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RIASSUNTO 

Dopo una breve rassegna dei dati sperimentali più importanti, è 
descritta una valutazione delle sezioni d'urto neutroniche dell'isotopo 
Cm-246 nell'intervallo energetico 10 ^ eV - 15 MeV. 

ABSTRACT 

After a short review of the most important experimental data, Cm-246 
neutron cross section evaluation in the energy range 10 ^ eV - 15 MeV is 
described. 
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EVALUATION OF 2 l f 6 C m NEUTRON CROSS SECTIONS FROM IO' 5 eV TO 15 MeV (°) 

G . Maino, E. Menapace, M . Vaccari, A . Ventura 

1. INTRODUCTION 

The neutron cross sections of higher Curium isotopes are of inter-
est in power reactor fuel cycle problems and mainly in the production 
chain of Californium 252. 

This report describes an evaluation of 2lt6Cm neutron cross sections 
- 5 

in the energy range 10 eV - 15 MeV, of interest to both thermal and 
fast reactors, and supersedes a previous evaluation limited to the reso-
nance region /1/. 

^ ^ Work performed under CNEN-IAEA research agreement No. 2114/CF. 
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2. GENERAL INFORMATION 

A survey of experimental literature on 2lt6Cm neutron cross sections 
up to 1979 has already been given in ref. 111. 

In the present work, papers published in 1980-81 are taken into ac-
count, too. Thus, our main sources of experimental information are now 
the following: 

a) Measurements analyzed by Moore and Keyworth /2/: fission and capture 
cross sections of five Cm isotopes were determined in the energy 
range 20 eV - 3 MeV. As for 21|6Cm, 9 resonances were identified in 
the interval 84 eV - 381 eV; for 8 of them T and values 
were attributed, with the assumption = 37 meV. 

b) The total cross section measurements by Berreth et al. /3/ in the en-
ergy range 0.01 - 30 eV: two resonances were attributed to 2<l6Cm and 
their r° and parameters determined. 

c) Five resonances of 2 4 6Cm up to 158 eV were observed by Benjamin et 
al. /4/ in an experiment aimed at determining the total cross section 
of 21+8Cm. Values for the reduced neutron widths, r° , were deter-n 
mined after deriving T = (31 ± 6) meV from a Breit-Wigner shape 
analysis. 

d) The same resonances as in ref. /4/ were reported by Belanova et al. 
in a number of papers on measurements of neutron transmission through 
Cm targets /5/, /6/, /7/. Average resonance parameters D, r , Sq , 
and the absorption resonance integral were presented at the Knoxville 
Conference in 1979 /8/. 
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e) The fission thermal cross section and resonance integral (E « 0.625 n 
eV) were determined by Benjamin et al. /9/ with two different tech-
niques and using 2 3 5U as a reference standard. 

f) CT^ (0.0253 eV) and (E q > 0.52 eV) were also determined bys 
Zhuravlev et al. /IO/, with 2 3 5U as a standard. 

g) The capture thermal cross section and resonance integral were recent-
ly measured by Gavrilov and Goncharov /ll/. 
To these papers, already quoted in 111, we add two recent measurements 
of the fission cross section. 

h) Fomushkin et al. /12/ measured O . in the range 0.3 - 4.5 MeV by nr 
the time-of-flight method using a nuclear explosion as a pulsed neu-
tron source. The fission cross section was measured relative to 
235U(n,f) . The absolute values of a ^ above the threshold turn 
out to be lower than those published in /2l. 

i) A recent accurate measurement of. a ^ in the energy range 1 eV — 
100 keV -is due to Block et al. /13/. 

The neutron flux was produced by the RINS system (linac plus neu-
tron spectrometer) at the Rensselaer Polytechnic Institute. The 2lfSCm 
target weighed 17 yg and was of high purity (96.89%). Resonances were 
clearly observed at 4.3 , 15.3 and 158 eV, together with the doublet at 
84.4 and 91.8 eV. Clusters of non-resolved resonances were observed near 1 

400 and 800 eV. The area analysis method made it possible to determine 
the fission widths of the two resonances at 4.3 and 15.3 eV, never before 
measured. 

These results in resolved and unresolved resonance regions allowed 
us to improve our previous evaluation 111. 
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3. RESOLVED RESONANCE REGION 

The resolved resonance region extends up to 390 eV. The main dif-
ference with respect to ref. /1/ lies in the choice of parameters for the 
first two resonances, at 4.3 and 15.3 eV, now taken from ref. /13/: the 
fission widths there given are 0.4 and 0.43 meV, respectively, in agree-
ment with the average of the remaining 9 resonances, taken from ref. Ill. 

In réf. /I/ a much higher F^ had been attributed to the first 
resonance in order to reproduce the experimental fission resonance inte-
grals /9/, /10/. This arbitrarinéss is now removed by the results of 
ref. /13/. As a consequence, we obtain a resonance contribution to the 
fission integral much lower that the experimental values. This disagree-
ment is partly reduced by adding the continuum contribution (E^ > 10 keV) 
to the fission integral. In our opinion, new accurate measurements of 
the fission cross section in the resolved resonance region -and new inte-
gral data could throw light on this problem. Table I shows the set of 
11 resonances adopted, in the interval 4 - 381 eV. The symbols are the 
same as in ENDF/B formats. Although the resonance parameters were ob-
tained from Breit-Wigner single-level analysis, we were forced to give 
a recommended Breit-Wigner multilevel representation in our data file in 
ENDF/B format, in order to avoid negative values of the computed elastic 
cross section. 

Table II contains the calculated resonance contribution to thermal 
cross sections and resonance integrals. 

Finally, figs, la-b-c-d show total, elastic, capture and fission 
cross sections in the resolved resonance region, calculated by means of 
the CRESO code /14/. 
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k. AVERAGE PARAMETERS FOR THE UNRESOLVED REGION 

The unresolved resonance region ranges from 390 eV to 10 keV. In 
this interval, statistical calculations were carried out by means of the 
strength function formalism. The list of adopted average parameters as 
well as their energy dependence in this interval, is given in table III 
in a format slightly modified with respect to the ENDF/B rules; however, 
the ENDF/B symbols written above the numerical values make it possible 
to identify them unambiguously. 

Comments on these parameters have already been made in-réf. /I/, 
and will not be repeated here. We only quote the recommended values and 
point out the changes made in the fission parameters in order to repro-
duce the fission cross section of réf. /13/. 

a) Average s-wave spacing D : a list of D values estimated from the 
resolved resonances is given in table IV. Our previously recommended 
value D = 21.3 eV is maintained. 

b) s-wave strength function S : the value adopted in 111, S = 0.77 x 
— 14 10 , has not been modified. 

c) p-wave strength function S^ : there is no experimental information 
—i» 

about S^ , for which the value Ŝ ^ = 2.6 x 10 of ref. Ill has 
been retained. 

_ jp 

d) Average radiation width T : a list of values of (J = 2 ) > 
assumed or measured in resolved resonance analysis, is given in 
table V. They range from (27.1 1.8) meV /5/ to 37 meV /2/. 
As in réf. /I/, we adopt r = 33 meV over the whole unresolved re-
gion for J •= 1/2, 3/2 and both parities. 
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Average fission width Y^ : the absolute values and energy dependence 
of rf (J ) have been modified with respect to réf. /I/ in order to 
reproduce the experimental fission cross section of réf. /13/. At 
the lower end of the unresolved region, E = 390 eV , we have adopted 
the average width of the resonances in ref. Ill, = 0.48 meV for 
both s- and p-wave neutrons (J71* = l/2+ and J71" =• 1/2 , 3/2 , re-
spectively) . 
The fission widths are assumed to increase linearly with energy up 
to the upper end, E = 10 keV, where the following values 

r f (l/2
+
) - 1.7 meV 

r f (1/2") = 2.0 meV 
r f (3/2") = 1.7 meV 

allowed us to obtain a fission cross section in reasonable agreement 
with the experiment /13/. 
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5. THERMAL CROSS SECTIONS AND RESONANCE INTEGRALS 

Experimental fission and capture cross sections at E n = 0.0253 eV 
are given in table VI, the corresponding resonance integrals in table VII. 
Good agreement is obtained between experimental and calculated capture 
data, while the computed fission integral is lower than the experimental 
one, as pointed out in Section 3. The main contribution to the fission 
integral is given by the continuum region (Sect. 7) and turns out to be 
of the order 5.50 b, while the resonance contribution is only 1.44 b, 
thus giving an integral of the order 6.94 b, to be compared with exper-
imental values Ij. = lO-i-13 b. 
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6. AVERAGE NUMBER v OF NEUTRONS EMITTED PER FISSION 

The procedure and results of ref. /1/ have not been modified: the 
estimate of the average number of neutrons emitted per fission by the 
compound nucleus 2lf7Cm versus neutron energy is obtained through an em-
pirical formula of Howerton /15/, normalized at the thermal value 
v = 2.98 ± 0.12 of réf. /16/; the resulting function has the form: 

v(E ) = 2.98 + 0.196 E n n (E in MeV) 
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7. THE CONTINUUM REGION 

In the energy range 10 keV - 15 MeV direct and compound nucleus 
contributions to various processes have been estimated through coupled 
channel optical model calculations and statistical Hauser-Feshbach cal-
culations, respectively.. 

The reactions taken into account are the following: elastic (di-
rect plus compound contributions), total and level inelastic (direct 
plus compound), capture, first and second chance fission, and (n,2n) . 
Reactions havine a threshold above 10 MeV, like (n,3n) and third 
chance fission have been neglected. Pre-equilibrium competitions are 
not taken into account since they are expected to become important above 
15 MeV. 

7.1. OPTICAL MODEL CALCULATIONS 

Compound channel calculations have been performed by means of the 
JUPITOR /17/ and ADAPE /18/ codes; the former in the range 10 keV - 8 MeV, 
the latter from 8 to 15 MeV, where the adiabatic approximation seems to 
be good enough. 

The states actually coupled in our non-adiabatic calculations are 
the 0 +, 2+, 4 + members of the ground state rotational band. Table VIII 
gives the parameters of our deformed optical potential, already used for 
21,1Am /19/ and lower mass Cm isotopes /20/. 

The quadrupole and hexadecapole deformations adopted in the present 
work, 8 = 0.245 and 6 ® 0.03 , respectively, were obtained in 2 it 
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studies of the equilibrium shape of various actinides by means of Woods-
Saxon potentials /21/. They are consistent with our choice of the nuclear 
radius parameter in table VIII. 

Coupled channel calculations give the direct contribution to elas-
tic and inelastic scattering: we have evaluated integral and differen-
tial cross sections (angular distributions) for the elastic scattering 
and excitation of the first two levels in the ground state band. The 
compound nucleus contributions to these processes have been obtained 
through Hauser-Feshbach calculations (see the next subsection) and added 
to the direct contributions in order to obtain a complete description of 
elastic and inelastic scattering. 

7.2. STATISTICAL MODEL CALCULATIONS 

The compound nucleus contributions to the reactions of interest in 
the continuum region have been evaluated by means of a modified version 
of the HAUSER*4 code /22/. 

Three competing, decay channels, neutron, gamma and fission, are 
considered: the decay of the compound nucleus 2<l7Cm in the above-mentioned 
channels makes it possible to evaluate the compound elastic, radiative 
capture and first chance fission cross sections, respectively. The decay 
of the compound nucleus Z h sCm gives (n,2n>, (n,n'y) and (n,n'f) cross sec-
tions, respectively. The decay channels of both systems are described by 
various parameters: energy, spin and parity of discrete levels, and, for 
excitation of the continuum, level density parameters, to which calculated 
cross sections are very sensitive. We describe level densities by means 
of a back-shifted Fermi gas formula: since such a simple expression can-
not give a realistic description of excited nuclei, its parameters do not 
have a physical meaning, but only allow us to fit experimental cross sec-
tions. 

Moreover, the fission channel is characterized by a two-humped fis-
sion barrier, for which height and curvature of the two saddle points are 
specified. Our choice of barrier parameters for the compound nucleus 
2l+7Cm is consistent with the results of the analysis of experimental fis-
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sion probabilities for odd-A actinides given in ref. /23/; the barrier 
2 j. c 

parameters for the compound nucleus Cm are m agreement with those de-
scribed for 21,ltCm and 2lt0Cm in ref. /24/. Level density parameters in 
the same fission channel have been indirectly checked by reproducing the 
experimental fission cross section of 2115Cm /20/. 

All the parameters relevant to the description of the three decay 
channels for both 2l,6Cm and 2l+7Cm are given in table IX and fol.-

7.3. RESULTS AND COMMENTS ON THE CONTINUUM 

The results of our calculations in the continuum region are pre-
sented in graphic form: fig. 2 shows the fission cross section together 
with experimental data from refs. /2/, /12/ and /13/; fig. 3 all the 
evaluated cross sections in the range 10 keV - 15 MeV. Finally, figs. 
4a-b-c-d-e show the elastic, capture, fission and total cross sections 

- 5 
over the complete evaluation range, 10 eV to 15 MeV. 

If we compare our results with another recent evaluation due to 
Caner et al. /25/, we find their underthreshold fission lower than ours 
by a factor 5 * 6 in the interval 10 - 50 keV, the disagreement being 
reduced at higher energy: this is due to the fact that their evaluation 
could not take into account the experimental data of ref. /13/. As a 
counterbalance, their capture cross section is higher than óurs all over 
the energy range and the disagreement gets quickly worse with increasing 
energy above 0.5 MeV. On the other hand, our direct contributions to 
elastic and inelastic scattering are stronger, because our elastic and 
total inelastic cross sections are systematically higher. It has to be 
pointed out that direct contributions were evaluated in ref. /25/ by means 
of a spherical optical model. 
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8. ENERGY SPECTRA OF EMITTED NEUTRONS 

In describing the energy distributions of neutrons emitted in var-
ious reactions, we have made the somewhat crude hypothesis that these 
distributions can be represented by simple evaporative formulae, thus 
neglecting the pre-equilibrium competition, expected to become important 
for emitted neutron energies of the order of 10 MeV or more-

The first chance fission spectrum has been approximated by a stan-
dard Maxwellian formula: 

f (E,E ' ) - a / T " exp(-Ef /9(E) ) 

Here, E is the incident neutron energy, E' the emitted neutron 
energy, 9(E) an effective temperature (in energy units),. which has been 
taken as a function of E according to the data of ref. /37/. 

The energy spectra for neutrons emitted in the following reactions: 
(n,n'y) with continuum excitation, (n,2n) , (n,n'f) are represented 
by evaporation formulae of the kind 

g(E,E') " B E ' exp(-E'/9(E)) 

The "effective" thresholds for these three reactions have been taken 
at Ei = 0.51 MeV, E 2 - 6.6 MeV, E3 = 6.3 MeV, respectively. 

9(E) can be interpreted in these cases as the excitation tempera-
ture of the residual nucleus after emission of an E' = 0 neutron: it 
has been evaluated for the residual nuclei l k 6Cm and 2l+5Cm through the 
microscopic procedure of ref. /38/. 9(E) versus E is plotted in 
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fig. 5 for all the reactions taken into account, from their effective 
threshold up to 15 MeV". 
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9. CONCLUSIONS 

The main problem encountered in the present evaluation is the dis-
crepancy between experimental and calculated fission resonance integrals: 
further analysis of the fission cross section in the resolved resonance 
region and new integral measurements could probably throw light on this 
problem. 

The evaluated data have been compiled and written in files accord-
ing to the ENDF/B-IV format rules /26/, by means of the SYSMF system of 
codes 727/. 
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T A B L E II 

PARAMETERS FOR THE RESOLVED RESONANCE REGION 

r K.C.Ï* d • PRIM I OF THE RECALLED FILE <CM246> 
Zfll ABM b LFU MER b 

9.62460E+04 1.00000E+00 0.00000E+00 1.00000E+00 1.00000E+00 0.00000E+00 
EL EH LRU LRF b b 

1.00000E-05 3.90000E+02 1.00000E+00 1.00000E+00 0.00000E+00 0.00000E+00 
SPI ftP' b b MLS NE 

0.00000E+00 9.50000E-0Ì 0.00008E+00 0.008Ô0E+00 1.00000E+00 0.00000E+80 
flURI •'••• flM L b 6*NftS NRS 

2. 43953Ef02 0.08000E+00 0.00000E+00 0. 80000E+00 6.60000Et01 1. 10080E+01 
ER . flJ UT Gfl GG GF 

4.31800E+00 5•00000E-01 3.57&00E-02 3.30000E-04 3.50000E-02 4.30000E-04 
1,52900E+01 5.00000E-01 3.59500E-02 5.50000E-04 3.50008E-02 4.80Ô0ÔE-04 
8.44300Et01 5. 88008E-01 5.96607E-02 2.19607E-02 3.7000QE-02 ?.088<30E-04 
S.18400E+01 5.00000E-01 5.61449E-02 1.8S749E-02 3.70000E-02 1.70000E-04 
1.58400E+02 5.00008E-01 8.S8771E-02 2.8S471E-02 3.70Ô00E-02 7.30000E-Ô4 ' 
2.50700E+02 5.Ô0000E-01 4.87217E-02 9.34177E-83 3.70000E-02 3.80000E-84 
2.78300E+02 5.00000E-01 4.53865E-02 7.08657E-83 3.78000E-02 1.388Ô0E-03 
2.88200E+02 5.08808E-01 9.S7275E-02 5.94175E-02 3.70000E-02 3.10000E-64 
3.13400E+02 5.00000E-01 6.19343E-02 2.47843E-02 3.70080E-02 1.58000E-04 
3.S 1000E+02 5.00000E-01 9.29837E-Ô2 5.56700E-02 3.78800E-02 3.13790E-04 

_ 3. 81 100E-f02 5. 00000E-01 1.54310E-01 1. -j7130E^01 3.70000E-Ô2 1.800Ô0E-Ô4 
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T A B L E II 

CONTRIBUTION OF RESOLVED RESONANCES TO THERMAL CROSS SECTIONS AND RESONANCE INTEGRALS 

C r , i-24£ '"eso i ved reg ion — i2 s 0 2 ^ 1 9 8 2 
~<Z'ï* 9: R E S O N A N C E I N T E G R A L C A L C U L A T I O N 
yATA ON < E N D F A > FILE H A U E B E E N R E C A L L E D FROM DISK 

• # RI C A P T U R E SUN RI C A P T U R E RI F I S S I O N SUN RI F I S S I O N 
1 7 . 2 1 1 5 2 E + 0 1 21 152E + 01 s . 8 5 9 8 7 E - 0 "1 8 5 9 8 7 E - 0 1 

4 8 1 4 0 E + 0 8 S . 1 -5 8 £ £ E * 0 1 1 .083 59E-01 9. 9 4 3 4 8 E - 0 1 
7. 9 0 1 3 £ E+0 y S. 94980E 4'0 1 1 . 4 9 4 8 5 E - 0 1 •1. 14 3 8 3 E * 0 0 
S . I 2 9 5 0 E + 0 0 c» t •5 £ 2 7 3 E + y 1 . 8 1 £ 2 £ E - 0 2 •1. 17199E-4-00 

5 2 . £ 4 £ 2 8 E + 0 0 9 . 3 2 7 3 8 E + 0 1 5 .2210 5 E - 0 2 •1. 2 2 4 2 0 E * 0 0 
K 4 . 8 £ 1 0 2 E - 0 '1 9 . 8 7 5 9 9 E + 0 1 4 . 9 9 2 4 0 E - 0 3 •1. 22920E-'-00 

3. ? -5 0 -5 5 E - 31 S . 9 0 £ 4 9 E + y 1 1 . 0 7 1 8 1 E - 0 2 •1. 2 3 9 9 1 E * 0 0 
- 1 '1 . 13 i 2 3 E + 0 0 * { t 0 0 1 9 £ E + 0 2 Q . 4 7 7 9 0 E - 0 3 1. 2 ^ 9 3 9 E * 0 0 

£ . 2 2 £ 1 3 E - 0 1 1 . 0 0 81 9 E + y 2 . 5 2 4 1 1 E - 0 3 1. 2 5 1 9 2 E * 0 0 
•1 0 7 . 0 2 2 £ 8 E - 0 1 •1. 0 1 5 2 1 E + 0 2 5 . 9 5 4 0 9 E - 0 3 1. 2 5 7 8 7 E + 0 0 
1 -i 7 . 9 8 3 2 0 E - 0 1 •1. 0 2 3 1 9 E + 0 2 3 . 8 8 3 7 2 E - 0 3 1. 2 S 1 7 5 E + 0 0 

T ij R E R E S . I N T E G R A L = : 1 0 2 . 3 1 3 3 £ b e t w e e n .5 a n d 3 9 0 
SION R E S • I N T E G R A L = : •1 . 2b 1734-5 t>et w e e n . 5 and 390 
part o * C A P T U R E = . £ 3 3 3 '1919 Ct h . c a p t u r e s 1.4£ b a r n s } 
F' a r t 0 * F I S S I O N = £ . 0 7 2 9 2 3 3 E - 0 2 Ct h . f-i s s i o n = . 14 barnsj 

PL CA p m R E S . I N T E G R A L — 102.9 5 2 £ 8 b e t w e e n .5 a n d 390 
AL F I S . R E S . I N T E G R A L = 1 . 3 2 2 4 8 3 7 b e t w e e n ..5 a n d 390 
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T A B L E I I I 

AVERAGE PARAMETERS FOR THE UNRESOLVED REGION 

F K E Y ? 6: F ft I h T OF THE RECALLED F I L E < C M 2 4 * U > 
ZhI S B N & LFW NER b 

'3 . & 2 4 6 0 E + 04 1 . 0 0 0 0 0 E + 0 0 0 . E 1 . 9 9 9 0 0 E + 0 0 1. 0 9 9 9 0 E + 9 9 0 . 0 9 0 9 0 E + 0 0 
EL EH LRU LRF b b 

3 . 9 0 0 0 9 E + 9 2 1 . 0 0 0 0 0 E + 0 4 2 . 0 0 0 0 0 E + 0 0 1 . 9 0 0 0 0 E + 0 0 0 . 0 9 0 0 9 E + 0 9 0 . 0 9 0 0 9 E + 0 0 
SPI pp b b N L S NE 

0 . 0 0 0 0 0 E + 9 0 9 . 5 0 0 0 0 E - 0 1 0 . 0 0 0 0 0 E + 0 0 0 . 0 0 0 0 0 E + 0 0 2 . 0 0 0 0 0 E + 0 0 2 . 0 0 0 0 0 E > 0 0 
I E S 3 9 9 10000 8 
Si.i.iRI AM L b S * M J S NJS 

2. 439-53E + 92 9 . 9 0 0 0 0 E + 0 0 0 . 0 0 0 0 0 E + 0 9 0 . 0 9 0 0 0 E + 9 9 8 . 0 0 0 9 0 E + 9 9 1 . 0 0 0 0 9 E + 00 
DJ H.J PU UN < G N 9 > < G G > MUF 

2 . 1 3 0 9 9 E + 9 5 . 00000E-0"1 1. 0 0 0 0 0 E + 0 0 1 . 6 4 0 1 0 E - 0 3 3 . 3 0 9 9 9 E - 0 2 1 . 9 0 0 0 9 E + 0 0 
1 GF = . 0 0 0 4 8 .0017 1 • 
Pi-iRl' Pf1 L b b * N J S H J S 

2 . 4 3 9 3 3 E + 0 2 0 . 0 0 0 9 0 E + 0 0 1 . 0 0 0 0 0 E + 90 0 . 0 0 9 0 9 E + 9 9 1 . 2 0 0 9 0 E + 9 1 2 . 0 0 0 0 0 E + 0 9 
'j J P. J AM UN < G N 0 > < G G > «'JF 

2 . 13000E+01' 5 . 00000E—01 1. 0 0 0 0 0 E + 0 0 2 . 6 0 0 0 0 E - 0 4 3 . 3 9 0 9 0 E - 0 2 1. 9 0 0 0 0 E + 9 0 
3 GF = . 0 0 0 4 8 .002 3 

1 . 0&-500E + 91 1 . 5 0 0 9 9 E + 0 0 1 . 0 9 0 0 0 E + 00 2 . 7 S 9 0 0 E - 0 3 3 . 3 0 0 9 0 E - 0 2 1 , 0 0 0 9 0 E + 0 0 
1 GF = .09948 .0017 B 



T A B L E IV 

AVERAGE S-WAVE RESONANCE SPACING D 

Value (eV) Year Ref. Comments 

29 1975 [28] Prom D , = 3 8 eV, corrected for miss-obs 
ing levels 

42 1980 [1] Staircase of resonances [2] 

30 1980 Cl] Microscopic BCS calculation 

20.3 ± 5.3 1980 [1-] 
Missing level estimator (M.L.E.) ap-
plied to res. [2] 

22.4 ± 5.3 1980 M 
Missing level estimator applied to 
res. [2] + [3] 

21.3 

i 

1980 [1] 
Adopted value: arithmetic mean of M.L.E. 
estimates 
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T A B L E Vili 

AVERAGE RADIATIVE WIDTH F. 

Value (meV) Year Ref. Comments 

35 ± 5 1964 Q<0 Determined from shape analysis of 1 res. 

37 1971 DQ 
Assumed; adopted for 9 res. in this 

DQ wojk 

35 ± 3 1972 [3J 
Determined for 2 res.; assumed for the 
same res. in this work 

31 ± 6 1974 H Determined from shape analysis of 1 res. 

27.1 ± 1.8 1976 M . Determined from analysis of 2 res. 

32.6 1980 [l] 
Calculated by means of the black-body 
formula of ref. [31] 

33.4 1980 [li 
From statistical calc. at E - 1 KeV 

IT • 11 
for J = 1/2" 

32.9 1980 [1] 
From statistical calc. at E = 1 KeV n 
for J11 = 3/2" 
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T A B L E Vili 

THERMAL CROSS SECTIONS 

Capture (b) Year Ref. Comments 

i.5 ±0.5 ,1971 [32] 

1.2 ± 0.4 1974 M 
Calculated from 10 res. between 4 and 
380 eV 

1.14 ± 0.3 1978 Cu] 
Measured by Cadmium difference method; 
rei. to 2 3 5U 

1.24 ± 0.41 1980 D-i] Average of [32] and Qf] 

1.46 1982 Osa Calculated from resonances 

Fission (b) Year Ref. Comments 

i 
j 0.17 ± 0.10 t 
i 

1972 [9] Relative to 2 3 5U 
i 
| 0.14 ± 0.05 1976 [io] Relative to 2 3 SU 

j Ì 

j 0.17 198 2 M 

Calculated from resonances 

Plus l/v background 

.. 
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T A B L E VII 

RESONANCE INTEGRALS 

Capture (b) Year Ref. Comments 

121 ± 7 1969 M E > 0.54 eV n 

110 ± 40 1969 [34] 

84 ± 15 1971 [32] No cutoff given 

101 ± 11 1974 [4] 
Calculated from 10 res. between 3 and 
380 eV 

118 ± 15 1978 [n] No cutoff given ' 

113. 0 198 2 [35] E - 0.5:.S eV; calculated from resonances 
in table I 

Fission (b) Year Ref. Comments 

10.0 ± 0.4 1972 00 E > 0 n .625 eV; relative to 23SU 

13.3 ± 1.5 1976 [10] E I 0 n .52 eV; relative to 2 3 5U 

6.94 1982 [35] 
E '> 0. n-
region: 

5 eV; contribution of resonance 
1.44 b; continuum: lj.50 b 
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T A B L E Vili 

DEFORMED OPTICAL MODEL POTENTIAL 

Cl\ 1 > exp[(r-R )/b] 
LU = -(V+iW) - r, 1 „ , y * - 4 iW_ • 

[(r-Ra)/aJ D
 {l +exp[(r-R b)/b]} 2 

- . exp[(r-Ra)/a] 
- V a*l — • ; here: 

S 0 a r {l + exp[(r-Ra)/a]}2 

R , = + 8,Y°(9') + 8 Y°(9')) (9' refers to the body-fixed system) â J D E ) D ' r ' 

-A- = / 2tt (reduced pionic Compton wavelength) 

V = 47.01 - 0.267 E - 0.00118 E2 (MeV) (E in MeV) n n n 

W - 0 

WD 
f 3.195 MeV (E < 2.25 MeV) 

= < n 2.25 + 0.42 E (MeV) (E in MeV) 'v n n 

V s o = 7.2 MeV 

R ( o ) = 1.259 fm ; R^ o ) = 1.237 fm ; a b 

= 0.66 fm . ; b = 0.48 fm ; 

82 = 0.245 ; S, = 0.003 f 
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T A B L E 'IX 

DISCRETE LEVELS AND LEVEL DENSITY PARAMETERS FOR 21+5Cm NEUTRON CHANNEL 

Discrete levels /36/: 
E (keV) JU 

0.0 7/2+ 

54.8 9/2+ 

121.5 ll/2+ 

197.0 13/2+ 

252.85 5/2+ 

295.7 7/2+ 

350.5 9/2+ 

355.9 l/2+ 

361.5 3/2+ 

388.1 9/2~ 
417.0 . 11/2+ 

418.8 5/2+ 

431.0 7/2+ 

442.8 11/2" 
498.0 13/2+ 

508.7 13/2" 
532.0 9/2+ 

555.0 11/2* 

Continuum: E > 555 keV; level density described by the formula: 

24 fib1 a'/' (E-A+T) / 

where: 
a2 = cT 
E-A = aT2-T 
a =24.5 MeV"1 

A = -0.10 MeV 
02/T = 100 MeV_1 
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T A B L E X 

DISCRETE LEVELS AND LEVEL DENSITY PARAMETERS FOR 21*6Cm 

Neutron channel: 
Discrete levels /36/ 

E (keV) J* 

0 . 0 0 + 

42.9 2 + 

142.0 4 + 

295.5 6 + 

500.0 8 + 

Continuum: E > 500 keV, level density formula as in table IX, with para-
meters 

a = 2 4 . 0 MeV-1 

A = - 0.37 MèV 
a2/T = 100 MeV~l 

Fission channel (2lf6Cm as fissioning nucleus): 

Transition states at the first barrier peak described by a level 
density formula as in table IX, with parameters: 

•a = 2 6 . 5 MeV"1 

A = - 0.45 MeV 
a2/T = 100 MeV-1 
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T A B L E Vili 

DISCRETE LEVELS AND LEVEL DENSITY PARAMETERS FOR Z k 7Cm 

Gamma channel (2l+7Cm as decaying nucleus): 

Discrete levels /36/ 
E (keV) Jïï 

0.0 . 9/2~ 
61.5 ll/2~ 

133.0 13/2~ 
217.0 15/2~ 
227.0 ' 5/2+ ' 
266.0 7/2+ 

285.0 7/2+ 

309.0 (17/2") 

Continuum: E > 309 keV, level density formula as in table IX, with para-
meters 

* 

a = 25.2 MeV"1 

A = - 0.69 MeV 
CT2/T = 100 MeV_1 

Fission channel (2lt7Cm as fissioning nucleus): 

Transition states at the first barrier peak described bv a level 
density formula as in table IX, with parameters: 

a - 26.5 MeV~l 

A = - 1.7 MeV 
.CT2/T = 98 MeV"1 
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T A B L E Vili 

FISSION BARRIER PARAMETERS 

Fissioning nucleus: 6Cm 

First peak Second peak 

Height, E a (MeV) Curvature, (MeV) Eg (MeV) JCtî  (MeV) 

6.0 0.9 4.2 0.55 

Fissioning nucleus: 21f7Cm 

First peak Second peak 

Height, Ea (MeV) Curvature, -HTO. (MeV) . E_ (MeV) (MeV) 
A A B D 

6.0 0.63 . 4.2 0.55 
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FIGURE CAPTIONS 

Fig. la,b,c,d Total, elastic, capture and fission cross sections in 
the resolved resonance region. 

Fig. 2 Evaluated fission cross section in comparison with ex-
perimental data from: 0 and • , réf. /2/; V, ref./12/; 
• , ref. /13/. 

Fig. 3 Neutron crosà sections in the range 10 keV - 15 MeV. 

Fig. 4a,b,c,d Neutron cross sections over the complete evaluation 
- 5 

range 10 eV - 15 MeV 
ture and d) fission. 

— 5 range 10 eV - 15 MeV: a) total; b) elastic; c) cap-

Fig. 5a,b,c Effective temperature 8(E) versus incident neutron en-
ergy E , relative to the energy spectra of emitted 
neutrons in (n,2n), (n,f), (n,n'f) and (n,n'y) re-
actions. 
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Fig. 5c 
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Fig. 4d 
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Fig. 5a 
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N E U T R O N F I S S I O N 
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