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Total Cross section of 242PU Betbreen 0.7 and 170 *V

U. S, more, P. W. Liaomakl, 9. i.. Ibrgan, end G. F. Auchampaugh
Univeralty of California, Los Alemoa Scientific bboratory

Los Aluoa, New Mxico 87545

R. B. Shabmt
Ueatern UiohLgan Uniwraity

Kclamazoo, U2, USA

various ●valuations of the neutron croaa aectione of 242pU :~adto widelydiffaremt prediction of bulk

nautronice properties euch ae critic.d maas. Theee evaluation ●lao show rather different behavior of the energy
depcmdance of the total croee eection. We heva meeaured the total croaa eection. We have meaeureb the total
croee ●ection of 2U2PU from 0.7 to 170 MeV to a atatiatical accuracy of u 0.5% below 6 MeV, ueing 8 g of high
purity material and the UN’Spuleed neutron facility. Recemt evaluations by Pladland and Ynung and by Lagrange
and Jary are found to be raaeonably consiecent with the data obtatied. Beet agreement, however, ie found by

uairg the atiple prescription
a (242PU) ■ aT( 238U)+ [q 239PU) - UT(235U) ,

T

The remarkable accuracy of this deacriptlon for 242 Pu suggests that It could be extended to o;?ier defomed
actinides for which inadequ’~te amounts of material exist for direct measurement of a- in the HeV ren~on. as en
evaluation constraint.

Tha problem of nuclear data evaluation for trana-
plutonium isotopee ie diffioult because the experi-
ment: data ara in meet oaDes limited or nonexistent.
The evaluator reliee on optioal and statistical model.

calculations, the parameters ror which are obtained by
extrapolation from those of the more comcn fieaionable
materials, or as universal beat rite. Frequently, such
extrapolation: are done aubjectivaly and can lead to
❑arkedly different evalueted data Beta. me situation
that exleted for 2b2Pu prior to 7978 IS perhaps typl-
oal. mere were several evaluations in axistenoe st
that time: 1) Dunford and Altarl carriad out oaloula-
tiona for tha ENDF/B system in 1967; this waa tha bSaia
of ENDFIB IV. 2) Tha 1973 evaluation by Caner and
Tftah2 was Inoorporeted into the Kerlaruha KEDAKevalu-
ation. 3) Anothar U.S. evaluation was that of
Hwerton,3 done in 1976 for tha bwrance Livarmora
eyatem ENDL. 4) A third U.S. afrort wae that of Rann
end Schenter40f tha Hanford Bnginearing Davalo~ant
Laboratory (HEDL) for tha preliminary (1977) version of
the apeeial actinida fila for ENDFIB. 5) Finally, in
1977, Lagrange50arried out an evaluation or 242Pu at
Bruy6rea-le-Chhtel. Certain of thaaa evaluations
ehowed large dl~farencea in aoma of tha partial crose
aactione, in particular, in tha inalastic aoattering
and tha uea of a oontinuum distribution rather than
diecreta levals for tha final etataa. Suoh diffarenoae
in traatment hava littla effaot whan tha amount of
2b2Pu presant in the ayatam la dilute, but they oan
laad to pronounced affacts in propartiaa of bu2k ❑ata-
rial. Czlculation6 of tha oritioal maae for toraa of
th~ee avaluationa gava 58, 170, ●nd 73 kg for
ENDF/B-IV, ENDL, and HEDL-77, raepactively.

In 1978, two ●dditional evaluation of 242Pu
beoema ●vailable, by Uedle.nd and Young for ENDF/B-V,
●lso known an LASL-78 and by Lagrange and Jary.e Thaaa
avaluationa rapraaentad a aubetantial improvamant ovar
tha ●arliar work, but thay tw did not agroa in datail
aa ahoun in Fig. 1. Again, It la tha optioal madel
parametrization that ●ppaarm tc ba r’aapo aible hi. tha
diffaiance. 1’Legrangala genaral approeoh to obtaining
optical-model paramatera ❑ay ba of Interaat. Ha
raquirea paramatara to fit tt.rea mata of ■eaauremanta:
1) total oroaa aactlons, 2) a- ●nd p-uava atrangth
functions ●t low anargiee, ●nd 3) angular dietributiona
of elaatlo plus inalaatio aoattaring to the lowaBt
etataa. For 2b2Pu, tha requirad data did not axist.

I
- ., —-

10 I I . . 1
\ 1

●’g~● z42~ TOTAL CROSS s~cTloN
\.

\

<I

14 - 0

z

~
ENr%l B-4+

Iy 10 -
\

u-l
6

U-)
‘w

WI
\

o
\

u
v

6 -
0 HE3L -7@

● ENDL -76

I I I 1 I
Ool 01 100

NEUTRONENERG~(MeV)

Fig. 1. Comparison of eval~o:ec
2/4’?

Pu total cross
8ections from 10 to 20 MeV.

In ordar to provide ●n evaluation conatraiut for
tha oroae aaotions of 242Pu, wa undertook to measura
tha total oroae section at NNR, a pulsed neutron time-
of-flight faoility that produoes apallation neutrone by
ueing pulaee of 800-MeV protons from LAJ4PF.

Experimental ounditione for tha ■aasuramant are
a~arized in Tabla I. Detaila of the uaaaurament
teahnique ara daecribad in ● aaparata contribution to
thie oonfaranoal”, ao thet only ikema particular to the
2k2Pu meeauremant will ba covarad hara. Tha sample was
a 15-mm-lonR, 6-mm-D oylinder of 242Pu metal wh-
iaotopic ocmpoaition is givan in Tabla II.

TbO aampla thicknaea wam determined by ❑aasuring
tha dansity and avarage dlamat.ar; the cylinder had been
brokan from a longar cylinder such that its length waa
not uniform and did not lamd itaalf to an aocu, sta
maaaurement. Tha dansity uaa datarminad by waighin8
the ●mpla in alr and in bromob?uzane, C6H5Br, whone
density uae calibrated by oomparing it to that of



Table I. Experi~ntal conditions for the 242Pu total
crass section measurement at UNR.

Repetition rate

Flight path

Target

Proton pulse width

Neutron pulse width

Channel width

Overall resolution

Sample temperature

Sample thickness

Sample diameter

Beam dlanwter at sanple

Df.tector

Beam intensity variation

Micropulse contamination

Data collection time

1250 to 1500 pulses/see

31.78m

Hater-cooled Ta, no mderatm

0.16 ns

-1.5ns

1 ns

-loEns or40ps/m

’300 K (atilent)

0.0760 x 1024 atom,/cm2

6.08 mm

5.08Knl

10 CCID x 5 Cml~E-llo

12-15%

o-4%

67 hours

-—D

distilled ueter at a known temperature. The density of
the 24*Pu metal cylinder uas detamined to be 19.885
g/cm3, which can be taken aa evidence that there had
been no significant nonuniformities Introduced in thb
chill-casting preparation of the oylinder. The ●verage
diameter was determined by using micrometer calipers,
●fter carefully filing off the casting ridges. We
aasiRn ● conaenativa estimate of 1$ as the ayatamatlc
uncertainty associated with the sample thickness det?---
mination.

The sample was contained in a copper can whose end
windows had ● total thioknesa of 0.0130x 1024
atoms/cm2; the 2k2pu transmission ❑easurement uas
carried out by using a matched blank copper oan with
window thioknese or 0,0129 x 1024 atomslom2. The
sample, and reference samples of 235U metal and natural
carbon, were plaoed in a sample ohanger between two
102-mm-long collimators of depleted uranl~, having a
circular aperture of 5.o8 mm~jmeter. The Pcmitiozzins

of the sample was checked by Co radiography prior to
the ❑easurement. Bac~rounds were typiaally ~fie~ than
1S ●nd were meaeured by plugging the 2 U peat

Table 11. Plutonium isoto ic composition of cast
electrorefined ‘42Pu metal.

(CaSting 242-1, 141 gPu)

Atom z

236 53 x 10-9 (a)
23B 0.00043(a)

239 0.DB2 (b)

240 0.011 (b)
241 ~ 0.002 (b)

242 99.91‘b)

(o) Radiochemlcal analysis

(b) Mess spectrometer analysis

oo:limator with ● Ta rod that waa 180 mmlong. Samplea
were oycled at 10 to 20 minute intorvala; data

242FU ~mple ●nd ita blank,collation time for the
including bac~rounda, hmounted to 67 houre in three
separate runs owr a three-uoek Period. Data were
oollected in four pulse-height wifidowa, ualng deteotor
biaa settings for recoil protons rangi~ from 300 keV
to Q Nav. Far neutron energies above 25 Nev, onlY the

highest biaa data uere used; at lower energies, data in
all four pulse-height window were atamed.

me 235u

●nd oarbon reference samplea @%ve matiafactory
agreement (within 1S) with measurement by Schwartz et
●l.ll Md Auchampaugh et al.,12 respectively.

The data obtained were box-averaged in bins rang-
ing from 5 to 99 one na time ohannels; the energlee

listed in Tab16 III correspond to that of the center
channel in the bQx average. The data are plotted in
Fig. 2; the solid ourve drawn through the data below 20
HeV la not an ayeguide but our aimpla prescription of
calculating the total croaa section for 2q2Pu. This
uaa done before the data had been prooensed and is
discussed in the next eeotion.

~eoretical Estimate of ‘JT for 2k2Pu

It la wall known that the 1-20 kleV total Orosa
aeotlona of all the actinide nuclei show very nearly
the acme featurea: a size resonance in the region of
h NW, and another ●bout 20 KaV. The positions and
widthe of these reaonancea depend only weakly on
deformation, on nuoleon nmber, on whether the nucleons”
are paired, eto. The beat-known total croee sections
are probably those of 235U, 238U, and 239Pu: the
ENt!F/B-IV evaluations for these three are based
primarily on ueaaurementa by Schwartz et al. If all
four of the aotinides under consideration here (i.e.,
2b2Pu plue the ‘big three”) are rigidly deformed, then
●n ●dequate description of the total cross s CtiOn of
24*Pu should be given by using that of ‘3eU and

i
correct ng for the extra four nucleons by adding the
*39pu-2 5U total oroas section difference. We assme

07( *’2PU) = 0.+ *3BU) + [OT(*39PU) - OT(*%I)l (1)

This description given the solid cuwa plotted in Fig.
Z; the data from which it vaa generated ‘were taken from
ENDFIB-IV.
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Fig. 2. Preeent results for the total
of 2~2Pu, The eolid line was obtained
unlng ENDF/B-IV data.

croaa section
from equntion 1



It may be noted that if the defamation or ●ny
Otner variable affecting the shape and ❑agnitude of the
total oroaa eection vary in much a “way that a first-
order Taylorta ●erios expanaion in A iB an adequato
description In tliim region of A and Z, then ue alao
expeot Q. 1 to give an accurate repreaentation. For
example, let ua uae the variable-moment-of-inertia
(WI) mOde\]3’lh to ●attiate the change in deformation
for the Z“’PU-238U difference, ●nd for the 299Pu-235u

dlfferance. Ueing the data from the -currant Nuclear
De2a Sheets for these four iaotopea,ls 18 we oan oal.
culate the ~arametera I , tha moment of inertia for the
nonrotatlng ayatem, ant C, the Stifrneae parameter of
the ~1 modal, for varioua somon bmnda. One flnda
that In going from 230U to 2U2PU, I Inoreaaea by
5 ~ 1S, uhereaa in going from 935U to 239Pu, I
increaaea by 7.3 ~1.6$. While the unoertaintiea arg
overlapping, the analyaia baaed on the WI model
suggeata that the de~ormation correction oontained in
the 239Pu-235U cross section difference may be slightly
too large. This ia, however, not auba’,antiated by the
deta of Fig. 2. In the region of 1.5 HaV, the mooth
curve of Eq. 1 la very slightly but ayatumatically
●bove the meaaured data, and from 2.5 to 3 UeV the
smooth curve la slightly below ttta meaaurementa. The

implication la that the obaewed size resonanoe near 8
MeV ia allghtly wider than the pradicted shape, and
that the actual 2b2Pu nucleus la perhapa slightly more
defumed than Zq. 1 would ●~eat. The preaoription
~:;en by 4. 1 la, however, rarkably

Pu .
●ocurate for

The value of chl-square for thin fit is nearly
a factor OT 10 lower than that for thn beat Of tbe

2“2PU evaluationg.”s We aug8eat that the prescription
oould usefully be extended to other aotinide totel
croaa eectinna, ●a an evaluation constraint. Using
these 2h2Pu data and the correction obtained from the
239pu-23~u difference &l$; the total oroas eectiona
for 2b6m; using the ●valuation aa the initial
?sluee would give data for 243Cm, etc. Careful
meaaurementa on ● few relatively abundant heavy
nuclidea oould provide total oroaa section data useful
for evaluation wo?k between 1 ano 100 ?3eV for
eaaentially all the trmnaaotinide iaotopea of lntereat
to varioua applied programe.
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Treble III. Ener&y dependanm of tha toLal cm-s ■ction of 2Q2PU. The Ilstad

anerslen ●re theme of the CWItW elmnnela of UIo bins ovar which a box ●varage
was perdbrmd. CroM nation uncertainties listed are three due tocounting
~t~~istics; ● eonscrva~lwely•st~~tcd Is sY~t~~~ic uneer~ainty ~houl~be
combined q-dmtioelly.
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Energy
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6.31
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7.35
7.66
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11.03

12.39

12.90
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4.77
a,83
4.BU
5.03

4,70
h,=!l
$.03
M.5e
11.65

4,71
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5,37
5.42

5.24
5.65
5.29
U.90
5,12

5.02
h.57

5.07
5.09
4.16

4.yl
4.20
4,61
3.57

taT

(b)

0.12
0.12
C.12
0.12
0.12

0.:2

0.12
0.14
O.lu
0.14

O.lh
0.14
0.15
0.15
O.lk

0.15

0.1s
0.18
0.18
0,!8

O.i O
O.l E
0.19
0.10
0.18

0.20
0.’9
0.20
0.21
0.22

0.21
0.23

0.25
0.26
0.29

0.3!
0.33
0.35
O.bh



1.

2.

3.

h.

5.

6.

7.

8.

9.

C. L.
tiona
244, ”

Cunford md H. Alter, ‘Neutron Cross Sec-
for Plutoni~ 238, Plutonim 242, ●nd Curi~
NAA-SR-1227, 1967.

PI. Caner and S. Yft~, ‘Nuolear Data Evaluation
fbr Plutoniuw242,n Israel Atomic Energy ~ie-
aion Rerpot 1A-1275 (1973).

R. J. Howerton, aa deaoribed in “me LLL Evalunted
Nuclear Data Library (SNDL): Descriptions of
Individual Evaluation for z=o-98,” by R. J.
Howerton and H. H. lkacClregor, UCRL-50bO0 Vol. 15,
Part D, Rev. 1 (1978). In this evaluation,
Howerton uned beat-fit optioal model pa.rametera
of B9echetti md Oraenleea, Pbya. Rev. ~, 1190
(1969), for data batwean 0.15 and 20 HeV.

F. Ikuin, R. E. Sohenter, ‘HEDL Evaluation of
Actinide Croaa Sections for ENDF/B-V,m
NEW-THE-77-54 (1977).

G. Lagrenge, “Calculo dens lo Cadre du kdele
Optique en Voiea au lees de Sactiona Efficacea
Neutronlquea pour 2!6PU, 230pu, 2~0Pu, 242pu,
zqh~ d~a 19 Maine d’gnergie 1 keV-20 Mv.”
CEA-N-1970, NEANDC(E) 179 “Lw, INDC(FR)16/L
(1977).

P. D. Soran, private ccamunciation to P. G. YOW
(1978).

D. G. Hedland and P. G. Young, “Evaluation of n +
2“2Pu Reactiona from 10 ktiV to 20 HeV,WLA-7533-MS
(1978); aee alzo Trana. b. Nut. Sot. ~, 745
(1979).

~. Lagrange and J. Jary, ‘Caherent Optical and
Statistical bdel @lculationo of Neutron Croea
!3ectiona for z~opu and Zbzpu Batwean 10 keV and 20
NeV,” NEANDC(E)198 ‘L”, INDC(FR)30/L (1978).

Ch. Lagrange, “Critique of’ Nuclear Models and
Their Validity in the Evaluation of Nuclear Data,”
JAERI-H 5984, NEANDC(J)38L, INDC(JAP)25L, p. 58
(1974) .

10,

11.

12.

13.

14.

15.

16.

17.

18.

P. W. Lieowski, M. S Moore, G. L. Morgan, ●nd R.
E. *amu, 9Nuetron To”al cro~a Section 14aaaurament
●t U’NR,n Nuolear Croaa Sact.ions for Technology,
Knoxville, TN (1979).

R. B. Schwartz, R. ~. Schrazk, and H. T. iieaton
II, ‘Total Heutron ~“oaa S9Ct10fla of UraniL-235~
Uranim-238, and Plutoni--239 fr~ 0.5 to 15
~v,m ~c. gci. ~,g. X. 322 (1974) and NBS
Honograph 138 {1973).

O. F. Auchampaugh, S. Plattzrd, and N. H. Hill,
‘Neutron Total Croaz..saction 14eaaurmenta of %,
‘0’llB, and 12’13C from 1.0 to 14 HeV Using the
Be(d,n)lOB Reaction na ● “*4ite” Neutron Souroe,”
Nuo. S01. -. ~, 30 (1979); Oee alzo G. F.
AuohampaUh, C. E. Ragan III, S. Plattard, and N.
U. Hill, Loa A.lamoa Scientific Laboratory report
LA-6761 (1977).

mJ %riaoottin t3. Scharff-Ooldhaber, and B. BGck,
‘Phen-enologioal halyala o? Ground-State Brenda
in Evan-Even Nuclei,n Pnya. Rev. ti, 1864 (1969).

G. Scbarff-Goldhabtr and A. S. Goldhaber, “Exten-
sion of the Variable HomenL of Inertia Wdel
Towerd Magic Nuclei,” PhYs. Rev. Letta. 2!l, 1349
(1970).

u. R. Schmorak, Nucleer Data Sheets Zl, 549
(1977).

Y. A. Ellis, Nuclear Data Sheets Zl, 549 (1977).

Schmorak, Nucle&r Data Sheets ~, 153
( l!77 ;:

Y. :.. Ellis and R. L. Maese, Nuclear Data Sheets
~, 615 (19:7).


