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1. Energetic Relations
S - “In’this paper a compilation of measured excitation function data for heavy ion in-
.~ “duced compound .nucleus reactions is presented. A projectile with the kinetic energy E lab
. interacts with.a target nucleus and forms an excited compound nucleus of ‘excitation energy

E oxé ; Wwhich decays by -emission of particles and gamma quanta Here, only reactions
o " with ‘emission” of neutrons are dealt with: The excitation functions of such reactions show

- 'sharp maxima, the positions of which depend on the number X ~of emitted neutrons. The.
large body of experimental (HI, xn ) reaction data presented in the succeeding tables,

".“offers the possibility to look for a simple and reliable way for optlmmng the experimental

.~ conditions of - such type of reactions. Only the tabulated values of mass excess and neutron

- separation. energy are used to formulate an emplrxcal relatxon for the peak position of the

\excltatxon functlons
‘As it is suggested by Alexander and Simonoff @0) - the relation

- X

(<E> - 3 Bin)/x ~5.0....6.5MeV /Y
. X R

: '1s vahd ,regardless of the number of the evaporated neutrons and the pro]ectlle mass, which
*has been proved correct for a number of reactlons leadmg to the product nuclei 4% 150 151 Dy.
<In this: notation- - B inis the neutron separation energy of the compound nucleus or the
1ntermed1ate nuclei’ formed in' the neutron evaporatlon cascade, <E >, designates the mean
wvalue of the compound nucleus excitation energy, which corresponds to the centre of gra-
ovity of -the ‘measured excitation function. In case of a symmetrlc shape of the excitation
- function thxs quantity coincides with the peak position E,xc , wWhich will further be used
“ by us-as a falrly good. approxlmatxon in order to simplify the analysxs of the experimental
data. The excitation energy consists of the mass excess difference of the ingoing target
S and prolectlle nuclei and  the outgoing compound nucleus, -added to the kinetlc energy (in.
" the centre of-mass system) brought in by the projectile.-

— 4

E  -E

exc lab

(M =A)p+(M=A) —(H~A), [/

[~



‘where (i~4) denote the mass excesses of target('T) , ion(l)- and compound nucleus: ’
(c).In analogy to the expressxon /1/ we define a quantlty

€ = (E,. - 2 Bin) /x - k /3/ .
. representmg the average energy value, which is carried away by each step of the evapo-
ration cascade in form of gamma. radiation and kinetic energy of the emitted neutron

2. ‘Compilatio‘n of Experimental Data

Data: charactenzmg the excitation functions of ( HI, xn ) reactions, available in the
‘ 11terature were arranged in tables 1-12 in order to get statistical material for the charac- -
, ‘ terlstlc quantlty €and 1ts dependence of the mass number The compilation covers HI reac-
itlons withB',C , N, O F.,Ne,P and Ar as incoming particles. ~
In the flrst column of the tables the compound nucleus reaction is spec1f1ed ordered
"_with increasing mass numbers of. react1on products. - -
) The second column contains the. energy position E,,,b of the peak of the excita-
: tion _function, measured in the laboratory system. Reactions with the heaviest ions show .
. very. broad excltatlon functions, causing uncertainly determined peak posmons e.g.t 6MeV
in case of Ar. :
- The calculation of the excitation energy values Eqoxe , cited. in the third column
" is based on the tables of experimentally determined mass excess values 23) In the rare
cases, where for the compound nucleus no experimental value was available, the (M=A4) ¢ -
value was taken from Seegers’ mass formula (11) 4pq corresponding target and projectile ;
values (based also on 160 -mass scale) from the tables of Everling et al. () | In some
few cases values from Zeldes’ taple G6) were used.
In the fourth column QI-EB denotes the neutron separatlon energies summed over

the whole evaporat1on cascade The B,,, values were taken from (1)

The flfth column contams the quant1ty € , derived from equation /3/

"The’ peak cross “section o is’ given in the sixth column in units of; 1072 7cm For
- smaller values the exponent is glven in parentheses e.g. 6( 4).6 lO"’mb A stroke is
- given if the cross ‘section has not been quant1tat1vely determlned or was only glven as
a branchmg ratio or the o / Oyota ’ratlo -

The remarks in column seven imply LSI-low spm 1somers HSI- h1gh sp1n isomers,
e states which form mdependent isomeric pairs without or with very weak gamma bran-
: chmg S and Z indicate that’ the mass excess values were taken from Seegers’ table (11)!-
" or Zeldes’ table(36) respectlvely Values marked by an asterlsk #* were included mto

» the least square fit. The ¢ value is shifted to higher energles 1f the peak of the exci-



tation functlon ls less than 10 MeV above the Coulomb barrier, which takes place mainly
- for (HI, 3n) reactlons and, in case of heavy nuclei, even for (HI, 4n ) reactions. Such
data were excluded from the fit. '
o The references cited in the last column consider the llterature till March 1972

3. Conclusions

* In’ figure 1 the € values are plotted vs. the mass number A of the product nucleus.
'At first sight quite large deviations from the data of Alexander and Simonoff are noticeable.
. Major sources of the fluctuations may be inaccurately known initial energies and day-to-
_day' variations . of the different accelerators used by the 1nvestlgators Theevaluatlon of

" the energy loss in the target ‘material may cause further fluctuations, if different energy-

range relations were: used Emerging from these fluctuations ¢  decreases with increas-

ing mass number. Such trend is to be expected because the kinetic energy of the emitted

neutrons as well as the residual excitation energy of the system dissipated by photon emis-

" slon decrease ‘with increasing mass number, as follows from model predictlons Assum-

" ~ing a linear dependence a least square fit leads for the interval 110<A< 260 to the rela-
tion

: 2.3 : : :
§. (8.8 . | 4
g, =88 0 A) HeV. | 4

In order to check its validity the standard deviations § of the experimental points
. ~in fig.'1 from ‘m were calculated for mass number mtervals of each A Aal0. The
‘ ',result drawn in fig.” 2 shows no striking dev1atlons The dlstrlbutlon function for the whele
mass region 110€A < 260 (tig. 3) fulfills the requirements ofa normal dlstrlbutlon and may
be: descrlbed by a Gaussian dlstrlbutlon with a standard deviation of S = (.7 MeV. Equa-
- tion" /4/ may, therefore be used as a first approxlmatlon for the estlmatlon of € . The

equatlons /2/ and /3/ are useful to find out the optlmum prolectlle energy Ejap. which ‘

gives maximum yield of a desired reaction product In fig. 1 groups or experlmental pomts
.. show considerable deviations and were, therefore;. excluded from the fit. One of these
_groups ‘are the nuclei 749,150, 151 Dy, produced by irradiation of enriched Gd) targets
. with argon fons sy’ . The correspondlng ‘values may possibly be influenced by the un-
.. -certainly known lncldent energy of the heavy ions, because the internal beam of the cyclo-
“tron was used. This is supported by the fact that other data for these reac’uons‘“'” give
~-much lower € - values. » ""' ,
‘ A large dtsperslon of the « vaIues is also observed for the group of the heavxest
" "nuclei, where the cross-sections are extremely small, causing large statistical errors.



L 149, 151,152,154
For the low- -spin ground states of the nuclei _Tb , Ho  small e va-

lues were obtained, wh1ch lie' outside” the expected dev1at10ns In each of these nucle1
-a h1gh spin 1somer1c ‘state ex1sts, which decays by a -emlssmn w1thout gamma branch-
ing to the ground state, leadmg to a "screemng” of the low- -spin state. With’ 1ncreasmg
bombarding energy h1gher angular momenta’ are transferred to the product nucleus, and
preferably the high- spin level is populated, whereas the direct population of the low-spin
level diminishes. The peak position of the exc1tatlon function of the "’screened’’ low-spin
state is found at lower beam energy. The quantity € derived from the excitation function
of the high-spin state coincides with the bulk of the other data. In the ord1nary cases of
strong gamma branching no screening takes place and the exc1tatlon of the low- spm state
is mainly affected by that of the high-spin state Usually the shifts of the excitation func-
’tlons ow1ng to different sp1n values are, therefore not very 51gn1f1cant and are smaller
than the shifts, caused by one add1tlonally evaporated neutron. , :

* The author would like to thank academician G.N/ Flerov for his interest to the prob-
'lem, Dr. K.H. Kaun, Dr. F. Stary and A.S. Ilmov for st1mulat1ng dlscussmns helpful com-
ments and a cr1t1cal readmg of ‘the manuscrlpt
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Z=5

30RON INDUCED REACTIONS

R ACLLON

B, (keV) By, (HeV) B leV) E(HeV) 6(ub) REMARKS REFERENCES

L

13910(1°8,/n) 2sn
oya(Ms, 8n) %10

Wiy 105 50y 149y

142 3¢, 40y 4910

Wga (M3, 50910
146114103, ) 4910
1819513, 4n) 188py
197 4u(¢"°B,7n)2*®po
197Au(qoB,Gn)‘?quo
197Au(1oB’5n)202P0
197Au(ﬂB,Bn)ZOBPo.
2095 (105, 71)212g4
208y (11, 70)212pz
208, (Mg, 62 38
2085, (115, 60y 3pr
209g4 (198, 60)2"3Ra
20954 (105, 5n)2¥Ra
2085y (115, 50) 2 Mpe
2093 (118, 6n)2 " Ra
20953 (1p,50)2"5Ra
249c£(18,4n)27%103

97
oo
o
53
78
82
60
90
82
67
1
92
91
80
82
81
67
68
81
70
63

- 92.4

9.4
54.6
45,4
6845
78fo
530
83.8
76.2
61.9
62,0
7241
63¢5
53.0
55.0
61.6
48,4
41.6
57.8

46,8

41,6

55.8
63.6
4o.1
33.3
48,8

55.3.

31.7
57.2
49,1
39.8
40.3
49.3
46.6
38,2
38,2
42,0
33.5
32.1
40.5
34,0
25.9

12

. 5.2

3¢5
3.2

3.0

3.3
3ok

© 5.3

3.8
4.5
4o4
4ok
3.3
2.5

2.5

2.8

3.3

3.0
149
2.9
2.6
39

524
12.4
41,4
5146
28

19.6,

409

= (2

LSI'(13).

ISI (13)
1SI (13)
ISI (13)
1SI (13)
3 f61)

51
1
7)
(51
(40)
(40)
“?

51
51
(40)

% N8 %

&7
S (e2)

(51)

57)°

66 Ka

63 Al

63 Al

63 AL
63 Al
63 AL

71 De
69 Sh
69 Sh
69 Sh
69 Mo
69 Sh
68 To
68 TO
64 Gr
69 Sh
69 8h
68 To
70 To
70 TO
71 Es

4o
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= 6 CARBON INDUCED REACTIONS

‘thACTION E

E1ap(MeV) By (MeV) B (MeV) E(MeV) 6'(mb)RHLAKKS iuFERENCES

ﬁ,‘51 (130 3n)°Tcu
5126, 2n)60n

- M6a("20,4n) R0

| 102p4 (124, 30y Mg
- M31n(126,4n) 1204
2‘ﬁ151h(120,3n)12405
12155126, 40) 12914
12251, (126,40) 1308,
- 130p6(12g, 10n)132¢e
 130p(12,9n) 1336,
1306136, 10n)133¢e
;;128%(12c 6n)13%ce
;13°Te(120 sn)134ce
- 128 (12, 5n) 13504
- 1300¢(12g, 70y 1350,
- 13%¢(120,90) 1350
5713°g¢(13c,8n)135ce
+ 1307125, 5n)137ce
12800(125, 3013
'f13°Te(120 5n)13'709

.:130Te(q30 6n)137Ce
;13°Te(120,4n)13809
1306125, 3ny13%¢

13006 (136, 4n)13%e

; 13733(120,7n)1425m
iﬂsng(ﬂ?C,anﬁazsm
- Mha(%c,70)Mopy

60,5
150
140
1“2

' oa

17
77.5
96

105

109
75
M

775

82
55

.5

56
112

10347

119

59
49,8
62.7

51.2

60.6
49
62,2
5445
134.3
124,5
131
85
104.,5
70

- 85.9

93
101

65,7

48,4

6844 .

76.0
48\
4y
53

92,2
85.8

97.0

27.6

19.8
41.2

33.0

39.7 .

29.2
37.5

344

83.5
7449
79.9

51.8

645
43.9
5644
5644
61.4
38.7
26,0

-38,7

43.7
29.2
21.9
26.9

5548
49.7
60,9

13

10.0

15.0

5.4

6.1
5.2
6.6
6.2
5.0
Se1
545
5.1
5.5
5.0

54

4.2
5.2
5.0
504
7+5
5.9
St
4.7
7.3
645

5.2
6.0

5.2

300
{10

75

69
100
70
358

- 596

240

390
210

140 -

532

68
275
249

48

55
237

550
589

)
(10)
(67)
(31)
(30)
(44)
(42)
(63)
(64)
(64)
(64)
(1)
(14)
(14)
(14)
(64)

(64)

(64)
(14)

RG]

(64)
(21)

(64)

(e4)

43),

(28)
(20)

- 61

72
67
67
69
69
71
vl
Yl
7

63

63

63
63

71
71
vl
63

.63

7
65
7
7
69

66

64



6 CARBON ‘INDUCED Rmcnons SR

“

Z =
REACTION B, p(MeV) Eexc(MeV) B (MeV)E(MeV)S(mb) REMARKS REFERENCES
pr120,4n) ™m0 65 451 33.3 3.0 35 ISI(13) ,53‘11{ 1
W2na12c,50) 90y 94.3 75.6 44,8 6.2 446 ® (20) ‘“64"411‘;
M2ra(120,4m) 1%y  78.8  59.8 3.6 6.3 93 . (20) esal2.
Mhya12 6n)150Dy  106.1  85.2 50.7 5.7 830 m (20) €4 A12
W2y (12 30)157py  67.2 454 26,7 6.2 45 m (20) 64412
iya(126,50) 15Dy -+ 90.0  68.6 42.8 5.1 590  w (20) 64 Al 2
Wlgg(120,um)Bhu 725 530 330 5.0 290  x (46) 69 He 1
19740 12g,72)29%); 108 83.% 58.8° 3.5 40 :@'(12)' 62 Th 1
1973u(12,60)2%t 92 67.6 48.9 3.1 200 % (12) 62 Th 1
1974u(126,50) 2%t 78 54.5  41.0 2.7 100  » (12) 62 Th 1
197u(1%,4n)2%0s 70 47.0 3.9 3.8 90 m (12) 62 Th 1
197uu(1%,4n)2%0s  72.5 494 319 hs - m (A7) 69Me2
19740120, 30) 2%t 4.0 414 24.4° 5.6 - (47) 69Me 2
2°3T1("2c,18n)2°7nn 12 82 62,0 2.5 - x (17) 64 Gr 1
205m (120,50) 2129y 87 54.0 #.5 3.9 - w(17) eaGr1
- 206pyp(1%,60)212Ra 96 56.8 43,4 21 - (35) 67 Va2
V612,51 B 500 361 2.8 - m(35) 67 Va2
20953 (12, 7n) 2 e 107 68.3 51.3 2.4 -~  w(33) 67Tr1
 209g (125, 7n) 3N 110 7 - 51.3 2.8 8 = (45) 69 Ge 1
206p(120,un) 2 Ra 72 39.0 27.6 2.9 - . w(35) 67Va2
20933 (1%,60) 2124~ 98 59.8 s2.7 2.8 - wm(W e7Tr2
2093 (12%,6n)2M0c 99 61,5 427 3.1 40 w (A5) €9Ge1
2091 (1%,60) %4 96 6244 427 33 - = (57 70Te2
2095y(1%,5n)%"0c 89 51.5 35.8 3.1 92 w(45) 69Ge1
2093, (12;,51) 276y, 83 49.5 35.8 2.7 - EBIa(57) 70 Te 2
2095y (1% ,4n) 2" ae 80 42.0 27.8° 3.5 86 x (45) 69Ge1
2093 (1%,4n) 2" 77 40.5 27.8 3.2 - m(2) 65He1
209%3(1%,30) 218 67 30.8 21.3 3.1 - (24) 65Re 1. .




%6n(13¢,4n)%57102

226 CARBON INDUGED REACTIONS

 REACTION Byp(MeV) Egyo(MeV) B, (MoV)E(MeV) 6(ub)REMARKS REFERENCES
2953(126,3n)2M8ye 72 35 21,3 4610 (45) 69 Ge 1
232w 120 400y 67 40,7 25.6 3.8 7.5(-2) x (3) 59 Gu 1
'7‘2321‘h(1a¢.5n)2400m 74 48,8 30.9 3.6 1.8(-1) x (3).596Gu1
255 (1%6,50)2*2%c2 79 49.9 3.4 33 - m(55) 70817
lj??“,*u("2(3,41:).2,“20:* 73, 43.6 27.6 4.0 =~  m(55) 70 817
238y(1%,6n)%%%02 106 77.2 . 52.5 3.4 -  m(51) 69 8h 1
2By 1%, m)30z 97 68.5 46.0 3.2 -  m(51) &9 61
28y(126,6n)2%02 B4 - 6.2 38.3 3.0 = m (51) 69 Sh 1
238126, 6n)2H0s 76 49,2 38.3 1.86.0(-3) m (2) 58811
2By(13g,emy502 78 50.8 373 2.3 =  (43) 69 Ba1
B%qy(%,5m2*Pce 6.7 32,2 2.9 1.0(-1) - (51) 69 8h 1
28y(12%0,4n)2%ce 62,5 36.3 2.9 29 3. (-2)  w (2) 58511
1 238y{12¢, 4n) 2460s° 67  40.9 24,9 40 6. (-2) m (8) 59Vo2
238y(Vg,5n)2%ce. 78 5.5 30,0 43 1.2(<1) = (8) 59 Ve 2
Mpy(130,40)%0m 67 40.0 25.3 3.7 5.0(=3) = (7) 59 Ve 1
M2py(126,4n)%Om 65 37 25.3 2.9 1(-2) = (2) 58811
2M0on(120,50)25102 83 '50.1 .9 3.0 9(-5 m(38) 68815
2hen(120,4m)252102 73,3 40.9 27.0 3.5 2.5(=%) = (38) 68815
2on(130,5n)252102 82 49.9 32.6 . 3.5 1.6(~4) z x (38) 68 815
(260y(120,50)253102 83 0.8 33.2 3.4 2.4(-4)Z = (38) 68 815
Mon(130,4m)23102 73 m.2 26,3 3.7 3(-4) Zm=(38).68815
60y (120,4n) 2502 92 40 25.7 3.6 1.0(~3) Z m (38) 68 515
2866, (136,50)25% 02 78.5 46,5 3.0 3.1 5.6(—4) % = (38) 68 815
2400 (136,40)255102 70 38.4 25.0 3.3 6.2(-4) Zm (38) 68815
2%80n(120,50)255102 7.8 45.8 31.6 2.8 5.8(-4) Z m (38) 68 B4 5
2480 (125, 4n)256102 71,2 39.4 24,4 3.7 1.0(+3) Z m (38) 68815
2480y(130,5n)2%6102 7.8 42.7 29.4 2.7 6.6(-4) Zm(38) 68815

70,5 38.7 23.8 3.7 1.1(-3) 2 m(38) 68815



= 7 NITROGEN INDUCED REACTIONS

REACTION lab(r eV) E, (Mev) Bn(MeV) € (MeV) 6(mb) REMARKS - REFERENCES

LVEEEE 2 e e R B VI N ST - B S TR S

(55,501 zn o4 89 53,0 7.2 60 o) 59K
Sly(Mw,3m% 2n 45 52 29.5 7.5 15 oo () 9K
1330s(M1,50)™26m 92 77 w2 7.2 0w (26) 66 Ka
M pn My 6n) Mpy 107 85471 51.9 5.7 280  x (20) 64 Al
o5, o) 9Dy 123 100.8, 50.9 5.7 243 ® . (20) 64 AL
pn(Mi,5n) 9%y 88 70,2 .7 5.7 os0 ' x (200 64 AL
5015, 50) %%y 113 85.5 50.7 5.8 = 560 w (20) 64 AL
e My amy 5y 75 540  33.8 5.0 325 = (20 S+ AL
WMy, un)%Ho 82  57.5 35.1 5.6 - 8,HSI x (66) 71 Te
W24y, 40) %0 7 50.2 35,1 3.8 - 8,181 (66) 71 Te
M24a(w,3n) P3Ho 69 45,7 25,0 6.9 - 8, HSI x (66) 71 Te
Wha(Myam) o 73 519 336 me - IST (66) 71 Te
Whna Y, an) Y0 81 59,4 33.6 6.4 -~ HSI = (66) 71 TO
17%2 ("w,60) 1870 95 7.6 50,5 441 40 x (46) 69 He
197 pu("n,80)2%3rn 123 95.4 66.5 346 - % 1 (35) 67Va
197 ju(MN,70)%*8n 105 7845 5649 3.1 - % 1 (35) 67 Va
196pt (1w, 60) 0%t 88 62.8 47,9 2.5 150 * 1(12) @
10pp My, 4n) 2 72 50,2 3149 4.6 50 % (12) 62 Th
198pg( N, 50)20%at 80 55,2 38.8 5.3 100 ¥ (12) 62 Th
19Bpe My, 7n)P%a6 97 71,7 52,2 2.8 60 % (12) 62 Th
L (4) 59 Ea

A . A A a ap

197 pu (YN, 6n)2%Rn 104 7745 48,8 4.8 230



% = 7 NITROGEN INDUCED REACTIONS

. REACTION E, pp(MeV) By, (MeV) B (MeV) &(MeV) 6(mb) REMARKS REFERENCES

19730 1%N,50)2%Rn 0 111 84,1 48.8 5.9 350 (1) 57 Ba
1970 (y50)2%En 97 o4 39.5 8.2 850 - (1) 57 Ba

“198py(M4y,6n)2%at 87 62,2 44.6 2.9 230 ¥ (12)52Th
974 ("N,58)2%Rn 92.5 87.0 39.5 5.5 270 # (4) 59 Ka

o 1%py(Mwun)®ay 68 45,8 313 3.6 60 m  (43)69 Ba

1
1

1

1

1

 97p(Mryem) en. 87 71,0 318 9.8 200 (1) 57 Ba 1

M9 7h(PRan)2%mn . 74 49.5 0 1.8 4b - = (35)67Va 2
197‘u<14§.4,_1)2073n 79 55,0  31.8 5.8 125 = (4) 59 Ka
. v 198pyViy 5n)207ht 78 53.7 31,0 3.6 100 x (12)62 Th 1
198y Man)®®as 73 489 319 54 50 = (12)62 Th 1
238y (Mw,en)®*®Es 91 59.6 38.7 3.7 0.8(=3) 8 (43)59 Ba 1

8o 15y 5n)258103 87 46.7 311 3 - % S(62) 71 Es 1

1

2480 158,4n0)25%103 81 41.0 24,0 4,2 - x 8(62) 71 Es

17



Z = 8 . OXYGEN INDUCED REACTIONS

EEAOTION By, (HoV) By (MeV) Bn(lgleV)~'3(‘MeV).i;(xib)REM.A’.RKS" REFERINCES *
SW(0,3m)%ea 70 63 326 0.4 7 (5 9E2
5W(%0,20)%a 59 53 203 163 S0 . () 59Faz
805e(1%0,3n)%%0 68 63 27.6 120 20 (&) 59 %3
"91g¢"%,50) %08 92 76 49,1 5.4 - w88 &9 Dr1
109,g¢%80,4n)1%3cs 73 o 3{7.9 - ) 69 Dr 1
M51n(%80,5n) 128 92 . 7% 4B 5el = w,(63) 71 Fe 1
124gn(160,6n) 100 96 80 518 47 333 w(W) SEI
1248n(180,8n)13400 126 . 405.5 645 5.1 - (54) ‘71~(’)g 1 o
- M24gn(%60,50)13%e 79 65 43.7. 43 190 w(18) €3EA
12460(80,6n) %0 95 78.5 464 53 - = (64) 71 0g 1.
1391a(%60,60) ™I 100 68.6  48.8. 3.4 w  1s1(13) 3411
14006(150,70) "0y 134 102.3 ' 60,9 5.9 250 . w (20) e4Al2.
W0ge(160,6n)19%y 120 . B7.2 50,7 .6.1- 6% ~ m (20) 6412
14066(180,60) 12Dy 119 8645 5047 6.0 u_So o= '18) 63 Ma 2
14066 ("60,50) 1?0y 103 7M. 42.8 5.7 820 om (20) eaar2
1406e(180,7n) 7Ty 129 1004 58.3 6.0 410  m:(20) 64 AL2
W0ce(160,5n) Py 102 71 42,8 " 5.7 550  m (16) 63 la 2"‘
Wipr(160,60) Mo 121 84 52.6 5.2 - TEBIm(16) 63Ma2
Wipr(160,60) ¥ Mo 103 70 52.6 2,9 - B,18T (16) 63Ma2
M2ya(1€0,6n) 2Er 125 85  S4d 54 - B m(15) 63Mal
WO0ge(160,4n) 52Dy 83 53  33.0 5.0 200 m(16) €3Ma2
Wipr(160,50) %80 107 72 a4 5.5 - B,HSIm (16) g3 Ma2
Wipr(160,5n) %280 . 93 60 M4 3,1 = B,I8T (16) €3 Ma2
;‘4%;1(.;‘,.60’&‘)152&' 120 82 5145 5,1 - B m(16) 63Ma2
W2na(1%0,60) PPRr 125 85 -S4 5.1 = Bm(15) ‘63 Ma1
W2xa(1%0,50) "38r 108 7 45,9 5.0 - S w(15) 63 ¥a 17
Waya(1%,4n) P'Er 89 55 3.5 £9 - Bx(15) 63Ma1
Whgn(160,6n) "> 130 87 570 mE 9 Bx(19) e+Ma3
When(160,5m55m 119 77 48,8 5.6 42 Bmx(19) 64Ma3

1687 160,703 " 77pt w4 o g 666 39 - Bm@) 66813 -



Z = 8 OXYGEN INDUCED REACTIONS

’ REACTION :

El ab (l(eV) E

exc

[(MeV) B_(MeV) &(MeV) G(mb)REMARKS REFERENCES

- 243m('180‘5n)256,‘103

. '172!b(160 8n)'®pt  qua
| A%2p(%0,60) 182 118
i ﬂ?&u(ﬂsé;aa)"_e3lu 46
7510(%0,60) 100 117
1973u("%0,80)2%rr 5
205m (160,7)%"¥ac 118
203 (160,502 e - 95
2035 (160,4n)2%ac 85
. 200m(18g,en)2Pae 112
- 206p,(160,70)2 e . 128
o 6p,(160,60)2%6mm 112
© 206p,(60,50)2"%m - 102
28py,(160,30)2%n &4
208p,(1%0,30)%2 M 87
. 20953(%60,3n)%2%pa 89
: ;23%(180'&‘)245,‘ 120
- "2385(160,e0)2*%m . 102.5
- 2By (M60,50) M9 93
238("%,60)2%0m . 101
. 238y(16g, 4n)20m . 68
218 oy 93
" 239py( 189 50)252902 96 -
© 7 239py(180,4n) 253102 90 -
© 2p(60,5n)253102 . 96
o 242p(160 4n) %102 89
o ‘2"42!‘,“(180" 5n)255102 98
- 242p,(180,40)256102 88
95

. 104 -

- 77
109
82
102
6644
45,5
37.2
61.0

7442‘

525
7141
5244
6643

' 5103

73.1

58.3
49.0

37.7
29.1

42,7 -

5346

9

31.4 .

38,0

3592‘5
50,7
68,0

74.2

53.5

fV56¢2;
B4,0 -

4942
. a8.9

4149,
50.6
43.6

. 50,6
41,7
47.5

37,6

21.4 -

21.4
22,4

39.0
32.7

37.0
- 25.3
3141

32.7

26,4
33.2

25.7
31.6
24,4
32,7

4,1
4,1
4,7

4.9
4,5
2,2
1.6

2,0

3.1
2.8

2,2
2.3
343
5.5

4,3

3+9.5.1(-5)
3¢5 4,4(=5)
4e5 3 94(-5)
348 6,0(-5)
4¢3 2,3(-5)
3.0 6,0(=5)

= (28)
n (28)
= (39)
‘= (39)
= (17)

66 81 3
66 81 3
68 81 6
68 516
mcr1

» (34) 2§7. Tr 2

sn(%0~

8= (34)
= (3%)

s m(81).
. 8 m (81)

8 l 1)
(57)
(59

) 5
2.9 1,3(=4) 8'm (25)
T H4e9 3,5(~4)
4,2 2,7(—4)
3.2 1,9(-3) 8 m (25) 666 Do 1
447 1,0(-3)
7346 4,0(-3)
7 3‘2 196(-5)

= (25)
T (25)

= (7
8 = (25)

8 m (27)

8 m.(27)
S = (27)
8 = (27)
5 (43
8 = (27)
8 m (25)

67 Tr 2
67 Tr 2

67 Tr 2

68 Va 3
68 Va. 3
68 Va 3
70 Te 2
70 Va &
70 Be 2
66 Do 1
66 Do 1
66 Do 1

59 Vo 1

’66 Do‘l
66 M1 1
66 M1 1
66 Mi 1
66 Mi 1
69 Ba 1
66 M1 1
66 Do 1



Z=9 FLOURINE INIUCED REACTIONS

By g (HeV) By (M) B (o) E(HsV) o(ab)REMARES FEFERENGES

REACTION
138pa(%p,60) ™I 125 90,5 63.6 3.4 10 (13)63 AL 1o
39a(Mr,9) ™90y 165 120.0 - 764 5.9 WE  m (20)64 AL 2
9a(Mr,60)1%0y W9 M5 e6.2 6.0 450  m (20)64 AL 2
394,70 0y 132 998 58.3 5.9 350  m (20)64 AL 2
Wipr(1%,80) 5% 158.5 117 7M1 5.7, 5 w(19)e4Ma3
Wipr(Yp,m) ke s 105 62,6 6.1 83 m (19) 64 Ma 3 -
Wona(19P,60) 13 160 145 735 5.2 10 & (19) 64 Ma 3
Wona(r,7m) "% w9 105 647 - 5.8 45 . = (19) 64 Ma 3
Woon(Yp,m) 6 151 . 103 | 68,6 4,8 -  m (22)65Ma 4
169rm(%r,100) 7Pt 190 129 90,3 3.9 - Sm (28)66 513
1858e(19p,100) %P0 167 125 90.6 344 - m (32)67 BL 4
Bpe("r,0m) %P0 152 112 815 3.4 - m (32)678L4
®re(19r,8n) %P0 135 97 7M1 3.2 - m(RDe7EL4
185Re (197, 7m) 970 123 @ 62.3 - 341 - - m(32)678L4 -
1878(197,80)"%8p0 135 98 68,3 3.7 - m(32)675L4
B7Re(Mr,m)1%0 122 86 59.8 3,70 - m (32)67 BL 4
7au("%,100)%%Ra 172 1242 816 . 43 - m (35) 67.Va 2.
Wa(%2,30)2%Ra 96 516 22,6 9.6 -  (35)67 Va2
2085, (199,30)%2*Pa 102 #3.3 214 7.3 -~ (52)70 Bo 2
B8(M2,m)B%r 121 0.2 45,9 3.5 1.9(—4) B m(25) 66 Do 1
2385(1%9,50) 25y 5505 3202 4.6

105

5(=4) B (25)66 Do 1" -



Z =10

'NEON INDUCED REACTIONS

. EEACTION

' Elab(uev?,Eexc(“év) Bn(MeV) GgMeV),s(mbSREMARKS REFERENCES

12287 (®Ne,50) 13 7na

80220, 4n) e
"ﬂ26T°(22N° 5n)4433m

_13°Te(2°N9,7n)1438m
;‘?gsna(aoNe,7n)149Dy
iiq?7ﬁa(2°ne;§n)q49Dy
fﬂ3aBa(2°Ne,9n)149Dy
13634(2e, 6m) 500
1378420y, 7n) 150py
138, (2y4,80) 150y
“13733(22N° 9n)15°Dy
‘:13633(2°Ne 5n)451Dy
13754(De,6n) 50y

13aBa(2°N§,7n)451Dy ‘

;13733(2aﬂe,8n)154by
38, (220,05 15y
;14°de(2°Ne,8n)152Er
=149Q§(2°Ne;7n)153Er
Mpr(2050,84) 53rm

M 1pr(2ye,7n) rn

“42Nd(2°Ne &n) S4yp
W2yq 2y, 70)155m,
““4Sm(2°ue 7n) 157
1“4Sm(2°Ne én) "%8qe

ﬂ69Tm(2oNO 8n)18un .

469Tm(2°Ne 6n)183Au
18530(2°Ne 9n)496At
18530(2°Ne an)“971t

107 81
90 V 6247
13 78.2
130 95
W9 102.5
160 116.9
168 129.4
131 88,0
6 102.0
154 115.5
176 131.0
115 '73.0
129  88.2.
WO 100,
163 117.0
184 128,97
4 421
158 108
70 16,5
156 105
176 . 119.5
160 105,7
164 105
150 9 .
160 110
134 86
176 118
163 . - 106

46,9
371
41,2

5543

60.9
67.7

7645
50,7

575
66.2
72,7
42,8

49,6
5843

64.8

73.1 -

7141
6246
73.5

_ 6447

75.8
66,7

7045

59.0
7345

543

83,1
7245
21

6.8
6otk
7.4

547
. 640

6.4
5.9

6.2 .

6.3

6.2

6.5

640

643
6.0
6.5
642
6.2
645
Se&t
5.8
5.5
5.6
4,8
5.7

4,6

5.3
349
4.2

380

230

150
610
440
460
280

340

260
220

50 8

10
38
1.5 B8

148 B
1.8 8

# (53)
® (53)
u# (50)
(50)
(20)
(20)
(20)
(20)
(20)
(20)
(20)

(2e)

(20)
(20)
(19
19
(19)
(19)
(19
19
(22)
(22)
(39)
(39)
(33
(33)

(20)

(20)

70 Dr 2
70 Dr 2
€9 Ne 1
69 No 1
64 AL 2
64 Al 2
64 Al 2
64 Al 2
64 AL 2.
64 Al 2
64 Al 2
64 AL 2
64 41 2
6% 21 2
64 A1 2
64 41 2
64 Ma 3
64 Ma 3
64 Ma 3
64 Ma 3
64 Ma 3
64 Ma 3.
65 Ma 4
65 Ma 4
68 81 6
68 81 6
67 Tr 1
67 Tr 1



2 = 10 NEON INDUCED REACTIONS

REACTION Epop(MeV) Eg (MeV) B (MeV) & (MeV) 6(mb) HEMARKS REFERENCES
185Re(Pe,m) 198t 150 o4 63.5 4.4 = %(33)67 Tr 1
185e(PNe,6n) %46 135 81 53.3 4.6 -  m(33)67 Tr 1
185R¢(20Ne,50)20t 120 67 4h,6 4,5 - ®(33)67 Tr 1
185R0(Ne,4m)20ME 103 54,9 3B 5.0 - ' m(33)67Tr 1 .
185Re(2%Ne,5n)2%20t . 120 69.1 42.8 5.3 - = (47) 69 Mo 2
1970u(%ne,80)®0c 152 90.3 65,3 3.1 - % (34)67 Tr 2
235y(22e,50)252102 18 52,0 32,6 3.9 1.6(-2) 8 = (54)70 P11
238y(22e,6n)2% 102 126 €0.2 37.6 3.8 6(-5) 5 m(25)66 Do 1
238y(22e,50)2%5102 118 53.0 31,6 4.3 2.2(-4) B8 m(25)66 Do 1
2385(22ye,4n)256102 111 46,5 244 5.5 4.5(-5) 8 ®(25)66 Do 1
M3am(?PNe,4n)26M105 117 46,0 25,7 5.0 5(-3) Sw(54)70FL 1
243an(%2e,50) 29105 121 50.0  33.2 3.3 4(=3) Sm(54)70 FL 41



Z = 15 PHOSPHOR INDUGED REACTIONS

BEACTION E, (MeV) E, (MeV) B_(MeV) E(MeV) 6(mb)REMARKS REFERENCES
®9%s(3%p,50)25pa 475 €2.6 40,2 4.5 3.5(~3)8 M(65) 71 Bu 1
908(3%,4m)2™CPa 162 51,6 324 4.8 1.0(-D8 (65 71 8u 1

Z = 18  ARGON INDUGED REACTIONS

REACTION E)ab(MeV) B, (MeV) B (MeV) &(MeV) 6(ub)REMARKS REFEHRNCES
A ] .

- MCea(®nr,m) ™y 212410 105 €0.9 6.3 - 33 (49) €9 Na 1
Mea(*Car,7n) ™ny 205 M5 6049 7.7 -  (18) 64 Ku 1

- ™6a(*ar,50) M0y 206 98 44,8 10,6 - (18) 6 Ku 1°
Moa®nr,50)™py 193 = 9305 448 5,7  29.5  (49) 69 Na 1
18ca(*sr,6n) 150y 209 102 50,7 8.6 - . (18) 64 Ku 1
+ 160a(*ar,6n) 1500y 187 86,8 50,7 6.0 154 (49 69 Na 1
Mea(®ar,an)py 165 6706 34,6 8.3 w3 (49) 69 Na 1
- Mea(®ar,an)%0py 172 73 346 96 - . (18) 64 Ku 1
Moa(ur,30) 0y 158 - ezus 26,6 119 . 204 (49) 69 Na 1
1Dy *Onr,92) %0 245410 15,2 824 3.6 2 m(56) 70 81 8
y(*ar,8n)1%p0 225510 98,5 711 34 B m(56) 70 81 8
oy (Oar,m) 0 21556 9.5 623 2.5 35 (56 70 s 8
B4y (*ar,6n) 1980 19644 75.0 523 3.8 45  =(56) 70 51 8
1 y(*¥nr,50) 10 18204 63.7 43.8 4,0 55  w(56) 70 51 8
1%y (*Oar,42)2%0p0 17345 57,0 34,1 5,7 20 (56) 70 51 8
0y (*nr,40)2Ppo 18014 62,2 3.1 7.0 20 (60) 71 Be 4

23 .



