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I. INTRODUCTION 

With the increase of burn-up, the neutron shielding of the irra
diated fuels becomes important for the transport and the reprocessing. The 
neutron emission of the irradiated fuel must be known with a wery good or
der of magnitude. This neutron emission is mainly produced by the (a,n) 
reactions. The o particules emitters are the even curium isotopes. Then it 
is necessary to have an accurate forecast of the curium amount. During the 
irradiation of the fuel in a reactor core the curium isotopes are obtained 
by neutron capture in americium isotopes. As a matter of fact, the ameri
cium 241 which is produced by g~ decay of plutonium 241 gives americium 242 
by radiative capture. In 89 % of the captures we obtain the ground state 
americium 242g which, with a 16 hour half-life, gives plutonium 242 by elec
tron capture and curium 242 by f}~ decay. In the others cases we obtain the 
metastable state americium 242m which has a 152 year half-life. This half-
life is sufficient to obtain americium 243 by neutron capture during the 
stay of the fuel in the reactor core. The curium production chain is shown 
in Figure la. Because, in addition to americium 242g, some nuclides have 
a very short half-life in comparison to the usual irradiation time in a 
reactor, this production chain can be replaced, from the neutron point of 
view,by a reduced chain. A typical example of reduced chain which is used 
in thermal reactor calculation is shown in Figure lb. We can see that ameri
cium 242m keeps a prominent part ; for this reason it is important to know 
its neutron cross sections with a good accuracy. 
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Because, up to now, the available amount of Am was very small 
only few accurate measurements were done. And it was essentially the fission 
cross section which was investigated. Then the capture cross section must 
be deduced from resonances analysis at low energy and computed with theori-
tical models at high energy. The purpose of this work is to computed a cohe
rent set of cross sections which reproduced the experimental value of the 
fission cross section. These calculations were performed for an energy of 
the incoming neutron between 1 keV and 1 MeV. 

II. EXPERIMENTAL DATA 

In the energy range of interest, only three fission cross section 
measurements of mAm are available. All these experiments used the time of 
flight technique. Two of them, the eldest ones, used as target a sample of 
americiurn 241 and americium 242m mixture. The amount of c Am in the sample 
was close to 20 %. The neutron source was an underground nuclear detonation 
in Seeger et al. measurement [1] and a linac in Bowman et al. experiment [2]. 

241 In these two cases the experimental results must be corrected for the Am 
241 fission contamination and were very sensitive to the value used for Am 

fission cross section. Recently a third measurement was done by Browneet al. 
OAOm 

[3] with a linac and an Am target which has an high purity (99 %). So 
that the correction for impurities is smaller and the results less sensitive 241 to the Am fission cross section than in the previous measurements. The 
results of these three experiments are shown in Figure 2 versus energy. The 
Bowman's results are systematically higher. Seeger's results agree with 
Browne at low energy and with Bowman at high energy. Because the correction 
is smaller and the resolution higher in the latest experiment, it seems rea
sonable to be more confident in Browne's results. The following calculations 
will be performed in such a way that they reproduce the last experimental 
data of the fission cross section. 

III. CROSS SECTIONS CALCULATIONS 

The neutron cross sections are computed in the Hauser and Feshbach 
statistical model [4] with the FISINGA code [5,6]. The required transmission 
coefficients and the average scattering cross sections are computed 1n the 
coupled channel optical model [7] with the ECIS code [8]. In ECIS calculation 
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two excited levels are coupled to the fondamental one. The parameters of the 
Saxon-Wood optical potential are given in Table I . For lack of experimental 
result, fission cross section excepted, we chose these parameters by analogy 
with the neighbouring nuclides, in particular the americium 241 [9] , and also 
because they allow to f i t the total cross section which is computed with a 
pure statistical model (SQ, S,, R') between 1 and 50 keV. The strength func
tion S Q is deduced from Browne's results. The deformation parameters are 
B2 =0.234 and g. = 0.020. 

In addition to the quantities deduced from optical model calcula-
tions we need some other average parameters of Am to perform the statis
tical calculation. The average spacing of the resonance is deduced from the 
analysis of Browne et a l . [3] and is equal to 0.4 eV. As the radiation width 
was not yet measured for Am we computed its value with the Gilbert and 
Cameron formula.The result of this computation is corrected to take account 
of the mean difference between the theoritical values obtained with this 
formula and the measured values observed for the main actinides. With this 

24! calculation scheme we found for 
[10]. Subsequently we used 45 meV. 

OAOrn 

calculation scheme we found for Am a mean radiation width of 45+3 meV 

The inelastic level scheme, given in Table II, is the one of 
Lederer and Shirley [11] up to 0.581 MeV. Above 0.60 MeV we used a continuum 
simulated by a level density law. 

The fission process is represented by a Lynn doube hump barrier [12], 
The scheme of the transition levels is given by the excited levels of the 

242 fissioning nuclide (Am +n). Up to 0.9 MeV we used the discrete levels of 
Nuclear data Tables [13] which are given in Table III. Above 0.9 MeV we used 
a fission continuum represented by a temperature law. The magnitudes 
of the fission barrier and of the level density law are chosen in such a 
way that the computed fission cross section reproduces the experimental one 
as well as possible. 
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IV. COMPUTATION RESULTS AND ANALYSIS 

The results of the statistical model computation are given in 
Table IV and shown in Figure 3 for fission and capture cross sections. The 
computed values of the fission cross section fit very well the Browne's 
experimental results. The FISINGA results are compared with the ENDF/B5 
evaluation [14] and we can observe differences between both sets of cross 
sections. As far as fission is concerned the difference can be explained by 
the fact that the ENDF/B5 evaluation have used the Bowman's results which 
are generally higher than the Browne's results. For the capture cross sec
tion the agreement seems to be good up to 20 keV but above this energy it 
appears an important discrepancy. This discrependy certainly depends on the 
computation conditions and on the input parameters of the code. Coupled or 
not with an optical model calculation, a statistical model computation needs 
the knowledge of the total cross section by means of the strength functions 
or the transmission coefficients. As it does not exist experimental values 
of the americium 242m total cross section, it must be estimated with the 
S« value which is deduced from the fission measurements. This S Q value is 
not accurate enough and is slightly different in Bowman or Browne experi
ments. This means that the total cross section values indirectly used in 
ENDF/B and Fisinga calculation are probably not the same. As the fission 
data are also different we can imagine that this situation could lead to 
different value of the other cross sections and essentially the capture one. 
Because of the desagreement between Fissinga Results and ENDF/B, we compared 
our results with other available evaluations : the Livermore evaluation 
(ENDL 78) [15] and the japonese one (JENDL 80) [16]. The comparison is 
shown in Figure 4. It appears that ENDF/B5 is systematically lower than the 
other results above 50 keV. The same phenomenom exist above 200 keV for the 
inelastic scattering cross section, the ENDF/B one seems too low and desa-
gree with the other evaluations as it is shown in Figure 5. It would be 
usefu1 to solve this double discrepancy. 

The situation of the americium 242m capture cross section above 
20 keV is then not satisfactory and it remains an important problem. If we 
want to improve the accuracy of capture cross section calculation we need 
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experimental results other than fission. In default of a capture measurement . 
itself which could be very difficult, a measurement of the total cross sec
tion in the keV range would be very useful to normalize the computation and 
obtain more accurate parameters for the optical potential. 

In conclusion we can say that in the case of thermal reactor, in which 
the contribution of neutrons which have an energy higher than 20 keV is small, 
we can trust the results of the capture cross section calculation. But for 
fast reactor fuel studies, in which the contribution of hight energy neutron 
is important, the knowledge of the Am capture cross section must be im
proved above 20 keV. 

* * 
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Table I 

Reduce* 
Depth Radius Diffuseness 

MeV fm fn 

Real Potential 47.0-0.3E 1.24 0.62 

Surface Imaginary Potential 2.7+0.4E 1.26 0.58 

Real Spin-Orbit Potential 7.5 1.24 0.62 

Optical Potential Parameters (E in MeV) 

Table II 

Energy ff 

(MeV) ' 

o r 
0.049 5" 
0.075 2" 
0.099 
0.114 6" 
0.148 4" 
0.149 5" 
0.190 7" 
0.244 3" 
0.263 6" 
0.290 4" 
0.325 3" 
0.341 5" 
0.372 4" 
0.409 6" 
0.432 5" 
0.487 7" 
0.500 6" 
0.581 7" 

I 
242 Level Scheme of Am 
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Table III 

Energy 
(MeV) ? 

0 5/2" 
0.042 7/2" 
0.084 5/2" 
0.096 9/2" 
0.109 7/2" 
0.149 9/2" 
0.190 11/2" 
0.244 13/2' 

0.267 3/2" 
0.298 5/2" 
0.344 7/2" 
0.466 11/2" 
0.467 7/2" 
0.593 9/2" 
0.704 13/2" 

Transition levels of Am+n 
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Table IV 

Energy 

Fission Cross Section Capture Cross Section 

Energy Experimental 
Value 

of Browne 
Fisinga ENDF/B5 Fisinga ENDF/B5 

1 keV 
2 keV 
5 keV 
10 keV 
20 keV 
50 keV 

100 keV 
200 keV 
500 keV 

1 MeV 
2 MeV 

12.4 
9.3 
6.5 
4.7 

2.7 
2.45 
1.95 
1.68 
1.80 

12.7 
9.11 
6.00 
4.58 
3.70 
3.14 
2.89 
2.48 
2.04 
1.90 
1.71 

21.0. 

17.0 
9.95 
6.05 
4.00 
3.64 
2.97 
2.67 
2.16 
2.43 
1.56 

3.10 
2.21 
1.44 
1.07 
0.84 
0.66 
0.56 
0.42 
0.24 
0.16 

3.48 
2.8 
1.62 
0.97 

0.75 
0.28 
0.17 
0.09 

Am Neutron Cross Sections (in barn) 
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Figure la 
Curium Production Chain in a Reactor 
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Figure lb 
Reduced Chain of Curium Production 
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Figure 4 
242m, Evaluated Capture Cross Section of Am 
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Figure 5 
242m, Computed Inelastic Scattering Cross Section of Am 


