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RTASSUNTO

Dopo- una breve rassegna dei dati sperlmentall pid lmportantl, é
descrltta una valuta21one delle sezlonl d'urto neutroniche dellfisoto-

po Cm-247 nell' 1ntervallo energetlco 10°° eV = 15 MeV.

- ABSTRACT'

After a short review of the most 1mportant experlmental data, Cm—247
neutron Cross sectlon evaluation in the energy range 10 s V - 15 MeV is

described.
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EVALUATION OF 2“7Cm NEUTRON CROSS SECTIONS. FROM 10. eV TO 15 MeV .

*)

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

1. INTRODUCTION

The neutron cross sections of heavier Curium isotopes are important

in power reactor fuel cycle problems and in the production chain of 2%2Cf.

The present work descrlbes an evaluatlon of 2*7Cm neutron cross sec-
tions in the energy range 10‘ eV - 15 MeV and completes a previous study

11m1ted to. the resonance region /1/.

2. GENERALAINFORMATION

Measurements of: 2“7Cm'neutron data: have—not been found in scientific
llterature publlshed after‘ref /L. Thus, our main sources of experi-

mental information are still the follow1ng

a) Measurements: analyzed by Moore and Keyworth /2/: £ission and ‘capture
" cross: sections. of five Cm 1sotopes were determxned in the energy range
20 eV — 3 MeV. As. for- 2""Cm 29 resonances were 1dent1f1ed in the in-
terval 20 - 61 eV and. multllevel two-f1551on-channel Relch Moore para-

meters ‘were a551gned with the assumption _F = 40 meV

b) Transmission measurements by Belanova et al. /3/, 5 resonances. were
identified in the. interval 1 18 eV and 51ngle-1evel Brelt-ngner

'parameters, rtot and- P , were assrgned -Assuming the same value,

f# 40 meV, as in ref /2/, it is poss1ble to estlmate the correspond—

ing fission widths, 'Ff .

© Thermal. cross sections and resonance integrals were measured by a

number of authors: the values of Unf (2200 m/sec) glven in refs /3/,

/4/ /5/, /6/, agree with one another within (large) experlmental errors

~and range from 80 to: 93 b, while a lower value, Ong = 72.3 b, is given

“in ref. /7/. Fewer measurements ex1st for G (2200 m/sec): refs. /3/,

) ENEA, TIB/FICS, Bologna (Italy).



/41, 17/ give:valuesfbetween-SO'and'6O b, with large:errors,

As for resomnance- lntegrals the capture one seems: to have a well—
defined: value of the order of 500 b, according to refs 131, 1415 171,
The: fission resonance 1ntegral (/3/, 14/, /5/, 16/, 17/, /8/, /9/) has
more scattered values, ranging from 730 b to 1060 b, with large exper-—

1menta1 errors.

Flnally, the average number, V , of neutrons emitted per fission

at thermal energies has been taken from ref. /10/.

3. RESOLVED RESONANCE REGION
Therlimitsyof the resolved‘resonancefregion are 1 eV - 61 eV.

In,thiSLfntervaI,.Bﬁ resonances:have-beenrconsidered: 5 of’them;
between. I eV and. 20 eV, are taken from ref. f}/,‘the-remaining-29‘res-

onances,. betweeu,ZOLand“él:eV; are- from ref.. /2/.

Ithable»I; the—resonance parameterSVare7written'according'to the
ENDF/B-formalisﬁs. "As im ref /1/,. a bound level has been added to re-
produce the thermal gross: sectlons. Slnce this: set of parameters is the
same as. in ref /l/ we. do not repeat here the comments. already made in
that work but. would only remlnd the reader of an lmportant p01nt' the
resonances of ref /2/ have multllevel two— flss10n-channel Relch-Moore
parameters, those of ref. /3/ 51ngle-level Brelt-ngner parameters:
thus, the calculatlons of cross sections require the use of the two
formallsms ta: cover the range 1-61 eV and the contributions of two -
separate sets must be added at each energy p01nt in fact, we have
adopted. a Relch—Moore representatlon for all resonances by attrlbutlng.
FfB f'O to: the resonances below 20 eV but, in the ENDF/B file, to
prevent the resonances’ of the flrst set from 1nterfer1ng with the second,

_we have a551gned to: the first set spins sllghtly different from the cor-

rect half 1nteger value, 9/2 , as can be seen in Table I.

The total, elastlc, capture and fission cross sectlons in the
resolved resonance reglon are shown in Flg l The calculatlons have

been performed by means of the CRESO code /ll/



4, AVERAGE.PARAMETERS FOR THE UNRESOLVED REGION

The unresolved.resonance reglon ranges from 61 eV to 10 keV: in
this 1nterval, calculations have been performed by means of the strength
function formalism. The average parameters we have adopted are listed
in Table II. Since nothing has been changed w1th respect to ref. /l/
we refer the reader to the descr1pt10n thereln - For the sake of com-
pleteness we only quote the average parameters deduced from the resolved

resonances of Table I @ith the exception of §S;):

a) average s-wave resonance spacing: D = 1.2 eV;

1.0 x 10~%;

It

b) s-wave strength function: SO

1.8 x 10™%;

c) p-wave strength function: S1

d) average.radiative width: fy»=-40 meV;

e) averageefissionnwidth: ff = 146 meV.

5. THERMAL.CROSSASECTIONS'AND'RESONANCE'INTEGRALS

Experlmental thermal CTOSS. sectlons are llsted in. Table III, the
correspondlng resonance. lntegrals in Table Iv. The bound level intro-
duced in the resolved resonance set of Table I allows us to reproduce

recommended values of thermal cross sections.

The capture resonance integral, calculated with a low-energy cut-
off of Q.5. eV, turns out to be (E > 0.5 eV) = 494 b , 1n- agreement
with a number of measurements, whlle the calculated fission resonance
1ntegral is nf(E > 0.5 eV) 662 b, lower than the most recent ex-
per1mental values, which are of the order 700 b, or more. It is p0551ble
that resonances have been mlssed or fission widths underestlmated in the
low—energy 1nterva1 1-20 eV, where thelr 1nfluence on the computatlon of

resonance 1ntegrals is stronger.



6. AVERAGE NUMBER, v . OF NEUTRONS PER FISSION

The procedure of ref. /1/ has not been modified: the estimate of
V is obtained through an emplrlcal formula due to Howerton /12/, nor— .
ep = 3-79 +0.15 of ref. /10/. The

resultlng functlon of neutron energy, ;(En) , has the form:

mallzed to the thermal value Vv

V(E) = 3.79 + 0.202 E (E in MeV)
n n ol

7. THE CONTINUUM REGION

In the energy range 10: keV - 15 MeV direct and compound nucleus
contributions to dlfferent processes have been evaluated through coupled-
channel optlcal model and statistical Hauser-Feshbach calculations, re-—

spectlvely.

' Thexreactions~takenéintovaccount'are the-followingi. elastic (di-
rect, plus. compound contributions) total and level inelastiC'(direct-
plus compound),. capture, first and second chance fission, and (n,2n).
Reactlons having a- threshold above 10 MeV, 11ke (n,3n) and third
. chance fission have been neglected Pre-equlllbrium competitions are

expected to become important. only above 15 MeV.

7.1. Optical Model Calculations:

Coupledfchannel calculations haye been>perforned by means of the
JUPITOR /13/ and ADAPE /14/ codes: the former has been used in the range
10 keV - 8 MeV, the latter from 8 to lS MeV where the adiabatic approx-

1mat1on seems to be good enough

The states actually coupled in the mon—adiabatic calculations are

the 9/2" , ll/Zek, 13/2° members of the ground-state band.

Tabler gives the parameters‘of our.deformed optical potential,
already used for 2“5Cm /15/ and 246cm /16/.

The quadrupole and hexadecapole deformatlons adopted in the pres= '

ent work, B2 = 0,25 and B4 = 0. 0 , are of the same order as the de-



formatlons of close Cm isotopes adopted in refs. /15/ and /16/, and are

cons1stent with our choice of the nuclear radius parameter in Table V.

The coupled—channel calculations glve the dlrect contribution to
elastic and 1ne1ast1c scatterlng we have evaluated 1ntegra1 and dlffer—
ential cross. sectlons (angular dlstrlbutlons) for the elastic scatterlng
and excitation of the first two levels in the ground state band. The
compound-nucleus contributions to these processes have been obtalned
through Hauser-Eeshbach calculations and added to the direct contribu-
tions in order to obtain a complete description of elastic and inelastic

scattering.

7.2. Statistical model calculations

The compound—nucleus contributions to the reactlons of 1nterest in
the continuum- reglon have been evaluated by means of a modified ver31on

of the HAUSER*A code [17/.

Three competlng channels,,neutron, gamma: and f15$1on are taken in-
to account"the decay of the- compound nucleus 2480y 1n the above—men—
tloned channelStmakesflt'poss1ble:to~evaluate=the compound elastlc, ra-
dlatlve capture .and first chance fission cross. sectlons,‘respectlvely
The: decay of the compound. nucleus 247cm glves (n,2n) , (n,n'y) .and
(a,n f) Cross sectlons, respectlvely The decay channels of both nuclei
are descrlbed by a. number‘of parameters. energy, sp1n and parlty of dis-
crete levels and, for excitation of the continuum, level den31ty para-
meters, to which, as is known calculated cross sections are very sensi-
tive. Level den51t1es are descrlbed by means of a back—shlfted Ferml
gas formula:. 51nce this kind of 51mp1e macroscoplc expreSS1on cannot give
a reallstlc descrlptlon of exclted nuclel its parameters do not have a

phy51cal meaning, but only allow us. to fit experlmental Cross Sectlons.

Moreover; the'fission channel is characterlzed by a two-humped
f15$1on barrier for which helght and curvature of the two saddle p01nts
are spec1f1ed Our choice of. barrler parameters for’ the compound nucle-
us **%cm (flrst chance flSSlon) agrees within experlmental errors with
the results of an analy51s of experlmental flSSlon probabllltles of

even-even Actlnldes /18/; the barrier parameters for the compound nu-



cleus. 2*7Cm (second chance fission) are in agreement'with-those derived
by means of a fission. probablllty analys15 in ref. /19/ The level den-
sity parameters in the same fission channel (2“7Cm as decaylng nucleus)
allowed us to reproduce.the exper1menta1 cross section for the neutron-
1nduced flss10n of 2%8cm /16/. Mbreover, the level den51ty parameters
in the neutron channel descrlblng 247cm exc1ted states in the continuum
are consrtently the same as in the gamma channel of 2*%Cm, for which

2%7cm represents the compound. nucleus /16/

All the parameters relevant to the description of the three decay

7
h2'+

channels for bot Co and 2*®Cm are given in Table VI and fol.

8. RESULTS7AND COMMENTSiON CROSS' SECTIONS.

The results of our cross sectlon evaluatlon are presented in graph-
ical form: Fig. 2 shows: the fission cross sectlon ip. comparison w1th the
experlmental data,. Fig 3. all the evaluated,cross sections in the energy:
range*lo keV —'15 MeV.. Flnally, Figs. 4a—b—c—d-e show the elastlc, cap~
ture, fission: and total’ cross: sectlons over: the complete evaluatlon range

107" eV to 15 MeV.

If we: compare our results w1th the ENDF/B-V evaluatlon /20/ we see
that the correspondlng major cross sectlons are of. the same order in the
contlnuum (E > 10 keV) while, in the resomnance reglon, the present re-
sults are systematlcally hlgher than ENDF/B—V One of the reasons for
the dlscrepancy might be. the random generatlon, below 20 eV of reSonances
with D = 4 eV in ENDF/B—V Thls average spaclng is much hlgher than
our recommended value, = 1. 2 eV ;7 moreover,. the-resonance parameters
of ref /3/,. adopted 1n the present work below E = 20 eV , were derived

from experlmental data.

9. ENERGY S?ECTRA OF EMITTED NEUTRONS

In descrlblng the: energy distributions of neutrons emltted in var-
ious reactions, we have made the somewhat crude hypothe51s that these

dlstrlbutlons can be represented by 31mple evaporatlve formulae, thus



neglectlng the pre—equlllbrlum contribution, expected to become impor=—

tant for emitted neutrons of E' = 10 MeV or more.

The first chance fission spectrum has been approx1mated by a

standard Maxwelllan formula'

f(E,E') = ofE' exp(-E'/8(E))

Here, E 1is the 1nc1dent neutron energy, E' the emitted neutron
energy, 6(E) the effectlve temperature (in energy unlts), .which has

been takem as a function of E according to the data of ref. /21/.

The energy spectra for neutrons emltted in the reactlons (n,n"y)
with continuum exc1tat10n, (n,2n) , (n,n'f) are represented by evapo-

ration formulae of the kind
g(E,E') = BE' exp(-E'/8(E)) .

B8(E). can be. 1nterpreted in these cases. as: the exc1tat10n temper-—
ature of: the‘re31dual nucleus after emission of an E' = O neutron it
has-been'evaluated*for"the-re51dual nuc1e1.2“7Cm and Z“GCm-through the
mlcroscoplc procedure of ref. /22/. - 8(E) versus. E is plotted in Fig. 5
for all the: reactions: taken into ‘account, from thelr effectlve threshold

up to 15 MeV..

10. CONCLUSIONS

Qwing to the dlfflcultles in produc1ng thlS lsotope and to the

247Cm neutron data are scanty and not ade-

low target enrlchment " the
quate to appllcatlon needs. New dlfferentlal measurements, malnly in
the resonance reglon, are necessary, and might throw llght on problems
encountered in the present work, e.g. the dlscrepancy hetween evaluated
and experlmental fission resonance lntegrals, thus lead1ng to substantial

lmprovements in the knowledge of 247Cm neutron cross sectioms.

The evaluated data have been complled and written in flles accord—
ing to the ENDF/B-IV format rules /23/ by means of ‘the SYSMF system of
codes [24/.
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PARAMETERS FOR THE RESOLVED RESONANCE REGION

1~6. 60000E=01

2
3
4
s
5
7
3
3
19
1t
12
13
14
15
16
17
13
19

NN N N 1 N
oW - 0

~N
o

35

RETCH=#CQCRE FCRMULA REQUIRED

1..24700F+00

. 291800F+CQ
2.185005+30Q°

9.55Q0CE+00

1. 81000E+Q1

2.130007%+Q1

2.40300E+01

2.53500£+91

2.41900€E+01L

2,.80400E+01

3.02500E+01L.

3.05200E+01
3.22300€+01
1. 636Q00E+91

3. 774008401

3. 776QCE+QL
3.95200€E+01
3.99 500€+01

4. 06100E+01

4..12500€8+01
4. 1T&CCE+DL
4. 339010S+01
4. 43700E+01L
4.52100E+01

4. 79200E+9L

4.39500%+01
. C08CJE+0L
- 5..06900E+Q1
S. 17800F+01
S«21900E+01
5.363CQE+OL
5. S1000E+J1
5. 61300£+91
35.36/630F+J1

4.50CCCE+CQ
4,50QQnE+Q0

4.5GCCCE+00

4.50CCCE+QO
4.50CC0CE+QQ
4.500C0c+00
4430CCCE+CO

4.5Q0GCQ0CE+Q0.

4.59C0CE+QQ
4.5Q0CQE+20
4.5Q00QCF+QC
44.50CCQE+QQ
4.500QCE+4a0
4.50CCCE+QO

4.590CCE+CC

4.50QCCE+Q0
4.50CCCE+00
4.5QCCCE+Q0

£.28€49E-25
S .48Q0G0F=19
2.18€29€8~495
6.£61525E~C4
S.1€5756=GCS
1.91C26E-C4

0G4 E3E-03

5.792505-04

1.165898-3
£.8C0SE5-C3
2.363€25-C3
3.1825C5~C3
1.66223E-C3
1.26424F-C3
4.54C41E-Co
$.36451E-C4.
«59589E-C4
1.573378-G2

CURIUM=247
IAl= G6247. ABN= 1000 LFw= 1 NGR= 2
EL= 0.00C01C Ep= 51.0 LRU= 1 LPF= 2

SPI= 4.5 AP= (0.950000 NLS= 1
AWRI=. 244 ,5480 AM= CeC L= ¢ NRS= 3¢

AJ GN GG GF4 GFE
4.50QQ06E+00 1.34C4¢E~04 64.CCCOCOE-02 5.8969C5=02 0.C
4+50C015+C0 5.6CC0COE~04 3.6CC00E-02 4.100CCE=C2 Q.C
4.50C02E+C0 1.C0COCCE-C4 4.0CCC0F-02 5.000C006~A2 C.0
4.50C02E+00 1.3CC0CE~-T3 4.0CCOCE-02 6.200C0CE-02 £.0
4.50G042+C0 9.10CCAF~24 4.COCQCE-N2 1.2509CF-01l C.0
4 S0CCSE+CC 3.7CJCCE~-J3 4.0CCCCE-Q2 L.5€3CQ0F-QLl C.C
44.50CC0CE+QQ 1.24¢10E~Q% 4.CGCCQ0E~02 9.495463F=02-2.09C44E=C1
4.500CCE+Q0 4.411283E~35 4.CQCC0NE-N2-1.06382E~-01-2.761347=-"7
4450CCCE+00 1.00€975—C5 4.0C000E-02-1.3156485~-03-2.46343F-C2
4450000E+00 1.5353(C%~05 4.00CANE-Q2-3.712975-02-1.3287C=-C1
4.50CCCE+Q0 5.3246CE~C5 4.0CCCOE~02 I4556358-02 1.74165E=-(2
4.5000CE+00 3.44850E~03 4.L0C0NE-02-1.546395-05-2,58054E-(32
4.5000CE+Q0 1.88140F~C0% 4.0C0C0CE=02 3.9Q0C0E~Q2-1.300303F~-C2
4.5000CE+C0 5.0524£5~C4 4.0CCCCE—0Q2-3.146713E-C5-2.59683E-C2
4.500N0E+00 1.5628C75-03 4.0C0C00E=-02 3.78786€=-02-2.3212145=22
4.50CCCE+00 2.487312-Q05 4.0CCCQE-02-4.4C810F=Q1l-1.1439CZ~C1
"4,50COQE+G0 1.33344E-03 4.0CCOCE-N2-1.29840E6~-02~-1.582275~2¢

4.CCCLNE=-02-4,44T736E-01-6.02¢€42E~-C2
4.CCC0C0S-02 1.49299E-Q01 1.77Q11%=G2
4.00C005=02-2.316264E-02-2.4827£<5-C2
4.CCL00E=Q2~-1433975F=C3 1,866G2E~"2
4.000008~02 5.25121F-01l-1.587828-¢2
4.C0000F-02~-3.24429F=04 2,175575-13
4 0CCCCE~Q2 3.08349€-02 Ll.1650¢5-072
4.0CC0CAE=02~-1.41024F=0Q2~4,586745=-2
4.,20C0Q0E=-92 1.098598-92-1.%3G14E=-C1
4.00C305=02 5.73543€~-02 l.464572=C2
4.0CCCCE~-02-1.992006—-02-3.5CaCCE-C2
4,CCC00F-Q02 4.47C29E-02 7.29717E8-02
4.00C00E=-02-1.130942-02-2.65C37==21
6,0CC00F-02 1475094£-32-2,2C5C&E~C3
4.0C000E=Q2-83.59456E-C2 2.28C%4c~-"1
4.0CC000F=02 4.628130%=0° 2,79837<-C2
4.0QC0QE—92 L.422148=02 S.4773£€=C2
4.00QCCO5~92 1.55974E=~C2-9.3C024F~22



12

TABLE 11

AVERAGE PARAMETERS FOR THE UNRESOLVED RESONANCE REGION

CURTUM=247
NTS 1
[SOTOPE 1 ZAT= 96247, , A8N=_ 1.000 LFw= L NER= 2
RANGE 2 - =L= £1.00C20C =M= 19000.0 Ley= 2 LRc= |
sp

I= 4 “a= 0.55000C NLS= 2

GRCUF NC. L

L-STATE 1 ARRL=  244.948C L= ¢ NJS=
(ES(I)el=t, 2)
5.10000E+01 1.00000F+C4

J=STATE L MUF= 2 ) .
o AJ AMUN : GNO GG
2.8666TE+00 4.00000E+00 1.CCQCOE+Q0 2.66667E~Q4 3,.5Q0G0E=-Q2
(GF([)vI'—"., 2) ‘ . e
1..52000€-01 1.£5000E~C! ‘
J=STATE 2. MUF=: 2
A Ad AMUN- * GNQ GG

2.18182E+970 5.0000N0E+00 1.0CCCQE+N0 2.183182%-04 3.3C000%=432
(GFI )11, 2V . .

] " 1.46000E-01 1.5904CE~-Cl

UNMRESOLVED FORMULA RECUIRED.ONLY FUSSTON WIOTHS ARE ENERGY CEPENDENT

GRCLP NCa - 2

L=STATE 2 2AWRI=  264.968C ' L= L ANJS= 4
(S8(ll,I=, 2) : :
5. 10000E+01 1,.00009E+Q4
J=STATE 1 MYF=- 2 ' '
n Ad AMUN GNQ GG .
3.42957S+00 3.00000E+00 1,CCCCCE+A0 4.17143E~06 3.70000E8-02
{GFIL),I=1y, 21 . :
1. 5600C5-01 1.59000€-01
J~STATE 2 Myf= 2 '
0 aJd . AMYN GNG .56
2.666675+00 4.000C0E+00 2.0QCCCE+CD 4.8000CK~04 3.300C0S-02
CAGRIDY o I=ty 21 ‘
. 1.52000%-a1 1.,&5CCCE-C1
J=STATE 3. MUF= 2
‘ b aJd AMUN GNO 56
2.13142F+00 5.COCO0F+Q0 2.CCCCCE+Q0 3.92728E~04 3.300906-02
(GF(I),1=1, - 2) S
1. 46000E-01 1.99CCCE-a1

J=STATE 4 NUF= 2
0 : Ad . ANUN GNG 56 -
1.3441SE+00 6.000C0F+00 1.0CCCOE+00 3.323078~04 3,1C0CCE=02

(GF{T),[=1, 2} .
1.3607295-01 1.480C0F=C1 -
UNRESILVED FORMULA REQUIREDLONLY FISSION WOTHS JARE SNERGY SEPEZNCEN
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TABLE T11

THERMAL CROSS SECTIONS

Captu;é (b) Yéar' Réf._ | Comments
55 1971 4 " Irradiation exp. (Ua—Gf)
58.0 1975 7 Irradiation éxp. + éval.
60 = 15 1980 3 ' Expérimént quoted in a review
papéf
59.7 : 1980 1 - ‘Evalﬁatéd from éxp. résonancés

plus a bound leqél; adoptéd'in

the.presént work

Fission (b) Yéar'. Ref. - Co@ﬁentg
80 % 101 . .1971 : 4 Irradiation‘éxp;
72.3 1975 7 Irradiation exp. + eval.
80 = 7 1976 6 .. Reactor méas.
93 + 6 1930 ' 3. © Exp. quoﬁéd in a‘réview-paper
81.6 | S 19801' I Evaluated from exp. res. plus a

bound levél;, adopted in the

present work




TABLE

Iv

RESONANCE , INTEGRALS

Comments

Capturé (b) Year ‘Ref.
500 1971 4 Irradiation éxp.» (Ia¥If)
-500 1975 7 E > 0.625 eV
495 + 40 | 1980 3 Quotéd in a réview papér
. 494 1982 - ’-?rééént work ;. evaluatéd from
rés; in Tablé I, plus continuum
contr.; E > 0.5 éV
Fission (b) -Yéari ‘Réf;. ComméntSs
1060 + 110 1970 9 E>0.5ev
750 + 50 1971 4 IrrAdiatioﬁ.exp.
935 + 190 1971 8 ' E,$;o}5 eV
778 + s 1972 5 Irradiation exp.; E > 0.625 eV
761 1975' 7 E_>‘04625 eV; recommended val.
730 + 70 1976 6 Cadmium diff. method;
| E > 0.52 eV
774 + 30 71980 3 Qﬁoted'in a.reviéw pé#ér
C»662_.’ i982v - Present work;..évélﬁatéd from

res. in Table I, plus continuum

contr.; E‘> 0.5 eV
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TABLE V

DEFORMED OPTICAL MODEL POTENTIAL

L ' - exp [(r-R.D)/b]'

NS FEL S p— - LW — -
: brexp [(r=R ) /3] | {LJ.-éxp[_(:—R.o)/b_j }2
L2
- exp[(r-Ra)/aJ
- VSO gl ey ; here:
' {1+exp [(r-aa)/a] }2
R =289 (1 + 2,v9(8") + 8. ¥°(3')) (3' refers to the body-fixed
a,b z,b " 2°2 S A <o
. : System)
-1-"11,__ = Xﬂ,/ 2T (reducad;-pidni’:; Compton wave}ength)

T = 47.0L = 0.267 T_ - 0.00118 EX (MeV) (E_  ia MeV)

W= 0

.- [ 3195 Mew © (E_ £ 2.25 MeV)
‘HD = ¢ . _ n ]
| 2.25 + 0.42 E_ (MeV) (E_ ia MeV)

v = 7.2 MaV

50
aiO)'= L.23§”£ﬁ;';_ 2% a7
s =0.56 fm 5 b = 0.48 fa

3, =‘p.zs ;3 =0.0
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TABLE VI

DISCRETE LEVELS AND LEVEL DENSITY PARAMETERS FOR **°Ca NEUTRON CHANNEL

Discrete levels /25/:

- ,E (keV) JTr
0.0 o

42,9 4"

142.0. 5"

+

296.0 6

-

500..0 .

Contiguwmm: I > 500 keV; lavel demsity described by ide formula:

(23+1) exp(2 va(Z=4))

5(z,0) = - exp [~J(J*l)/2c7]
24 3t At (Eeaemd
whers:

o = T
- 2 m
E=-A = aTI°-T
a = 26.0 MV

A = =0,37 MeV

/T =

‘100 MeV



TABLE VI
DISCRETE LEVELS AND LEVEL DENSITY PARAMETERS FOR %“7Cm

Neutron chamnels - = - I

Discrete levels /25./

E (keV) J"
0.0 9/2"
61.5 11/2°
133.0 13/27
217.0 . - 15/27
227.0 | 5/2%
266.0 - 772

285.0 | 7/2"
1309..0 o and)

318.0¢ BEEYEN

Continuum: E >¢318”kév,71ével.dénsity'formula as in tablé#ﬂi, with para-

meters :
| a = 25.2 My
A = - 0.69 MeV
o?/T = 100 MeV

“‘Fission channél'(2“7Cm as fissioning nucleus):
TIransition states at the first barrier peak described by a level
density formula as in table VI, with parameters:
R L
a = 26.35 MeV
= = 1.7 MeV
. . -l
c*/T = 98 MeV
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TABLE VIIL

DISCRETE LEVELS AND LEVEL DENSITY PARAMETERS FOR - *’Cm

Gamma channel (?“®Cm as decaying nucleus):

Discrete levels /25/ -

'E (keV) "
0.0 _ 0. O+
+ -
43.0 2.0%
140,00 - 4.0
298.0 6.0" "
- 504.0: B . 80"

Continuum: - E > 504 kév; lével denéity formula as in table vi, with para-

meters
| o a .= 24,5 MeV '
A = -1.0 Me¥
o2 /T = 100 MeV

Fission Channel'(zﬁiCm as fissioniﬁg nucleus):
Transition states at the first barrier peak described by a level
density formula as in table VI, with parameters:
. . -1 :

= 28.0' MeV

= -1.0 MeV

o : -1

c?/T = 98 MeV
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TABLE X
FISSION BARRIER PARAMETERS

.ssioning nucleus:  2%7Cm

First peak ) Second peak
leight, EA (MeV) Curvature, IKu.\A (MeV) : E’B (MeV) /th MeV)
6.0  0.63 4.2 0.55

.ssioning mucleus: 2**%cm

First ' peak } Second peak

leight, EA‘ (MeV) » Curvatu;e, -ﬁwAl-(Me'V)' - _E'B' {MeV) mB (MeV)

6.1 om0 4.2 ©0.55



Fig. la,b,c,d

Fig. 2

Fig. 3

Fig. 4a,b,c,d.

Fig. 5a,b,c.
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~ FIGURE CAPTIONS

Total, elastic, capture and fission cross sections in

the resolved resonance region.

Evaluated fission cross section in comparison with ex-

‘ periméntal data: 0 and ‘O, réf, /2/.

Neutron: cross sections in the range 10 keV - 15 MeV.

Neutron cross sections over the-complete evaluation

| rangévlo-s'evf—ﬂls,MeV: a) total; b) elastic; _.

¢) capture and: d) fission..

Efféqtivé:temperaﬁure: G(E) 'vérsus;incident neutron
i energy - E , relative to the energy spectra of emitted
- neutroms. in (n,2n) , (n,f) , (n,n'f) and (n,n'y)

‘reactions..
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