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Heavy ion induced compound nuclear reactions with following 

.J evaporation of neutrons have a large cross section for medium 

heavy nuclei and therefore appear to be suitable to synthesize 

f, 
il 

{ 
I 

neutron deficient nuclei. 

The mass spectrometer allows an unambiguous identification 

. of the mass number of the reaction products. There is in this 

case a distinct advantaa,e in using an on-line mass spectrometer 

capable of recording isotopes of practicc.1lly any half-life from 

milliseconds to long-lived activities. However, there is a lower 

limit of about 'i millisecond half-life caused by the diffusion and 

ionisation of the reaction products /l/. The mass number for short

-lived isomeric states in the microsecond or nanosecond region or even. 

for prompt radiation following (H.I., xn) reacthns can be drown 

only from the measured excitation function. 

The cross-section for a heavy-ion compou!'1d reaction with 

following evaporation of x neutrons is given by 
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a ( 11.1., x n ) 
X 

ao n 
I= I 

G 1 Px n "'a o ( G )X Pxn 

where ao is the total cross-section for compound nucleus for-

mation; above the Coulomb barrier a 
0 

increases slightly with 

increasing the beam energy. The second factor is the ratio of the rn . 
neutron width to the sum width ! 1 • for possible other reac-

t I 

tion channels. \Ne believe this factor i·s averaged over the neutron 

e.raporation cascade. The third factor is the probability of the evapo-

rat ion of exactly x neutrons. Assuming a constant nuclear 

temperature during the evaporation cascade Jackson /
3

/ has calcu

lated this nrobability. This function has a sharp maximum at a 

o,iven excitation ener!2,Y and it is responsible for the typical shape of 

excitation functions for (H.I., xn) reactions. Therefore, it is pos

sible to determine the number of evaporated neutrons for this ma

ximum position. The fundamental study has been made by J.M. Ale

xande; and G. N. Simonof/
2

/. From the analysis of different reac

tions leading to the a -active product nuclei 14 9, 150, 151 Dy they 

have established that the following relation is valid 

E exo - I 1,..,..1 
Bin = 5.0 - 6.5 MeV 

X 

The excitation energy E exo one obtains from the experimentally 

measured maximum position of the cross section E tab 

equation 

E exc = E lab 

mT +[(M-A)T+(M-A)I -(M -A)c) 
me 
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with T = target, ion, c compound nucleus and 

M - A mass excess in MeV. 

B In is the neutron binding energy of the i-th neutron in 

the decaying compound nucleus taken from P.A. Seegers table/1 

The validity of this limit has been established for all combina

tions of targets and ions from 12 C up to 22Ne 

A compilation for values in the 100 ~ A ~ 150 regi 

is given in fig. 1. This summary contains results on excitation 

f t o f 1 o t' 't' f 134£". t 137(' unc tons o severa cenum ac 1v1 1es rom ~e up o .c 

studied by Choppin and Klingen /fi/. The other points compiled 

in fig. 1 were obtained by the Dubna groups and applied for the 

identification of short-lived nuclear states. In the most cases n~~ 

activities were produced and it was desirable to have any other 

arguments vvhich clearly exclude a possible ambiguity of the 

assignment of the final product. Such arguments are: 

A = 111 The identification of the reaction product 1 1 l.le is surf~l 

established by measuring the daughter isotope~ itt <1n 

A 

A 

A 

A 

recoil experiment /
5

/. 

122 The reaction product 122 Cs 

by observing the 2+ .... 

122 Xe • 

is unambiguously identified 

0+ 331 KeV transition in 

123 The mass number of the reaction product follows SL!rCl 

b . 'th th 't t' f t' f 122
(' ' y compartson WI e exc1 a ton unc tons or .s 

and 
124

Cs 

124 In the ground state decay of the re>acli on product 
124

Cs there the 2+ .... a+ 3.'itJ Ke\1-trnnsition in 

t 24 Xe was observed. 

1213 Tft<=- excitation function Ji.J.S fll(!d:SLH'Pd f<>r ll 1< • ktt<l ·Jtl 

2B3 keV IinP in the 
128 

La • 12 )Ju denty. (Pia,. 2). 
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1.30 180mBa is unambiguously identified by its well known 

357,2 keV 2+ -+ 0+ transition. (Fig. 3). 

1.37 An independent argument for this mass assignment 

follows from the level systematics of N = 77 isotones. 

1.38 The 9 msec isomeric state in 
188Ce is well identified by 

radioactive decay work. 

1.43 The mass-assignment of the three-particle isomeric state 

is supported by comparison with the excitation function 

for the known 1.1./2--isomeric state in 
148 

Sm and by 

missing the known 2+ -+ 0 + transitions in the even-

. t 142 s even tso opes m and 144 Sm 

From the data complication in fig. 1. it follows that the Alexan

der and Simonoff relation is valid in this mass region, However, 

the values 7 for our neon induced reactions lie somewhat 

hi~her, 
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