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1~ - INTRODUCTION

This paper presents a coherent application of the optical and statis-
tical model to the calculations of direct and compound reaction cross sections
for 21*0’21‘2Pu over the incident energy range 10 keV - 20 MeV. In a first step
the total, the shape elastic and direct inelastic scattering cross sections
were obtained, as explained in part 2, using the deformed optical potential
formalism. In a second step the generalized neutron penetrabilities resulting
from these calculations were introduced into our statistical model codes which
calculate as explained in parts 3. and % the compound nuclear reactions such

as compound elastic and inelastic scattering, radiative capture, fission,

(n,2n) and (n,3n) reactions.

Comparisons of calculated excitation functions of all the above cross

sections are made with experimental data or recent evaluations.

2 - COUPLED CHANNEL OPTICAL MODEL CALCULATIONS

As the nuclei considered here exhibit a high degree of deformity as
shown by the low~lying collective states of their discrete spectra the
neutron interactions must be analyzed in terms of a deformed optical potential

that is in the frame of the coupled channel model [1].

The generalized local optical potential V(r,0) takes the form :

. .4 AN 1 a4
V(r,0) = - Vf(r,ao,Ro)+h1aDWa; f(r,ap,Rp)+ <E;E> Z's L0 a}f(r,as,Rs)

The quantities r,9 are the body-fixed cocrdinates and the radii Ry sRBps
Rs depend on the angle 6, deformation parameters 82, B), and mass number A

as follows :

o
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5= &3 1+ 85 Y3 () + 8y ¥ (8)]

Rg = rg Al/3,




The function f(r,a,R) was taken to be of the Saxon-Woods form.

The potential was expanded in Legendre polynomials up to the order A = 8,
Calculations were performed using the (0%, 2%, L*) coupling base. In each
case, the radial factors of the coupling terms were taken to be complex and
the coupling potential was the same for all the channels and related to the

diagonal potential.

We have chosen deformation parameters derived from calculations based
on the Nilsson model and the method of Strutinsky as described by MOLLER [2],

and then we have slightly decreased their values as explained for 238U and

232 . ;
3 Th 1in ref.[i]. The geometrical parameters were taken to be the same than

those previously determined [3].

The strengths of the real (V) and imaginary (W) potentials were first
adjusted so as to obtain for 2hOPu a good agreement for the s and p-wave strength
functions, the scattering radius at low energy and the energy variation of
the total cross section. In a second step an isospin dependence was introduced
into the real and imaginary potentials. The values chosen for such symmetry
terms are close to those previously determined for the isotopes of Samarium
Dﬂ, Molybdenum [5] and for 23Nb Bﬂ.

The various parameters so determined are presented in Table 1. The fit
obtained on the experimental values of the strength functions and scattering
radius are shown in Table 2. The experimental [f] and calculated total
neutron cross sections from 100 keV to 1.5 MeV are given for 2 OPu in Fig.l.
Comparisons between theoretical and evaluated values [8,9] of the neutron

total cross sections for 2hoPu and 2k2

Pu are shown in Fig.2 and 3. The direct
scattering and compound nucleus formation cross sections are given in Fig. k4

and 5.

Remark 1

To complete the comparison of total cross sections results let us

: > 238, 2 >
mention that the evaluated values (BNL 325) [10] for 23m, 23%y, 23y, 39

Pu,
lie in the energy range 3 MeV - 4 MeV between 7.8 and 8 barns.

2hO’2b'2Pu, whereas the

Our calculated results reproduce this trend for
values reported on the evaluated files ENDF and ENDL are systematically

smaller.



Remark 2

In order to reduce the extensive computation time the value of the
strength of the spin-orbit potential was put equal to zero for neutron
energies equal or greater than 10 MeV, In this high energy range calcula-

tional results are not very sensitive to the choice of this strength.

3 - RADIATIVE CAPTURE AND INELASTIC SCATTERING CROSS SECTIONS FROM 10 keV
T0 3 MeV

The statistical model was used to calculate these cross sections

following the method given in reference [llJ.

- The "neutron" penetrabilities were obtained from the above coupled
channel calculations (cf Section 2).

- For 2hoPu, we have taken into account only 30 excited levels [li]
due to the present dimensions of the code. For 2h2Pu, only the first two
levels were known by the time we did these calculations [lj], so the other
excited levels are those of 21‘LOPu. A recent data sheet giving the level

scheme of gthu shows that this hypothesis was correct.

Above the last excited level, the continuous level density follows
the formalism of GILBERT and CAMERON [1}], that is

po (E*) ~ exp 2/a(E*- §) for E* > E

X

The level density parameters Ey, E,, T, & were obtained from an adjustment

to the mean level spacing Dypg [lS] measured at the neutron resonance energies
and to the discrete level scheme [12,13]. The pairing energies § are taken
from COOK [16].

We have adopted the radiative width given by AUCHAMPAUGH [17] for 2kop,

and the values of LYNN [18] for 2°152%2:283p, me neutron binding

energies B, are taken from WAPSTRA [19]. All these parameters are given in
Table 3.

The barrier heights of the fission channels and their effective numbers

were obtained by adjusting the calculated fission cross sections to the



experimental ones. The experimental fission cross section given by WESTON

240 2142P

was used for Pu [?Q] and that by MANN and SCHENTER [21] for u.

The figures 6 and T show the fission cross sections. For EhoPu, the

adjustment of the calculated fission cross section was done by starting from
the initial fission characteristics (double-humped barrier shape and

2hlPu given by THOMET [?2]. This barrier shape
is in good agreement with that given by AUCHAMPAUGH [23]. For gthu, the
2¥3py are those of BACK [24]. This barrier

shape is not very different from that given by AUCHAMPAUGH [25].

transition-state spectrum) of

initial fission characteristics of

The barrier heights and the effective number of fission channels were

adjusted following the method described in [ll].

4 - RESULTS

The figures 8 and 9 give a comparison between the experimental capture
cross sections [26], some evaluations [8,9,20,231.and the present calculations.
The agreement is rather good.

2Lo

The calculated elastic scattering cross section of Pu is also in

good agreement with the experimental results of SMITH [T](fig. 10a).

The figure 10b shows the calculated inelastic scattering cross section

together with other recent evaluations [8,9].

Some partial inelastic scattering cross sections for 2hOPu are compared
with the experimental results of SMITH [f], (fig. 11 and 12). The excitation
energy E, = 600 keV corresponds to the two levels at 597 keV and 649 keV,
while Ex = 900 keV is taken for the levels at 861, 900, 938 and 959 keV.

The figures 13 and.lla give a comparison between the calculated

scattéring cross sections ofﬁehaPumandAother evaluations [8,9].

5 - (n,xn) AND (n,xnf) REACTION CROSS SECTIONS FROM 3 MeV TO 20 MeV.

These cross sections were calculated following the statistical model
version described in ref.[27]. The level density parameters employed are
given in Table 3. The compound nucleus formation cross section and the.
inverse reaction cross sections needed for these calculations are obtained
from the above coupled channel optical model. A comparison is shown between

these calculations and other recent evaluations [5,9] on figures 1hb and 15.



The calculated cross sections of 2h0Pu are given in Tables 4, 5 and 6
and the neutron cross sections of 2h2Pu are tabulated in Tables 7, 8 and 9.
The results of coupled channel calculations are tabulated in the Appendix 1A
to 2B. |

6 ~ CONCLUSION

We have obtained over a large incident energy range a complete and
coherent set of a number of important cross sections by using conjointly the
optical and statistical models. The methods tested for 2 oPu can be extended
with confidence to provide a consistent set of calculated cross sections for

the less known 2h2Pu nucleus.
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TABLE 1

v=tg.82 -17 (5F) - 038 8o =0.63Mm 1o =1.26 fm
VS = 6.2 as = O.hr( fm rs = 1.12 fm
N-Z
5.52 - 9 ( A + 0,’4 En Ep € 10 MeV
W = ap = 0.52 fm rp = 1,26 fm
9,52 - 9 (2) By > 10 MeV

Optical model parameters

(Energies are in MeV, Lengths in fermis)

_O:[_



TABLE 2

TYPE S, x 10" s; x 10"
2hoPu .
1.00 2,31*

B> = 0.200 B), = 0.062
2hoP

v 0.9% + 0.09
Recommended values
2h2P

v 1.00 2.63%
Bo = 0.204 By = 0.051
242

Pu 0.9 % 0.1

Recommended values

Comparisons of calculated and recommended values [15] of strength functions (Sg, S1).

# Calculated with rg= 1.26 Al/3.
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TABLE 3

. . exp
Compound Dobs a 1 Palring Bn Ex Eq T ry
nucleus (eV) (MeV) (MevV) (MeV) (M2v) - (MeV) (MeV) (meV)
2kop, 2.3:0,1 | 26.757 0.97 6.53L 3.7019 0 0.37782 ko
21‘1Pu 13,6x0,k 27.943 0.L9 5.2h 3,2068 -0,5 0,.37666 30,8
2k2p, 110.1 28.002 1.1 6.309 3,9919 0 0,38565 42
2h3P _
u 16,.5+0,5 29,869 0.71 5.037 3.7209 0.5 0,37715 27

Statistical model parameters
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TABLE -

Neutron energy.

Total
.cross section

Total inél.

cross section

Radiative capture
. cross section

Fission.
cross section

0.01
0,02
0.03
0,0k
0.05
0,06
0.07

15641
1hi2)
1385k
13483

12835
12453

12133
10989
9272
8135
7436
7070

7373
7912

16k
33k
k5o
171
1143
1139
1283
1405
1880

2115
2035

1064
818
693
610
526
451
395
35L
322
297
190
203
160
129
109

86,4
66.8
18.2

Total, inelastic, capture and fission cross sections of (2

hOPu + n) (mb).
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TABLE 5

_n’[_'

Neutron Total Elastic Inelastic Fission (n,2n) (n,3n)
Energy (MeV) crogs section cross section | cross section cross section. cross seetion cross section

N 7946 LL4k3 1890 1613

5 7608 4283 1783 1542

6 7103 13878 1635 1590

T 6622 3422 1116,51 2069 14,49

8 6237 3036 610,T 2403 187.3

9 » 2333 299.1
10 5856 2641 602 4 2295 317.6

12 5677 2604 502,3 2236 334.7

13,5 2222 4k9,9 13.46
1h 5764 2791

15 2471 363 68,2
16 6020 3094

18 6279 3390 342.9 2277 127.7 1414
20 6436 3593 265.3 2361 63.9 152,8

2Lo

Total, elastic, inelastic, fission and (n,xn) cross sections of (

Pu + n) (mb).



(EhO-P

u + n) PARTTAL INELASTIC AND ELASTIC CROSS SECTIONS (mb)

Energy. of the

Neutron energy (MeV)

level.

(MeV) 0.01 | 0.02 |0.03 0.04| 0,05 0.06 | 0.07 | 0.08 | 0.09 0.1 0.2 0.3 0.4 0.6 0.8 1. 1.% 2, 3.
0 o |14k98 | 13518 | 13067 | 12772 | 12448 [ 12115 |1187L |11649 | 11kbo| 11231} 9773 | 8600 | 7668 | 6102 | 4865 |L066 13398 |3486 |L15T
0.042825 ot 59 164 256 33k 398 ks2| 7171 981 | 1100 992 801 666 538 505 429,8
0.1k4169 yt 6 43 119 182 217 230 208 1l
0.29431 6* 28 3 7 17.9] 22.3 4.8
0.149760- 8+ 0 0.18 0.9/ 0.78
0.59736 1~ 223 218 129 56.7 7.1
0.6L889 3" 63 109 107 66.3] 10.2
0.74250 5~ 5.5 19.4 2k.9] 6
0.751k0 10t 0 0 0 0
0.86070 ot yr.50 L45.1| 21 2.9
0.90032 o+t 61.1] 110 66.4 10
0.93807 1~ - h7.3] 85.8] 46.8 6.6
0.95887 2= 2k, 85.8f 56.3 8.9
0.99260 s k1 h2.3 8.7
1.0018 3 60.4 50.8 9.2
1.0306 3+ 66,61 56.9{ 10.1
1.0379 4= 30.8] 3b.2 7.7
1.076% y+ 32.9] 38.8 8.4
1.0897 ot 29.21 17.7 2.7
1.1157 5= S.TI 15.4 5.1
1.1375 o+ 63.9] 55.h 9.2
1.1613 6~ " 1.8 6.3 2.8
1.1780 3+ b1.31 L49.7 9.6
1.2231 2t k2,71 s51.4 8.9
1.232% y* 15.7| 32.9 7.8
1.2h08 1~ 33.3| 36.9 5.9
1.2621 3+ 24,31 bLs.6 9.2
1.2820 3= 18.8] 38.1 8.2
1.3086 5 1.08] 11.3 4.5
1.4108 ot 0 12.7 2.4
Continuum k2,6 1286

TABLE 6

- T -



TABLE T

Neutron Total Total inelsastic Radiative Fission

energy cross section | cross section capture cross section
(MeV) cross section
0.01 15769 981 20
0.02 14587 46 18
0.03 1koko 623 16
0.0k 13685 543 15
0.06 13052 194 387 12
0.08 12683 403 297 11
0.10 12368 543 248 15
0.20 11212 908 163 35
0.30 10400
0.k0 9555 1273 166 120
0.50 8958
0.60 8L32 1432 175 380
0.70 8021
0.80 7702 1621 137 864
1.00 7299 1665 108 1328
1.25 7130
1.50 7160
2.0 Tho8 2301 60 15kh
2.5 7716
3.0 7899 2397 20 1350

Total, inelastic, capture and fission cross sections of (

2k

2Pu + n) (mb).

_9'[_



TABLE 8

Neutron Total Elastic Inelastic Fission (n,2n) (n,3n)
energy cross section cross section cross section cross section cross section cross section
(MeV)
L 7928 4410 2241 1270
5 7608 4261 214k 1200
6 7122 3870 1771 1480
T 6652 3425 1319 1816 92
8 6270 3046 859 1908 455
9 5992 2779 63k 1902 677
10 5886 2657 513 1904 812
11.6 5739 0
12 5702 2617 348 1806 927 3.2
14 5792 2805 279 :
15 5912 2928 295 1905 237 ShT
16 6048 3109 265
18 6304 3405 263 2012 21 602
20 6459 3607 250 2029 5 567
. . . . . 2Lh2
Total, elastic, inelastic, fission and (n,xn) cross sections of (° Pu + n) (mb).

- L1 -



(2h2

Pu + n) Partial inelastic and elastic cross sections (mb)

Neutron energy (MeV)

Energy. of. - .
the levﬁiéy 9 00T T 0.02] 0.03] 0.0k |0.06 [0.08 ]o.10 | 0.2 | 0.% | 0.6 | 0.8 | 1.0 | 2.0 | 3.0
0. o+ |16788 {15085 | 13991| 13127 | 12458 | 11972 | 11562 | 10106 | 7996 | 6LL45 | 5080 | 4198 | 3523 | Lk132
0.0k44525 ot - : 193 | Lo3| sk2| 908 | 1225 | 1225 | 951 | 7M1l | 551 .| L66
0.14169 NG L8 178 24L .y 255 216.| 147
0.29431 6t 4.8 9.5 | 2L.5 6.6
0.49760 8* 1.0 1.0
0.59736 1~ 27.7 299 [271.5 |[63.0 | 10.0
0.64889 37 122 |171.0 . { 73.0 | 1k.0
0, 74250 5~ 8.9 | 27.6 8.3
0.75140 10t 0 0 0 0
0.86070 ot 46,0 | 23.0 h.1
0.90032 ot 75.5 | 73.8 | 13.9
0.93807 1~ 51.2 | 52.2 9.2
0.95887 o= 33.2 | 62.7 | 12.4
0.99260 L+ 1.0 | b7,k [ 12,1
1.0018 3" 56.5 | 12.8
1.0306 3+ 63.9 | 1hk.1
1.0379 L= 38.1 | 10.6
1.0764 L+ k3.6 | 11.7
1.0897 ot 19.7 3.8
1.1157 57 17.3 7.0
1.1375 ot 62.1 |13.0
1.1613 6~ 7.0 3.9
1.1780 3+ 56.3 | 13.4
1.2231 ot 57.9 |12.6
1.2324 4+ 37.3 | 10.9
1.2408 1~ 41.6 8.4
1.2621 3* 51.9 |12.9
1.2820 3" k2.7 {11.5
1.3086 5= 12.7 6.3
1.4108 ot 1,k 3.3
Continuum k62 | 1536

TABLE 9

_8']'_'._



FIGURE CAPTIONS

Fig. 1 — Measured [j] and calculated total cross section of ghOPu. The solid
curve denotes the results of model calculations as described in the
text,

Fig, 2 - Total cross sections for 22J'oPu. Comparisons between results of model
calculations and previous evaluations (ENDF-BIV, ENDL 76, ref.[8,9]).

Fig. 3 - Total cross sections for 2h2Pu. Comparisons between results of model

calculations and previous evaluations (ENDF-BIV, ENDL T76).

Fig. 4 - Direct elastic, inelastic scattering and compound nucleus formation

crossAsection for 2LloPu. Curves are obtained from calculation,

Fig. 5 ~ Direct elastic, inelastic scattering and compound nucleus formation
cross section for gthu. Curves are obtained from calculation.

Fig, 6 - Measured [?8], evaluated @Oland calculated fission cross section for
2ko

Pu. The dotted curve denotes the results of model calculations as
described in the text.

Fig., T - Measured [QQ], evaluated [2i] and calculated fission cross sections
for 2h2Pu. The dotted curve denotes the results of model calculations
as described in the text.

Fig. 8 - Measured [26], evaluated.[éoland calculated neutron capture cross

240

sections for Pu. The dash-dotted curve denotes the results of

model calculations as described in the text.

Fig. 9 - Measured [26], evaluated [8,9,2i] and calculated neutron capture
cross” sections for 2 2Pu.’The dotted curve denotes the results of model

calculations as described in the text.

Fig. 10/ - Measured Eﬂ and calculated elastic and inelastic scattering cross
11/12 sections for 2hoPu. The observed inelastic excitation cross sections

are associated for the 600 keV group with the following individual
states 597 keV (1), 693 keV (37 ) and for the 900 keV group with

the following individual states 861 keV (O+), 900 keV (2+), 938 keV (2+)
and 959 keV (2 ). The solid curves denote the results 6f model cal-~

culations as described in the text.




Fig, llha

Fig. 1hb

Fig, 15

- 20 -

Calculated (solid curve) and evaluated (ENDF,ENDL) neutron scattering

cross sections for 2h2Pu

Calculated (solid curve) and evaluated (ENDF,ENDL) total neutron

2h2P

inelastic scattering cross sections for U.

Calculated (solid curve) and evaluated (ENDF,ENDL) (n,2n), (n,3n)

cross sections for 2hOPu.

Calculated (solid curve) and evaluated (ENDF,ENDL) (n,2n), (n,3n)

2h2P

cross sections for u.
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APPENDIX 1A

RESULTS OF COUPLED CHANNEL CALCULATIONS FOR 2hOPu :

CROSS SECTIONS AND ANGULAR DISTRIBUTIONS (units are. :: cross section in barm,

energy in eV).

The angular distributions are represented as Legendre polynomial coeffi-

cients+ The absolute differential cross sections are obtained by :

with

where :

NL
29+1

2

do _ A
.d__ﬁ(sz,.E,) = = BQ(E) Pg(u)

z
=0

b=
1

= 1.0 if E < 3.5 MeV and B = og (E)
og (E) if E > 3.5 MeV and B, = 1.0

e
]

u = cosine of the scattering angle in the centre of mass system
- E energy of the incident neutron in the laboratory system

- 0g (E) the scattering cross section

- By  the gth Legendre polynomial coefficient

2o
a

Q,E) differential cross sections in units of barn per steradian.




‘COUPLED CHANNEL CALCULATIONS FOR PLUTONIUM 240 (CH,LAGRANGE,77)
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COUPLED CHANNEL CALCULATIONS FOR PLUTONIUM 240 (CH,LAGRANGE,77)Y

NEUTRUN COIPOUNN NUCLEUS FORMATION CROSS SECTTONS
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COUPLED CHAMMEL CALCULATIONS FOR PLUTONIUM 24C CCH,LAGRANGE,77)

'NEUTRON SHAPE FLASTIC SCATTERING CROSS SECTIONS
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COUPLED CHANNEL CALCULATIONS FOR PLUTONIUM 240 CCH,LAGRANGE,?7)

NEUTRUN DIRECT TNELASTIC FIRSY
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COUPLED C#ANNEL CALCULATIONS FOR PLUTONIUM 240 (CH,LAGRANGE,?77)

NEUTRON DIRECT INELASTIC SECOND EXCITED LEVEL
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COUPLED CZANNEL CALCULATIONS FOR PLUTONIUM 240

LEGENDRE CCEFFIFIENTS FOR SHAPE ELASTILEC
THE LESENDRS tOFFFTCTIENTS ARE IN THE ORDER 1.2..
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o6 AND NEXT LINE 7.8¢0 cesnes 12
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COUPLED CHANNEL CALCULATIONS FOR PLUTONIUM 240

LEGEMORE CNKFFIRIENTS FOR SHAPE ELASTIC
THT LEGENDRE COEFFYCIENTS ARZ IN THE ORDER 1,2..
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COUPLED CHANNEL CALCULATfONS FOR PLUTONIUM 240

LCGEMDRE CORFFICTENTS FOR SHAPE ELASTIC
THE LYMGTINDRY ¢OcFFYCLENTS ARE IN THE ORDER 1.2,,
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COUPLED CHANNEL CALCULATIOHNS FOR PLUTONIUM 240 C(CH,LAGRANGE.77)

LEGFNDRE COGFFYGIENTS FOR DIRECT INELASTIC (1 1EVEL)

THE LEGENDRE CORFFIYCIENTS ARE IN THE ORNER 1.2-.5.6 AND NEXT LINF 7.8..0.¢000. 12
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LMAX= 3
3,3906n=03

LMAX= 3
1.1733p=-02

LEAXS S
1,75250=02

LitAX= 5
2,09510=02

LMAX= S
2,25630=02

LMAXY= é
2.2527D=02

LitaxX= 6
2.1722n=0¢

LHAaX= é
2.0900n=02

LMAX= R
1.,8478D=0¢
~3.52860=05

LHAX= R
1,600830-02
=1,13240=04

LHaX= 5
1,5199n=02
«1,34710-04

LitaYe 9
1.68130~02
=2.43590=04

LHArs 9
2.1817p=0¢
=1.72894D=04

9.01510-05
2.79070=04
4.9858D=04
1.97580-03
=6,57850-04
~2.73700~03
=5.05060-03
=7.3457D-03
=9.28240~03
~1.05550~02

~1,29580=02
4.3738D=05

=1.42260=02
6.,2L49Nn-05

=1.45820=02

-1.39490-02
5,46490=04

=1.13642D=02
1.07620=03

~3.45120~06
~2,03500=05
=5.,59970=05
=5.60020~04
=1.75280=03
=3,34010~03
=5,23250=-03
=7.06780~03
-9.28160~03
«1.15320~02

~1,5639D~02
0.0

=1.94400=02
0.0

-2,17610=02
~1.30780=05

-2,350140=92
~3,90660-05

=2.26280=02
-5,08790~05

0.0
0.0

0.0

0.0

2,82280=04
7.31660=04
1.3951p-03
1.78970-03
2.24250=03
2.43080-03

1.54150~03
0.0

~2.31160-03
0.0

-8,22900-03
0.0

=1.,32330=02
0.0

=1.49110=02
0.0

0.0

0.0

0.0

0.0
~7.04000-04
-2,03010=05
~3.92400-05
=6,65040=05
-6.98190"05
=4,51080-05

2,61980=04
0.0

1,07420-03
0.0

2,62760~03
0.0

5.31440-03
0.6

8.9841D=03
0.0

0.0

0.0

8.4217D0~05

1.836520=04

3.58650~04

9.47190=04
0.n

2.79400-03
0la

3.87410=03
o.n

5.20250-03
0.n

5.59530~03
0.n

8-Vl



ELAR= 2,S000E

ELac=

ELAB= &,N0Q0OE

ELABE

ELAB=

ELA#:

ELAB=

ELAR=

ELag=

ELAS®

COUPLED FHANNEL CALCULATIONS FOR PLUTONIUM 240 (CH,LAGRANGE,?7:

LEGENDRE COCFFIAIENTS FOR ODIRELT INELASTIC (1

1 EVEL)Y

THFE LEGENDRE COFFFTCIENTS ARE IM THE ORPER 1.2°%.6 AND NEXT

LHAX® 11
L, 067AD=02
?.52930=04

LItA X . 12
6,08420=02
2.20240~03

LHAY e -4
2,076AN=01
~*.,11860C~03
1.5204D=05

LitAX:: 15
2.36800=01
=2.°2330~=02
6.70570=~03

LMAY= ¢
2.6503n=C1
=%,52%35n=-02
2.30710~05

LItAY== 14
2.859YEn=01
=2.97730~02
-1.52510=04

LHMAX= 17
X, 0205nr=01
=2.70570=02
=8,300ND=0/

[BAF-S €] 12
3,8705n0~01
=4, 2980AN=02
T.12420-02
Lhaxs 20
4,6660D-01
=3.43¢720=02
423700 =02
1.593550=04

LHAX:= 21
4,86050-01
=92.55820~03
1.78v20-03
S, 87770=0¢

5.59710-04
2.38000-03

1.44L96D=02
3.725420~03

7.57180-02
2.872440-04
4,19260~06

8.35570~02
*2.,4L672D=0?
%e82450-05

7.82690=02
~4,12800-02
2.315610=04

7.67550~02
-4 ,497320=-02
2.13190=04

R, 106470=02
=4,4H300=02
2.14879=02

141157901
=5.4L08D=02
R,78400=07

1.66349~01
=3.99739=~02
7.04900=03
4.75050-905

2.07660-01
~1.51210~02
~1440190=0%

2.95539’0&

-1,42970-02
~2.5002D=04

1,82490=04
~3.36470-04

4.,63760-02
9.7460D0=04
0.0

3.61510-02
7;635‘0"03
6.55590-06

7.,23750=03
1.62320~02
4.60020-05

~3,22500=03
7.79545~03
2.08200-04

~3.23460~93
~7.29930-03
6.4592D~04

1.91712=02
=3.15460=02
1.55880-03

5.,27710=02

=2.45700=02
4,79600-93
0.0

g8,03820~-02
-6,07750~03
1.NM004D=02
7.12565-95

=8,0936D=03
1.81420-n4

2.60370=03
5.8155n~04

3.30310-02
6.3944D=n%
0.0

3.32890=02
1.3142p=02
0.0

1.68370=02
1.03400~0>
6.9653n~n6

1.23930-03
-4,2343n=0n%
3.%395n«n5%

-5.88380~03
~1.7968p=0>
1.3576n=n4

~1.32510-02
=1,56120=n2
2.1198n-n%

9.8956Dp~03

=3.0618n=n%
6.7993n=n7
0.0

4,02470=02
2.24590=01%
1.91560=n>
0.0

1.6981D=02
~3.53950-04

2,29120=-02
=1.70940=05

6,6134D=07
=4 .2035D=04
0.0

4,4162D0=02
=1.94180~07%
0.0

1.20050=02
~3.7247D~0%
0.0

=5.65600=03
=2.1640D=0%
0le

~1.35840~02
3.26950-0%
4.141020-05

-2,8751D=02
5.05370=0%
3.15260=04

-1,23020=02
1.073n9=0?
8.75230=04
0.n

1.32600-02
1.42090=0?
1.6346D=0%
6.0

LINE 7.84000s

3.18110~03%
0.n

=9.77420~04
1.492%0=0%

=1.13340=02
3.40060=04
nln

=7.023%390~03
2.n064N=NT
aLn

=1.46590~02
6.ANID=NT
0.n

=1.93750=02
1.31539=0>
0o

«2.%7200=02
1.R1R70~02
0.n

~4,15950=02
1.09819=02
1.2937n~0L

=2,9726D=02
R.76800=~N%
7.73020=04
0.0

-2.65550=03%
6.1943D~0%
2.03085N=0%
0.0

6-VT



CAUPLED CHANMEL CALCULATJIONS FOR PLUTONIUM 240 (CH,LAGRANGE.T7)

LEGEMNDRE CONFFYRIENTS FOR NIRECT INELASTIC {1

1.EVEL)

TH= LEGRENDRE NORRFYCICNTS ARS IM THME ORNER 1.2.1.6 AND NEXT

ELAB= 1,6000E 07 LitAXa 22
5.11320-07
T.03050=02
2,0473003
1,A303N=03

ELAS= 11,8000 37 LMAX= 23
5.279L0=0C1
3,27n00=02
1.04670=02

3, 4330N=N3

ELA3= 2,0000E 07 LMAX= 24
5.477150=01
4,564730=02
8,50560=03
5.87890-03

2.42910=01
4,5280%~03
=2.99640~07
1,45510-93

2.72619-901
2.73980m07
~3.60060--93
3.8R7AN~N3

2.92560~01
6H.09610=02
~9.397729=-03
8.13835-~03

1.08090~01
7.09310=-03
1.14220~02
3.71900=04

1.33570-91
2.55730-02

2.04740~23"

1.17040-03

1.47830=01
3.85930-02
~1.01349=-02
2.51210-03

6.48180=02
8.73970=0%
8.925840=n%
1.1464D=n4

8.5473D=02
2.32230=n>
~6.55990=04
5.0433n=n4

9.4154D~02
3.22200=0?
~1,10180=r>
1.35110=0%

3,2958Dp=02

1.64620~0?
3.5629D0=0%
0.0

5.33360=02
2.57690-07
7.56430~0%
1.38500~04

6,15410-0?
3.09210=02
8.RRL3D=07
4.9059n=04

LINE 7,840 0eacee 12

2.10R00=02
7.A3350=0%
7.74637n=0%
0.n

4,37320=02
1.86240=Nn2
1.37240=0>
0.n

5.29740=02
1.40880=n>
1.83770=0>
1.R0940=04

OT-vT



ELag=

ELaR=

ELass=

ELas=

ELARS

ELaz=

ELAd=

ELAl=

ELag=

ELAZS

ELABR=

ELAB=

E{LAn=

2.0000E

3,0000E

4,0000¢C

5,0000¢

¢,NONNE

7,00008

8,0000E

1.0000€

1.2500€

1.5000E

1.7500E

2,0000E

2,5000¢€

3.0000€E

05

05

35

95

as

0%

0s

06

26

Ne

06

()

06

COUPLED CHANMEL CALCULATIONS FOR PLUTONIUM 240 (CH,LAGRANGE,.77)

LEGFIDRE COFFFICIENTS FOR DIRECT INELASTIC (2 1 EVEL)

. ® L 2
THT LEREHORE COEFFTCIENTS ARE IN THE ORDER 1.220.6 AND NEXT LINF 7eB8ciceceees 12

LMAX= 3
2,2704D=05

LNAY= 5
5.6271D=04

LHAY= 5
2.9009p=03

LHAX=s 8
4 8738005

LAY é
A,80£8n=03

LItAY:s 4
1,38700=02

Litax= 6
1.,31720~02

LNAY= R
2.69310-02
~6.653840=~06

LilAX= &
3.57s510=-02
=1.9499D-05

LilAX s Q
T,.60850=02
=2,792.L0=05

LNAY= o
X.0151n=02
=2.2677D0=-05

LA 9
3.5592r=0¢
4.15940=05

LItAX= 11
3,4604D-02
1,68340=04

LIAX= 12
3.3436p~02
2.9541D~04

1.03680~05

2.81880-04

9.78840-04

2.,09950-03

5.37210-03

4.60260-03

5.4738D~03

5.25570-03
6.50120=07

1.33500~03
3.00770~06

“4,110670~03
2.52740=06

=7.55630-93
1.£79380~-05

=8.9258D0-03
2.45640~0%

~6,8083D0-03
-1.,82950~05

-Lo10770~03
-1 ,90517D=04

1.1293D~06

2,36300-05

6,93646D=05

1.0887D~04

1.81960=06

~2,29Y00-=04

~6,5728D~04

~2.,19970=~03
0.0

~4,35540~03
0.0

-5.23760-03
~1.92150-06

“4,25040~-03
=5.72790=06

~1.87710-03
-1.11600-95

-2.,88910-03
=3.26340~05

4,20570~03
=5.17980=05

0.0

1.64600-06
=1,50080=07
-1.55360=05
~7.0%340-05
=1.47350=04
~2.45510~04

=-4,57220=04
n.o

-2,63210=-04
n.o

7.99810=04
o.n

2.37630-03
0.0

3.8868D~03%
0.0

4,9625p~03
1.47535=n%

3.54550=03
3.59600-n5

0.0

~2,55920=07

=1.24890=06

~3.06410-06

=3.9445D-06

Su84500'07

1.55490-05

1.48720~04
0.0

4,1532D0=04
0.0

7.21410-04
0.n

8,41010=04
0.9

6.69690-04
0.0

~3.0887D=04
=7.77490=07

~1.16490-03
=3.23000=04

0.0

1,93250=06
6.22130=06
7.42110=06

1.7640D=05
n.o

«3,81%10=06
n.n

-9,L2810=05
0.n

w2 LT769D=04
o.n

b ?7560=04
noa

-5.65070-04
0.n

«1,323720=04
1.1020D=04

TT-VT



ELAS=R

ELA3ZS

ELARS

ELA3=

ELAS=

ELAS=

ELAS=

ELAB=

ELaB=

4,0000E

$,0000C

6,0000C

7.9000K

3,0000F

1,0200%

1.2000E

1.,4000E

1,600%9¢8

L)

06

Cs

0o

a7

97

ov

07

couUsLER AHANNEL CALTULATIONS €NR PLUTONIUM 240 C(CH,LAGRAMGE,77)

LEGEYYRE GOEFFIFLENTS FOR DIRECT INELASYIC (2 1 EVEL)

THE LEGENDRT 2O0EFFYCICMTS ARE IN THE ORNPER 1.2°0.6 AND NEXT LINE 7.8.1..s

LilaX= T4
2.5891%p=01
=4, %2420=03
2.19750=06

LHAX= 15
2.53040=01
=1.,7%0%0-02
~2,26740=05

LIeX= 16
2.4463%0~01
=1.29979-02
-1.,97330~64

LUAX:: 14
2.44440=01
-1.042%D-92
~7.,46332D-04

1L11aX= 17
2.690919-01
=7.54354D~03
-1,68250-03

LIAX= 18
3.7801D~01
=7,22760=03
1.6619D~03

LiaX= 20
4.171460=01
4,24550=03

=5.0533n=04
3.95480=95

LI1AX: 21
4, 3204001
1.1173n=02
=8,175A0=03
-1.93739~C5

LiAX:= 22
4,42590=01
1.,49120=02

~3,53330=07%
=4, 98B17N~04

=53.47040-03
~5.14430=03
2.13210-06

1.54850-02
2.5376D=03
1.47220-05

3.69720~02
2.31840~02
6.3257D~05

6.33690~02
3,03397-02
1-66550“04

9.1189D=02
1.73730-02
3.46630-04

1,36810=01
=4 ,07490-04
~1,48840~03

1.6736D0~01
3.23350~04
=8.40540~073
2.,11240-05

2.00130-01
-3,34540=0%
1.13210-04

2.44530-01
=-4.39499~03
5.22940=-03
4$.,30610~04

3.71860=02
7.536RD=04
0.0

3.17940-02
4,55910~03
1.17580-06

3.1113P-02
5.7964n-03
7.25330~06

3.91980~02
~1.782240-03
1.372940-05

4,32250-02
~1.272830-02
2.31030-05

4.69960=C2
3,484823-03
~4,92700=-04

6.8A970=02
9.65032-03
1.72500~04
0.C

9.54220-02
9,76467-03
4,0535n=-03
2.73850=05

1423760-01
7.76190=03
4,88960-03
1.36330-04

-3.,54260=03
6.5769D=n4
9.0

-?2,87830=02
-1.41370=0%
0.9

-3,82600=92
~7.5651D=n%
1.6211p=n¢

-2,67060-02
=1.15502=02
7.5210n=04

-1.5368D-02
=46.00130=0%
2.490205=0%

-3,42920=0%
1.5765D=n7
6.9261D=04

1.43790=02
2.15270=n2
1.43410=pn%
0.0

2.97800=02
1.71550~n2
«1.00705=~n%

9.0

4H,84L75D=-02
8.03150=n%
-2.n678D0-~n%
6.22410=05

=5.31050=~03
=2.18870=04
0.0

-9.93400~04
=6.14339D-04
0.0

3,n5010-03
=2.05490-04
0.0

1.56910-02
2.83890~0%
0.0

2,.23529~02
T7.9977n~-0%
1.48840-05

5.97820~03
2.50900-0%
4.RS4AD=05

1.2669D=02
5.4709D~07%

=1.37170-04
0.0

2.34700-02
5.50550-0%

-9 .48450=04
0.n

3,64630-02
1.88040-0%

=8.57900~04
0.9

7.27620=03
1.1202p=04
0.n

=3.90190~0%
5.779TD=04
0.n

-1,49410=0?
1.45830=0%
0.n

-9.38450=0%
2.00R0D=0%
0.0

=8,%8430=03
9.3733ID~NA
0.n

-1.57280=0?
“2.41240=0%
6.85A8D=NK

1.10416D0=0?
7.30200=0%
3..L650D=04
0.n

-4 ,.18660~0%
1.4629n=0>
1.8L370=07%
0.4

6.5595D0=04
3.7450D=0%
1.34170~0%
0.9

12

2T-VT



COUPLED CHANNEL CALCULATIONS FIR PLUTONIUM 240 (CH.LAGRANGE.??\

LESSNDAT COTFFIAIENTS FOR DIRECT INELASTIC (2 | EVEL)

TYE LESSHDRE CORFFYCIENTS ARE IN THE ORDER 1.27..6 AND NEXT LINF 7.8....4s

ELAS= 1,8000€ 07 L#aXz 23
4,55357=01
1.76250=12

=3,40199-03
-1,47797-03

ELAB= 2,0000Z 07 LMAXS 24

4.84957-01

1.71<4295=02
=6.,67717=03%
=3.24957=03

2.83460-01
=2.23590=94
1.12072-02
1.29572-03%

5.,17569=01
=3,7359n=03
7.43110=07%
2.52130=03

1,43370=01
1.14280=~02
~4.43530-03
3.71060=-04

1.60500-01

6,71050~03

“8,79552~03
6.09353=04

5.,88190=02
7.3021n=n12
-1.,46580=n
2.8328%=n4

8,68350=02
1.44290=n7%
~7.589350=n%
6.6786D=n¢

4,74550~02
6.01619D~-0%
1.98970-03%
8.16460=05

5.2473n-02
4.2799D~04
L.37240-0%
2.640720=04

8.30520=0%
1.24170=02
8.n950D=nNS
0D.n

1.21760=02
1.12ARD=02
=6.08677N=0%
9.9005RN=NE

ET-VT






APPENDIX 1B

RESULTS OF COUPLED CHANNEL CALCULATIONS FOR 2hoPu :

NEUTRON TRANSMISSION COEFFICIENTS FOR THE GROUND STATE.






THF COEFFICIEYTS ARE YN THE CRUER C(Legdz €0.172).C0,0/2),€1,3/237€243/7210¢275/230¢37872)0€347/2)0 covnsanennas

0,.20016E=01
Co blL17LE"01
0,6984L9E~("
0.86P%19F-01
0.10440% €0
0,11938E 0o
0, ,14513F O
D,YASLCE 00
n,18281C ne
0,24917E 00
6.2961n5 0c
6.3338bE no
C.36573F 00
0,39318E N0
5.&16995 no

D,6376LE 00

g
N,

MEUTRON TRANSMISSION COEFFICTENTS FOR PLUTONIUM

r£= £,1000CE-02(HEV)
C.105¢3E-03 0,74368E~03

0, 80CO0F=02(11FV)
AVETE=C2 0,15044E~02

e
0.%17¢

F= 0, ,1000GF~CA(NFY)

0 IT8ESE~C2 0,646651E=02
0200008 =00(FFY)

92207E-~C? 0,12370E=01

r=s 0 T00NCT=01(MEY)

B,V6433L =0 0, P2244LE~01

F= 0,L0000FE=01(HFV)
n,268r6FE=C1 0,33504F=01

r= 0,60000F=01 )
N,42505C=N1 N, 57416E=01

Fz 0,20000F=01(MFY)
0,62950F=01 0,84(¢27C=01

Fx 0,90000F OCCHEVY
N,844663C~01 €¢,71327E 00

= 0,7000C08 00(IEV)
n_En244E 0O 0,206891E OO0
re 0, 30000F ON(HEY)
£,34024E 00 0,40238E 00

fe N L0000 NCQNFV)
0,40499C DO 6,57103E 00

r= 0URO000F Q0CIFV)
AL GR3ETE 00 N, 59(29E 00

r= 0,60000F QOCI'EV)
0, 54963F 00 0,.66136E 00

g= N 70000 0O0CHEV)
N,6N362E 0N 0,7U94%E 00

r= 0, R00007 00(NEV)
N 0LO93E U 0,7A332E 00

LMAY = 2 Jrhye
0.4C263E~C7 0.,26576F=07

LMEY S 4
GI2¢3e1E~CS
LMAY = 2
0"1254L6E=Ce

LuAY e 3
0°65805E=~06

LAY 2
0°18918E~03

LMAY= 3
0" 3B48T7E-03

LMAY= 3
CY10023E~-02

LUAY = X
01990202

LUAY = 3
0.33617E~02

LHAY= 3
' 16179E~01
LHAY= [2
C°37482E=01

LMAX= 4
Nl66757E=D1

LAY A
0795527E=n1
LMAY= 5
0°12783E 00
LMAY= 5
0%1¢025E 00

LhA¥Y= )
0°19184E 00

JMAYE
0,.14785(~C5

JMAXSE
0,831281~05

JMAXE:
0.464521-04

JMAXE
0,126LLC-03

JMAYE
0.25634F=03

JHAY

JMAY
0.14223E=02

JMAY S
Ce24254F=02

. JMAY =
0.123400=01

JMAY =
0,300%95r=01
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APPENDIX 2A

thu

RESULTS OF COUPLED CHANNEL CALCULATIONS FOR 2

NEUTRON CROSS SECTIONS AND ANGULAR DISTRIBUTIONS.

"Conventions are the same than those explained in Appendix 1A"
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COUPLED ChANMEL CALCULATIONS FOR PLUTONIUM 242 (CH,LAGRANGE,77)

MEUTROE COMPOUMP NUCLEUS FORMATION (ROSS SECTYONS
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COUPLED CHANNEL CALCULATIONS FOR PLUTONIUM 242 (CH,LAGRANGE,?7)

NEUTRUK SHAPE ELASTIC SCATTERIMG CROSS SECTIONS
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COUPLED CHANNEL CALCULATICNS FOR PLUTONIUM 242 (CH,LAGRANGE,77)

NEUTRON DIRECY INELASTIC FIRST EXCITED LEVEL
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COUPLED CHANNEL CALCULATIONS FOR PLUTONIUM 242 C(CH,LAGRANGE,.?7)

NEUTRON DIRECT TNELASTIC SECOND EXCITED LEVEL
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COUPLED CHANNEL CALCULATIONS FOR PLUTONIUM 242

LEGENDRE COEFFIRrTENTS FOR SHAPE ELASTIC
THT LEGENDRE CORFFICIENTS ARE IN THE ORDER 1.2,,
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COUPLED CHANNEL

CALCULATIONS FOR PLUTONIUHM 24>

LEGENDNRT COZFFIRIENTS FOR SHAPE ELASTIC
THE LEGENDRE CORFFYCIENTS ARE IN THE ORDER 1.2,
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ELA3=

ELass=

8,0000¢

1,0000%

1,2000€

1,4000E

1,6000E

1,8000E

2,0000¢
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COUPLED CHANNEL CALCULATIONS FOR PLUTONIUM 242

LESENDRE COSFFIRIENTS FOR SHAPE ELASTIC
THE LEGENDRE CORFFYCIENTS ARE IN THE ORDER 4,27

LMAX= 17
8,58140-01
2.47920=01
4,52029~03

LMAX= 18
B.55Y99=01
3.30040=-01
2.37927-02

LHMAX= 29
3,53v32-01
3,6405%~01
5.41070=02
5.85639=05

LMAX= 21
§,%56A40=01
3,79897-01
8,696417=02
2.77350=n%

LHAX= ?22
9.09735=C1
4,22652-01
1.16299=01
9.,41023=04

LMAX= 23
9.27252=01
4,599997=01
1.3975%=01
2.50795-03%

LMAX= 24
.37050=01
4,98257-01
1.58750-01
5.47190-03

7.4209D~01

1.31130-901
1.76110-03

7.264879=-01
2.456535~01
3.18780~03

7.27680=01
3,15880=01
2.34310=02
1.32915=05

7.52910-01
3,49630-01
4£.53970-02
7.467263D=05

7.97410=01
3.77540-01
6.93320-02
3.02600-04

3.,3716D0-01
4,n7270-01
9.050%3=02
9.22380-04

8,6265D0~01
4,33640-01
1.53250=01
242429003

6,51580~01
1.25130=01
2,52010-04

6.,30010-01
2.23670=-01
2.47060-03

6.,10900-01
2.76019-01
8.,94320-03
0.0

6.,41530=-01
3.288%35-01
2.11130-02
1.6861D0=05

6,97110-01
3.33810=-01
3.76260=02
8.61230-05

7.48930=-01
3.57740=01
5.49950=02
2.82260~-04

7.,85900-01
3,82350-01
7.28520=02
7.68170=04

5.,57320=01
8.444L4D~02
6.3308D~n%

5.53910~=01
1.74470=01
6.57240-n¢

5.34380=01
2.35730=n1
2.96730=-n%
0.0

5.56340=01
2.6356D0=n1
8.49300=n%
0.0

6,08090=014
2.85220=n1
1.30020=-n2
2.10466pD=n5%

5.,64110=01
3.n8120=n1
3.15110=n>
8.79870=0%

7.10020=01
3.27720=n1
4.40750=02
2.64540-n4



(CH,LAGRANGE,77)

o6 AND NEXT LINE 7.8ecreesces 12

4.,53120~01
4.4092n=02
1.21540=08

4,80160-01
1.10190-01
1.50210=04

4,72010-01
1.74820-01
8.49410-0¢
0.0

4.,89500=01
2.14740-01
2.99720=-0%
0.0

S.33760=-01
2.38700=-C1
7.44480=0%
0.0

5.856690-01
2.54440=01
1.52140=07
2.176460=-05%

6.34710~01
2.72760-01
2.51040=02
9.22830=0S

3.47710=01 -

1.58435N=02
0.n

4,n3530~01
S.789nN=n>
3.04940=0%

4,1%530=04
f.n7RLD=N1
2.27810=0L
0.n

4.77110-01
1.48090=014
9.9400D=024
0.n

4,73770-01
1 77L30D=01
2.05180=0%
0.0

5.18990-01
1.0009n=01
6.72ALD=NT
0.n

5.43430~01
2.16400=-01
1.2624D~02
2.A7410=0%

L-ve



ELA3S

ELA3s

ELASBS

ELABS

ELARS

ELADB=

ELAB=

ELa3=

ELAgz

ELAaf=

ELA3=

ELAB=

ELAn=

ELAB=

ELAS=

6,0000E

8,0000¢€

1,0000E

2,0000¢€

3,0000¢

4&,003NE

5,0000E

6,0000¢

7.0000%

8,0030E

1,0000€

1,2500%

1.5000E

1.7500E

2,0000E

04

04

05

05

0s

05

' H]

95

05

05

06

06

06

06

%6

COUPLED CHANMEL CALCULATIONS FOR PLUTONIUM 242 (CH,LAGRANGE,.77)

LEGENIDRE COEFFIATENTS FOR DIRECT INELASTIC (1 ¢ . .
THE LEGENDRE SORFFYCIEWNTS ARE IN THE ORNER 1.2..,6 AND NEXT LINE 7u48cccevnens 12

LHAX= 3
5.98310=0¢6

LAX= 3
1,8275p=03

LNAX= 3
3.37¢7H~03

L'AX= 3
1.17060=02

LIAX 5
1,7263p=02

LMAX= 5
2.,04Y30=902

LITAX=s S
2.,18Y70-02

Litaxa= 6
2.22270=02

L4ax= [
2.1950n=04

LITAX= 6
2.15730=-02

LHAX: 3
1.99330~02
~3,72700=05

LHax= 3
1,8593p-02
-1,24350=04

LtAX= 0
1.8624D~02
-2.12040-04

LHAX= 9

2.12160=02
~2.9334D=04

S LMAX= 9

2.73430~02
=1,93790=04

8.29330~05

2.71840=04

4.90140=04

1.07830-03

=9.77210=04

=3.3701D=03

=5,99010-03

~8,54530-03

-1,06320-02

=1.2241D-02

“]446098D~02
1.4244D=05

~1.46900~02
6,53420-05

=1,4288D=02
2.54700-04

=1.30600~02
S.4759D=04

~1,03120~02
1.11580-03

-3,18830-06
-2,04750-05
-5,78450-05
-5,82720=04
«1,9376D=03
-3,70510-03
~5,77700-03
-7.77030-03
-1,00650=02
~1,23220~02

-1,62400~02
0.0

~1.96310=02
0.9

-2,1646D-02
-1.33400~05

-2,27910=02
~-4,9210D=05

-2,23220h=02
~9.3314D=05

0.0
0.0

0.0

0.0

3,22120=04
8.4613D=04
1,62360-03
2.13900-03
2,72110-03
3.00810=03

2.16830-03
0.0

=2.05230=~03
0.9

~-8,55300=03
0.0

~1.39880=02
0.0

~=1,57430~02
0.0

1 EVEL)Y

0.0

¢.0

0.0

0,0
;6.96370-06
-2,08110=05
=4,24730=05
=8,1553D~05
=1.02900=04
=1,05020~04

1.260640=04
0.0

8,55140=04
0.0

2,42110=03
0.0

5.,2838D~03
0.0

9.2504D=03
0.0

0.0

0.0

9.1775D=05

2.13120~04

3.92030~04

1.06440=03
0.n

2.52160=03
0.0

4,24720-03
0.n

5.,47990=-03

)

6,18940~03
N.0

g-ve



ELAB=
EpLAa=

ELAS=

ELan=

E|LAR=

ELA8=

ELAR=

I INLE

ELAR=

ELA3=

2,500CE
I,0000E

4,0000€E

. 5,0000E

6,0000E

7.,n000¢€

8,0000E

1,0000€

1,2000%

1,4000E

oo

o6

Jo

06

06

0o

07
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COUPLED CHANMEL CALCULATIONS FOR PLUTONIUM 242 C(CH,LAGRANGE,?7)

LEGENDRE COEFFICIENTS FOR DIRECT INELASTIC (1

t EVELY

THZ LEARNORT CORFFYCTENTS ARE T THE ORNER 1.207.6 AND NEXT

LMAX= 11
L, B1e6D=02
B,97600=04

LHAX= 12
6,89Y3n~02
2,12000-03

L'iAX= 14
2.16760=01
=2.09220=03
1.43240-05

LitAY= 15
2.47500-01
~2,2604D=02
6,37/0D=05

LIAX= 16
2.74220-01
=32.50690=02
B,0792D~05

LNAK= 16
2.76710=01
=2.9398Nh=02
=2.05000=04

LA X 17
3,16475p~01
"2.71 Q’)D"OZ
=9,211720~04

Lhax= 1R
3,95980=01

=4 22646D=02
1.,1173D=-02

LA 20
4,5560=01
~3,34520~02
1,18150=02
1,5%7720-04

LIIAXs: 2
4L.94390=91

=8 ,O087/RD=03

4 R26LAD=03
S.C5h4N=(Y,

2,52230~03

1.67630=02
35.32090-03

7.6081D~02
-1 097820-04
3.647220-06

B.40160-02
=2.45630=02
4434380-05

7.82490-02
-3.97230-902
2.26860=04

7.76300=02
=3.2734Dp=~02
7.33760=04

8.47670~02
=4 ,35660=02
2.10590=03

1.47070~01
~5.,5361D=02
8.35740-03

1,7257h=01
=3.29210=02
6.472280~03
4.56670=05

2.16610-01
=1.4039D~07
=1.06520=03

2.R83RN=04

-1.34480~-02
=2.5338n~04

1.6069D=03
=3.2943D-04

4,46020~02
1.11490~03
6.0

3.61060~02
7.71100-03
6.13970=06

8,27370-03
1.36950=02
4.,57000=05

~1,352110=03
6.4836D=03
2.01960=04

~8.10620-04
=8 .6904D~03
6.24300-04

2,15020-02
~3,15200=92
1.57670~03

5.62870-02

=2.41180~02
4.,83%20-03
0.0

§.55730~-02
-5,.74520=~03
1,0060n=02
6.91990«05

«8,37610=03
1.88930=n4

2.81710=03
6.02930=n4

3.18390=02
6.10930~01%
0.0

3.24600=02
1.23300=0n?
0.0

1.4335p=02
9.01020=n%
5.2606D=n6

1.12720-n3
=5.7644D=n%
3.4974D=p5

-5.78920~0%
“t.7794D=0>
1.28310=0¢

=1.25290=0n2
-1.60910=-0>
2.05790=n%

1,12870-02

-§5.1874D=0%
6.53140=0%
0.0

4,24310=02
2.1520D=0%3
1.05570=0>
0.0

1.78180=02
=3.4344D=04

2,39690=02
=1.72980=05S

6,34480=02
=4,05650=04
0.0

-1.88770-~01%
0.9

1.10330~02
=~3.48540~0%
0.0

-5.63150=-03
~1.62750-03%
0.0

=1.35180=02
6.6079D=0%
-3.96430-05

-2,84020=02
L,0k28D=0%
3.03990=04

=1.14750=02
1.073AD=02
8.2098n0~04
o.n

1.43450=02
1.57280~02
1.55800=03
0.0

LINF 7¢8csrannves 12

3.47070~0%
f.n

=9.70600=04

1.26A20=08%

=1.,03620=02
3,51740=04
0.0

=06,1854D=0%
2.01140=0%
0.0

~1.,27730=02
6.2801n=N%
0.n

“1,7497D~0?
1.2631D~n>
0.n

-2.25700=0?
1.7344D=02
0.n

-4,10580=07
1.13380=02
1.26470=04

-2.R89340=07
9.720L4D=N%
7.L8080=04
0.n

-2,04330=03
6.083%D0=0%
2.8500n=0%
0.0

6-v¢



COUPLED fUANNEL CALCULATIONS FOR PLUTONIUM 242 (CH,LAGRANGE,77)

LEGEYNDRE CORFFIAIENTS FOR DYRECT INELASTIC (1 1 EVEL)

THE LEGENDRE COFEFTCIENTS ARE I THE ORNER 4.2°5.6 AND NEXT LINE 7.84-caseves 12

ELAB= 1,6000E 07 LiAXs 22
5,19/50=01
1,40030=92
2,90920=2%
1.59170=03

ELA8= 1,8000E 07 (LMAX= 23
S.3040D=0%
3.360610=02
1.,10600=02
3,L229D-03

ELag= 2,0000C 07 LMNA¥= 264
§,68570=01
4,6355D=n7
8,2134D~03
5.75780-03

2:50660-C1
5.19450-03
=1.90440-03
1.4654D=03

2.80650~01
2,8204D-02
=2.675830~03
3.86640-03

2.9968D0=~01
4,4453D=02
-R,73580~03
8.03530~03

1.14940~01
7.36750~03
1.12890=02
3.66820=C4

1.461020-01
2,59020-02
1.81980~03
1.15240~03

1:55370-01
3.8604D=02
=2.,74670~03
2.73590~03

6,8254D=02
9.21330=n3%
8.2682p=n%
1.13C70=n¢

8.,98000=02
2.3737p~=n2
-9,65370-n4
4.58200~n¢

9,91510=02
3,2349D=n>
~1,08290=0>
1.3231p=n%

3.50530=~02
1.59380=02
3.61420=0%
0.n

5.61930-02
2.54820=02
7.68260=0%
1.36930=04

6.49830=02
3.n517D=0>
8.7009n=0%
4,.7898n-04

2,71230=02
8.L1L50=0%
7 A074N=0%
N.n

4,581641D0=0?
1.40900D~0>
1.35720=0>
6ln

5.66210=02
1.40080=n>
1.26R4N=02
1.L4A70=00

OT-ve



ELAB=

CELARSE

ELARS

ELaf=

ELA3=

ELAR®

ELas=

ELAR=

ELAR=

ELAB=

ELAB=

Et.AR®

ELAR=

ELAB=

2,0000E

3.,0000%

4,0000E

5,0000E

6,0000E

7,00008

3,0000¢

1,0000E

1,2500E

1.5000E

1.7500E

2,0000E

2,5000E

3,00NCE

05

0s

0s

0s

0s

05
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06
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COUPLED CHANHEL CALCULATIONS FOR PLUTONIUM 242 (CH,LAGRANGE,77)

LERENDRE COEFFUAYENTS FOR DTRECT INELASTIC (2 | EVEL)

THE LEGENDIE CORFFYCIENTS ARE IN THE ORNER 1.270.6 AND NEXT LINE 7.Becvess

LitAX:s 3
1,82Y20=05

LHAY= 5
5.358Y5n~=9+4

LAX= 5
2.0825D=05

LAYz S
4L ,87Y5D0=03

LAY 4
B,B84760~03

LL"tAX= 6
1.35453Dp=02

LHAX= 6
T.82¢70-02

LA 3
2.6954p=02
=6,75010-006

LiTAY,= 2
3,5383n=~02
-2.0341D-05

LilAX= 9
3.5373n=02
=3.07830=05

LitAX= 9
3.5703Dp=02
=3.05390-05

LMAXs 9
3.44060=02
=2,.33510-06

LITA XY= 11
3.29420~C2
1.4542D0~06

LMAX= 412
3.17800=0¢
2.7RY1D=04

9.5706D=06

3.,0136D=04

1.07210-03

2,31090~-03

$5471210=03

S.0487D0-03

5.96770=03

5.59660~0%
6,77050-37

1.20370-~03
3,10690=06

=4,40550~C3
2.6954D=06

~8,36700=03
1.8969D~05

-9 ,34580=03
2.47930=25

~7.10440~03
=-%,7613p=05%

45051003
«1.,90130-04

9.06030~07
2.2368D=05
6.63250-05
5.99810-05
=3,97060D-05
~3,13750~04
=-8,01550-04

-2,47440=03
0.0

-4, ?737D=03
0.(’

=5,05850=03
~1,87320=06

-4,65480~03
=4 ,87360-06

“2,354630-03
~1,05770=05

2,7504D=03
=3,25700=05

4,1303D0-03
~5.60520=05

0.0

1.77810=06
~1,06590=07
~1.7583D=05
-7,929530=0$
~1.6726D=04
-2.82150~04

=5.35430~04
0.

~3.61770=04
0.0

7.3617D=04
0.0

2.35990=03
n.o

3,86960~03
0.0

4.81620-03
1.18990=n5

3.,27960-03
3.56710~=05

0,0
-2,4021D=07
-1.23630-06
-3,18060-06
~3,76480=06

1,30670=06

1,77580=05

1.54890=04
0.0

4,3578D=04
0.0

7.62750=04
0.9

9.11320=04
0.0

7.76990-04
0.0

=1.14510=04
-5.946460~07

=9,0575D=04
=3.44920=04

0.0

0.0

2.00610=06
4,51460=06
8.33450=06

1.54520=0S
0.n

1.92240=06
0.0

=8.n4530=05
0.n :

-2,%9729D0=04
0ln

=4,72056D=04
0.n :

=5.49280-04
0.n

=1.01900=04
1.42220=04

12

TT-Ve



ELAD=

ELAB=

ELas=

ELAB=

ELaps

ELane

ELAB=

ELARS®

4,0000€E

5,0000E

6,00008

7.0000E

3,0000E

1.0000E

1.,2N00€E

1.4000E

1.60905
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06

06
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COUPLED CHANNEL CALCULATIONS FOR PLUTONIUM 247 (CN;LAGRANGE:77\

LEGENDRE COEFFIRIENTS FOR DIRECT INELASTIC (2 tEVELY

THE LEGEMNDRE COFFFTCIENTS APE IN THE ORDER 1.2°5.6 AND NEXT LINF 7.8...e4.

LEaXes L¥A
2,63600-01
~L,02670=0%
1.31320~06

LHAX= 45
2.38¢2D~0"N
~1.8B10AD=~02
~2.8654D=05

Liaxs *6
2,29800~01
-1,98430=-02
~2,27540-04

LHAX= 16
2.5057p=01
—1,00540=072
-B,17130-04

Litays [
2.58360-01
-6 ,714S50=03
-] ,?78570=03

LMAXz 8
3,%6U50=01
-2,05910-03
1.8284D=03

Litaxm 2N
3, 9Bu0n=0n
3,53570-03
=1, 4017004
2.75810-05

LAY = 21
4,082D0=01
1.02vQ0=02

=-8.5604D~02
~7.9542D0-05

LAY 22
4,1904D=01
1.3371080-02

-9, 4L58AD=03
~6,9680N0=04

-{.,57500-03
-4,9589D0-03
1.79460-06

1.13630~02
3.10860-73
1.39540~05

35.31590=02
2.39770=02
5.,83400~05

5.9988D=02
3,n3550=02
1.52630-04

8.6384D-02
1.52260-02
3-333%0'04

1.27900~01
=2.,42870~03
-1,5757n-(3

1.55050-01
=2.13170=03
~8,43070=03

1.8424D-05

1.07700-01
-0391'969-()“

=7.4%9570=03

*.07020-04

2.32520-01
=4,0014D~03%
6.96730=0G3
4.05180-04

2,68860=02
6.57260~064
o.o

3.17290=02
4.,6792C=-03
1.53590-04%

3,1057D=02
5.94910~03
2T42D=06

3,5404D=02
=2.79930-03
1.32060-05

4,09980=02
~1.39530~02
1.08146D=05

4,29950=02
S.73560-04
~5,5448C0~04

36030-02
17250-03
.2660D=-04
.0

6
7
3
0

8,92520-02
8.01480-03
5.05260-03
2.3669n-05

1.14490-01
6.68534C=03
6.14330=03
1.16780=04

«5,42320=0%
6.3496D=0L
0.0

-2,9421D=02
~1.5174D=n%
0.0

«3.78210=-02
-7 .8851D=n%
1.55470=04

-2.56260-02
«1.1941D=02
S.10780=n4

~1.5183p=02
-6.14080~0%
1.5714n=058

“3.4543003
1.48140=02
¢.9212n=04

1.23470~02
2.0487D=07
1.42230=0%
n.o

2.63730-02
1.61040=02

=1.18160~n%
o.c

4,17530=02
7.27140=0%
=9,53090=n%
5.77380=-0%

=-2.30970=03
~2.27070=04
0.n

2,5044D=03
~6.6091D~04

6,23920-03%
=2.22720=04
0.

1.89240-02
3.03500~03
0.n

2.4978D=02
8.40710-0%
1.0307D=05

7.6846D0~03
2.66270~0%
2.462?720-05

1.2744D=02
4.73970~0%

=2.4171D=04
0.n

2.1668p=02
3.P1580=0%

=1.45240=03
0.n

3.28440=02
1.19950=-0%

~7.8122D=04
0.0

7.82590=03
1.4343In=04
0.n

-3.581070-03
S.83A80=04
0.6

=1,40070=02
1.80320=07%
0.0

=7,9733p~03
2.%21L4D=0%
0.n

~6,74420=03
1.1147n=0%
0.0

«1,L924007
~2.75%20=0%
6.15919N=0%

=1,11390=02
?.45370=07%
3.2763D=04
6.n

=6,7374D=0%
9.%62%0=0%
1.05340=07%
o.n

=3.2656D0=0%
7.71160=0%
1,000R8N=01%
0.n
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APPENDIX 2B

RESULTS OF COUPLED CHANNEL CALCULATIONS FOR 2 2Py :

NEUTRON TRANSMISSION COEFFICIENTS FOR THE GROUND STATE.



NEUTRON TRANSMISSION COEFFICIENTS FOR PLUTONIUM

242

THE COEFFICIENTS ARE IN THE ORDER (L.J): €0.1/72).C1,1/2).¢1.3/217¢243/2).€205/23,¢376/2)0(307/2) 0 cenvsnnnnnes

0,20096€=01
0,4435CE=01
0.,62090E=01
0,86530E=-01
0.10476E 00
0.11978E 30
0.,14511€ 00
0.16533€ 00
0,18269F 00
0.24853E 00
0,29¢97E 00
0.33228E 00
0,36376E 0O
0.39094E€ €O
0.41459E €0

0,43522E 00

Fs 0,1CCU0F=02(MFV)

0,11993E~03 0,10286E=03

F= 0,SCON0E=02(NEV)
f.1331

= 0,1C00NE=CI(MEY)

0, 373295-02 0,50610E-

Er 0,20000FE=01(FFV)

0.10363E-01 0,14019E~

E= 0.30000E-01(I'EV)

0.,18672€-01 €,25198E~

€= 0,400 CE=C1(MFV)
0.2818%6E~01

F= 0,60000E=CT(MFV)

6. 4E361E-01 0,65205E=

Ex 0, PO0COE=01CMFV)
0.71417E~01

£z 0,10000E CO(HFV)
0,95731€-01 €,12823¢E

£ N,20000F QO0(HEFY)
0.228¢5F €0 0,30085E

Ez C.30CQ0E O0C(MEV)
0.34718E 00 0,44247F

coerv)

r= 0,400C0F
3 0,55286¢C

C.44784E OC

e= (,5CCCCF COCMEY)
C,53C€e3E €0 C,635569¢

£z 0,60000E COCHEVY)
0,59721E 00 0,6Y581E

counry)
0.735769¢

Fz C,70000E
0,664957E 00

F= CLRO0D0F QOCHFY)
r,E8970E 00 0,76513L

7E=02 C,18C72¢=

0.37934L~

t,96072¢-

ve

02

01

01

01

01

01

0e

0o

00

6o

00

00

co

00

LMAX= 3
0.40499E=C7

LyvaX= 3
0'22L91E=-05

LMAY = 3
0.12617E=04

LMAX= 3
0170192E=-04

LMAXE 2
0719020E~03

LMAX= 3
0.38386E-03

LMAX= 3
0710017E-02

LMAY= 3
¢Y19084E=02

LMAX= 3

JMAX=
Ce264L71E~C7

JVAX=
0¢14726E=05

CJMAX=
0,82796E=05

JMAX=
0,46264E~04

JMAXS
0.12592€E~C3

JMAX=
0,25528E~03

JMAX=
0.,7C458E=03

JMAX=
0.,14125€E=02

JMAX=

572
0.54955E~11

$/2
0.15351€=08

572
0.17354E=07

5/2
0.19605e=-06

5/2
0.80917E=06

572
0.22116€=05

5/2
0.88080E=05

572
0.24035E~04

572

0733577E=02 0.24088E=02 0.52347E=04

LMAY= %
Cl16425E~01

LMAX= 4
0737315801

LVAXs A
07 64411E=01

LMAY.: 4
0°94959E=01

{MAX= S
0212703€ 00

LMAX= s
C215923€ 00

LuAX= 5
0219065E 00

JMAX=
0,12249E~01

Jraxs
0,29777E=01

JEAX=
0.53787E=01

JMAX=
0.82547E~C1

JHAX=
0.11429E 00

JHAX=
0.14746E 00

JHAX=
0.16080E 00

572
0.,65781r=03

772
0.26968E-02

772
0.72180E=02

772
0.15317e-01
9rz

0.28066E=01

9/2
0.46409E=~01

972
0.71031€E=01

0.30272E-02
0.80551E=02
0.170460E-01
0,31143E-01
0,51376E=-01

0,78473E=-01

0.32883E~06
0.11469E=03
0229973€~03
0.65258E~03 0,69871E~03 0,26273E~04
0212525E~-02 0.13752E=02 0,60914E~064

0.21918E=02 0,24618E=-02 0,12594E=03

0-4g¢



LEUTRON TRANSNISSION COEFFICIENTS fOR PLUTONIUM

242

THE COEFFICIENTS AKE IN THE ORDER (L,J)t (0,172),€1,1/2)4C¢1,3/23,€24372),02.5/2).¢%375/2)0(34772)0 seeevonvnnaes

0,46R77F 0D
0.,7001CE=C3

C,4G8Y4E CO
0,20096E~C2

0,51898E 00
0.49443E=02

D,53434E OO
0,99621€-02

0.53804E 0OC
0.18¢52E~C1

0.54130€ 0O
0.,45287F=01

0,53699E 00
0.854%6E=01

0.54360F 00
0,17797¢ 00

0.,55781€ no
0.27r35F 00
0.34437E~C5

0.576964E 00
0.3509CE 00
C.21C00E~04

0,59747E 00
0.44041E 00
0,91L95E=04

0,61793€ o¢C
0.5C8S7F 0¢
0,326256=03

Fz C.10000E
0,76104E 0O
NL9L29LE=DS

0,125N0E
W T6911E 00
0. 40750E~06

= 0,17500¢
ALT7424F DO
0.36822¢=03

r= (,20(CCF
¢.76328E 00
0.,87129E=03

F= 0,25C00E
n,75322F CC
r,34989F =02

F= 0,3000CE
fL7T4100E 00
n.10015E-01

Ex 0,400N0E
£,734782 00
. b2691E=01

F= 0,80000F
0.743C9E 00
r.10948E 00
0,17211E=06

F= 0,60000F
€,75462E 0O
6,215¢7F 00
C,118694E-05

= 0.70000E
N, 7T6534E GO
n,35935€ 00
0,59540E=05

r= 0,P0000E
0,77400€ 00
0,S2653E GO
¢,23516E=04

01(Mrv)

LMAX= 6

JHAX=® 1172

0.78945E 00 0:26908E 00 0,24444F 00 0.13965€ 00 0,15408E 00 0.55075€=02 0,64324€=02 0,42102E=03

0ICHEV)
0.7T8R38E 00

01 (HFV)
GL.?7¢060 00
C.14R88F=03

81y
P.7H3R8E 00
0.40294F=03

01t rV)
0.7547%E 00
0.54%00E~03

p1ctiry)
P.744R9E 00
0.365n03g=02

ARSI
0.74175E 00
0.,10159E=01

01 (Mev)

0.7464728 00
0,45409E=01

01LHEY)
0.75210E GO
0.13654F 00

CTIMEV)

0,75970E CO
¢.30009k 90
0.74253E=05

01¢HrV)

0.76630E 00
0.49R47E 00
0.,68225F-05

01(HEV)

C.77176E 0O
0.,65989E 00
0.,25813c~04

Luaxs é
0*31200E (0

LMAX= 7
t"36382E 00
02 40997E~0S

LMAX= 7
0Y40582E 00
0012122E~04

LMAX= 7
0%43938E 00
02307S5E~04

LMAY= 8
C'4LBSS6E 00
0l164092E~03

LMAX= 9
0°S51284E 00
G140 C3E~03

LrAX= 10
0°5%0&4E 0O
0'2R1¢1E-02

LHAX= 19
0755p98E 00
0°10565€-01

LHAX= %2
058050k 00
0*28833E-01
0'72524E-07

LMANS 12
0°60747E 00
0763792E~01
0% 61817E=04

LMAXs 13

0%62583E 00
ni12228E 00
0.18511€E-05

JHAX= 1172
0,31336€ 00 0,25372E 00

JHAXSE 13/2
0.36789E 00 0,37718€ 00

JMAX= 1372
0.40811E 00 0,48940E 00

JMAY= 1372
0.,43566E 00 0,58254F 00

JHAX= 1572
0.46388E 00 0.71551€ 00
0.71454E=04 0.81061F=05

JHAX=  17/2
0.,47537E 00 0.7Y666E 00
0,26283E-03 0.37153F=n4

JHpx= 19/2
0,50023E DD 0.86494E 00
0.2004BE=02 0.24832E-03

JHAX= 21/2
0,53534€ 00 0.86345E 00
0.92584E~02 0.16003E~=n2

JUAX= 23/2
0.56755€ 00 0,84589E 00
0,30064E~01 0,51391E=02

JHAX= 23/2
0,59430E 00 0.83164E 00
0,7491SE=CY 0,13941E=01

JMAXS 25/2
0.61834€ 00 0,82220€ 00
0.15319E€ 0n 0,33386€=01
0,18381E~05 0,13849E=06

0,28205€ 00
0.42527€ o0
0.55748€ 0o
C.66316E 00
0,78855E 0¢
0.83178E 00

0.23413E=n4

0.82404E €0
0.19075E=0%

0.79635E ¢0
0.88850E~03

0.77651€ 00
0.29436€E=02

0.76454E 00
0.78339E=02

0.7570SE 00
0.17999E=01

0.1%518E=01

0.27419E=01

0.48442E=01

0.768641E=01

0.15076€ 00

0.23234E 00

0"60700E=06

0736830E 00
0°84n93F=05

0244600SE 00
0°59n13E=04

0°-53114E 00
0°20%85F=03

0159526E 00
0" 11240802

065108 00
0°35120k-02

0,16395E=-01
0.34124E=01
0.61125€=01
0.97184E=01
0.18676€ 00
0.,27884E 00
0,42821€E 00
0.169641E=04
0.53695E 00

0.13058E~03

0,61858€ 00
0.61832E=03

0,67970E 00
0.20188E=02

0,72625€ 00
0.51289E=02

0,13884E=02
0.36253E=02
0,80522E=02
0.15891€-01
0,47923E=01
0,11133€ 00
0.32336E 00
0.46626E=06
0.52282E 00

0.40448E=05

0.62204E 00
0.21237E~-04

0.66316E 00
0.82887E=04

0,68553E 00
0.27153E=03

g2



