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· 1. Energetic Relations 

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 exc ; which decays by emission of particles and gamma quanta. Here, only reactions 
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 , x n ) reaction data, presented in the succeeding tables, 

-offers the possibility to look for a simple and reliable way for optimizing the experimental 
conditions of such type of reactions. Only the tabulated values of mass excess and neutron 
separation energy are used to formulate an empirical relation for .the peak position of the 
excitation functions. 

As it is. suggested by Alexander and Simonoff (2 OJ , the relation 

X 

(<E> - I Bin)/x- 5.0 .... 6.5MeV 
X i=1 

/1/ 

is valid,regardless of the number of the evaporated meutrons and the projectile mass, which 
bas been proved correct for a numberofreactions leading to the product nuclei 149•150•

151 Dy. 
In this. notation B In is the neutron separation energy of the compound nucleus or the 

intermediate nuclei formed in the neutron evaporation cascade.< E >x designates the mean 
value of the compo~nd nucleus excitation energy, whi~h corresponds to the centre of gra-

. vity of .the measured excitation function. In case of a symmetric shape of the excitation 
function this quantity coincides. witli the peak position Eexc , which will further be used 
by us as a fairly good approximation in order to simplify the analysis of the experimental 
data. The excitation energy consists of the mass excess difference of uie ingoing target 
and projectile nuclei and the outgoing compound nucleus, added to the kinetic energy (in 
the centre-of-mass system) brought in by the projectile.· · 

E = E exc lab 

Ar 
+ (M -A)r+(M-A)1 -(M-A)c' 

Ac 

3 
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where (frl-A) denote the mass excesses of target(T) , ion (I) and compound nucleus 
( c ) . In analogy to the expression /1/ we define a quantity 

X 

E = ( E exc - I B in ) / X 
1=1 

/3/ 

representing 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. Compilation of Experimental Data 

Data characterizing the excitation functions of (HI, xn) reactions, available in the 
literature were- arranged in tables 1-12 in order to get statistical material for the charac
teristic quantity (and its dependence of t~e mass num_bE)r.The compilation GOVersH/ reac
tions with B , C , N , 0 ., F , Ne , P and Ar as incoming particles. 

In the first column of the tables the compound nucleus reaction is specified,· ordered 
with increasing mass numbers of reaction products. 

The second ~olumn contains the energy position E tab of the peak of the excita
tion_,function, meas~red in the laboratory system. Reacti~~s _w_ith the heaviest ions show 
very broad excitation functions, causing uncertainly determined peak positions, e.g.± 6MeV 
in case of Ar . 

The calculation of the excitation energy values Eexc , 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-A) c 
value was taken from Seegers' mass formula (11) and corresponding target and projectile 
values (based also on 160 -mass scale) from the tables of Everling et al. (9) . In some 
few cases values from Zeldes' t¥le (36) were used. 

In the fourth column 1i-IB1 denotes the neutron separation energies summed over 
n 1•1 n 

the whole evaporation cascade. The "B 1~ values weretaken from (tt) . 

The fifth column contains the quantity c-, derived from equation /3/. · 
The peak cross section u ·is given in the sixth column in units of;Hr27cm~ For 

smaller values the exponent· is given in parentheses, e.g. 6( -4). 6.10-4 mb. A stroke is 
given if the cross section has not been quantitatively determined or was only given as 
a branching ratio or the a I utotafatio. 

The remarks in column seven iniply LSI-low spin isomers, HSI-high spin isomers, 
i.e. states. which form independent isomeric pairs without or with very weak gamma bran
ching. · S and Z indicate that· the mass excess values were taken from Seegers' table (11) \ 

or Zeldes' table(36J,respectively. Values marked by an asterisk * were included into 
the least square fit. The t value is shifted to higher energies, .if the peak of the exci- . 
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tation. function is less than 10 MeV above the Coulomb barrier, which takes place mainly 
for (HI, 3n) reac~ions and, in case of heavy nuclei, even for (HI, 4n) reactions. Such 
data were excluded from the fit. 

· The references cited in the last column consider the literature till March 1972 • 

3. Conclusions 

In figure 1 the i" values are plotted vs. the mass number A of the product nucieus. 
At first sight quite large deviations from the data of Alexander and Simonoff are noticeable. 
Major sources of the fiuctuations may be inaccurately known initial energies and day-to~ 
day variations of the different accelerators used. by the investigators. The evaluation 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
sion decrease with increasing mass number, as follows from model predictions. Assum
ing a linear dependence, a least square fit leads for the intervalllO~ A~ 260 io the rela
tion 

- ( 2.3 
clit = 8.8- JOO A) MeV. /4/ 

In order to check its validity the standard deviations S of the experimental points 
• in fig. I from i' lit were calculated. for mass number interv~l~ of each /l A.JO. The 

result drawn in ·fig. Z shows no striking deviations. The distribution function for the whole 
mass region noiA ~ 260 (fig. 3) fulfills the requirements of a normal distributionandmay 
be described by a Gaussian distribution with a standard deviation of s. 0.7 MeV. Equa
tion /4/ may, therefore, ·be .used as a first approximation for the estimation of i" . Th_e 
equations ;z;' and /3/ are useful to find out the optimum projectile energy Etab which 
gives maximum yield of a desired reaction product. _In fig.' 1 groups of experimental points 
show considerable deviations and were, ther.efore;. excluded from the fif.One of these 
groups are the nuclei 149,UO, Ul Dy ~ produced by irradiation. of enriched ·:6dJ targets 
.with argon ions_(U) .. The corresponding values may possibly be influenced by the un-; 
certainly known incident energy of the heavy ions, because tlie internal beam of the cyclo
tron was used. This is supported by the fact, that other data for these reactio~s\(4 9J;give 
much lower i" values. · 

A iarge dispersion of tlie I values is also observed for the group of the ~eaviest 
· nuclei, where the cross-sections .are extremely small, causing large statistical errors. 
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. . 149 151,152,154 
For the low-spin ground states of the nuclei 7 b , · · Ho small ; va-

lues ·were obtained, which lie outside th~ expected deviations. In each of these mi.clei 
a hlgh-spin isomeric state ~xists, which decays by · a -emission without gamina b~anch
ing to. the ground state, leading to a "screening" of the low-spin state. With increasing 
bombarding energy· higher 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 p~ak position of the excitatioE function of the "screened" low-spin 
state is found at lower beam energy. The quantity f derived from the excitation function 
of the high-spin state coincides with the bulk of the othet: data. In the ordinary cases of 
strong gamma branching no screening takes place, and the excitation of the low-spin state 
is mainly affected by that of tile high-spin. state. Usually, the shifts of the excitation func:-

. - . . . r 

· tions owing to different spin values are, therefore, not very significant and are smaller 
than the shifts, caused byone additionally e~aporated 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 an:: A.S. Ilinov for stimulating discussions, helpful com-
ments and a critical reading of the manuscript. ' 
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z = 5 30RON INDUCED REACTIONS 

--------------------------------------------------------------------
llliAC'.i!IOH Elab(liieV) Ee;,.c(II"ieV) BnllieV) S(MeV) 6(m~) REMARKS REl!'ERENCES 

-------------------------------------------..J-----------
1 :.J9Lu(1oB, '/n) 142sm 97 92.4 55.8 5.2 524 ill (26) 66 Ka 4 

14oNd(11B,Bn) 149,rb 1oo 91.4 6).6 3.5 12.4 LSI (13) . 63 Al1 

14L~Nd(1oB,5n) 149Tb Go 54.6 4o.1 ).2 41.4 LSI (13) 63 .A1 1 

142 Nd(11B,4n)149Tb 53 45.4 33.3 ).o 51.6 LSI (13) . 63 Al 1 

141J.Nd(11 B, :in) 1lf9Tb 78 68.5 48.8 ).3 28 LSI (13) 63 Al 1 

14tiNd(1oB, '/n) 149Tb 82 78.o 55·3 ).4 19.6, LSI (13) 63 Al 1 

181Tu(11 314n)188Pt 6o 53.o 31.7 5·3 4oo ill (61) 71 De 1 

197Au(10B,7n)200Po 90 83.8 57o2 ).8 - H (51) 69 Sh 1 

197Au(10B, 6n)201p0 82 76.2 4941 4.5 - ill (51) 69 Sh 1 

197Au(10B,5n)202p0 67 61.9 39.8 4.4 - ill (51) 69 Sh 1 

197Au(11B,5n)203p0 71 62.0 40.3 4.4 - H (47) 69 Mo 2 

209Bi(10B,?n)212Ra 92 72.1 49.3 3o) - H (51) 69 Sh 1 

208Pb(11B,?n)212Fr 91 63.5 46.6 2.5 -· H (40) 68 To 1 

208Pb(11B, 6n)213Fr 80 53.0 )8.2 2.5'. - i£ (40) 68 TO 1 

208Pb(11B, 6n)213Fr 82 55.0 38.2 2.8 - H (17) 64 Gr 1 

209Bi(10B, 6n)213Ra 81 61.6 42.0 3 •. ) - ill (51) 69 Sh 1 

209Bi(10B, 5n)214Ra 67 48.4 33.5 3.0 - H (51) 69 SJ:l1 

208Pb(11B,5n)214Fr 68 41.6 32.1 1.9 - H (1~0) 68 To 1 

209Bi(11B,Gn)214aa 81 57.8 40.5 2.9 - H (57) 70 To 2 

209Bi(11B,5n)215Ra 70 46.8 34.0 2. 6 - H (57) 70 TO 2 

249crc11B,4n) 2561o3 63 41.6 25.9 3~9 - Sill (62) 71 Es 1· 
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Z = 6 CARBON INDUCED REACTIONS 

REACTION Elab(MeV) Eexc(MeV)'Bn(1!eV) s(MeV) o(mb)Illi!MHKS h.Kb,BRENCES 

51vc13c~3n) 1cu 54 59 27.6 10.0 300 (4) 59 Ka 1 
51v(12CI2n)61cu 42 49.8 19.8 15.0 (10 (10) 61 Ka 1 
71Ga(12C,4n)79Rb 62.5 .. 62.7 41.2 5.4 (67) 72 Br 1 

· '102Pd(12c, 3n)111,.re 64 51.2 33.0 6.1 * (31) 67 Bo 1 
113In(12c,4n)121cs 73 60.6 39.7 5.2 Z H (30) 67 Al 1 
115In(12c,3n)124cs 59 49 29.2 6.6 * (44) 69 Dr 1 
121Sb(120 ,4n) 129La 72 62.2 37.5 6.2 75 * (42) 69 Al 1 
122sn(120 ,4n)130Ba 60.5 ,54.5 34.4 5.0 * (63) 71 Ne 1 
130Te(12c,10n)132ce 150 134.3 83.5 5.1 69 ;£ (64) 71 Og 1 
130Te(120 ,9n)133ce 140 124.5 74.9 5o5 100 * (64) 71 Og 1 
130Te(130, 10n) 133ce 142 131 79.9 5.1 70 * (64) 71 Og 1 
128Te(120 ,6n)134ce 94 85 51.8 5.5 358 (14) 63 Kl. 1 

. 130Te(120, 8n)134ce 117 104.5 64,5 5.0 596 (14) 63 Kl 1 
128Te(120 ,5n)135ce 77-5 70 43.7 5.4 240 * (14) . 63 :n 1 
130Te(120 , 7n)135ce 96 85.9 56.4 4.2 390 H (14) 63 Kl1 
130Te(120 , 7n)135ce 105 93 56.4 5.2 210 H (64) 71 Og 1 

130~e(130 , 8n)135ce 109 101 61,4 5.0 140 H (64) 71 Og 1 
130Te(120 ,5n)137ce 75 65.7 38.7 5o4 532 (64) 71 Og 1 
128Te(120 , 3n)137ce 

54 48,4 26,0 7.5 68 (14) 63 Kl 1 
130Te(1.20 ,5n) 137ce 

77-5 68..4 38.7 5o9 275 H (14) 63 Kl 1 
130Te(130 ,6n)137ce 

82 76.0 43.7 5.4 249 * (64) 71 Og 1 
130Te(120,4n)138ce 

55 48 29.2 4.7 48 * (21) 65 Br 1 
, 130Te(120 , 3n)139ce 

51 44 21.9 7.3 55 (64) 71 Og 1 
130Te(13c,4n)139ce 

56 53 26.9 6.5 237 * (64) 71 Og 1 
. 137Ba(120 , 7n)142sm 

112 92.2 55.8 5.2 550 * (43) 69 Ba 1 
'136sa(12c,Gn)142sm 103.7 85.8 49.7 6,0 589 ii (26) 66 Ka 4 
1~d(120 ,7n)149Dy 119 97.0 60,9 5.2 H (20) 64 Al 2 
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z = 6 CARBON INDUCED REACTIONS 

REACTION Elab(MeV) Eexc(MeV) Bn(MeV)l(MeV) S:mb) REMARKS REFERENCES. 

141Pr(12c,4n)149Tb 65 45.1 33·3 3.0 35 LSI (13) 63 A~ .1 

14~d(12c, 5n)149ny 94.3 75.6 44.8 6.2 446 H (20) 64 Al 2 

14~d(12c,4n)150n,y 78.8 59.8 34.6 6.3 934 . • (20) 64 Al 2 . 

1~d(12c,6n)150ny 106.1 85.2 50.7 5.7 830 • (20) 64 Al 2 

142Nd(12c,)n)151n,y 67.2 _45.4 26.7 6.2 445' • (20) 64 .u 2 

1~d(12c, 5n)151ny 90.0 68.6 42.8 5.1 590 • (20) . 64 .u 2 

181Ta(12c,4n)189Au 72.5 53.0 33.0 5.0 290 .- (46) 69 He 1 

197A1.1( 12o,7n)202At 108 83.1 58.4 3·5 40 • (12) 62Th 1 

197Au(12o,6n) 203At 92 67.6 48.9 3.1 200 • (12) 62Th 1 

197Au(12ci,5n)204At 78 54.5 41.0 2.7 10o' • -(12) 62Th 1 

197Au(12o,4n)205At 70 47.0 31.9 3o8 90 • (12) 62Th 1 

197Au(12o,4n) 205At 72.5 49.4 31.9 4.4 - • (47) 69 lie 2 

197Au(12o, 3n)206At 64.o 41.4 24.4 5.6 - (47) 69 Jle 2 

203r_r1( 12o ;an) 207Rn 112 82 62.0 2.5 - • (17) 64 Gr 1 

205r1(12o, 5n)21~ 87 54.0 34·5 3.9 - II (17) 64 Gr 1 

206pb(12o,6n)212aa, 96 56.0 43.4 2.1 - 05) 67.Va 2 

206pb(12o, 5n)21~ 84 50.0 36~1 2.8 - w(35) · 67 Va 2 

209si(12o,7n)214Ac .107 68.3 51.3 2.4 - • (33) 67 Tr 1 

209Bic120,7n>214Ac 110 71 . 51.3 2.8 8 • (45) 69 Ge 1 

206pb(120,4n)214aa 72 39.0 27.6 2.9 - • (35) 67 Va 2 

209si(120,6n) 215Ac 98 59.8 42.7 2.8 - • (34) 67 Tr, 2 

209sic12a,6n) 215Ac 99 61.5 42.7 3.1 40 • (45) 69 Ge 1 

209B1(120,6n) 215Ac 96 62.4 42.7 3·3 - • (57) 70 To 2 

209B1(120,5n)216Ac 89 51.5 35.8 3.1 92 • (45) 69 Ge 1 

209Bi(120,5n)216Ac 83 49.5 35.8 2.7 - HSI •(57) '70 Te' 2 

209Bic120,4n) 217Ac 80 42.0 27.8 3·5 86 • (45) ·69 Ge 1 

209Bic120,4n)217Ac 77 40.5 27.8 3.2 - • (24) 65 :a. 1 

20%1( 120' 3n) 218Ac 67 30.8 21.3 3.1 - .(24) 65 Be 1 

14 



z = 6 CARBON INDUCED REACTIONS 

REACTION Elab(lleV) E8x0 (MeV) Bn(MeV)~(MeV) 6(mb)REMARXS REFERENCES 

_209Bi(12c, 3n)218Ac ?2 35 21.3 4.6 ; 110 • (45) 69 Go 1 
23~c12c,4n)240cm 6? 40.? 25.6 3.8 ?.5(-2) • (3) 59 Gu 1 
232Th(1Jc,5n)240cm ?4 48~8 30.9 3.6 1.8(-1) • (3) 59 Gu 1 
235u (12c,5n)242cf ?9 49.9 33.4 3.3 • (55) '?0 61? 
234uc12c,4n)2420f ?3. 43.6 2?.6 4.0 • (55) ?0 61 ? 
2~Buc12c,8n)242cf 106 ??.2 52.5 3.1 • (51) 69 6h 1 
23Buc12c,7n)243of 9? 68.5 46.0 3.2 •:(51) 6.9 Sb 1 

.. 23Buc12o,6n)244of 84 56.2 38.3 3.0 • ~51) 69 6h 1 
23Buc12o,6n)244of ?6 49.2 38.3 1.8 6.0(-3) • (2) 58 611 

·. 23Buc1 3o,6n)~45of ?8 50.8 3?.3 2.3 (43) 69 Ba 1 
- 23Buc120,5n)245of ?4 46.7 32.2 2.9 1.0(-1) (51) 69 6h 1 

23Buc12o,4n)246of 62.5 36.3 ·24.9 2.9 3. (-2) -· (2) 58 S1 1 
23~2o,4n)246of 6? 40.9 24.9 4.0. 6. (-2) • (8) 59 Vo 2 
23Buc13o,5n)246of 78 51.5 30.0 4.3 1.2(-1) • (8) 59 v. 2 
241Puc13a,4n)250Fm 6? 40.0 25.3 3o? 5.0(-3) • (?) 59 Vo 1 

. · 24~c120,4n)250Fm 65 3? 25.3 2.9 1 (- 2) • (2) 58 61 1 
-244cm(12o,5n)251'1o2 83 50.1 34.9 3.0 9 (- 5) • (38) 68 S1 5 
: 244omc12c,4n)25~o2 73·3 40.9 2?.0 3·5 2.5(-4) • (38) 68 61 5 
244amc13o,5n)25~o2 , 82 49.9 32.6 3·5 1.6(-4) z. (38) 68 61 5 
246cmc12o,.5n)253102 83 50~4 33.2 3.4 2.4(-4) z • (38) 68 61 5 

.244omc13o,4n)2531o2 ?3 41.2 26.3 3·7 3(- 4) z. (38). 68'61 5 
246om(12o '4n) 2541 02 ?2 40 25.? 3·6 1.0(-3) z • (38) 68 61 5 
246omc13c,5n)2541 .02 ?8.5 46~5 31.0 3.1 5.6(-4) z • (38) 68 Si 5 

• 246omc13o,4n)2551o2 ?0 38.4 25 •. 0 3-3 6.2(-4) z • (38) 68 S1 5 
248omc12c,5n)2551o2 ??.8 45.8 31.6 2.8 5.8(-4) z • (38) 68 61 5 
2~cm(12c,4n)2561o2 ?1.2 39.4 24.4 3o7 1.0(~3) z. (38) 68 61 5 

248omc13~,5n)2561o2 ?4.8 42.? 29.4 2. 17 6.6(-4) z • (38) 68 61 5 
248cmc13c,4n)25?1o2 ?0.5 38.? 23.8 3.? 1.1(-3) z • (38) 68 61 5 
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Z = 7 NITROGEN INDUCED HEACTIONS 

------------------------------------------------------------------
HJi~AGl'IOl'.f Elab(!:!eV) Eexc(MeV) Bn(MeV) ~(MeV) e(mb) REMARKS REFERENCES 

-------- ------------------------------------------------------------------
51v( 15N,5n)j1 Zn 94 89 53.o 7.2 GO (4) 59 Ka 1 

?1vc14N,3n)62 zn 45 52 29.5 7.5 15 (4) 59 Ka 1 

133cs(1Li·n' 5n) 14-2sm 92 77 4-1.2 7.2 770 (26) 66 Ka 4 
* 

11~1 Pr(1LfH ,6n) 14-9ny 107 i:b.1 51.9 5.7 28o (20) 64 Al 2 
* 

141 Pr' 15n, '/n) 14-9ny 120 100,8 ,,;o.9 5.7 24-3 (20) 64 Al ! 
* 

141Pr(Hr~,5n) 1)0Dy 88 '?U.2 41.7 5.7 650 .(20) 64 Al 2 
* 

11~1Pr(1 '5rr, .;n) 150Dy 113 85.5 50.7 5.8 GGO . (20) 64 Al 2 
* 

11+1Pr(11j N ,'+n) 151 Dy 75 54.0 33.8 5.0 325 
(2o) 64 Al 2 

l£ 

142Nd(14N,4-n)152Ho 82 57o5 35.1 5o6 - S,HSI ~ (66) ?1 To 4 

142Nd(14N,4-n)152Ho ?4 50.2 35.1 3.8 - S,LSI (66) 71 To 4 

142Nd(14N, 3n)153Ho 69 45.? 25.0 6.9 - S, HSI K (66) ?1 To 4 

144nd(14N,4n)154Ho ?3 51.9 33.6 4.6 - LSI (66) ?1 To 4 

144Nd(14N,4n)154Ho 81 59.4 33.6 6.4 - HSI JE (66) ?1 TO 4 

1?9Hr(14n,6n) 187Au 95 ?4.6 50.5 4.1 140 ill I (46) 69 He 1 

19?Au(14N,8n)203Rn 123 95.4 66.5 3.6 - ll I (35) 6? Va 2 

197Au(14N,?n)204Rn 105 78.5 56.9 3.1 - ll , I (35) 6? Va 2 
196pt(14n,6n)204At 88 62.8 47.9 2.5 150 ill I (12) 62Th 1 

195pt(14N,4n)205At 72 50.2 31.9 4.6 50 ll (12) 62Th 1 

196pt(14N,5n)205At 80 55.2 38.8 5·3 100 ill (12) 62Th 1 

198pt(14N, 7n)205At 97 71.7 52.2 2.8 60 ll (12) 62Th 1 

197Au(14N,6n)205Rn 104 77o5 48.8 4.8 230 ll (4) 59 Ka 1 
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z = 7 !UTROGEN INDUCED REACTIONS 

--------------------
REACTION Elab(MeV) E8x0 (MeV) Bn(MeV) E(MeV) S'(mb) REMARKS BDEBDCES 

-------- ------
· 197Au(14N,Gn)205Rn 111 84.1 48.8 5.9 350 (1) 57 Ba 1 

197 Au(14N,5n)200Rn 97 80.4 39-5 8.2 850 (1) 57 Ba 1 

· 19~(1~,6n)206At 87 62.2 44.6 2.9 230 Jl (12)62Th1 

197Au(14N,5n)206Rn 92.5 67.0 39.5 5·5 270 Jl (4) 59 Ka 1 

"' 
. 196pt(1~,4n)206At 68 45.8 31o3 3o6, 60 • (4.3) 69 Ba 1 

), 

197Au(1~,4n) 207Rn. 87 71.0 31.8 9.8 200 (1) 57 Ba 1 

197Au(14N,4n)207Rn. 74 49.5 31.8 4.4 • (.35) 67 "fa 2 

197Au(1~N,4n)207Rn 79 55.0 31.8 5.8 125 • (4) 59 Ka 1 

19~c14N,5n)207At 78 53.7 41.0 3.6 100 • (12) 62 Th.1 

. 19Bpt(1~,4n)208At 73 48.9 31.9 5.1 50 Jl (12) 62 Th 1 

. 238u (1~,6n)2~8 91 59.6 38.7 3-7 o.aC-3) s (4.3) 69 Ba 1 

248cm(1~,5n)~58103 87 46.7 31.1 3.1 H S (62) 71 Es 1 
248cmc15N,4n)25910.3 81 41.0 24.0 4.2 • s (62) 71 Es 1 

~ 

<=J. 



z = 8 OXYGEN INDUCED REACTIONS 

REACTION Elab(MeV) E
8
x

0
(MeV) Bn(MeV) i(MeV) 6(mb)REMARKS REFERENCES,. . - . . . . 

51vc16o,Jn)64Ga 70 6.3 .32.6 10.1 70 (5) 59 Ka 2 

51vc16o,2n)65aa 59 53 20 • .3 16 • .3 50 (5) 59Ka 2 

80se(16o,Jn)9.3uo 68 6.3 2?.6 12.0 2.50 (6) 59 Ka 3 

109Ag(180 ,5n)122c8 92 76 49.1 5o4 - •. (44) 69 Dr 1 

109Ag(18o,4n)12.3c8 7.3 60 3?o9 5.5 -. .,(44) 69 Dr 1 

115rnc18o,.5n)12~a 92 74 48.4 5.1 -. • ,(63) .71 Be 1 

124anc16o,Gn)1.3408 .96 80 51.8 4.? .333 .• (14) 63 IJ. 1 

124anc18o,an)1.34ce 126 105.5 64.5 5.1 - • (64) 71 Og 1 

124anc160,5n)135ce 79 65 4.3.? 4~3 190 • (14) 63 IJ. 1 

124anc1Bo,Gn)1J608 95 78.5 46.4 .5·3 - • (64) .71 Og 1 

1.39tac16o,Gn)149Tb 100 68.6 48.8 ).4 14 IBI(13) 63 .u 1 

140ce(16o,?n)149~ 134 1o2.3 6o.9 ,5.9 250 • (20) 64 .u 2 . 

140ce(160,6n)150py 120 8?.2 50.? 6.1· 69o •. (20) 64 .u 2 

14oce(160,6n)15oD.1 119 86.5 ,5o.? 6.o 45o • 
1(16) 63 II& 2 

140ce(16o,.5n)151D.1 103 ?1.4 42.8 ,5.? 620 • (20) 64 .u '2 
_,11 

140ce(1Bo,?n) 151D.1 129 100.4 ,58.3 6.0 410 • ·(20) 64 .u 2 ' 
~ 

140c8 c16o,,5n)151D.1 102 71 42.8 5·7 5.50 • (16) 63 ... 2 . 1 ' 141Pr(16o,6n)151Ho 121 84 52.6 5.2 - BBIII (16) 63 II& 2 

141Pr(16o,6n)15ia0 10.3 70 52.6 2.9 - 81IBI (16) 63 .. 2. 

142N4c16o,Gn)152zr 125 85 ,54.4 5.1 - 8 • (15) 63 Ma1 

140ce(16o,4n)152n,y 83 53 .3.3.0 5·0 200 • (16) 63 .. 2 

141Pr(16o,,5n)152a0 107 72 44.4 5·5 - 8,BBX. (16) ~ • 2 

141Prc160,5n)152a0 93 60 44.4 ).1 - 8,IBI ,(16) 6) II& 2 

142N4c16o,Gn)152ar 120 82 51.5 5.1 - 8 ~(16) 63 ... 2 

142N4c16o,Gn)152zr 125 85 ,54.4 ,5.1 - 8 •(15) . 6) II& 1 

14~4c16o,5n)15Jmr 108 71 45.9 5.0 - s 1i(15) 6) .. 1 

142Nd(16o,4n)154zr 89 .55 35·5 4.9 - 8 •(15) 63 Ma1 

1448mc16o,Gn)154Jb 130 87 57·9 4~8~ 9 s •(19) 64Ka 3 

144amc16o,5n)1.5.5tb 119 77 ·48.8 5·6 42 8 •(19) 64 .. 3 

1GBrbc16o,?n)177pt 141 94 II 
66.6 ).9 - 8 •(28) 66 Si 3 



z .. 8 OXYGEN INDUCED REACTIONS 

DlCTION Elab(KeV) Eexc(MeV) Bn(MeV) &(MeV) O"(mb)REMABKS BEFERENCES 

172rbc16o,en>1eopt 144 104 71~2 4.1 !!! • (28) 66 81 3 

172rbc16o;Gn>182pt 118 . 77 ,52.,5 4.1 • (28) 66 81 3 

17.5tuc16o,aa)183Au 146 109 71.1 4o7 • (39) 68 81 6 

. 17.5r,uc16o,Gn) 1.8.5Au 117 82 ,52.4 4o9 • (39) 68 81 6 

197Au(16o,en)2D5rr 14.5 102 66.3 4o.5 • (1?) 64 Gr 1 

20~l(16o,?n)214Ac 118 66~4 .51o3 2~2 • (34) 0f?. ~ 2 

:203Tl(16o,.5n)214Ac 9.5 4,5.; 3?.7 1~6 s ~ (34) 6? ~ 2 

2Q3Tl(16o,4~)21.5Ac 8,5 37.2 29.1 2.0 8. (34) 67 ~ 2 

20~1(16o,Gn)21.5Ac 112 61.0 42.7 3~1 • (34) . 67 Tr 2 

.20~c16o,?n>21~h 128 73.1 .53o6 2.8 8 • (41). 68 Va 3 

20~c16o,Gn)21~h 112 ,58.3 44.9 2.2 . s • (41) 68 Va 3 

. 2~c16o,;n)217Th 102 49.0 37!6 2.3 8 .. (41) 68 Va 3 

· 208:Pt,c1.6o ,3n)~1th 84 31o4 21.4 .. 3.3 • (57) 70 To 2 

~(~60,3n)221th 87 38.0 21.4 ,5.,5 (.59) 70 Va 4 
209B1(16o,3n)222p. 89 35o2 22.4 4.3 (52) 70 Be 2 

238uc18o,en>24Br. 120 74.2 50.7 2~9 1.3(~) s • (2.5) 66 Do 1 

'• ·238uc16o,Gn)2~ 102.,5 68.0 39.0 4.9 3 • .5(~) • (25) 66 Do 1 

238uc16o,5n)249~a 93 .53~.5 32o7 4o2 2o7(~) •(25) 66 Do 1 

238uc1B0,Gn)250rm 101 ,56.2 37o0 3.2 1~9(-3) s • (25) 666 De 1 
. 238uc16o,4n>2~ 88 44.0 25!3 4.7 1;.0(-3). • (7) 59 Vo 1 

23Buc180,5n)2.51.rm. 93 49.2 31.1 . 3.6 4.0(-3) s. (25) 66 Do 1 

239Pu(180,5n)2.52102 .. 96. 48.9 32.7 3.2 1!6(-.5) 8 • (27) 66 J411 

• 239Pu(18o,4n)2.53102 90 41.9. 26.4 3o9 .5o1(-5) 8 •;{27) 66 M11 

·24~c16o,5n)2531o2 96 ;o.6 33.2 3 • .5 4.4(-.5) 8. (27) 66 K11 

24~c16o,4~>2.541o2 89 43.6 25.'7 4.,5 3!4(-5) 8 • (2'7) 66 Ki1 

. 242Pu(18o,,5n)25.5102 98 ,50.6 31.6 3.8 6.o(-.5) 8 (43) ,69 Ba 1 

. 242Pu(18o,4n)256102 88 41o7 24.4 4.3 2!3(-.5) 8. (27) 66 M11 

243Am(18o,,5n)256103 9.5 47·5 32.'7 3.0 6.0(-.5) 8. (25) 66 Do 1 
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z = 9 FLOURINE INDUCED REACTIONS 

REACTION Elab(MeV) Eexc(MeV) Bn(MeV) 6(MeV) ~(mb)REMARKS REfERENCES 

138aac19r Bn)149Tb . . 125 90.5 63.6 3o4 10 (13)63 .u 1 
139La(19r,9n)149D.r 165 129.0 ·76.4 5o9 144 • (20)64 .u 2 
139La(19F,Bn)150D,y 149 114.5 66.2 GoO 450 • (20)64 .Al 2 
139La(19F,7n)151D,y 132 99o8 58.3 5o9 350 • (20)64 .u 2 

-, '·' 
141Prc19r,8n)152Er 158.5 117 71.1 5o7. 55 • (19) 64. Ma 3 
141Pr(19r,7n)153Er 145 105 62.6 6.1 83 • (19) 64 Ma 3 
14"1idc19r ,en) 153Tm 160 115 73o5 5o2 10 • (19) .64 Ma 3 
142Nd(197 ,7n)154Tm 149 105 64o7 5o'8 45 . • (19) 64 Ma 3 
144sac19F,7n)156tu 151 103 68.6 4o8 - • (22) .65 Ma 4 
16~c19r,1en>17~ 170 129 90~3 3.9 - 8• (28) 66.81 3 
185Re(197 1en)194p0 t . 167 125 90.6 3o4 - • (32) 67 81 4 
1B5aec19r,9n)195p0 152 112 81.5 . 3o4 - • (32) 67 81 4 
1B~Re(19r,an)196p0 135 97 71.1 3o2 - • (32) 67 81 4 
185a8 c19r,7n)197p0 123 84 62.3 3.1 - • (32) 67 81 .q. .• 
187ae(19,r,an)19~ 135 98 68.3 3·7 ·- • (32) 67 51 4 
1B7aec19F,7n)199p0 122 86 59.8 3e7.' - • (32) 67 81 4 
197Au(19r,1en)206aa 172 124.2 81.6 4.3 - • (35) 67 Va 2 ·, ,, 

197Au(19p 3n)213aa 96 51.6 22.6 9.6 - (35) 67 Va 2 . t 

20~c19r,3n)224Pa 102 4.3 • .3 21.4 7 • .3 - (52) 70 Bo 2 
2.38uc19r,7n>25Qyv 121 70.2 45·9 .3·5 1.9(-4) s ..C25) ~ Do 1 
238uc19r,sn>252yv 105 55o5 .32.2 4.6 .5(-4) 8 (25) 66 Do 1 
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z = 10 NEON INDUCED REACTIONS 

REACTION E1 b(MeV) E c(MeV) Bn(MeV) I(MeV) CS'(mb)REMAilK.S REFEIUNCES a . ~ . 

. 122an(2C1fe,5n) 137Nd .. 107 81 46.9 6,8 II (53) ?O Dr 2 
119anc2~8 4n) 137Nd.' ' ' / 

90 62o7 37.1 6.4 II (53) 70 Dr 2 
126Te(2~8 , 5n)143sm 113 78o2 41.2 7.4 II (50) 69 Ne 1 
13°Te(2C1fe,?n)143sm 130 95 55o3 5o? • (50) 69 Ne 1 ·-13~a(2C1fe,?n) 149D,y 147 102.5 60o9 6.0 230 • (20) 64 Al 2 
137Ba(2C1fe,Bn) 149D,y 160 116.9 67.7 6,4 160 • (20) 64 Al 2 
13fl.Ba(~e,9n) 149D,y 168 129.4 76o5 5o9 150 • (20) 64 Al 2 
13~a(2C1fe,Gn)150D.Y '131 88,0 .50~7 6.2 610 • (20) 64 .u 2 
137Ba(~e,~)1.50D.Y 146 102.0 57o.5 6.3 440 •• (20) 64 Al 2 
13fl.Ba(~e,8n)150D,y 154 11.5o5 66.2 6.2 460 • (20) 64 .u 2 
137Ba(2~8 , 9n)150D.Y 176 131.0 ?2o7 6.5 280 H (20) 64 .ll 2 
13~a(~e,.5n)151D,y 115 73.0 42.8 6.0 380 li (20) 64 .ll 2 
137Ba(2C1fe,Gn)151D.Y 129 88.2· 49o6 6o3 340 • (2e) 64 Al 2 

· 138Ba(~ 8 , ?n) 151D.Y 140 100.1 58.3 6.0 400 H (20) 611- ~;2 
137Ba(2~8 , 8n)151D.Y 163 117.0 64'.8 6.5 260 H (20) M .ll 2 
138Ba(2~8 , 9n)151D,y 184 128.? 73.1 6.2 220 ~ (20) 64 Al 2 

.140ce(2~e,8n)152Er 174 121 71.1 6.2 40 S H (19) 64 Ya 3 
14008c2~e,?n)153Er 158 108 62.6 6.5 50 BH (19) 64 )Ia 3 

.· 141Pr(2C1re,8n)153Tm 170 116o5 73.5 5.4 10 • (19) 64 lla 3 
.. 141Pr(2C1fe, ?n) 154Tm 156 105 - 64.7 5o8 38 H (19) 64 Ua 3 
. 14~d(~e,8n) 154-rt, 176 ~19.5 75.8 .5.5 1.5 a & (19) 64 lla 3 
14~d(2~e,?n) 155n 160 105o7 66.7 .5.6 9 s • (19) 64 Ya 3 
144sm( 20N e '?n) 157Hf 164 105 70.5. 4.8 1.8 s. (22) 65 lla 4 
144sm(~e,Gn) 158at 150 92' .59.0 .5o7 1.8 s • (22) 65 lla 4 
169Tm(2C1fe,Bn)181Au 160 110 73.5 4.6 • (39) 68 Si 6 
169Tm(~e,Gn~183.lu 134 86 54.3 5o3 H (39) 68 81 6 
185Re(2~e,9n~196At 176 118 83.1 3.9 • (33) 67 Tr 1 
185Re(2~e,Bn)197At 163. 106 ?2.5 4.2 • (33) 67 Tr 1 
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Z = 10 NEON INDUCED REACTIONS __________________________________ .;__ _____ 
REACTION Elab(MeV) Eexc(MeV) Bn(MeV) E (MeV) S'(mb) RE!.!ARKS REFERENCES 

------------------·--------------
185Re(2~e,7n)198At 150 94 63.5 4.4 - •(33) 67 Tr 1 

185Re(20Ne,6n)199At 135 81 53o3 4.6 - • (33) 67 Tr 1 

185Re(2~e,5n)200At 120 67 44.6 4.5 - • (33) 67 Tr. 1 

185Re(~e,4n)201At 103 54o9 34.8 5o0 - • (33) 67 Tr 1 

185Re(2~e,5n)202At 120 69.1 42.8 5·3 - • (47) 69 Mo 2 
197Au( 20Ne,8n) 209Ac 152 90o3 65.3 3.1 - • (J4) 67 Tr 2 

235uc2~e,5n)252102 118 52.0 32.6 3o9 1o6(-2) s • (54) 70 Fl 1 

23Buc2~e,6n)2541o2 126 60.2 37.6 3o8 6.(-5) B • (25) 66 Do 1 

23Buc22Ne,5n)255102 118 53.0 31.6 4.3 2.2(-4) s • (25) 66 Do 1 
23Buc2~e,4n) 256102 111 46.5 24.4 5o5 4o5(-5) . S • (25) 66 Do 1 

243Am(2~e,4n)261105 117 46.0 25.7 5.0 5.(-3) s • (54) 70 Fl 1 
243Am(22Ne,5n) 260105 121 50.0 33.2 3o3 4.(-3) s • (54) 70 Pl 1 
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18908c31P,Sn)215pa 

189osc31p,4n)216pa 

Z • 15 PHOSPHOR INDUCED REACTIONS 

175 

162 

z • 18 

62.6 lf0~2 4.5 3.5(-3)8 11(65) 71 Su 1 

51.6 32.4 4.8 1.0(-3)S (65) 71 Su 1 

ARGON INDUCED REACTIONS 

REACTION Elab(lleV) E8xc(lleV) Bn(l!eV) E(l!eV) G(mb)REMARKS REFERJ.i.NCES 
\ 

116cd(40Ar,7n)149~ 212±10 105 60.9 6.3 33 (49) 69 Na 1 
116cd(40Ar,7n)149~ 225 115 60.9 7.7 (18) 64 Ku 1 
114cd(40Ar,5n)149~ 206 98 44.8 10~6 (18) 64 Ku 1' 
114cd(40Ar,5n)149~ 173 73.5 44.8 5.7 29.5 (49) 69 Na 1 
116Cd(40Ar,6n)150~ 209 102 50.7 8.6 (18) 64 Ku 1 

. 116Cd(40Ar,6n)150~ 187 86.8 50.7 6.0 154 ( 49) 69 Na 1 
114cd(40Ar,4n)150~ 165 67.6 34.6 8.3 143 (49) 69 Na 1 
114cd{40Ar,4n)150~ 172 73 34.6 9.6 (18) 64 Ku 1 
114cd(40 Ar,3n) 1~1~ 158 ~. 62.4- 26.6 11.9 20.4 (49) 69 Na 1

1 164~(40Ar,gn)195p0 245±10 115.2 82~4 3.6 2 •(56) 70 81 8 
164~(40Ar,8n)196p0 225±10 . 98.5 71.1 3.4 8 •(56) 70 81 8 
164~(40Ar,7n)197p0 215±6 79o5 62.3 2.5 35 •(56) 70 81 8 
164~(40Ar,6n)198p0 196±4 75.0 52.3 3.8 45 •(56) 70 S1 8 
~64~(40Ar,5n)199p0 182±4 63.7 43.8 4.0 55 •< 56) 70 81 8 
164~(40Ar,4n)200Po 173±5 57.0 34~1 5.7 20 (56) 70 81 8 
164~(40Ar,4n)200p0 180±4 62.2 34.1 7.0 20 (60) 71 Be 1 

. 23 . 


