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A B S T R A C T 

27-group cross-sections hare been generated for ease rars-e«rth 

and caicrete elcnents using the i r basic cross-sections fran the 2NDF/B 

l i b r a r y . The rare-earth e l m m t s are ^ S n , Od, ^^Bu and ^ B u end the 

concrete-elenents are Mg, Al, S i , K and Ca. Concrete sized with the 

rare-earth eleamts can act as an ef fect ive neutron shield In nuclaer 

reactors. This cross-section set w i l l s«*ve as a useful tool In carrying 

out audi safety and shielding studies. 
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BfOF/B BASED 27-GBOUP CROSS-SECT IÛJS FOI S OB R ARE-EARTH 
« 

AND C Oí CRETE ELEMEKTS 

bjr S.B. G«rg 

1. INTRCOOCT ION 

Recently a 27-group cross-sect lent s s t ^ had been derived fron 

SíDF/B library for ser eral eleaents of Interest in reactor technology. 

The multigroup resonance self.shielding f a c t o r s ^ and the ?g-elastie 

scattering matr i ce s^ have also been generated for sons of thess ele-

ments • These newly g mer at ed data resulted in improved crit ic al i ty 

p r e d i c t i o n s ^ ^ of fast crit ical assemblies of different sizes and 

c exposition s «hen c entered to the modified ABEN s e t ^ . To carry out 

the safety and shielding studies of nuclear reactors Gd,^^£uf 

Hg, Al| Si , K and Ca have now been included In the Garg-set. The 

f i r s t four of these elements belong to the rare-earth class and act as 

poison for neutrons. The retaining f ive elemente «re the constituents 

of concrete. 

Concrete nixed with the rare-earth elements can act as an effective 

neutron shield In nuclear reactors. 

2 . (ROUP CR0SS-SBCTICN3 ' 

Formulations and procedures of obtaining multigroup cross-sections 

from the basle SNIF/B library are explained in ref . ( l ) and therefore 

these are not repeated in this report. Homotct, i t cm be tr le f ly stated 

that the energy point ero•»-sections of these elenents have been generated 

..J2 
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(7) 
in the resolved and unresolved resonance regions vdth RESEND code 

and they have then been combined vdth the f loor corrections of ENDF/B 

library to obtain smooth cross-section s in the entire energy range 

varying fran ev to 20 MeV. 

Cross-sections at any energy point lying in the energy-range 

KT5 ev to 20 He? hare been obtained using the appropriate combi-

nation of the following three Interpolation schemes. 

1. E vs jLrv 

Z, írxz va <T* , and 

3» E vs CT~ 

(Ü) 
27-group cross-sections have been obtained tdth FTGERO code* ' 

using l/E weighting spectrin. Group-to-g"oup scattering matrices hare 
i 

been computed using the discrete leve l and evaporation models in 

2NSCÜT code(^). The total group-to-group scattering cross-section i s 

obtained as 
JL 

(77 „ »,, — err % j . . , , 4. a, 07. ., , 
J * 4 

^L?-^ ¿-H • discrete l eve l group-to-group scattering cross-section 

• inelast ic group-to-group scattering cross-section 

- (n,2n) ®roqp-to-groiç> scattering cross-section 

. . . 3 
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Tahle 1 gives the energy structure of the 27-groups and the cal-

culated group cross-sections are l i s ted in Tables 2 to 20. 
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T able - 1 
Energy Structure of 27-Group Croas-Sectlon Set 

Group ' Energy Range 1 Lethargy Width 
I I-

1 10.5 Mev - 15.0 Mbv 0.3567 
2 6.5 • 10.5 " 0.4796 
3 4.0 » 6.5 " 0.4355 
4 2.5 " - 4.0 « 0.4700 

5 1.4 • 2.5 • 0.5798 
6 0.8 " 1.4 • 0.5596 

7 0.4 • 0.8 • 0.6931 
8 0.2 • 0.4 • 0.6931 
9 0 .1 » 0.2 • 0.6931 

10 46.5 Kev - 0.1 » 0.7657 
11 21.5 • - 46.5 Kev 0.7714 

& 10.0 " 21.5 • . 0,7655 
13 4.65 " 10.0 » 0.7657 
14 2.15 4.65 tt 0.7714 
15 1.0 • - 2.15 • 0.7655 
16 465 ev 1.0 " 0.7657 

17 215 - 465 er 0.7714 
IS 100 • 215 » 0.7655 
19 46.5 » - 100 • 0.7657 
20 21.5 * 46.5 • 0.7714 
21 10.0 " 21.5 • 0.7655 
22 4.65 " 10.0 • 0.7657 
23 2.15 » 4.65 " 0.7714 
24 1.0 • 2.15 " 0.7655 
25 0.465" - 1.0 » 0.7657 
26 0.215" - 0.465 • 0.7714 
27 0.025 ev 



Table - 02 

Group : ^ . P J 1 • « tr » 

1 3 . 0 0 3 4 0 . 3 9 3 1 1 . 7 0 0 7 0 . 0 0 1 4 0 . 0 1 2 3 0 . 0 1 2 3 5 .1232 0 . 0 1 4 3 2 . 4 9 5 1 0 . 8 7 5 0 
2 2 . 6 6 2 6 1 . 1 9 8 8 0 . 8 8 6 4 0 .0032 0 .0042 0 . 0 0 4 2 4 . 7 5 9 4 0 . 0 1 7 9 2 . 7 2 8 8 0 . 7 6 2 4 
3 2 . 9 0 * 3 2 , 1 5 0 2 0 . 0 0 6 6 0 . 0 0 8 1 0 . 0 0 1 0 0 . 0 0 1 0 5 . 0 7 1 2 0 . 0 2 4 1 3 . 0 2 6 0 0 .7C22 

4 3.893Ö 2 . 2 4 0 9 0 . 0 0 . 0 1 9 1 0 . 0 . 0 . 0 6 . 1 6 1 8 0 . 0 3 2 6 3 . 3 9 3 7 0 . 7 0 9 4 

5 4 . 6 1 4 9 2 . 3 8 4 7 0 . 0 0 . 0 4 5 5 0 . 0 0 . 0 7 . 0 4 5 1 0 . 0 4 1 0 4 . 1 8 2 4 0 . 6 2 0 0 

6 4 . 4 4 9 8 2 . 8 4 5 3 0 . 0 O.1C0O 0 . 0 0 . 0 7 . 3 9 8 1 0 . 0 6 3 7 5 . 5 7 6 8 0 . 4 0 8 7 

? 4 . 3 7 6 2 2 . 0 9 6 7 0 . 0 0 . 2 2 2 1 0 . 0 0 . 0 7 . 4 9 5 0 0 . 0 7 6 2 7 . 0 1 4 0 0 . 1 0 8 5 
8 5 . 4 0 1 1 1 . 8 7 1 3 0 . 0 0 . 4 5 3 1 0 . 0 0 . 0 7 . 7 2 5 5 0 .1C20 7 .5092 0 . 0 3 4 0 

9 7 . 1 3 0 0 0.9594 0 . 0 0 . 7 4 7 0 0 . 0 0 . 0 8 . 8 3 6 4 0 . J 3 7 8 8 . 7 0 4 9 0 . 0 1 1 4 
10 9 . 5 5 0 4 0 . 4 7 0 2 0 . 0 1 .0234 0 . 0 0 . 0 1 1 . 0 4 4 0 0 . 1 6 8 2 10 .9418 0 . 0 0 4 5 

1 1 11 .3993 0 . 0 8 9 5 0 . 0 1 .5729 0 . 0 0 . 0 1 3 . 0 6 1 7 0 . 1 9 9 3 12 .9994 0 . 0 0 4 5 
12 1 1 . 7 2 0 0 0.0 0 . 0 2 . 4 6 6 1 0 . 0 0 . 0 1 4 . 1 8 6 1 0.2065 1 4 . 1 2 9 1 0 . 0 0 4 5 

13 16 .2029 0 . 0 0 . 0 3 .0609 0 . 0 0 . 0 1 9 . 3 4 3 8 0 . 2 8 6 8 1 9 . 1 3 4 9 0 . 0 0 4 5 

14 2 1 . 3 4 4 1 0.0 0 . 0 5 .6693 0 . 0 0 . 0 2 7 . 0 1 3 4 0 . 3 7 3 1 2 6 . 6 8 8 3 0 . 0 0 4 5 

15 2 7 . 7 5 6 9 0 . 0 0 . 0 10 .435 0 . 0 0 . 0 3 8 . 1 9 1 9 0 . 4 8 9 0 3 7 . 8 6 3 0 O.OQ45 

16 3 5 . 6 4 0 5 0.0 0 . 0 18 .938 0 . 0 0 . 0 54 .5865 0 . 6 2 7 8 5 4 . 1 7 5 0 0 . 0 0 4 5 

17 44 .9902 0 . 0 0 . 0 33 .635 0 . 0 0 . 0 7 8 . 6 2 5 2 0 . 7 8 6 5 7 8 . 1 5 8 0 O.OO45 

18- 5 5 . 5 7 4 0 0.0 0 . 0 5 8 . 5 6 0 0 0 . 0 0 . 0 1 1 4 . 1 3 4 0 0 . 9 7 9 1 1 1 3 . 5 6 6 0 0 . 0 0 4 5 

19 3 2 2 . 0 3 8 0 . 0 0 . 0 178 .8300 0 . 0 0 . 0 5 0 0 . 9 6 8 0 5 . 6 7 3 4 4 9 9 . 5 1 8 4 O.OQ45 
2 0 . 6 5 . 2 0 4 0 0 . 0 0 . 0 160 .4600 0 . 0 0 . 0 2 2 5 . 6 6 4 0 1 . 1 3 9 9 2 2 5 . 3 7 0 6 0 . 0 0 4 5 

2 1 11 .35Ö1 0 . 0 0 . 0 323 .5500 0 . 0 0 . 0 1 3 4 . 9 0 8 1 0 . 2 0 0 1 1 3 4 . 8 5 7 0 0 . 0 0 4 5 

22 5 5 . 0 0 9 4 0 . 0 0 . 0 580.9200 0 . 0 0 . 0 6 3 5 . 9 2 9 4 0 . 9 6 8 8 6 3 5 . 6 8 1 9 0 .0045 

2 3 5 . 7 0 6 1 0 . 0 0 . 0 1 8 . 5 0 6 0 0 . 0 0 . 0 2 3 . 5 8 2 1 0 . 0 8 8 7 2 3 . 5 5 9 3 0 . 0 0 4 5 
24 1 7 . 1 5 0 0 0 . 0 0 . 0 159 .3500 0 . 0 0 . 0 1 7 6 . 5 0 0 0 0 . 3 0 2 1 176 .4228 0 . 0 0 4 5 

2 5 4 1 . 8 9 0 7 0 . 0 0 . 0 2 8 6 0 . 2 0 0 0 . 0 0 . 0 2 9 Œ . 0 9 0 7 0 . 7 3 7 8 2901.9CE2 0 . 0 0 4 5 

26 4 5 . 5 7 7 3 0 . 0 0 . 0 2 1 8 8 . 8 0 0 0 . 0 0 . 0 2234 .3775 0 . 7 9 6 7 2234 .1722 0 . 0 0 4 5 

2 7 1 6 5 . 0 6 0 0 . 0 0 . 0 4 H 9 1 . 0 0 . 0 0 . 0 4 1 3 5 6 . 0 0 . 0 41355.3172 0 . 0 0 4 5 
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0 t • 

i 

i : « 2 

i 0.0 0.0 0.0 

2 0.0 0.0 0.0 

3 0.0 0.0 0.0 

4 0.0 0.0 0.0 

5 .0739 1.0205 .0726 

6 .9605 1.5487 .2987 

7 1.3644 .8285 .4384 

6 1.3636 .2448 .1232 

9 .7521 .2079 0.0 

10 .2501 .1496 0.0 

11 .0173 .0556 .0171 

Table - 02 

D i s c r e t e L e v e l S c a t t e r i n g M a t r i c e s 

i • k 

4 5 ^ 

« • i 

0.0 0,0 0.0 

0.0 0.0 0.0 

0.0 0.0 0.0 

0 . 0 •• 0 . 0 0 . 0 

0.0 0.0 0.0 

. 0 œ 5 .0002 0 . 0 

.0523 .0130 .0020 

.0364 .0004 .0011 

0.0 0.0 0.0 
0.0 0.0 0.0 

.0011 .0003 0.0 
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1 4 9 . 
MM 

S t a t i s t i c a l S c a t t e r i n g M a t r i c e s 

— * i • k 

1 

>lr 

k —* , 
i 
i 

0 

t 

' 1 • 
: . « : 
» i 

3 
i 

u 
• 

• 

• 1 

I 5 . 
. « 

« 

6 
i 

7 
t 

8 
i 

1 . 0 0 0 0 7 . 0030 . 0 2 6 1 . 0 7 1 4 .1205 

i 

.0905 .0559 . 0 1 9 4 . 0 0 5 7 

2 .0022 .0372 .1545 .3512 . 3209 .2233 . 0 8 3 3 . 0255 . 0 0 7 4 

3 .C201 . 1 5 0 0 .5216 . 6 2 8 4 . 5 1 9 4 .2155 . 0 6 9 6 . 0 2 0 7 . 0 0 i s 

4 . 0 6 6 0 .3879 .6546 . 6 7 0 1 . 3 1 7 3 .1097 .0339 . 0 0 8 0 . 0018 

5 . 0 0 0 4 .0132 .0096 . 1 5 0 7 . 0 9 9 3 . 0 4 3 1 . 0 3 2 2 . . 0 0 2 9 . 0 0 0 7 

. 0 Œ 1 

. 0 0 2 1 

.0013 

.0005 

.OOCß 

n - 2 n S c a t t e r i n g M a t r i c e s 

i o ! ; a ; 3 ; v ; 5 : 6 • 7 : . : 

« i t i » , « « i « 

1 . 0 0 0 3 .0329 .1125 . 3 0 7 7 .5192 . 3902 .2409 . 0 8 3 5 .0246 .0092 

2 . 0016 . 0 2 7 3 .1134 . 2 5 7 8 . 2 3 5 5 . 1 6 3 9 . 0 6 1 1 .01B7 . 0 0 5 4 .0015 

3 0 . 0 0 . 0 0 . 0 . 0 0 0 1 . 0032 . 0 Œ 3 . 0 0 1 8 . 0 0 0 8 .0002 . 0 0 0 1 

i 
00 

I 



Table - 02 

Gd 

Group "! 1 « r ^ "I <r-n 2 a "¡ e r ; "! • <r" t "1 ^ t r / > -
J » J 1 I I , 1 

1 3.4123 0.2013 1.9879 0.0013 5.6028 0.0192 2.7246 0.8433 
2 2.6084 1.8146 0.6723 0.0034 5.0987 0.0176 3.1424 0.7475 
3 2.7610 2.6347 0.0 0.0104 5.4061 O.O181 3.3271 0.7518 
4 3.4839 2.6699 0.0 0.0305 6.1843 O.Œ36 3.5608 O.7523 
5 4.01Ó0 2.7553 0.0 0.0838 6.8551 0.0276 4.0853 0.6893 
6 4.2665 2.8335 0.0 0.ii3i 7.2131 O.O416 4.7613 0.5744 
7 5.0533 2.1392 0.0 0.1048 7.2973 0.0541 4.6521 0.42i6 
8 6.2431 1.2023 0.0 0.1689 7.6143 0.0829 5.8371 0.2823 
9 7.3307 0.5370 0.0 0.3646 8.2323 0.1142 7.0577 0.1586 

10 8.4129 0.0896 0.0 0.6544 9.1569 0.1295 8.4638 0.0811 
11 9.2379 0.0 0.0 1.1258 10.3637 0.1478 10.0070 0.0382 
12 9.8870 0.0 0.0 I.7099 11.5969 0.1628 11.4205 0.0173 
13 10.4070 0.0 0.0 3.6840 14.0910 0.1731 13.8000 0.0071 
14 10.8830 0.0 0.0 8.0941 16.9771 0.1802 l6 .9 l3 l 0.00428 
15 10.6983 0.0 0.0 8.1815 18.8798 0.1785 18.3005 0.00428 
16 11.7631 0.0 0.0 14.2870 26.0501 0.1962 25.8170 0.00428 
17 11.2336 0.0 0.0 17.6570 28.e906 0.1860 28.5690 0.00428 
18 11.6302 0.0 0.0 27.6120 39.2422 0.1941 38.8130 0.00428 
19 10.2925 0.0 0.0 24.8260 35.1185 0.1717 33.2977 0.00428 
20 5.7374 0.0 0.0 28.5920 34.3294 0.0950 31.6030 0.00428 
21 10.4016 0.0 0.0 50.1540 60.5556 a 1736 52.2652 0.00428 
22 2.9289 O.o 0.0 39.0430 41.9719 0.0489 41.3604 O.0Q428 
23 4.5844 0.0 0.0 147.1400 151.7244 0.0759 150.2920 0.00428 
24 2.6692 0.0 0.0 43.7550 46.4242 0.0445 46.3260 0.00428 
25 5.1147 0.0 0.0 79.0350 84.1497 0.0853 83.8931 O.OQ428 
26 13.1268 0.0 0.0 564.690 577.8168 0.2174 576.52 4 0.00428 
27 167.00 0.0 0.0 49050.0* 49217.0 0.0 49216.3 0.00428 
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Gd 

S t a t i s t i c a l S c a t t e r i n g M a t r i c e s 

— * i • k 

k ; 
r 

0 i 
i 

« i 

1 • • 
2 

i 
i 
i 

i 

3 : 

i 
4 î « 5 î 

i 
6 : 

t 
7 

1 
i 
i 8 

• 

; 9 
1 

i . 00003 .0013 .0122 .0351 .C614 .0472 .0296 . 0103 . 0 0 3 1 .0011 

2 . 0027 .0498 .2194 .5207 .4394 . 3 4 6 6 . 1 3 0 7 .0402 .0117 . 0034 

3 • Œ i l .1689 .6197 . 7 7 3 1 .6532 .2749 . 0894 .0267 .0062 . 0 0 1 7 

4 .0696 .4375 .7705 .8107 .3903 .1362 .0422 . 0 1 0 0 .00(22 .0006 

5 .2422 .6786 . 9660 .5606 .2156 . 0 7 0 3 . . 0 1 7 1 . 0038 .0009 .0002 

6 .4829 1.0492 .7902 .3489 .1223 . . 0 3 0 9 . 0 0 7 1 .0016 .0003 . 0 0 0 1 

7 .7169 .7808 .4207 .1638 .0438 . 0 1 0 3 . 0 0 2 3 .0007 . 0 0 0 1 0 . 0 

Ö . 5 5 0 0 .3996 .1827 . 0 5 3 1 . 0 1 3 0 . 0 0 3 0 .0007 . 0 0 0 1 0.0 0.0 

9 .2948 .1684 .0552 .0143 .0034 .0008 .0002 0 . 0 0 . 0 0.0 

10 .0509 . Œ 5 0 .0079 . 0 ( 2 0 .0005 . 0 0 0 1 0.0 0 . 0 0.0 0.0 
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G d . 

07Ö6 3112 .5027 . 4594 . 3 6 4 2 . 1 6 6 1 . 0 7 6 0 . 0219 .0059 .0019 

0010 O . l f l l . 0 0 0 5 . 1 9 2 4 l l B l B . 1 2 9 1 .0MW . 0 1 5 0 .OOU .0012 
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Group i 

L 
e r , : ? f T J : ^ • ^ t r 

r J ~~2~9454~ 0 . 2 6 2 8 1 .8109 0 . 0 0 3 7 0 . 0 1 9 7 0 . 0 0 4 4 5 .0469 0 . 0 1 3 5 
8:?&? 2 2 . 8 1 6 2 1 . 3 1 8 5 0 . 3 7 2 1 0 . 0 0 7 3 0 . 0 0 6 0 0 .0012 4 . 6 2 1 3 0 . 0 1 8 3 8:?&? 

3 3 . 1 1 8 5 2 . 0 3 5 1 0 . 0 0 .0163 0 . 0 0 1 5 O.OOC2 5 .1716 0.(3270 3 .C273 0 .6857 
4 4 . 0 8 5 9 2 . 1 2 6 6 0 . 0 O.Q345 0 . 0 0 0 4 0 . 0 6 . 2 4 7 4 0 . 0 3 6 3 3 .4299 0 .6879 
5 4 . 8 6 6 8 2 . 2 8 8 3 0 . 0 0 . 0 7 9 7 0 . 0 0 . 0 7 . 2 3 4 8 0 . 0 4 2 7 4 . 2 1 8 1 0 .6197 
6 4 . 6 1 7 4 2 . 6 9 6 5 0 . 0 0 . 1 9 5 1 0 . 0 0 . 0 7 . 5 0 9 0 0 . 0 6 5 0 5 .6102 0 .4108 
7 4 . 8 0 3 1 2 . 7 1 3 9 0 . 0 0 .2769 0 . 0 0 . 0 7 . 7 9 3 9 0 . 0 8 3 7 7 . 3 1 6 1 0 .0968 
8 5 . 9 7 8 4 1 .9536 0 . 0 0 .5846 0 . 0 0 . 0 8 . 5 1 6 6 0 . 1 1 3 9 8 . 4 1 6 4 0 .0123 
9 7 . 1 0 2 4 1 . 2 2 0 1 O.ù 1 . 2 2 3 3 0 . 0 0 . 0 ' 9 . 5 5 0 8 0 . 1 3 6 1 9 . 4 9 5 5 0 ,0063 

10 8 . 1 5 9 0 0 . 7 3 6 4 0 . 0 2 . 1 6 2 9 0 , 0 0 . 0 1 1 . 0 5 8 3 0 . 1 4 1 8 11 .0012 0.00446 
1 1 9 . 3 1 3 3 0 . 1 5 3 0 0 . 0 3 . 6 7 3 2 0 . 0 0 . 0 13 .1395 0 , 1 6 0 7 1 3 . 0 9 2 0 0.C0446 
12 11 .1906 0 . 0 0 . 0 5 . 5 7 5 6 0 . 0 0 , 0 16 .7662 0 . 1 9 4 6 16 .6166 0 .00446 
13 1 4 . 1 2 0 7 0 . 0 0 . 0 8 . 2 2 9 8 0 . 0 0 . 0 2 2 . 3 5 0 5 0 . 2 4 5 4 2 2 . 2 4 7 8 0.00446 
14 1 6 . 1 8 9 3 0 . 0 0 . 0 1 3 . 9 1 3 0 0 . 0 0 . 0 ' 3 0 . 1 0 2 3 0 . 2 7 9 3 2 9 . 9 9 1 0 0 .00446 
15 1 8 . 2 4 8 7 0 . 0 0 . 0 2 3 . 1 0 9 0 0 . 0 0 . 0 4 1 . 3 5 7 7 0 .3172 4 1 . 2 2 3 0 0 .00446 
16 2 0 . 1 9 7 1 0 . 0 0 . 0 3 7 . 5 1 0 0 0 . 0 0 . 0 5 7 . 7 0 7 1 0 . 3 5 1 0 5 7 . 5 2 1 0 0 .00446 
17 2 1 . 9 5 8 8 0 . 0 0 . 0 5 9 . 8 0 5 0 0 . 0 0 . 0 8 1 . 7 6 3 8 0 . 3 7 8 8 8 1 . 6 4 7 0 0 .00446 
18 2 3 . 4 6 3 1 0 . 0 0 . 0 9 3 . 7 7 6 0 0 . 0 0 . 0 1 1 7 . 2 3 9 1 0 . 4 0 7 9 1 1 7 . 1 1 7 0 0 .00446 
19 2 4 . 6 7 4 0 0 . 0 0 . 0 1 4 3 . 9 8 0 0 . 0 0 . 0 1 6 8 . 6 5 4 0 0 . 4 2 8 8 1 6 8 . 5 3 5 0.C0446 
2 0 2 3 . 5 6 3 9 0 . 0 0 . 0 2 2 2 . 5 8 0 0 . 0 0 . 0 2 4 6 . 1 4 3 9 0 .4065 2 4 6 . 0 3 8 8 0 .00446 
2 l 10 .0512 0 . 0 0 . 0 2 0 6 . 4 6 0 0 . 0 0 . 0 216 .5112 0 . 1 7 4 7 216 .4662 0.QQ446 

- 22 9 . 7 9 3 6 0 . 0 0 . 0 2 9 7 . 2 9 0 0 . 0 0 . 0 307 .0836 0.17(32 3C7.Q399 0 .00446 

2 3 1 4 . 8 2 4 0 0 . 0 0 . 0 6 4 9 . 0 1 0 0 . 0 0 . 0 6 6 3 . 8 3 4 0 0 . 2 5 5 7 663 .7679 0 .00446 

2 4 6 . 9 0 6 4 0 . 0 0 . 0 4 7 9 . 3 8 0 0 . 0 0 . 0 4 8 6 . 2 8 6 4 0 . 1 2 0 1 486 .2556 0 .00446 

2 5 43 .0839 0 . 0 0 . 0 3 6 9 9 . 3 0 0 . 0 0 . 0 3742 .3839 0 . 7 4 8 8 3742 .1917 0.00446 
26 3 5 . 4 1 7 4 0 . 0 0 . 0 7 6 2 2 . 6 0 0 . 0 0 . 0 7658 .0174 0 . 6 1 1 0 7657 .8594 0 .00446 

2 7 3 . 3 7 8 6 0 . 0 0 . 0 9 3 4 8 . 1 0 0 . 0 0 . 0 9 3 5 1 . 5 0 0 . 0 9351 .4635 0 .00446 



Table - 02 

Statistical Lewi Scattering Matrice? 

1 • k 

lr ' 1 ' ' • • ' ' " ~~ " 
1 ' « ' , ' O ' O ' . ' « * , V , i , , j , » I 

• . I 
» I 

1 0 . 0 , 0 . 0 0 . 0 0 . 0 o . o 0 . 0 0 . 0 0 . 0 

z o . o 0 . 0 0 . 0 0 . 0 o . o 0 . 0 0 . 0 0 . 0 

3 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

4 . 0676 . 1552 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

5 1 .2772 . 8 0 2 1 . 0 0 9 7 O.o 0 . 0 0 . 0 0 . 0 0 . 0 

6 1 . 2 4 8 8 1 . 1 6 4 1 . 2 7 4 8 .0096 0 . 0 0 . 0 0 . 0 0 . 0 

7 1 .6692 . 6 8 3 1 . 2 3 5 3 .0769 . 0 3 1 1 . 0 1 3 6 . 0 0 4 0 0 . 0 

a 1 . 4 5 0 1 . 3 1 7 0 . 1 0 5 7 . 0 4 7 7 . € 2 0 9 .0082 . . 0 0 0 8 0 . 0 

9 . 9 0 6 1 . 3 0 1 4 0 . 0 0 . 0 . 0009 . 0 0 0 ? 0 . 0 0 . 0 

10 . 4 3 8 7 . 2 9 8 4 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

1 1 . . 0346 . 0992 . Œ 2 3 . 0059 . 0016 . 0 0 0 3 . 0002 0 . 0 



T a b l e - 10 

S t a t i s t i c a l S c a t t e r i n g M a t r i c e » 

i 
1 

k - V i 
i 

0 ¡ 1 

i 
i 
t 2 

i • 
3 4 

. 11... 

1 

5 , 6 

• 
1 
t 

- - 1 » • 

1 
7 ' 8 t ¡ 9 

i 1 j . . 1 -• , 

1 .OOOOfc .0C20 .0176 .0408 .0832 .0629 .0389 .0135 .0040 .0015 

2 .OC29 .0497 .2092 .4806 .4422 .3091 .1156 .0354 .0103 .0C30 

3 .0105 .1403 .4942 .6005 .4991 .2077 .0672 .0201 .0047 .0012 

4 .0543 .3254 .5535 .5704 .2712 .0940 .0290 .0069 .0015 .0004 

5 .0002 .0061 .0449 .0712 .0472 .0205 .0058 .0014 .0003 .0001 

iv-2n Scattering Matrices 

.4— —I—. -

i 

" "---i-
• 

• i 
0 ' 1 

i 
• 2 
i 
i 

i « 
i 
i 

3 4 
• 

5 
» 
• 

6 
t 
i • 
« 

7 8 
s 
1 9 1 
t 

1 .0003 .0132 .1173 .3246 .5527 .4178 .2589 .0899 .0265 .0097 

2 0.0 .0004 .0073 .0538 .1047 .1175 .0589 .oeio .0066 .0020 



T q b l e - 1 1 

Group 
i » 
« • 

i • 
» • 

t 1 

• 1 • 
É 1 

^ r 

1 • . cr , 
1 t r ' 
,1 < . < , • 

1 2 . 8 5 0 3 0 .4603 1 . 7 7 9 0 0 .0026 0 .0055 0 .0055 5 .1032 0 .0129 2 . 6 0 1 5 0 .8777 
2 2 . 6 1 4 4 2 .0378 0 . 1 9 4 0 0 .0052 0 .0016 0 .0016 4 .8546 0 .0168 2 . 8 4 9 5 0 .7668 
3 2 . 9 2 5 9 2 . 2 5 0 5 0 . 0 0 .0119 0 .0003 0 . 0 0 0 3 5 .1889 0 .0237 3 . 1 3 0 0 0.701A 
4 3 .9546 2 . 2 6 7 1 0 . 0 0 .0249 0 . 0 0 . 0 6 .2466 0.0322 3 .4332 0 .7097 
5 4 .7325 2 . 4 4 4 7 0 . 0 0 .0583 0 . 0 0 . 0 7 .2355 O.Q387 4 .2034 0 .6404 
6 4 . 4 4 6 7 2 .9162 0 . 0 0 .1402 0 . 0 0 . 0 7 . 5 0 3 1 0.0598 5.5897 0 .4298 

7 4 .4787 3 .2149 0 . 0 0 .1989 0 . 0 0 . 0 7 .8925 0 . 0 7 6 3 7 .4157 0 .1054 
a 5 . 2 8 7 0 2 .8449 0 . 0 0 .4219 0 . 0 0 . 0 8 .5538 0 .0993 8 . 4 6 5 0 0 .0134 

9 6 . 5 7 0 9 2 . 1 1 7 9 0 . 0 0 . 9 7 0 0 0 . 0 0 . 0 9 .6588 0 .1242 9 .5798 0 .0652 
10 9 . 2 7 0 7 0 .2 O U 0.0 1 .5572 0 . 0 0 . 0 1 1 . Œ 9 0 0 . 1 5 9 0 10.9259 O.OO44 
n 10 .5305 0 . 0 0 . 0 2 . 6 4 4 5 0 . 0 0 . 0 1 3 . 1 7 5 0 0 .1793 12 .7615 0 .0044 
12 11 .4588 0 . 0 0 . 0 4 . 7 6 1 0 0 . 0 0 . 0 16.2198 0 .1966 16 .1630 0 .0044 
13 12 .4167 0 . 0 0 . 0 5 . 8 0 6 1 0 . 0 0.0 18X220 0 . 2 1 3 0 1 8 . 1 3 8 1 0 .0044 
u 1 4 . 0 8 9 0 0.0 0 . 0 9 . 8 3 5 0 0 . 0 0.0 2 3 . 9 2 4 0 0 .2399 2 3 . 8 3 1 0 O.OQ44 
15 1 5 . 7 8 6 4 0.0 0 . 0 1 6 . 4 1 9 0 0 . 0 0 . 0 3 2 . 2 0 5 4 0 .2709 3 2 . 1 0 9 0 0 .0044 
16 1 7 . 4 2 5 0 0 . 0 0 . 0 2 6 . 8 2 4 0 0 . 0 0.0 44 .2490 0 .2989 4 4 . 1 5 1 0 O.OO44 
17 1 9 . 9 3 6 1 0 . 0 0 . 0 4 3 . 0 3 4 0 0 . 0 0 . 0 6 1 . 9 7 0 1 O .3224 6 1 . 8 7 0 0 0 .0044 
IB 20 .2506 0 . 0 0 . 0 6 7 . 8 6 5 0 0 . 0 0 . 0 88.1156 0 .3475 8 7 . 9 8 1 0 0 .0044 

19 2 1 . 3 2 5 5 0 . 0 0 . 0 104 .6900 0 . 0 0 . 0 126.0155 0 .3658 125 .9130 0.C044 
2 0 2 0 . 3 5 6 1 0 . 0 0 . 0 1 5 2 . 0 5 0 0 0 . 0 0 . 0 1 7 2 . 4 0 0 1 0 .3466 169 .0930 0.0C44 
2 1 1 7 . 7 9 1 0 0 . 0 0 . 0 2 1 7 . 4 3 0 0 . 0 0 . 0 235 .2210 0 . 3 0 5 3 2 2 2 . 0 1 9 0 0 .0044 
22 9 . 3 4 7 1 0 . 0 0 . 0 191 .8500 0 . 0 0 . 0 2 0 1 . 1 9 7 1 0 .1603 196.46C2 0 .0044 

2 3 15 .3718 0.0 0 . 0 9 7 0 . 9 3 0 0 0 . 0 0.0 986 .3018 0 .2617 973 -9593 o.oou 
2 4 2 . 0 9 1 4 0 . 0 0 . 0 104 .3300 0 . 0 0.0 106 .4214 0 .0359 106.0339 0 .0044 

25 3 . 6 3 1 7 0 . 0 0 . 0 8 0 . 5 0 0 0 0 . 0 0.0 84 .1317 0 .0623 84 .0877 0 .0044 
26 3 . 8 8 1 0 0 . 0 0.0 1 4 7 . 5 6 0 0 0 . 0 0 . 0 151 .4410 0 . 0 6 6 1 151 .4135 0 . 0 0 4 4 

27 4 . 7 5 6 3 0 . 0 0 . 0 4 5 2 . 6 2 0 0 . 0 0 . 0 457 .380 0 . 0 457 .3554 0 .0044 



Table - 02 

D i s c r e t e Leve l S c a t t e r i n g M a t r i c e a 

c 
1 — • 1 • k 

1— • • • - • • i -i — 1 1 r i —t 
i i i i t i • « 

i . 0 , 1 , 2 . 3 , 4 , 5 , 6 , 7 
t , , , « i « i 

1 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 O.o 

2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

3 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

4 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

5 , 1 .0926 .8274 .0978 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

6 1 .3928 1.0287 .2978 .0958 .0020 0 . 0 0 . 0 0 . 0 

7 1.7839 1 .3110 .0249 .0574 .0258 .0095 .0023 0 . 0 

8 .8570 1.3055 .4426 .1992 .C075 0 . 0 0 . 0 0 . 0 

9 .1639 1.0259 .6232 .1689 .0283 . 0 0 6 1 .0004 0 . 0 

10 0 . 0 0 . 0 .1349 .0753 .0167 .0033 .0003 0 . 0 



Table - 02 

Statist ical Scattering Matrices 

i • k 

1 

A, 
» 

f 

0 

1 
1 
1 
• 

1 

f 

2 
t 
I 

1 1 

: 3 : 
• • 

4 ¡ 5 

• 
• 
• 

i 

* • T" 
1 

6 • 
i 

7 

— i — 
• 

• 
i 

8 9 

i 0 . 0 .00009 .0039 .0309 .1118 .1382 . 1 1 6 1 .0486 .0158 . 0 0 6 1 

2 0 . 0 .00009 .0066 .1258 .4429 .7336 . 4 6 7 3 .1888 .0632 . 0 2 0 1 

3 0 . 0 0 . 0 .0025 . 0 7 3 3 .5218 . 8 0 9 3 . 5299 . 2 2 9 0 .0647 . 0 2 0 1 

0 . 0 0 . 0 .0006 .0676 .5054 .8172 . 5837 .2155 . 0591 .0186 

5 0 . 0 0 . 0 0 . 0 0 . 0 .0078 .0938 . 1 7 0 1 . 1 0 5 0 .0378 .0136 

n . 2 n S c a t t e r i n g M a t r i c e s 

1 
— 

• 
» » 

i t 
i 

i 
t 

» 
• 

• 
• 

i 
i 

I 

4 / 

i 
• 

0 
t 
1 
1 

1 ' 2 • 

( 

3 • • 

' LI - î L_ 

4 • 
• 

• . 

5 . i 
i 
f , 

6 • • 

i 

7 i 
i 
i , 

8 » 9 
i 
)_ — 

1 .0003 .0124 .1120 . 3 1 6 1 .5429 . 4127 .2565 . 0 8 9 3 . 0264 .0096 

2 0 . 0 0 . 0 .0006 .0118 .0418 .0695 . 0 4 4 4 . 0 1 8 0 .0060 .0019 



Table 

Group ; ^ ^ : <JT~ n,2n 

1 .719 .6324 .0223 .00030 .1543 
2 .829 .7345 .0027 .00030 .0814 
3 1.028 .8580 0.0 .00031 .0011 
4 1.485 .6501 0.0 .00036 0.0 
5 2.162 .3204 0.0 .00056 0.0 
6 3.251 .0154 0.0 .00099 0.0 
7 5.467 .0013 0.0 .00143 0.0 
a 6.940 0.0 0.0 0.0 o . o ' 

9 4.627 0.0 0.0 . ./-1/-1. "3 0.0 
10 11.363 0.0 0.0 .00173 0.0 
11 3.557 0.0 0.0 .00041 0.0 
12 4.090 0.0 0.0 .00094 0.0 
13 3.33J* 0.0 0.0 .OOOlo 0.0 
14 3.367 0.0 0.0 .00020 0.0 
15 3.385 0.0 0.0 .00028 0.0 
16 3.393 0.0 0.0 .00039 0.0 
17 3.399 0.0 0.0 .00056 0.0 
lß 3.400 0.0 0.0 .00063 0.0 
19 3.399 0.0 0.0 .00122 0.0 
20 3.398 0.0 0.0 .00179 0.0 
21 3.398 0.0 0.0 .00264 0.0 
22 3.396 0.0 0.0 .00390 0.0 
23 3.394 0.0 0.0 .00574 0.0 
24 3.392 0.0 0.0 .00841 0.0 
25 3.384 0.0 0.0 .01229 0.0 
26 3.373 0.0 0.0 .01503 0.0 
27 3.337 0.0 0.0 .0630 0.0 

14 

1757 1 .703 .0431 1 . 1 6 9 .7it28 
0698 1 . 7 1 7 .0495 1 . 1 7 4 .6547 
0168 1.901* .09a 1 .426 .4653 
0035 2 . 1 3 9 .1757 1 .649 . 3 3 0 1 
0 . 0 2.fc83 .1918 1 . 6 6 0 .3807 
0 . 0 3 . 2 6 7 .2854 1 .939 .4034 
0 . 0 5 . 4 7 0 .4149 3 . 4 6 6 .3666 
0 . 0 6 . 9 4 0 .6958 5 .807 .1633 
0 . 0 4 . 6 2 7 . 5358 4 .472 .0335 
0 . 0 11 .365 1 .232 11 .362 .0003 
0 . 0 3 . 5 5 7 .3936 3 .656 - .C277 
0 . 0 4 . 0 9 1 .4314 3 . 9 7 8 .0277 
0 . 0 3 . 3 3 4 .3516 3 .242 .0277 
0 . 0 3 .3o7 . 3524 3 . 2 7 4 .0277 
0 . 0 3 . 3 8 5 . 3 5 7 0 3 . ¿ 9 1 .0277 
0 . 0 3 . 3 9 3 .3578 3 . 2 9 9 . CE 77 
0 . 0 3 . 4 0 0 .3558 3 . 3 0 6 . Œ 7 7 
0 . 0 3 . 4 0 1 .3586 3 . 3 0 7 .0277 
0 . 0 3 . 4 0 0 .3584 3 . 3 0 6 .C277 
0 . 0 3 . 4 0 0 .3557 3.3C6 .0277 
0 . 0 3 . 4 0 1 .3584 3 . 3 0 7 .CE 77 
0 . 0 3 . 4 0 0 . 3581 3 . 3 0 6 .0277 
0 . 0 3 . 4 0 0 .3552 3 . 3 0 6 .C277 
0 . 0 3 . 4 0 0 .3578 3.3C6 .0277 
0 . 0 3 . 3 9 6 .3569 3 . 3 0 2 . 0277 
0 . 0 3 . 3 9 0 . 3 5 3 1 3 . 2 9 7 .C277 
0 . 0 3 . 4 0 0 0 . 0 3 . 3 0 8 .0277 



Table - 15 

Mg 

Discrete Level Scattering Matrices 

> i • k 

r i 1 1 1 1 • 

i • 1 1 1 1 1 
• 0 , 1 • 2 

t 
3 

1 
• 4 5 

« 

1 
1 

6 7 
• 

• 8 
1 t 

!_ 
C 1 1 ^ • 1 \ 1 

1 . 0 9 4 0 . 1 2 8 0 . 0 6 3 1 .0352 .0085 0 . 0 0 . 0 0 . 0 0 . 0 

2 .0209 . 2340 .1579 .0956 .0339 x .0102 0 . 0 0 . 0 0 . 0 

3 .1832 . 3767 .1385 . 0 9 9 3 .0482 .0084 0.0 0 . 0 
1 

0.0 M 
VO 

4 .0439 .4247 . 1 6 1 0 . 0 1 8 3 .0C27 0 . 0 0 . 0 0 . 0 0 . 0 1 

5 .0060 . 1 1 4 7 . 1 2 2 1 . 0 5 6 1 . 0 1 9 1 .0023 0 . 0 0 . 0 0 . 0 

6 .0002 . 0 0 7 0 .0070 .poii 0 . 0 0.0 0 . 0 0 . 0 0 . 0 

7 0.0 .00C2 . 0 0 1 0 .0001 0 . 0 0 . 0 0 . 0 0 . 0 0.0 



T a b l e - l ¿ 

Mg 

S t a t i s t i c a l S c a t t e r i n g M a t r i c e s 

• i • k T . 

i 

1-

i 
t 
i 

1 

2 

3 

.0000 .0113 

.0070 

0.0 

.0015 

.0001 

.0444 

.0004 

.0007 

.0723 

.0001 

.0009 

.0849 

.0001 

.0009 

i 
t 
t 
i 

. j . 

i 
i 
i 
• 

I 
< 

i 
i 

. j . 

i 
i 
i 
« 

. j . 

.0502 

0.0 

.0004 

.0268 

0 . 0 

.0001 

.0085 

0.0 

0.0 

.0024 

0 . 0 

0.0 

.0007 

0.0 

0 . 0 

.0002 

0.0 

0.0 

IV) 
O 

n . 2n S c a t t e r i n g M a t r i c e s 

• i • k « T -

i 
i 

• 
1 

• 
1 

1 
1 

1 
1 

1 
t 

1 
1 

1 
1 

i • 0 i 1 1 2 3 4 5 • 6 • 7 f 8 1 9 ' 1 0 

* ; 
t 
. i. 

i 
., 1 ....... 

t 
. , 1 ., , _ 

1 « • 
1 

• 
1 

i 

i 0 . 0 0 . 0 0 . 0 0 . 0 . 0010 .0042 . 0 0 8 1 .0056 .0024 .0008 .0002 

2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 . o o c e .0008 .0009 .0005 .ooce o . o 



T a b l e - 17 

Al 

Group 
J ^ " J . <77 i _ : ^ ' 0 • e r j _ i 

en » 
fcr , 

1 -6397 . 8 5 7 1 .0150 .00043 .0878 . 1 1 9 1 1 .719 .0428 1 .283 .6813 
2 .8259 .8356 0 . 0 . 0 0 0 2 1 .0867 .0506 1 . 8 0 0 . 0 5 2 5 1 . 3 1 1 .5926 
3 1 . 3 6 7 5 .7668 0 . 0 0 . 0 .0283 .00072 2 . 3 6 3 .0949 1 .412 .5495 
4 2 . 1 0 6 1 . 5 5 3 4 0 . 0 0 . 0 . 0035 0 . 0 3 . 6 6 3 . 1 7 3 1 2 . 6 4 5 .4835 
5 2 . 7 1 1 .2879 0 . 0 .00014 0 . 0 0 . 0 2 . 9 9 9 . 2 1 1 5 Î . 9 2 8 . 3 9 5 1 
6 3 . 2 8 9 . 0 7 8 1 0 . 0 . 00016 0 . 0 0 . 0 3 . 3 6 7 . 2 9 3 3 2 . 2 7 2 .3328 
7 4 .032 0 . 0 0 . 0 . 0 0 0 4 5 0 . 0 0 . 0 4 . 0 3 2 .3426 3 . 1 7 5 .2325 
8 3 . 8 0 9 0 . 0 0 . 0 . 0 0 0 8 1 0 . 0 0 . 0 3 . 8 1 0 . 3 7 3 1 3 . 4 5 9 .0922 
9 5 . 1 9 0 0 . 0 0 . 0 . 0 0 2 0 8 0 . 0 0 . 0 5 .192 .5382 4 .989 . 0 3 9 1 

10 5 . 1 9 1 0 . 0 0 . 0 . 0 0 1 8 4 0 . 0 . 0 . 0 5 . 1 9 3 . 4 9 4 4 5 .063 .02496 
U 6 . 7 8 8 0 . 0 0 . 0 . 0 0 7 8 7 0 . 0 0 . 0 6 . 7 9 6 . 6 4 1 8 6 . 6 2 7 .02496 
12 1 . 0 6 4 0 . 0 0 . 0 . 0 0 3 0 4 0 . 0 0 . 0 1 . 0 6 7 . 1 0 1 4 1 . 0 4 0 .02496 
13 1 . 7 5 3 0 . 0 0 . 0 . 0 1 5 3 5 0 . 0 0 . 0 1 . 7 6 8 . 1 6 7 0 1 .724 .02496 
U 1 . 3 3 5 0 . 0 0 . 0 . 00394 0 . 0 0 . 0 1 . 339 .1262 1 .306 . 02496 
15 1 .346 0 . 0 0 . 0 . 00228 0 . 0 0 . 0 1 . 3 4 8 .1283 1 .314 .02496 
36 1 . 3 4 7 0 . 0 0 . 0 . 0 0 2 0 3 0 . 0 0 . 0 1 . 3 4 9 . 3283 1 .315 .02496 
17 1 . 3 4 7 0 . 0 0 . 0 . 0 0 2 5 8 0 . 0 0 . 0 1 . 3 4 9 . 3 2 7 4 1 . 3 1 5 0 .2496 
18 1 . 3 4 7 0 . 0 0 . 0 .00328 0 . 0 0 . 0 1 . 3 5 0 . 3284 1 .336 .C2496 
19 1 . 3 4 7 0 . 0 0 . 0 . 00450 0 . 0 0 . 0 1 . 3 5 1 . 1 2 8 3 1 . 3 1 7 .C2496 
2 0 1 . 3 4 7 0 . 0 0 . 0 . 0 0 6 6 1 0 . 0 0 . 0 1 . 3 5 4 .1274 1 . 3 2 0 .02496 
2 1 1 . 3 4 7 0 . 0 0 . 0 . 00972 0 . 0 0 . 0 1 . 3 5 7 . 1 2 8 4 1 . 3 2 3 .02496 
22 1 . 3 4 7 0 . 0 0 . 0 . 03425 0 . 0 0 . 0 1 . 3 6 1 . 1283 1 .327 .02496 
2 3 1 . 3 4 7 0 . 0 0 . 0 . 0 2 0 9 1 0 . 0 0 . 0 1 . 3 6 8 .1274 1 .334 .02496 

1 . 3 4 7 0 . 0 0 . 0 . 0 3 0 6 8 0 . 0 0 . 0 1 . 3 7 8 .1284 1 .344 .02496 
2 5 1 . 3 4 7 0 . 0 0 . 0 . 04498 0 . 0 0 . 0 1 .392 . 1283 1 .356 .02496 
26 1 . 3 4 7 0 . 0 0 . 0 .06632 0 . 0 0 . 0 1 . 4 1 3 . 3 2 7 4 1 .379 .02496 
2 7 1 . 5 1 1 0 . 0 0 . 0 0 . 2 3 2 0 . 0 0 . 0 1 . 7 4 3 0 . 0 1 .705 .02496 



T a b l a - IB 

Al 

D i s c r e t e L e v e l S c a t t e r i n g M a t r i c e s 

i • k 

• t i 
i 
i 

— « 
• 

- " I — • 

i 
b 

i 
i 

0 ' 1 i 
t 

2 3 ' t 
i 

4 t 
i 
i 

5 6 • 
t 

1 • 

• 
7 

1 . 0179 .1645 .1953 .1826 . 1924 . 0 7 8 0 .0170 .0094 , 

2 . 0 0 9 0 .2344 .1803 .1837 . 1 0 3 4 .0403 ' . 0 0 3 1 
IV) 

0 . 0 ^ 
I 

3 .1223 .2019 .2299 .0959 . 0 3 1 8 .0049 0 . 0 0 . 0 

4 . 0010 .2375 .1219 . 0893 .0219 . 0 0 1 7 0 . 0 0 . 0 

5 . 0274 .1524 . 0 9 9 0 . 0 0 6 4 . 0 0 2 6 0 . 0 0 . 0 0 . 0 

6 0 . 0 .0179 .0469 . 0 1 1 0 . 0 0 2 1 0 . 0 0 . 0 0 . 0 



T a b l e - ff 

AX 

n. 2n Scattering Matrices 

1 • k 

j i i i i i t « « 

1 0 ' 1 ' 2 ' 3 ' 4 ' . 5 ' 6 ' 7 * ( i A i i i * t y i i ' i 
j » • — * - f » » t • 

ö 

ro u> 
0 . 0 0 . 0 .0002 .0013 .0039 . 0 0 4 3 . 0034 .0014 .0005 



Table - 20 

S i 

Group ; ^ : ' o , v n , 2 n ' (7~ 1 
: CK * ' ^ : ^ : ^ : 

1 .722 . 5903 v.0321 .00052 . 2 4 7 4 . 1 7 6 8 1 . 7 6 8 .0388 1 .239 .7333 
2 . 8 0 8 .6875 .0017 .00057 . 2555 .1464 1 . 899 .0433 1 . 3 8 0 .6423 
3 1 . 4 6 5 . 7 4 6 3 0 . 0 . 0 0 0 6 1 . 0 3 9 8 .0104 2 . 2 6 2 . 1064 1 . 9 1 6 . 5 0 9 1 
4 1 . 8 3 4 . 5 3 0 1 0 . 0 .00064 0 . 0 .00038 2 . 3 6 5 . 1 5 7 1 1 .559 .4397 
5 2 . 8 8 8 .1457 0 . 0 . 00065 0 . 0 0 . 0 3 . 0 3 5 .2375 2 . 0 6 4 .3362 
6 3 . 6 2 2 . 0 0 Œ ? 0 . 0 .00066 0 . 0 0 . 0 3 . 6 2 3 . 2 8 2 4 2 . 2 0 0 .3928 
7 3 . 2 4 2 0 . 0 0 . 0 . 00067 O.C 0 . 0 3 . 2 4 3 .2887 2 . 7 8 6 .1409 
8 5 . 5 4 1 0 . 0 0 . 0 . 0 0 0 6 7 0 . 0 0 . 0 5 . 5 4 2 . 5 2 7 7 5.C92 .0813 
9 2 . 7 6 5 0 . 0 0 . 0 .OOCbö 0 . 0 0 . 0 2 . 7 6 6 .2816 2 . 7 1 7 .0178 

10 1 . 6 9 7 0 . 0 0 . 0 . 00214 0 . 0 0 . 0 1 .699 .1555 1 .658 . 0240 
1 1 1 . i»27 0 . 0 0 . 0 .00729 0 . 0 0 . 0 1 . 4 3 ^ .1297 1 . 4 0 0 . 0 2 4 0 
12 1 . 7 1 0 0 . 0 0 . 0 .00028 0 . 0 0 . 0 1 . 7 1 0 .1567 1 . 669 . 0240 
13 2 . 0 9 9 0 . 0 0 . 0 .00032 0 . 0 0 . 0 2 . 0 9 9 .1923 2 . 0 4 9 . 0 2 4 0 

14 2 . 1 5 0 . 0 0 . 0 . 0 0 0 4 6 0 . 0 0 . 0 2 . 1 5 0 . 1 9 5 5 2 . 0 9 8 .C240 

15 2 . 1 5 0 . 0 0 . 0 . 00068 0 . 0 0 . 0 2 . 1 5 1 . 1 9 7 0 2 . 0 9 9 . 0240 
16 2 . 1 5 0 . 0 0 . 0 . 00098 0 . 0 0 . 0 2 . 1 5 1 .1969 2 . 0 9 9 . 0 2 4 0 

17 2 . 1 5 0 . 0 0 . 0 .00145 0 . 0 0 . 0 2 . 1 5 1 .1955 2 . 0 9 9 .C240 

10 . 2 . 1 5 0 . 0 0 . 0 .00212 0 . 0 0 . 0 2 . 1 5 2 . 1 9 7 0 2 . 1 0 0 . 0 2 4 0 

19 2 . 1 5 0 . 0 0 . 0 .00312 0 . 0 0 . 0 2 . 1 5 3 .1969 2 . 1 0 1 .C240 
2 0 2 . 1 5 0 . 0 0 . 0 . 0 0 4 5 8 0 . 0 0 . 0 2 . 1 5 5 .1955 O i r n — .o.-^ . 0240 
2 1 2 . 1 5 0 . 0 0 . 0 . 00674 0 . 0 0 . 0 2 . 1 5 7 . 1 9 7 0 2 . 1 0 5 . 0 2 4 0 
22 2 . 1 5 0 . 0 0 . 0 .00983 0 . 0 0 . 0 2 . 1 6 O .1969 2 . 1 0 8 . 0 2 4 0 

2 3 2 . 1 5 0 . 0 0 . 0 . 01446 0 . 0 0 . 0 2 . 1 6 4 . 1 9 5 5 2 . 1 3 2 . 0 2 4 0 

2 4 2 . 1 5 0 . 0 0 . 0 . 0 2 1 2 3 0 . 0 0 . 0 2 . 1 7 1 . 3 9 7 0 2 . 1 1 9 . . 0 2 4 0 

25 2 . 1 5 0 . 0 0 . 0 .03119 0 . 0 0 . 0 2 . 1 8 1 .1969 2 . 1 2 1 . 0 2 4 0 

26 2 . 1 5 0 . 0 0 . 0 . 04577 0 . 0 0 . 0 2 . 1 9 6 .1955 2 . 3 3 6 .0240 

2 7 2 . 1 5 0 . 0 0 . 0 0 . 1 6 0 0 . 0 0 . 0 2 . 3 1 Ö 0 . 0 2 . 2 5 8 . 0240 



Tabic - 21 

S i 

Discrete Level Scattering Matrices 

1 • k ' 

î i i "¡ i 1 I 
i i t i , i i i 
. 0 , 1 . 2 . 3 , 4 . 5 « 6 . 7 
• ' • • , i « » 

.J -, 1 ! J , I I 

1 .0606 .1099 .0662 .02 IB .0110 0.0 0.0 0.0 

2 .0991 .2336 .0920 .0985 .0405 .0194 .0020 0.0 

3 .1445 .4065 .1231 .0390 .0184 .0034 0.0 0.0 

4 .0016 .2701 .2141 .0339 .0(22 0.0 0.0 0.0 

5 0.0 .0064 .0014 .0449 .0122 .0009 0.0 0.0 

i 



Table - 22 

S i 

Statistical Scattering Matrices 

• k 

0 

• 1 
1 1 
» 1 • 1 1 
« 1 

2 3 

1 
t 
1 
1 
1 

4 5 6 7 8 9 1 0 

i 0 . 0 . 0 0 0 1 . 0 0 4 3 .ce66 . 0 8 1 1 . 0 8 9 8 . 0 7 0 4 . 0 2 8 2 . 0 0 9 0 . 0 0 2 6 . 0 0 0 7 

2 0 . 0 . 0 0 0 4 . 0 0 4 0 . 0 1 8 6 . Œ 7 0 . 0 2 5 2 . 0 1 1 3 . 0 0 3 8 .OQLL . 0 0 0 3 .oooi 

3 0 . 0 .ooce . 0 0 1 4 . 0 0 3 0 . 0 0 3 6 . 0 0 1 9 . 0 0 0 7 . 0 0 0 2 . 0 0 0 1 0 . 0 0 . 0 

n. 2n Scattering Matrices 

• k 

1 1- 1 '" T T 
1 1 f • i • 

1 • 0 1 • 2 • 3 1 4 5 i 6 i - 7 8 • 9 1 1 0 

* • I 
1 

• • i i 1 

1 0 . 0 0 . 0 . 0 0 0 4 . 0 Œ 6 . 0 0 8 2 . 0 0 9 2 . 0 0 7 3 . 0 0 2 9 . 0 0 0 9 . 0 0 0 3 . 0 0 0 1 

2 0 . 0 0 . 0 0 . 0 0 . 0 . 0 0 0 2 . 0 0 0 5 . 0 0 0 5 . 0 0 0 3 . 0 0 0 1 0 . 0 0 . 0 
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—« ! 1 ; I I L 

1 1.042 .424 .0012 0.0 .3746 
2 1*402 .634 0.0 0.0 .3578 
3 2 . U 7 .615 0.0 0.0 .2999 

3.015 .179 0.0 .00016 .1736 
5 2.855 .028 0.0 .00027 .0561 
6 2.419 .003 0.0 .00048 .00417 
7 2.186 0.0 0.0 .00090 0.0 
6 1.957 0.0 0.0 .00180 0.0 
9 2.120 0.0 0.0 .00301 0.0 

10 2.855 0.0 0.0 .00751 0.0 
11 2.607 0.0 0.Ö .01621 0 . 0 
12 1.782 0.0 0.0 .01223 0 . 0 
13 3.315 0 . 0 0.0 .03975 0.0 
14 5.184 0.0 0.0 .2814 .00015 
15 1.177 0.0 0 . 0 .00874 . 0 0 0 2 1 
16 1.323 0.0 0.0 .01287 . 0 0 0 3 1 
17 1.438 0.0 0.0 .01390 .00046 
10 1.569 0.Ç 0.0 .02776 .00067 
19 1.717 0.0 0.0 .04070 .00099 
20 1.828 0.0 0.0 .05977 . 00145 
21 1.919 0.0 0.0 .08778 .00213 
22 2.001 0.0 0.0 .1287 .00313 
23 2.051 0.0 0.0 .1890 .00459 
24 2.036 0.0 0.0 .2776 .00674 
25 2.Œ3 0.0 0 .0 . 4 0 7 0 .0099 
26 2.041 0.0 0.0 .5977 .01452 
27 2.200 0.0 0.0 2.100 .0510 

1285 1.971 
1578 2.552 
1360 3.168 
0380 3.406 
OCEi 2.941 
0.0 2.426 
0.0 2.187 
0.0 1.959 
0.0 2.124 
0.0 2.862 
0.0 2.623 
0.0 1.794 
0.0 3.355 
0.0 5.465 
0.0 1.186 
0.0 1.336 
0.0 1.457 
0.0 1.597 
0.0 1.758 
00013 1.689 
00019 2.009 
00028 2.133 
00041 2.245 
00061 2.320 
00089 2.440 
00131 2.653 
0046 4.356 

J 

0578 1.328 .6168 
0509 1.623 .6629 
0817 1.820 .6367 
,1839 2.066 .4444 
1705 2.001 .3291 
1590 1.732 .2869 
1272 1.683 .2308 
1276 1.689 .1379 
1442 1.940 .0867 
1815 2.700 .0568 
1698 2.525 .0376 
1195 1.755 .C219 
2196 3.298 .0172 
3408 5.376 .0172 
0780 1.166 .0172 
0876 1.313 .0172 
0945 1.432 .0172 
,1039 1.570 .0172 
1137 I . 7 2 9 .0172 
,1202 1.858 .0172 
1291 1.976 .0172 
1345 2.099 .0172 
1348 2.210 .0172 
1349 2.285 .0172 
1340 2.405 .0172 
1342 2.618 .0172 
0 . 0 4.318 .0172 
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K 

Discrete Level Scattering Matrices 

1 
* , 0 

\ 

• 
1 

_ . 1 

• 

' 2 
I 

.,„!.-,., \ •„ 

I 

: • 3 
« 

I 

: 4 

T 

• 

: » 

? . . . 

I • 

: 4 ; 

. ! J 

R» t 

• 
1 

. Ö 

1 

• 

1 
1 
1 

9 

1 0 . 0 0 . 0 0 . 0 0 . 0 O . Ö 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

2 0 . 0 . 0 0 4 0 . 0 4 3 4 . 0 0 7 9 . 0 0 7 6 . 0 Œ 2 . 0 0 0 6 0 . 0 0 . 0 0 . 0 

3 0 . 0 . 1 5 0 5 . 2 5 9 6 . 1 0 2 0 . 0 4 5 9 . 0 1 0 5 . 0 0 1 2 0 . 0 0 . 0 0 . 0 

4 0 . 0 • 0 0 3 1 . 0 5 9 0 . 0 5 0 0 . 0 2 1 1 . 0 0 4 7 . 0 0 0 1 0 . 0 0 . 0 0 . 0 
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Z 

Stat is t ical Scattering Matrice» 

^ - y i • k 

i 

* .. 
0 

1 
1 
1 
1 

< 
1 

1 , 
i 

2 

1 
1 

3 , 
• 

4 

• 
1 
1 
• 

Y 
« 

5 , 
« 

6 7 

• 

: « • 

T" 
t 
1 
1 

9 

1 
• 

• 
1 

10 

i . o œ i .Œ21 .0725 .1046 .1130 .0632 .0327 .0101 .0028 .0008 .0002 

2 .0123 .0657 .1270 .1670 .1073 .0601 .QL96 -.0056 ... ...0016. .0003 .0001 

3 .0026 .0077 .0136 .0105 .0066 .0023 .0007 .0002 .0001 0 . 0 0.0 

4 .0047 . Q u a .0115 .0083 .0032 .0010 .0003 .0001 0.0 0 . 0 0.0 

5 .0066 .0089 .0079 .0034 .0011 .0003v • .0001 0 . 0 0.0 0.0 0.0 

6 .0005 .0011 .0008 .0004 .0001 .0001 0 . 0 0 0.0 0 . 0 0 . 0 0 . 0 

Qx 2n Scattering Matrices 

1 1 
i 
t 

1 • • 
« 

i 
1 

1. 
1 

i • 

* : 

0 
1 • 

1 

1 ¡ 

1 

2 3 ' 
f 

4 
• 
1 
1 

5 • 6 7 • 0 
t 

1 
1 9 

• 
• 

1 

10 

i 0 . 0 0.0 .0001 .0002 .0004 .0003 .0002 .0001 
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Ça 

Group ; ! ^ 
—1 - - — 1 -

« CT~ 0 1 
j n , 2 n , <77 • 

T -
(7~ . n , p , : 

V 
- ^ T r • 

1 .989 .3415 .00104 0 . 0 .3776 .18195 1 . 8 9 0 .0405 1 . 1 8 8 .7097 
2 1 .465 .4687 0 . 0 0 . 0 .6315 .24858 2 . 8 3 4 .0397 1 .728 •7415 
3 2 . 2 8 1 .3565 0 . 0 0 . 0 . 5 1 7 1 .21607 3 . 3 7 1 .0865 I . 9 2 5 .6339 
4 3 . 2 1 1 .0268- 0 . 0 0 . 0 .2537 .09738 3 . 5 8 9 . 2 0 6 1 2 . 3 0 2 .4008 
5 2 . 9 3 8 .0088 0 . 0 .00015 .0255 .01150 2 . 9 6 4 .1935 2 . 2 7 5 .2362 
6 2 . 3 0 5 . 0 0 1 1 0 . 0 .00025 . 0 0 1 1 .00286 2 . 3 1 0 .1569 1 .749 .2434 
7 1 . 8 7 7 0 . 0 0 . 0 . 0 0 0 3 1 .00015 .0026? 1 . 8 8 0 .1051 1 .451 .2288 
a 2 . 8 9 1 0 . 0 0 . 0 .00098 0 . 0 .00260 2 . 8 9 4 .1819 2 . 5 0 7 .1338 
9 2 . 3 9 3 0 . 0 0 . 0 .00332 0 . 0 .00255 2 . 3 9 9 .1736 2 . 0 9 1 .3268 

10 1 . 4 8 7 0 . 0 0 . 0 .00217 0 . 0 .OC252 1 .492 .0989 I . 5 0 9 - .0117 
1 1 1 .800 0 . 0 0 . 0 .01764 0 . 0 . 0 0 2 5 1 1 . 8 2 0 .1193 1 . 8 4 8 - .0158 
32 2 . 1 5 7 0 . 0 0 . 0 . 01041 0 . 0 .0025 2 . 1 7 0 .1443 2 . 2 0 8 - .0176 
13 2 . 3 8 4 0 . 0 0 . 0 .00164 0 . 0 .0025 2 . 3 8 8 .1599 2 . 4 0 6 - .0076 
14 2 . 5 1 9 0 . 0 0 . 0 .00179 0 . 0 .OC25 2 . 5 2 4 .1635 2 . 5 1 0 .0055 
15 2 . 5 6 6 0 . 0 0 . 0 .00300 0 . 0 .0025 2 . 5 7 2 .1668 2 . 5 4 3 .0115 
16 2 . 5 6 8 0 . 0 0 . 0 .00279 0 . 0 .0025 2 . 5 7 4 . 1 6 6 4 2 . 5 3 7 .0143 
17 2 . 5 6 8 0 . 0 0 . 0 .00394 0 . 0 .0025 2.575 .1649 2.535 .0156 
18 2 . 5 6 8 0 . 0 0 . 0 . 00573 0 . 0 .0025 2 . 5 7 7 . 1 6 6 1 2 . 5 3 2 .0163 
19 2 . 5 6 8 0 . 0 0 . 0 .00839 0 . 0 .OC25 2 . 5 7 9 . 1 6 6 0 2 . 5 3 7 .0365 
2 0 2 . 5 6 8 0 . 0 0 . 0 .01229 0 . 0 .0025 2 . 5 8 3 .3648 2 . 5 4 1 .0367 
2 1 2 . 5 6 8 0 . 0 0 . 0 .01843 0 . 0 .0025 2 . 5 8 9 . 1 6 6 1 2 . 5 4 6 .0367 
22 2 . 6 1 8 0 . 0 0 . 0 .02728 0 . 0 .0025 2 . 6 4 8 .3692 2 . 6 0 8 .0368 
2 3 2 . 6 9 8 0 . 0 0 . 0 . 03900 0 . 0 .0025 2 . 7 4 0 . 1 7 3 1 2 . 6 9 5 .0168 
24 2.7.7a 0 . 0 0 . 0 .05699 0 . 0 .0025 2 . 8 3 8 . 1797 2 . 7 9 1 .0368 
2 5 2 . 8 5 6 0 . 0 0 . 0 .0837 0 . 0 .0025 2 . 9 4 3 .1846 2 . 8 9 5 .0168 
2 6 2 . 9 1 9 0 . 0 0 . 0 .1234 0 . 0 .0025 3 . 0 4 5 .1893 2 . 9 9 6 .0368 
2 7 2 . 9 8 7 0 . 0 0 . 0 . 4 3 0 0 . 0 .0025 3 . 4 2 0 0 . 0 3 . 3 7 0 Ç0368 
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Ca 

Discrete Level Scattering Matrices 

1 
• 

1 
1 

0 

1 
1 
• 1 1 
1 

2 3 « 4 

Li "• « 
1 
1 
1 

1 
5 • 

1 
1 

6 

1 . 0 1 0 0 . 0 9 9 8 . 0 8 7 1 . 0 4 7 6 . 0 1 2 5 0 . 0 • 0 . 0 0 . 0 

2 . 0 0 4 8 . 0 7 6 4 . 1 4 6 6 . 3 2 7 0 . 0 6 3 3 . 0 2 5 3 .0037 0 . 0 

3 . 0 0 1 6 . 0 2 1 4 . 1 2 8 2 . 1 0 9 1 .0721 . C 2 1 9 . 0 0 1 9 0 . 0 

V . 0 0 1 2 . 0 0 5 6 .0004 . 0 0 8 8 . 0 0 7 9 . 0 0 2 9 0 . 0 * 0 . 0 

5 0 . 0 . 0 0 3 7 . 0 0 3 7 . 0 0 1 4 0 . 0 0 . 0 0 . 0 0 . 0 

6 0 . 0 0 . 0 . 0 0 0 3 .0006 . 0 0 0 2 0 . 0 0 . 0 0 , 0 
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Ca 

Statlatlcal Scattering Matrices 

1 • k 

k —> « 1 
1 

• 
• i i 

1 
i 

1 i 0 • 1 • 2 3 4 5 i 6 r» • i 8 . 9 
>1/ 

i 
, J. 1 1 i • 

i 
i 
f 

1 .0005 .0055 .0179 .0026 .0279 .0156 .0081 .0025 .0007 .0002 

2 .0005 .0025 .0081 .0064 .0041 .0023 .0007 .0002 0 . 0 0 . 0 

n. 2n Scattering Matrices 

• k 

k ^ r : 

0 
I 
» 

i 

>1/ 

I 
I 
I • 

J . 

8 

0 . 0 0 . 0 .0001 .ooce .0003 .ooce .0002 o . o 0 . 0 0 . 0 


