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EVALUATION OF n +2*%py REACTIONS: FROM 10 keV to 20 MeV /- I
’ ‘ ,by Q :u s . o ‘ . . ) V' t’r'a ¢ =3 :f
) D. G. Madland and P. G; Young  ~ = . =
- ABSTRACT T
S R R " :
o An evaluation of. the n + Py cross ssctions is Q§§§

presented for the neutron energy range of lﬁﬁksV‘to 20 ° .
= MeV. The total fission and radiative cspturﬂ ctol! !ec-,”
‘ " tions are based upon experimental medsurements 4 .
The remaining cross sections, together with the elssticn o '
and- inelastic angular distributions to' low-lylnj states, °
: " have been calculated using various reaction nodels. An '

e S expression is. presented for the energy dependence of the
average number of neutrons produced per figssion.. The ”
results have been placed in ENDF/B-Y format and combined
with a recen. evaluation of data below 10 keV by the = °
Hanford Engineering Development Laboratory, 8o that a

i

; complete data set covering the energy range of lO eV M
to 20 Mev is available.rm ) ® ) w @
; 5 ' !
. . o ‘ \} ) a " - C
I. INTRODUCTION. , . N b

A new evaluation of the n + 242Pu cross sections has been coupleted for the D
neutron energy range’ of 10 keV to 20 MeV. The evaluation Teélies to a large ex-
tent upon nuclear model calculations as experimental dsts exist 6nly for the’
fission and radiative capture cross sections’ vithin this energy range. -The cap-
.- ture cross-section meﬁsurements.Jmoreover, extend only to 90 keV. Hodel calcu-: -
ﬁlations were therefore used to derive the total, elsstic, inelastic, (n,xn), and .

{54;

(n Y) cross sections as well as’ the elastic and inelsstic,angular distributions.
The calculated first-,’ second-, and third-chance fission cross sections [(n,xnf)

reactions] were also used in the evaluation. - ‘ s

3
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An’ expression is presented for, thé energy dependence of the average nu-ber

of neutrons per fission, g which is bssed upon existing pheno-enological for-ulae

o .
¢ : ~ il

! N 1
B 2y



= ra ' ' o ”
‘and v measuromonts for .the noi;hboring n + 240?u syltom Parameterizations ero
givon for the inelastic, (n,xn),’ and !innion neutronoepectra that lro cgnoistenf g”'

PR o

. with the model calculations and the v representatign.hwni ! )
“ The complete evaluation. including uncertainty estimat s for the‘croni-sec-
. tion files, has been placed in ENDF/B-V format and combined with ‘date below 10 Oﬂ:§
keV from a recent evaluation by Mann and Schenter1 at Hanford Engiggiring Devel- i
= opment lLaboratory (HEDL). The resulting data set, covering the energw range
10—5 eV to 20 H:%, has been provided to the National Nuclear Data Center dt

(/
)

© Brookhaven National Laboratory. i f* g .
: ° Details of the model calculations are presented in Sec. I1 together with a
discussion of parameter ensitivities. The availableﬂexperimental data are de- i
- scribed in Sec: II1 and compared fo the present recommended cross sections. In
o N addition, the calculated cross gections for unmeasured reactions are presented
for comparison with three other evaluations. Finally, a: summary is contained in

Sec. 1v, together with :§hclusions and recommendations hased _upon our analysis.‘
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II. MODEL CALCULATIONS - S : I L R Y
The only reaction for which it was. possible to rely entirely ‘upon meaSure-,

ments for the evaluation was ‘the fission cross: section. For all other reactions, _

' Unucltar model calculations were used to determine the recommended‘data. In this _d “

- section description is given of the optical model direct coupled—Channel, -and 3 18

compound—nucleus Hauser-Feshbach calculations used in the evaluation.; oo ’”, |

. AL Optical Potential R no:ﬂv R ) ' 7, .

S

H B J |

All,calculations described below use a preliminary version of a global acti- | 7%
nide putential for neutrons that 1s under development at’ the Los Alamos Scientific %‘
: Laboratorj (LASL) * This potential is Fased upon an analysis of measured neutron
total cross sections and: elastic angulur distributions ‘between 1-keV and 19. 9 MeV h
233,235, 238
for u. The parameterizatio
in Table I. o Kl
il

The present potential does not i clude nuclear deformation effects, that 18,

1 of the Saxon—Woods form.factors is listed

B

it %a a spherical optical potential [Ultimately, it will serve as the starting

point in the derivation of a deformed ;optical potential that will account directly
for”the strong collective rotational ¢ffects observed in the actinide nuclei,xand ‘
-ea#ured inelastic angular distributions will be included in that analysis. For - 0>
the”preaent evaluation, however, the offects of nuclear deformation are incorpo—

rsted in an ad hoc nanner, as described in Secs. I1.B and I1I. F.
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“For purposes of conparison and because no elsstic or total crosl~lectioa
242 5

_ data exist for n + Py above 10 keV calculations of the totsl. shspe ollltic.

‘,pared to those of other,neutron-nucleusrslobal opticsl potentials in Figs. 1—3. é
“'The comparison potentials are the Wilmore-Hodgson potential 3 the- Bacchettih
jGLeenlees potential, 4 and . the Perey potential, 5 of the four potentials. “enly the

and reaction cross sections using the preliminary potentiaﬂ of- Tabls .1 are con-

ﬂ/

/e )

preliminary potential (Table I) is restricted to actinide datazJ whereas the others
?
were derived for larger ranges of A. The figures give an example of the dilper-

sion of values that can be obtained in calculatipg these crogs: sect}ons in the ¢

~ absence of experimental data. The widest dispersions generally occur at 1ower

energies and, in part;cular. the calculated/reaction cross sections differ by as
much as 607 at 100 keV. The latter appearsnto be partly due to the,wide vari-

ation observed in the' calculated compound elgstic scatteriug (not plotted) in
the energy range 10 keV to w2’ MeV, T . o
It is known that the potential of Table 1 reproduces the total and elastic

"233, 235 238

(and therefore reaction) cross sectioris. for U in the energy range 10

keV to & 2 MeV fairly well.2 Therefore. insofar as. 242Pu behaves similarly, theu
Table I potential should also represent the n + 2"zPu cross sections reasonably
well Above 1—2 MeV, the nuclear defornatipn effects are strong,6 and since each

of the four global potentials is spherical, Such effects must ‘be added ad hoc in

pvery case.“ In the present calculations, the use of the Table 1 potential is re-
tained in this energy region to maintain continuity with the lower energy )

region. e I e ) s

N « [ ,
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B. : Direct Reaction Coupled—Channel Calculations

The direct coupled—channel inelastic scattering was calculated with the code

JUKARL, which is the LASL version of JUPITOR -- KARLSRUHE SEARCH VERSION.7 Elas-"

tic\and inelastic/scattering to the first five members of the ground-state rota-

tional band (see Table I1) were calculated assuming Aa deformed axially. symmetric

'rotator\model for the 2-'l‘zl’u ‘target. The quadrupole (B ) and hexadecapole (3 )

deformations used were extracted from E2 _and EA transition ~strengths obtained in

Coulomb excitation measurementss‘of the 242Pu 2 and 4 states using 17-HeV alpha

particles (see\Table II) - !
With' these deformations, the optical potential of Table I was transformed
to the total interaction potential for the coupled—channels calculation by use

of the appropriate collective radius expression, .

ey
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RSV where R 1§ the half-radius (r A1/3‘

part of the potential, B ~are the nuclear(deformations, and-0 refers to the ‘body-

*
fixed system

s 1
A
T

ergies and, at a given energy, used the same form factor for all channels.

) of either the real or imaginary

The

% adiabatic coupling appro'imation was used above 600 keV in order to minimize

. computing time: T

b}

The direct. inelastic cross sections obtained for the first four excited

states of the ground band are illustrated in Figs. b 7 and comPaTEG tO the com-

“tic and total compound- nucleus inelastic cross section is shown in Fig. 8.
contribution of the direct to the total inelastic scattering }s relat%vely small

up to a neutron energy of 8 MeV, after which it becomes dominant.

. - 5y
NI s

Ideally, the

suming the existence of a complete data set,
is not- possible for the present calculation.

pound- nucleus compcnents (see Sec. II C)

)

The

A
i N

)

's and'the'optical potential are determined,simultantoully, as-
As no data exist, this procedure

9

_The actual calculations utilized complex form factors at all en-

¢ Finally, the ‘sum of the direct inelas-
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sion of the code, COMNUC9 (3/29/78 version)
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I changes.

r:sion calculation for flrst-“second—v

0" 5 (5., g,
a = = g '

\second- and therd—chance fission calculatlonsL.1 L . ‘
o ~<an 3 s

“or ‘ 11 T

© 2. A subroutine> " has been’ introduced by which discrete level denaittes arlz?

2
msmoothly joined to the Gilbert and Cameronl“ continuous level deneﬁ;y

pression. The parameters of the constant temperature formula -and’ gggoﬁ—
kdng energy to the Fermi gas expression are adjmsted to maintain continutty @
s -

“for the total level density. . " . . N

@

3. The branchinguratio expressions in the subroutine NCASC have been modified

based upon, the calculations of Ref. 10. 5 L ’ s o

i
Gy =

Calculations ‘were performed for the (n,n'), (n 2n), (n 3n), - (n,£), . (nﬂﬁf).,

(n 2nf) and (n,y) reactions. The potential of Table I was used to generate all . -
neutron transmission coefficients for these calculations. Discrete levols ware
included for the various channels wherever possibre. The actual level data used :
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. on.-d:lmensional fission batriers. >Both
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\ ' TABLE o ;o
SN NUCLEAR LEVEL DATA FOR P42p,
ﬁLevel 5 J" . i xcita ion (MeV q
+° D R
1, 0 0.000 Ee
B + .
’ 2 2 0.04454
Vi + e ;, . N -
{ 3 4 - . 0.1472 S A
I T A 0.3059 :
“s gt 0.5176 ° " -
. + : : ’ RN
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~ \\L;w 7 1_\\ {,; ol’ 7803 [ ' i1
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Tables IV—VI, except that the excitation energies were compressed by a factor:2
2
based upon the work of Gardner 1 (no attempis were made to reorder the states), -
Note, however, that discrete fission channel and continuum level: densititiel vere
lnoothly matched in the manner described above, s
7 The final fit to the total fission cross section is compared to the avail- -
ablc neasurementsl9 20,22-25 in Fig. 9. The calculation agrees to within + 52 J
? 20 o ) e T
vith the data of Behrens et al.,  which were emphasized in the evaluation (see
Sec. III.B). . |
12 S ) ) » ,.= ! ’» ' » ’ . 7, ""
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NUCLEAR LEVEL DATA. FOR

’ ication ﬁwﬁ

(9/2.)

Level -
1
2
3
4
5
6
7
8
9
10
11
12~
Compound ‘ E0
Nucleiis (MeV)
243y -0.511
242, -0.015
261, ~0.676
2405, 0.020

TABLE VI

L

N A

712"
972"
11727
13/2%

¢ 572"
92t

+

(1/2")

+ '+

(3/2)
9/2
s/2%)
/2%

TABLE VII

T
(MeV)

0.401

0.390 .

0.395

0.382

o O O o

243

.000
.0579
L1244
. 2044
. 2875
.3332
0.3837

0
0

0.392 -

Pu

0.3925

0.4025
0.4468

- 0,4501 -

LEVEL DENSITY PARAMETERS

Em
(MeV)

a
(Mev-l)

5

3.827

4.035

3.512

3.654

27.623
27.797
27.660

27.083

(MeV)

0.710

-1.100

0.490

0.970

*13
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TABLE VITI

Pu FTSSION CHANNEL PARAMETERS

(n,f) “.v\l‘(n.nf) (n,2nf). .

A

B_(MeV) 5.037.. '6.310  5.240 -
E, (MeV) - 5.39 5.50 5.70 g .
hg (MeV) 0.35 0,40 0.40
-1 J— c T
h™/21 (kev ™) 6.3 7.3 5.8 -
N | 12 10, 10 ]
E_ (MeV) 0.225 . 0.480  0.120
AFACT 1.175 1.05  1.05%
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It is important to note that the calculated total fission cross section is
very eensitive‘to the fission barrier heights. Tkis is illustratedtin Fig. 10
where a “30% change pccurs in the cross section for an Gy change in the first—
chance fission barrier: he ight. This, of course, strongly affects other open
channels. For example, the effect upon the total compound- inelastic scattering

is shown in Fig. 11. , R i

The 242Pu radiative capture cross section was calculated at all neutron en-
ergies using the high-energy approximation in the COMNUC code, that is§ only
-emitted gamma rays with energies greater than the incident neutron.energy are
assumed to lead to capture Dipole radiation was assumed in all the calcula-
tions The normalizing value of 2m<T >/<D> was obtained by matching the calcu—
lated (n Y) cross section to the measurements of Hockenbury et al.2 subject
to the constraint that <FY> and <D> remain consistent with experimental values
and quoted errors27 (see Table IX). For neutron energies above % MeV, a semi-
direct contribution was added to the compound nucleus calculation. The semi-
dlrect component was calculated using a pre-equilibrium cascade procesn with
gamma-ray emission probabilities computed at each stage. Normalization for the
calculation was optimizcd with respect to high energy capture data for 56 <A S
238.28 : . | .

To calculate the (n,2n) and (n,3n) cross sections, it was'necessary to de-
termine branching ratios for the competition between neutron emission and fission. *
This branching was calculated in thebmanner described <in Ref.79k that is3ua‘neu—
tron cascade model was used to calculate ekplicitly the competition between the
(n,2n), (n,3n), (n,nf), and (n,an) reactions. The calculations involved dis-~

crete and continuum components, as previously described.

ITI. EVALUATED CROSS SECTIONS |

In this section, the results of the evaluation are presented and‘tompared
to the available experimental data. In addition,rcomparisbns'are given between
the present evaluation (labeled LASL-78) and a recent preliminary evaluation by‘
Mann and Schenter (labeled HEDL—78), a 1976 evaluation by Howerton2 (labeled
LLL-76), and the ENDF/B-IV evaluation by Alter and Dunford3 (labeled ENDF/B<4).

A. 2“Pu(n,Y) Cross Section.

Two separate measurements exist for the 242Pu(n Y) reaction. The first is
that of Hockenbury et al. (1975) in which 15 group-averaged capture data points

15
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TABLE IX
AVERAGE- RADIATIVE WIDTHS -AND LEVEL
SPACINGS FOR Pu Isoropgs

Compound y <Dp>
Nucleus lmeV) (V)
243 | R
Pu - 23.543  16.5+0.5
242, 33,548 1.040.1
261 :
“lpy 31443 13.64074 .
“%py 39.845  2.3+0.1

were determined‘covering the range 6 to 70 keV. - The overall statistical uncer-
tainty achieved using 2- and 10-keV bin widths 18 given ‘as + 4x. The second
measurement is that of Wisshak and Kappeler . (1978) in which 62 capture data
points are reported spanning the energy range 10.4 to 88.9 keV. The estimated
total uncertainty in the measurements ranges from + 6 to + 10%.

The evaluated (n,Y} cross section is based on the calculation described
in Sec. II.C. The experimental data of Hockenbury et al. and Wisshak and Kap-
peler are compared to the calculated curve and to ENDF/B-IV below 100 keV in
Fig. 12. The Hockenbury data which were used in normalizing the, (n, Y) calcu-
lation, are in good agreement with the more recent Wisshak measurement.,

The (n,Y) cross section over the complete energy range of 0.0l1- ZO’MeV is
compared in Fig. 13 to the HEDL-78, ENDL-76 and ENDF/B—4 evaluations. Large

differences among the evaluations are apparent, particularly above 3 MeV. A
238

value of On Y* * mb near 14 MeV is supported by recent U(n,Y) measurements at
’ ' - . s
LASL.32
242 »
B. Pu(n,f) Cross Section and Spectra. .
Six experiments have been reported for the measurement of the 242Pu(n,f)

reactionlg’zo’zz-25 (1959-1978). Two of the measurements were‘chosen for use

in the present evaluation. The 1971 data of Auchampaugh et al, 19 were used to‘

evaluate the low-energy region (10-100 keV) where no other experimental data
exist, and the extensive 242 /235U fission ratio measurementc of Behrens et

al.20 (1978) were,uﬁed to determine the fission cross section froﬁ»lOO keV to

_20 MeV.

17
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The fission cross-section data of Auchampaugh et al.. were obtained using a

" nuclear explosion as a neutron source,- Auchampaugh 8 low-energy data vere meaa-

ured relative to the 6Li(n t) He reaction and normalized using the 6I.i(n a) H o

~

data of Schwartz'.33 The . overall statistical uncertainty for the data is lall
than + 15% (extracted from Fig. 3 of Ref. 19) ! o e
In the measurement of Behrens et al the ratio of the zltazpu“and 2350 fis- °

sion cross sections was obtained for neutron’energies between 0. l and 30 MeV. " ' N
The experiment was performed at the Lawrence Livermore Electron Linac using time—ﬁ ’
of-flight techniques and fission ionization chambers. . The uncertainty in the’
neutron energy was + 3 5 keV at\l MeV and + 0. 31 MeV at 20 MeV. The total rms
‘error in the 242?!.‘ U ratio me\asu;ements ranges from + 1. 8 to + 18, 2%, but
averages to + 2.8% over the total energy range. For the present analysis, the
ENDF/B-V evaluation of the 235U fission cross section was used to convert the
“ﬁéﬁ?éns ratio measurements to abeolute’ 242Pu fission cross sections. X ’ “7’

The evaluated results are compared to the experimental data in Figs. 14 and '{,
15. Note that”the Auchampaugh data were averaged in coarse erergy bins before
constructing the curve shown in Fig. 14 for the regionubelow 100 keV and that
the experimental data in Fig. 15 show considerable dispersion above 1 MeV. ~The
Behrens ratio experiment was adopted for the present evaluation because ratios
for other actinides in the same measurement series yield fission cross sections
in good agreement with accepted vslues, it spans almost .the total energy range of
interest, ‘and it is the most recent/seasurement.

Different evaluations of the 2h2 Pu fi;sion cross section are compared in
Figs. 16 and 17. The HEDL-78 and ENDL-76 evaluations are similar to the present
evaluation, since they are also based upon the Behrens experiment. The most sig-
nificant; difference occurs for the ENDF/B—}Vlevaluation. which is substantially
higher than the other data sets below 200 keV and between 2 and 8 MeV.

MThe;evaluated fission ' spectrum was assumed to follow a Hagwellian distribu—d

N(E' n) “\f‘E'n exp(-E' /T) (3)

where E' is the emitted neutron energy. The nuclear temperature T 1is related
to the average number of prompt neutrons emitted per fission vp, as follows: 35

T(En) - 0.50 + 0.43 ‘/ v;(En) +1, " | (4)‘

tion
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where En is the incident neutron energy. With this repreaentation, the average

energy of fission neutrons induced by 1-MeV incident neutrons is 2,031 MeV.

C. Average Number of Neutrons Emitted Per Fission (V)
242 =
There were no 4 Pu experimental data avallable for the determination of vp,

the average number of prompt neutrons emitted per fission. To determine Up, the
substantial experimental data available for the case of neutrons incident on
240Pu were analyzed, and the results were corrected to 242Pu using observations
of the systematic variation of Vv _ with mass number.

The V expression for 240Pu was taken from the results of Bois and Fre-

haut36 and corrected to the ENDF/B-V standard of ;n(zsch) = 3,757, which
yielded
gp(zaopu) = 2.815 + 0.1514 R . (5)

Corrections tc Eq. (5) for the additional two neutrons present in 242Pu were

made using Eq. (4) of Ref. 36, resulting in the expression

v (242Pu) = 2.795 + 0.1576 E_ . (6)

P

The solid curve in Fig. 18 compares the 240Pu Gp result {Eq. (5)] with the ex-

7
perimental data of Frehaut et al.3 and DeVroey et al.;38 the dashed curve shows

the 242Pu result from Eq. (6).

A comparison of the different evaluations of Gp(En) is given in Fig. 19.
Below 6 MeV, the LASL-78, ENDL-76, and ENDF/B-IV evaluations are in good agree-
ment, whereas the HEDL-78 values, which are based upon a phenomenological model
by Manero and Koshin,39 are 3-4% higher than the other data. While this differ-

ence is small, the higher values are not consistent with other representations

of Gp systematics.36’40

A value of 0.015 was adopted for the average number of delayed neutrons

emitted per fission Gd' This result was taken from the experimental data of
Krick and Evans,41 as tabulated in the review article of Manero and Konshin.39

242P

Because no information is available on the energy dependence of Gd for u,

we assumed it constant. The expression for total V that results is

Gt(242pu) = 2.810 + 0.1576 E_ . ¢))

22
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242
D, Pu(n,n') Crosus Sectlons, Angular Distributions, and Spectra.

The evaluated inelastic scattering cross sections are taken dlrectly from
the calculations described In Secs. TI.R and 11.0. Discrete inelastic data are
included for the 19 lowest known exclted levels of 2azPu. The excltatiern cross
sections for the first four levels Include direct and compound-nucleus components
{sec Figs. 4-7); the data for the remaininpg levels are based on compound-nucleus
calculations alone. Angular distributions, based on direct and compound-nucleus
reaction calculations, are included for the three lowest ¢xcited levels.

Inelastic scattering to levels above an excitation encrgy of 1.152 MeV are
lumped into a continuum cross sectlon. [A second (small) continuum component
was also included to account for the calculated (n,yn') cross section.] The

energy distribution of the continuum neutrons 1s represented hy an evaporation

spectrum
N(E' ) « B' exp(-E' /1) . (8)
n n n

where E'n is the secondary neutron energy.

The nuclear temperature T was Inferred from the Fermi gas level density
parameter a used in the Hauser-Feshbach calculations by matching the slopes of
the constant nuclear temperature and Fermi gas level density expressions]2 at an
excitation energy equal to the incident neutron hombarding energy En resulting

in the expression

T (E,) = - , (9)

where A 1is a palring correction taken from the work of Cook et al.15

The total inelastic cross section is compared to other evaluaticns in Fig.
20. Numerous differences exist among the data sets; one of the more significant
is the fact that the maximum in the ENDL~76 cross section is broader and occurs
some 1-3 MeV lower in energy than for the other data sets. The present evalua-
tion lies closest to the ENDF/B-IV curve.

The average emltted neutron energy from inelastic scattering is shown as a
function of incident neutron energy in Fig. 21 for incident energies up to 5 MeV,
For comparison, values are also included from the ENDF/B-IV 238U evaluation. The

ENDL/76 (n,n') spectrum is significantly softer below 1 MeV than the other data
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setsy at higher energles, significant differences exist among all the cvaluations,
The present results fall closest to rhe 238” Version TV evaluation,

Graphs of the neutron energy spectra from (n,n') reactions are shown for the
various c¢valuations in Figs, 22-24 for incident neutron e¢nergles of 1.0, 1.5,
and 2.5 MeV, respectively. The softness of the FNDL-76 spectrum relative to the
other data scts is seen in Fig. 22 to result from the ahsence of discrete level
data in that evaluatioen. Relatively large differences occur among all the eval-
uated spectra.

242
F. Pu(n,2n) and 2l‘zl’u(n,Bn) (Cross Sections and Spectra.

The calculations described in Sec. 11.C were used to determine evaluated
(n,2n) and (n,3n) cross sections. The results are compared to data from other
evaluations in Figs. 25 and 26. Neutron energy distributions from the (n,2n)
and (n,3n) reactions are represented as evaporation spectra using Fq. (8). In
this case, the nuclear temperaturcs were calculated from the nuclear level den-

sity parameters with the expression

(10)

where Q i1s the Q-value for the (n,2n) or (n,3n) reactions and a and A have

been defined previously.

F. 242Pu Total Cross Section.

The 242Pu total cross section was obtained by combining the calculations of
Sec. IT in an ad hoc manner. Specifically, the deformation effects (inelastic
scattering in the coupled-channels formalism) were combined with the total cross
section calculated with the spherical potential of Table T to obtain the deformed
nucleus total cross section. This procedure was justified (approximately) by
tests on the uranium isotopes where measured total cross section data exist.

The total cross sections from 10 keV to 20 MeV are compared for the four
evaluations in Fig. 27. The peak in the ENDL-76 total cross section near 1 MeV

results from the peak in the (n,n') cross section shown in Fig. 20.
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42
G, Pu Elastic Cross Section and Angular Distributions,

The evaluated clastic cross sections fram N.01 to 20 MeV were ohtalned by
subtracting the sum of the nonelastic crogss sections from the total cross section.
The evaluated curve differs from the actual elastic scattering calculation of Sec.
11 by at most + 100 mb, due primaiily tv differences hetween the calculated and
evaluated fission cross sections. The evaluated elastic cross section is shown
in Fig. 28 with other evaluated resultas.

The elastic scattering angular distributions were determlned from the com~
pound-nucleus and direct reaction theory calculations of Sec. 11. The compound
elastic component was assumed Isotropic, and the direct component was taken from
the JUKARL calculations. A comparison of the elastic angular distributions for
1-MeV incident neutrons Is given in Fig. 29 for several evaluations. Similarly,
in Flg. 30 the average value of the cosine of the center-of-mass scattering
angle 1s plotted as a function of incldent enerpy (up to 5 MeV) for the various

evaluations.
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V. SUMMARY

Because of the sparsity of experimental data, it was necessary to rely upon
nuclear model calculations for much of the present evaluation. These calcula-
tions are the most extensive yet perfarmed for 242Pu and should provide reascon-
ably reliable estimates of unmeasured 242Pu data. However, hecause of uncer-
talnties in the calculations, there is a need for new experimental data to vali-
date and improve these results. In particular, measurements of the total, elas-
tic, and inelastle cross sections and angular distributions are needed at neutran
energlies corresponding to a fission spectrum (few hundred keV to several MeV).
The average number of neutrons per fission should bhe msasured for the same range
together with a few high-energy points (v14 MeV). Finally, indeperdent measure—
ments to verilfy the fission cross sectlons inferred from the ratio data of Rehrens
ot a1.20 would be very useful, as would 2 measurement to check the shape of the
fission spectrum assumed in the present evaluation. With the addition of these
new data, together with the completion of the deformed optical potential (Sec.
IT1.A) and an improved fission channel description (fec. TI.C), a more definitive

evaluation could he made.
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