fission cross-section value

was listed.
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