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INFN/BE-67/11
18 Settembre 1967

P. Cuzzocrea, S.Notarrigo and E. Perillo: (n,o{ ) CROSS SECTIONS FOR
~ 14 MeV NEUTRONS (¥),

INTRODUCTION. -

Recently Chatterjee(24’ 26) and Gardner and Yu(gg) have tried
to analyse the behaviour of the (n, ¢l ) reaction cross sections for ~14
MeV neutrons against the mass number, the proton number and the neu-
tron number,

These attempts are based on the comgpilations of the experi-
mental data made by the same authors(24, 25, 39),

(39)

However, the compilation of Gardner and Yu is partial as
experimental data are collected only for the elements from Z=6 to Z=30,
Moreover, maximum and minimum points are given without the mean
values,

Chatterjee(24’ ) collects the experimental data available up

to December, 1963 for all the elements, Also in this case no mean va-
lues are shown. Moreover, published data repeated by other authors in
various papers are often reported by him as being the results of separa
te measurements and all the results of excitation function measurements
around 14 MeV are quoted.

In order to investigate the regularity of these cross sections
it appeared desirable to have at one's disposal a more accurate compila
tion, brought up to date.

(%) - Work supported by Euratom-CNEN Contract.
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COMPILATION. -

In the table shown are collected the experimental data from the
literature in the range 14. 0 + 15. 0 MeV available up to July, 1967 accor-
ding to the following criteria previously used for a compilation of the (n, p)
neutron cross sections(32);

1) - only data quoting the experimental errors were taken,

2) - the result at or nearest to 14. 5 MeV neutron energy was taken in the
case of excitation functions;

3) - only the most recent result was taken in the case of various data from
the same authors for the same reaction;

4) - differential measurements at particular angles were rejected.

Columns 1 and 2 give the target nucleus and the stated neutron
energy. In column 3 are reported the experimental techniques abbreviated
thus: A = activation measurements, E = emulsion experiments, D = di-
rect measurements and T = transmission experiments., Columns 4 and 5
give the experimental values and the references for the original sources.
In column 6 are reported the weighted means, 6”4y, calculated as previou
sly shown(32) according to the Birge's consistency criterium, by using
1/( (AG"‘i)z +e?) as weights. In fact, in the case of non-consistency of the
experimental sets of results the weights 1/(A 6"1)2 can not long be used as
systematic errors are present. In these cases the accuracy index 1/((A6‘i)2+
+eiz) (where e; is the systematic error of each measurement) must be u-
sed. Neither the Aﬁ"i nor the e; are well known as some authors give as
A G’ only the statistical errors and others include in AG'i also an estimate
of the systematic error. The simplest hypothesis is to consider the AG"i
as only the statistical errors, and to assume that the systematic errors
are random, following a Gaussian law with mean = 0 and variance = e2, In
this way the cross section is the sum of two variables, 6 ; + ej, both with
Gal.éssian distribution and therefore with a mean =&i and variance (A 6‘1)2+
+ ga,

e2 must be obtained from the Birge's criterium (see ref, (32))
s (&)
ext Wiy
Sint (e?)

2 and can be resolved only

This equation is unfortunately not linear in e
with numer ical methods.

A rough estimate of e2 can be obtained from the square deviations

£, -5 e
2 _i=1 =1

g S N -1 N

where 6 is the arithmetic mean & =
o
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Sometimes the value of e2 obtained in this way is very high,
It is convenient to lower it and generally to use the smallest value which
will still give the consistency in order to maintain a heavier weight to
the more precise of the original measurements. (For this method see
Parrat: Probability and Experimental Errors in Science - Wiley (1961)
and P, G, Guest: Numerical Methods of Curve Fitting - Cambridge Univ,
Press (1961)).

When the experimental data are originally consistent the va-
lue of e? is assumed of course equal to 0,
In any case the errors associated with the means are the internal ones
or the external ones(32), whichever the larger,
In column 7 are reported the values of @ rel. » calculated as shown in
ref, (32). It can be seen that generally these values agree very well with
those calculated with the correct statistical method. The errors are, ho
wever, generally higher by a factor of ~ 3,

The last column gives the ratio £ between the maximum and
the minimum values, calculated taking into account the stated error li-
mits., One can see that the spread of the various experimental results
is often very large,

COMMENTS. -

The situation is worse than in the case of the (n, p) reaction
cross sections(32). The data are fewer and many measurements have
not been repeated, above all those for the high-Z elements.

It would be advisable to obtain a more complete set of expe-
rimental data to prove the existence of the observed trends. Especially,
complete sets of measurements under the same experimental conditions
are needed for series of isotopes or isotones to check the shell-structu
re effect,

]
(B
&



Table: Experimental and averaged (n,cl) cross sections

Target En Tecni G~ exp Ref o av 6” rel ¢
nucleus {MeV) ‘que (mb) I (mb) (mb)
6Li 14,1 D 26 £ 4 (79) 25,8 + 1.5 25.8 + 4.3 1. 36
- ? 28,8+ 1.8 (74)
QBe 14;1 A 10+1 (6,7) 10+1 -—-
IIB 14,1 E 351 (80) 32,7 + 4.7 33.0 £ 9.4 1. 50
14,7 E 30.9 + 6.3 (4)
12C - 14,1 T 80 +20g) |[(42) 144 1 45 -——
14 E 62 + 15g) [(2)
14 BE 82 + 42 m) ((2)
160 14,1 D 290 £ 25 (14) 290 + 25. -
19F 14, 18 A 15.0 + 5.0 (73) 15+ 5 -
23Na 14. 8 A 222 +:22 (65) 149 + 33 180 + 36 12,2
14,8 E 185 + 28 (51)
14, 18 A 172 £+ 20 (73)
14, 05 D 147 + 18 (9)
14 D 29 %9 (12)
ZGMg 14. 8 A 89 +5 (67) 79.1 £6.5 81.3.+ 7.0 1. 57
14,7 A 80 +3 (68)
14,74 £ 0,20 A 66.5 £ 6.7 (17,18)
' 2751 14,1 A 135 +10 (36) 114,8 £ 1.9 [114.8 £ 11,9 2231
14,42 £+ 0,26 A 122+ 1 (71)
14,1 A 120 + 15 (92)
14.5 +0,2 A 119.8 + 6.0 (8)
14,1 D 119 + 10 (84)
14, 4 A 118 + 12 (38)
14,6 A 118 + 12 (30)
. 14,1 A 118 + 5 (13)
14, 76 A 11T &8 (94)
14 A 117 + 8 (64)
14,1 A 116 £ 13 (40)
15,0 A 116 + 9 (34)
14, 24 A 116 + 4 (23)
14, 1 A 115 + 10 (45)
14,6 A 115 £2 (87)
14, 8 A 114 £ 7 (76)
14 | A i IRE 48 ) (53,54)
14, 66 i A 111 £2 (61)
14,9 | A 107 + 11 (48)
14, 8 E 82 £ 17 (57)
14,5 A 78,9 + 10 (69)

(g) - only to the ground state

(m) - only to the metastable state,




T
Target En Tecni G’ exp | Ret & av o rel ¢
nucleus (MeV) que (mb) . (mb) (mb)
30, 14.7 A 175 + 18 (68) 117 + 34 151 + 61 9,23
14. 8 A 123 + 15 (52)
14,5 A 45,9 + 25 (69)
31, 14.7 A 153 + 20 (49) 123 + 8 121 + 16 1. 88
14,5 A 146 + 29 (69)
14,5 + 0.4 A 142 + 17 (72)
14,1 D 118 + 16 (14)
14, 4 A 117 + 14 (38)
14,7 A 96.8 +3.5 |(68)
14,8 + 0, 1 A 129 + 3 (95)
324 14. 8 E 38 +8 (57) 38 + 8 ——d
34, 14,8 A 165 + 23 (52) 143.5 + 10,5 142 + 25 1. 83
; 14.17 A 163 + 12 (68)
14. 5 A 138 + 35 (69)
14,1 A 126 + 17 (3)
35, 14. 5 A 191 + 31 (69) 124 + 20 136 + 43 3. 36
14, 8 A 122 + 56 (83)
14,6 + 0.2 A 109 + 17 (66)
14 A 100 + 20 (58)
P 14,51 + 0,18 A 112 + 12 (19) | 70.5 +22.1 | 89.2 +33.5 4,69
14,5 A 52.4 + 26 (69)
14,8 A 43.8 + 6.9 |(83)
40, 14,1 A 31+46 [(93) | 25.1 +2.5 25,7 + 4.4 1. 62
14,7 A 24 +2 (43)
391( 14 D 83 + 16 (11) 83 + 16
41K 14,5 + 0.4 A 39+ 8 (72) 28,8 + 3.9 31.8 + 10,2 6.71
14.8 A 33 +4 (52)
14.17 A 31,56 + 1,5 |(68)
14,5 A 31,4 +11 |(69)
14.7 + 0.2 A 30 + 12 (21)
14 D 1245 (12)
“, 14. 8 A 113 £+20 | (52) | 54.3 +25.7 | 69.8 + 19,5 5.79
- 14.5 A 35 + 10 | (46)
14.5 + 0.4 A 29+ 6 (72)
454 14 A 132 +25 | (54) | 61.9 +13.6 | 57.1 +9.5 3,08
= 14,17 A 63 +12 | (21)
14.8 A 63 +10 | (65)
14,5 + 0.2 A 56.3 + 2.8 | (8)
13.1 + 15.4 ? 34 +3.5 |(5)
48 14,1 A 39 + 6 (93) 39+6 s
Ti
50,0, 14,5 A 10+2 | (47) 9.8 + 1.6 9.8 + 3.5 1. 85
. 14.1 A 9.4+2.8 |(93)
9
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Target En Tecni G exp G av G rel
- Ref, &
nucleus (MeV) que (mb) {mb) (mb)
65, 14.7 £ 0.2 A 14 £ 10 g) [(21) 15.9 + 10 ==
e 14.1 A 7.5+2 g) [(49)
14,10+0,15 A 4.8 + 1.4g) |(17)
14,5 A 1.9 + 0.6m) [(20,21)
68, 14,7 £ 0,2 A 18+5 (21) 10.0 + 4.4 8.9 +2.6 3.38
i 14, 05 A 7.6 £ 0.8 [(10)
70 14 ? 11.4+3.2  |(62) 11.4+3.2 —
Zn
‘69 14,5 A 105 +55  |(69) 105 + 55 L
Ga
2, 14,4 + 0.3 A 15.2 + 1.5 |(91) 15.2 + 1.5 ene
134 14,0 D 0.13 + 0,02g)|(99) - - ---
2 14,1+ 14. 8 D 0.10 + 0,02g)[(98)
45, 14 A 40+ 8 (54) |20.0+7.8 |18.5+86.0 5. 34
14.5 A 15+ 6 (69)
14,4 £ 0.3 A 13,3+ 1.3 [(o1)
5, 14 E 20 + 3 (51) |14.3+3.5 |[15.0+3.1 5. 16
14.10+0,15 A 12.5 + 1.5 |(17,18)
14, 5 A 12,3 +2.3  |(69)
14.68+0,26 A 10.2 + 0.7 |(8)
14,7 + 0.2 A 9.3+£3.1 |1
T8 14,3 £ 0.3 A 61 (78) 6+ 1 e
80 14,5 A 38 + 16 (69) 38 + 16 S
9 14.8+ 0,1 A 20 + 10 (95) |[13.6 £1.3 |14.8+4.0 2. 85
14 A 18 +2.5 |(64)
14.9 D 16.1 +2.5 |[(96)
14.7 A 15,3 + 1.5  [(97) :
14,1 D 13.6 +3.5 |(14)
14, 05 A 10+ 1,8 |(10)
14,7 + 0.2 A 9.2 £2.0 [(21)
81, 14.6 A 107 +20 |(87) |[32.6 +17.4 |33.5+12.0 57.7
14,5 A 103 +20 [ (89)
14,8 + 0,1 A 14+ 10 | (95)
14 A 10 + 1 (64)
14.9 D 7.5+1.5 |(96)
14.7 £ 0.2 A 6.6 +1,4 |(21)
14,7 A 3.2+ (97)
85, 14.6 A 142 + 9 (87) |73.8 +67.5 |82.5+17.9 23,2
14.10+0,47 A 7+£0.5 |(18)
BT, 14. 6 A 59 +12 [(87) |[51.8+9.6 55 + 25 3. 09
14,5 A 39 + 16 (69)
88 14,6 A 87 £31 |[(87) 87 + 31 _—
14.5 A 64 + 20m) | (69)
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Target En Tecni G exp St G av 6" rel ¢
nucleus (MeV) que (mb) . (mb) (mb)
89, 14.6 A 96 +24 |(87) [48.7 £29.2 |18,8 +8.6 26. 7
14.5 A 70 + 41 (69)
14,5 + 0,2 A 5+0,5 [(8)
14,7 £0.2 A 0,91+0,45m) [(21)
90, 14, 5 A 1944107 m) |(69) s —— -
14, 05 A 3.340.6 m) |(10)
14,1 A 3, 140, 2 m) [(22)
14.7+0.2 A 2. 8+1.3 m) [(21)
92, 14,68+ 0.26 A 10.6 + 0.9 |(8) i0.6 £0.9 s
9%, 14,5 + 0.2 A 5.5+0.4 [(8) 4.70 + 0.35 |4.98 + 0,91 1. 90
14. 1 A 4.9 + 0.6 [(22)
14 A 4,7 40,8 |(58)
14.7 £ 0,2 A 43 +1.1 |(21)
14, 05 A 3.6 +0.5 |(10)
9., . 14,7 £ 0,2 A 5+ 4 (21)  [2.34 + 0.50 |2.48 + 2,05 5, 00
14 A 2.3 +0,5 [(58)
93, 14,5 + 0, 2 A 9.5 +0.5 |[(8) 9.47 + 0,48 | 9,47 + 2,62 1. 86
14,17 D 9.3 +2.8 |(55)
14, 05 A 9,0 + 2.2 (10)
14.7.+£ 0.2 A 5.9 +2.0g) |(21)
14, 7 A 5+2 m) |(1)
92, 14,7 £ 0,2 A 20+ 8 g) [(21) e e mey
100, 14,6 A 14 + 6 (87) |15.5+5.6 | 17.7 + 13,0 5. 00
14,1+ 0,2 A 25 + 15 (33) :
99, 14.1 ? 2.02 +0.22 |(41) 2.02 + 0,22 Epn.
104, 14,1 A 2.6 £ 1.0 |[(44) 2.6 +1.0 i
103, 14,5 A 63 + 26 (69) 63 + 26 e
108, 14, 05 A 2.3+0.4 [(10) 2.3+0.4 ok
+ .8 ---
110, 14,5 A 13.8 + 6 (89) 13.8 + 6
109, 14 A 38 + 10 (54) |20.9 +12.3 | 19.4 +6.0 4, 80
g 14, 8 A 12 +2 (65)
108, 14.1 A 100 + 40 (93) 100 + 40 ek
112, 14,5+ 0, 2 A 3.1+£0.2 [(8) 2.3+0.5 |2.89+0,58 3.30
14,1 A 2.4+0,36 |(93)
14 A 1.3+ 0,3 (35,58)
5L 14 A 0.51+ 0.13g)| (35) | 0.68 +£0,07 | 0.69 + 0,17 1. 56
14,1 A 0.5+ 0,07g)| (93)
14,1 A 0,2 +0,03m}) (93)
14 A 0.13 +0,04m) (35)
540




Target Ep Tecni G’ exp Ref G av G rel; ¢
nucleus (MeV) que (mb) § (mb) (mb)
116, 14,1 A 0.5 +0.5 |[(93) 0.5+0,5 ——i
115, 14.6 £ 0,2 A 3.0+1.2 |(66) | 2.76 £0.23 | 2.8 +0.9 2,33
14. 5 A 2.9+£0.3 |(28)
14, 05 A 2.5+0.4 |(10)
118 14,540, 2 A 1.14 + 0,08g) | (8) - e ——-
124, 14,8 A 3.7T+2 (60) 3.7+2 -
126, 14,8 A 0.6 + 0.3 (60) 0.6 +0,3 ===
130, | 14.8 A 0.94 + 0.3 (60) | 0.46 +0.21 |0.46 + 0,16 2. 00
14. 5 A 0.37 £ 0.05 | (28)
1217, 14, 05 D 1.39 + 0.17 | (9) et - -
14, 5 A 18.4 + 3 m) |[(69)
133, 14,5 A 1.9 + 0.2 (28) | 1.60 £0,21 |1,79 + 1,21 21,0
14.7+0,2 A 1.0 + 0,9 (21)
14, 05 A 1.0 + 0,3 (10)
138 14,1 A 13 + 2 g) (37) - — i
14,0 £ 0,2 A 3.6 + 0.5g) |(31)
14,1 A 13.+2m) |(37)
139, 14,6 D 3+0,8 (56) | 1.96 + 0.26 |2.05 + 0,59 2.24
14, 5 A 1.9 £ 0,2 (28)
140, 14 ? 7+2 (86) 7+2 it
14,5 A 12,1 + 6 m) | (69)
14.53+0,14 A 11.0 + 1.1m) | (17)
14, 8 A 9+2m) |(90)
142 14. 8 A 8+2 (90) 7.1+ 0,7 7.1+ 1,9 1.67
14,5 A 7.0 £ 0.7 (28)
14 14. 6 D 3+0.5 (56) 3+0.5 et
142, 14 ? 10+3 (86) | 11.3 + 1.8 11.4 + 4.0 2,03
14,8 A 2+1g) (90)
14, 8 A 10 £2 m) |(90)
146 14, 8 A 8.3+2 (90) 4.7 + 2.1 4.2 +1.2 4.64
14,6 A 2.6 + 0.4 (28)
148 14, 8 A 5+1 (90) 541 cimm

g) only to the ground state

m) only to the metastable state,
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Target En Tecni G exp Ref G-av 6~ rel ¢
nucleus (MeV) que (mb) ; (mb) (mb)
152, | 14.8£0,9 A 10 + 2 (89) 9.8 +1.9 9.9 + 5.9 3, 56
14.5 A 8.9+5 (69)
154 14.8 +0,9 A 9+3 (89) 9+3 i
Sm
153 14. 8 A 942 (52) 9+2 e
Eu
156, , 14,5 A 3.2 +0.5 [(28) 3.2+0,6 .
160, , 14, 8 A 2+1 (90) 2 %1 P
14 1 - -
159, 14,1 D 2.2 +0.5 |(58) 2.2+0,5
162, 14,5 A 3.6 + 0.4 [(28) 3.6 +0,4 T
164, 14,8 A 4.5+0.8 [(90) 4,3 +0.6 |4.33 +1,33 1.77
Y li14.8 A 441 (52)
168, 14, 8 A 0.5 + 0.2g) |(90) 1.5+0.3 ---
14. 8 A 1.0 + 0.2m)|(90)
170, | 14.8 A 1,0 +0.2  |(90) 1.0+0,2 . bn
178 14,5 A 2.0 +0.2 |(28) 2,0+0,2 ohw
187, [14.5 A 0.94 + 0.14 |(28) 0.94 + 0, 14 o
190, 14.5 A 0.57 + 0.08 |(28) | 0.51 +0.05 |0.51 £ 0,10 1.59
u 14,6 + 0, 2 A 0.47 + 0,06 |(66)
191 14.5 A 2.4 +0.4 |(28) 2.4+0,4 A
193 14 A 11+2 (54) 11 42 e
1945, 14,5 A 1.26 + 0.25. | (28) 1.26 + 0,25 s
L]
196, 14,5 A 0.55 + 0,11 | (28) 0.55 £ 0, 11 5.5
197, 14. 5 A 0.43 + 0,04 [(28) | 0.37 +0.02 [0.37 +0.04 1, 42
> 14.5 +0,2 A 0.35 + 0,02 |(8)
200, 14,5 A 1.77 £ 0.35 | (28) 1.77 + 0, 35
202, 14.5 A 1.01 +0.10 | (28) 1.01 + 0. 10 -
208, 14,5 A 0.37 + 0.04 | (28) 0.37 + 0, 04 dals
206, 14, 1 A 2.7+0.4 | (93) 2.7+0. 4
208, 14,5 A 1.58 + 0,25 | (28) 1.58 + 0,25 Epe=s
209, 14.5 A 1.2 +1 (69) | 0.58 + 0,07 | 0.64 + 0,33 5. 00
14,8 A 1,1+£0.3 (76)
14. 8 A 0.6 +0.1 |-(65)
14,5 A 0.52 + 0.08 | (28)
230, 14.5 A 4.6 +1.2 | (28) 4.6 +1.2 o
238, 14.5 A 1.5 +0.3 | (28) 1.5+0,3 i

i




1

REFERENCES. -

(1) - W, L. Alford, D. R.Koehler and C. E, Mandeville: Phys. Rev. 123, 1365 (1961).
(2) - R, A, Al-Kital and R, A, Peck Jr. : Phys. Rev. 130, 1500 (1963).
(3) - L, Allen Jr. et al.: Phys, Rev. 107, 1393 (1957).
(4) - A, H, Armstrong and G. M. Fyre Jr. : Phys, Rev. 103, 335 (1956).
(5) - Bass et al. : EANDC (E) 57 "U", 1 (1965).
(6) - M. Battat and F. Ribe: Phys. Rev. 88, 159 (1952),
(7) - M. Battat and F. Ribe: Phys. Rev. 89, 80 (1953).
(8) - B. P. Bayhurst and R. J. Prestwood: Journ. Inorg, Nucl. Chem. 23, 173 (1961).
(9) - P.G. Bizzeti et al,: Nucl. Phys. 36, 38 (1962).
(10) - H. G, Blosser et al. : Phys. Rev, 110, 531 (1958); ibid, 100, 429 (1955).
(11) - M, Bormann: Zeit. f. Naturf. 17a, 479 (1962).
(12) - M. Bormann et al. : Zeit. f. Naturf. 15a, 200 (1960).
(13) - M. Bormann et al. ; Journ. Phys. Radium 22, 602 (1961),
(14) - M. Bormann et al, : Zeit, f. Physik 174, 1 (1963).
(15) - M. Bormann et al. : Nucl, Phys, 63, 438 (1965).
(16) - M, Bormann et al, : EANDC (E) 57 "U", 17 (1965).
(17) - M, Bormann et al, : EANDC (E) 66 "U", 42 (1966).
(18) - M, Bormann et al, : Paris Conf, CN 23/81 (1966),
(19) - M. Bormann et al, : EANDC (E) 76 "U", 51 (1967).
(20) - E. T. Bramlitt et al. : Phys, Rev. 125, 297 (1962).
(21) - E. T. Bramlitt and R. W, Fink: Phys,. Rev. 131, 2649 (1963).
(22) - J. E. Brolley et al. : Phys, Rev, 99, 330 (1955).
(23) - J. Butler and D, C, Santry: Can, Journ, Phys, 41, 372 (1963).
(24) - A. Chatterjee! Nucl, Phys. 417, 511 (1963); ibid. 49, 686 (1963),
(25) - A, Chatterjee: Nucleonics 22 N© 8, 108 (1964).
(26) - A. Chatterjee: Phys, Rev. 134 B, 374 (1964).
(27) - D. Chittenden et al. : Phys. Rev, 122, 860 (1961).
(28) - R. Coleman et al. : Proc, Phys. Soc. 73, 215 (1959).
(29) - W. Cross et al. : Bull, Am, Phys, Soc. 7, 335 (1962).
(30) - J. Csikai, B, Gyarmati and L. Hunyadi: Nucl, Phys, 46, 141 (1963).
(31) - P. Cuzzocrea, S.Notarrigo and E. Perillo: Accepted for publication in
"Il Nuovoe Cimento'.
(32) - P, Cuzzocrea, S, Notarrigo and E. Perillo: Report INFN/BE-67/10 (1967).
(33) - P. Cuzzocrea, E, Perillo and S. Notarrigo: Accepted for publication in
"Nuclear Physics'',
(34) - M, De Praz et al, : Journ. Phys, Radium 21, 377 (1960).
(35) - B. Dzantiev et al, : Soviet Phys, Doklady 2, 135 (1958).
(36) - S. G. Forbes: Phys, Rev. 88, 1309 (1852).
(37) - F. Fukuzawa: Journ, Phys. Soc, Jap. 16, 2371 (1961).
(38) - F. Gabbard and B, D. Kern: Phys. Rev, 128, 1276 (1962).
(39) - D. G. Gardner and Yu-Wen Yu: Nucl. Phys. 60, 49 (1964),
(40) - V. N. Glagolev et al. : Sov, Phys, JETP 9, 742 (1959).
(41) - N. W. Golchert, D.G. Gardner‘and J,Sedlet: Nucl. Phys. 73, 349 (1965).
(42) - E. R. Graves and R. W, Davis: Phys, Rev. 97, 1205 (1955).
(43) - P, R. Gray et al, : Nucl, Phys. 62, 172 (1965).
(44) - P.R.Gray et al, : Nucl. Phys, 75, 1215 (1966).
(45) - J. A, Grundl, R. L, Henkel and B. L. Perkins: Phys, Rev, 109, 425 (1958),
(46) - P, Hille: Anz, Ost, Akad, Wiss, 12, 200 (1961).
(47) - M. Hillmann: Nucl. Phys. 37, 78 (1962).
(48) - J. Jeronimo et al. : Nucl, Phys. 47, 157 (1963).
(49) - J.Kantele and D, G. Gardner: Nucl. Phys. 35, 353 (1962).
(50) - B, Karlik: quoted-in (49),
(51) - O, N, Kaul: Nucl, Phys. 29, 522 (1962); ibid. 33, 171 (1962); ibid. 39, 325
(1962),

/R



12.

(52) - C.S.Khurana and L M. Govil: Nucl. Phys. 69, 153 (1965).

(53) - C.S.Khurana and H. S. Hans: Nucl. Phys. 13, 88 (1959).

(54) - C.S.Khurana and H. S, Hans: Proc, Symp. Nucl, Phys. Waltair, 297 (1960).
(55) - P.Kulisic et al. : private communication to (25).

(56) - P, Kulisic et al, : Nucl. Phys, 73, 548 (1965).

(57) - L. Kumabe: Journ, Phys. Soc, Jap. 13, 325 (1958).

(58) - V.N, Levkovskii: Sov. Phys. JETP 18, 213 (1964).

(59) - H. Liskien and A, Paulsen: Nucl, Phys. 63, 393 (1965).

(60) - N. K. Majumdar and A, Chatterjee: Nucl. Phys, 41, 192 (1963).

(61) - G.S. Mani et al. : Nucl. Phys. 19, 535 (1960).

(62) - J. L, Meason and P. K, Kuroda: Phys. Rev. 138B, 1390 (1965).

(63) - B, Minetti and A, Pasquarelli: Zeit. f. Physik 199, 275 (1962).

(64) - 5. K, Mukherjee et al. : Proc. Symp. Nucl, Phys, Waltair, 289 (1960).

S.
(65) - S. K, Mukherjee et al.: Proc. Phys, Soc, .77 A, 508 (1961),
(66) - W, Nagel and H. W, Aten.Ir, : Physica 31, 1091 (1965).

(67) - M. Nurmia and R. W, Fink: Nucl. Phys. 8, 139 (1958).

(68) - A, Pasquarelli: Nucl. Phys. A93, 218 (1967).

(69) - E. B. Paul and R. L, Clarke: Can. Journ, Phys. 31, 267 (1953).
(70) - A, Paulsen and H, Liskien: Journ, Nucl. Energy 19, 73 (1965).
(71) - A, Paulsen and H, Liskien: Journ, Nucl. Energy 19, 907 (1965).
(72) - A, Peil; Nucl. Phys, 66, 419 (1965),

(73) - J. Picard and C, Williamson: Nucl. Phys. 63, 673 (1965),

(74) - H. Pollehnh: unpublished, quoted in (11).

(75) - H. Pollehn. and H. Neuert: Zeit, f, Naturf. 16a, 227 (1961),

(76) - A. Poularikas and R, W, Fink: Phys. Rev. 115, 989 (1959).

(77) - L Preiss and R. W, Fink: Nucl. Phys. 15, 362 (1960).

(78) - P, V., Rao and R. W, Fink: Phys, Rev, 154, 1023 (1967).

(79) - F. L. Ribe: Phys. Rev. 103, 741 (1956).

(80) - M., Sakisaka: Journ. Phys. Soc, Jap. 14, 554 (1959).

(81) - S, R, Salisbury and R, A, Chalmers: Phys, Rev, 140 B, 305 (1965),
(82) - D, C, Santry and J. P. Butler: Can. Journ. Phys, 42, 1030 (1964).
(83) - R.S. Scalan and R. W. Fink: Nucl. Phys. 9, 334 (1958).

(84) - U. Seebeck and M. Bormann: Nucl. Phys, 68, 387 (1965).

(85) - W. G, Slinn and J. M. Robson: Can, Journ. Phys, 41, 545 (1963).
(86) - G. Staudt: Zeit, f, Physik 201, 105 (1967).

(87) - P. Strohal et al. : Nucl. Phys. 30, 49 (1962).

(88) - E, Weigold: Australian Journ, Physics 13, 186 (1958).

(89) - R, G, Wille and R. W. Fink: Phys, Rev, 112, 1950 (1958),

(90) - R, G, Wille and R. W, Fink: Phys. Rev, 118, 242 (1960).

(91) - R. E, Wood et al. : Phys. Rev, 154, 1108 (1967).

(92) - S. Yasumi: Journ. Phys, Soc. Jap., 12, 443 (1957),

(93) - Y. W, Yu and D, G. Gardner: Nucl, Phys. A 98, 451 (1967).

(94) - H. G, Schmitt and J, Halparin: Phys. Rev. 121, 827 (1961),

(95) - B. Grimeland, E, Kjellsby and J. Vines: Phys, Rev, 137 B, 878 (1965).
(96) - V, Konig: Nucl, Phys. 71, 497 (1965),

(97) - B. Minetti and A, Pasquarelli: Nuovo Cimento 50 B, 367 (1967).
(98) - J.H, Aitken and W, R. Dixon: Nucl, Phys. 67, 395 (1965).

(99) - P, Huber et al, : Helv, Phys, Acta 39, 217 (1966).





