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It has been shown in refs/
1

•
2

/ that nuclear reactions with 

heavy ions represent an effective way of producing new neutron

rich isotopes of light elements. 

The present work is a successive stage of the experimental 

study of particle-stability for the extremely neutron-rich isotopes of 

nitrogen, oxygen and fluorine. 

The experiment was performed with the 310-cm heavy-ion cyc-
232 

lotron at Dubna, A metallic Th target of 11 mg/cm2 thickness 

was bombarded with 174 MeV 
22 

Ne ions. The reaction products 

emitted from the target at 40 ° with respect to the incident beam 

passed the magnetic spectrometer and were detected in a counter 

telescope placed in the focal plane of the spectrometer, The teles

cope consisted of two semiconductor detectors: a 46.6 p. m thick 

~E detector (16 mm in diameter) and a 0,6 mm thick E-~ E 

detector. The pulses from both detectors, after amplification, were 

sent to a two-dimensional, 64 x 64 channel p~se-height analyser, 

For a fixed magnetic rigidity B R the two-dimensional ( ~E.E...;.~E) 

pulse-height spectra represent a set of well separable maxima, 

Each maximum corresponds to a different reaction product with de

finite mas~ number A , atomic number Z and ion charge Z 1 

3 



The experimental technique is described in detail in ref/
3

/, 

Fig. 1 shows the yields of oxygen heavy isotopes as a func

tion of BR , Similar curves were obtained for isotopes of nitrogen 

and fluorine, The energy spectra displayed on the right hand side 

of Fig. 1 show that the exchange -type·(-2p, + xn) reactions producing 

heavy oxygen isotopes proceed with the average value of excitati-

on energy E * · = Q - Q equal to about 12 MeV, independent-
av g.g av 

ly of the number of transferred neutrons. This fact was used for 
28 

estimation of the BR value at which reactions producing new 0 
24 

and 0 isotopes should proceed with maximum yields, The masses 
23 24 

of 0 and 0 isotcpes necessary for calculation of the Q 11 , 11 

values (e.g. for reactions leading to the grouna states of both reac

tion products) were taken from paper of Garvey and Kelson/
4

/, 
23 24 

The estimate has shown that the maximum yield of 0 and 0 

isotopes passing through the magnetic spectrometer with charge 

Z 1 = 7 should be expected at BR = 10.4 kGs•m. As we have al

ready reported /
2

/, the detection of the heaviest isotopes of the 

given element with charge Z 1 "'Z -I allow for a sufficient decrease 

of the background caused by other reaction products, in contrast .... 
to the case when the ions with charge Z 1 .. Z are detected, 

The yields of C , N , 0 F and Ne isotopes .obtained at 

B H = 10.4 kGs•m are shown in Fig. 2, The numbers of counts 

given in this figure were obtained by summing the counts in a few 

adjacent.~ E -channels along the line Z = canst, on which the peaks. 

corresponding to the isotopes of the elemmt Z should be situated, 

The arrows point the predicted positions for different isotopes. 

Fig. 2 shows that apart from a number of already known isotopes, 
21 23 

four new isotopes: N (about 60 events), 0 (about 130 events), 
24 25 

0 (about 30 events) and F (about 40 events) have been ob-

t<~ined, 
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The only source of background in detection 
·21N +6 28 O +'T 

of , , 
24 O +'T 25 F +7 14,to 0 +5 

and ions would be , 
16 I'T '-+'6 17 18 '-f 

' F , ' F · 
18,19 .f6 • 

and Ne ions, respectively, However, the y1eld measurements 

f t tall . . 14, 15 o+8 o o y 10n1zed , t 6 , I'T , t 8 F + 9 and 18 • 1 ~e +IO showed tha 

their contribution to the observed effect is smaller than 5°,k,, 

According to the conclusions of Vinogradov and Nemirovsky 

papej
6

/ the 24 0 nuclide is the last particle-stable oxygen isotope, 

whereas according to estimations of Garvey and Kelson/4 •5 / the 
28 0 . last pa~cle-stable isotope of oxygen should be , Similar dis-

crepancies exist in the theoretical estimations for isotopes of other 

elements. Thus only further experiments on the particle-stability of 

heaviest isotopes, first of all of oxygen and carbon, together with 

the mass measurements for the extremely neutron-rich isotopes may 

clear the situation. 

The authors are much indebted to Professor G,N, Flerov, 

Member of the USSR Academy of Sciences for his permanent in

terest in our work. 
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Fig.l. Yields of 0 , 0 and 0 isotopes from the Ne + Th 

40 50 60 

reaction as a function of magnetic rigidity BR (on the left) 
and as a function of the outgoing particle energy (on the 
right). The arrows point the predicted outgoing particle ener
gies for reactions leading to the ground states of the both 
reaction products. 
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CHANNEL NUMBER { E- 6E) 

Fig. 2. Yields of neon, fluorine, oxrgen '2a9itrogen and carbon ne
utron-rich isotopes from the r Ne + Th reaction at E lab = 
= 174 MeV; BR = 10.4 kGs•m ; the 

22 
Ne flux through the 

target amounts to._, 5.1x1o16 particles. 


