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'' 

As 'we have already reportect/
1

/, the nuclear reactions with 

· heavy ions represent a very effective way of getting new neutron

rich isotopes o~ light elements, In the work reported here we have 

obtained in such a way four new isotopes, namely 
23

F ,
24 

F , 
25 

Nc 

and 
26 

:'<lc • 

High energy proton experiments of Poskanzer et al( 
2
/have 

. . 1.1 12 I 5 
shown the particle stability of Li , De and B , The heaviest 

. • . . ' 1 s 
among the ,known isotopes of three successive elements are C , 

_20 ~ and 22 0 / 1/. Theoretical estimates /
3

•
4

•
5

/ suggest that for z :>..6 

the observed extremly-neutron-rich isotopes lie close to the boun

dary line of the particle stability, while for z > 6 this boundary cor

responds to a much larger neutron excesses than ·those of heavi-. . ~ 

est· isotope~ discovered ·so ·far. In view of these estimates the ex-

perimental' proof of the particle stabilitY of the successive' isotopes 
J··' 

ofF and Nc is a step towards reaching the boundary of the par-

ticle stabiiity for these el~ments·· as well. 
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Our experiment was performed qn the 300-cm heavy ion cyc-

lotron at Dubna •. A metallic 
23~h target 4.4 mg/cm2 thick 

was bombarded with the 174 MeV 
22 Ne ions. The reaction pro

ducts were identified by means of the magnetic spectrometer com-
• 

bined with the ~ E/dx , E techniques. 

The reaction products emitted from· the target at the 40 ° angle 

with respect to the incident beam passes the magnetic spectrometer.· 

and were detected in a particle telescope placed in the focal plane' 

in the spectrometer. The telescope consisted of two surfa,ce barrier 

silicon detectors: a 46,6 /L m thick ~ E detector alld a 0.6 mm thick 

E- ~ E detector. The pulses from both detectors· were sent to the 

. two - dimensional, 64 x 64 channel pulse - height analyzer. 

By making the reaction products gO thr.ough the magnetic 

spectrometer we could change the continuous energy spectra along 

the practically unresolvable lines M z 2 
§1 canst, into a set of the well 

separable maxima with coordinates: 

R(E 0 ) 

~E I 
R(E

0
)-d dx 

' 2 
I 2 z i E-~E=E -~E =-(eDR) --~E 

o . 2 M 

'' Here R ( E 0 ) and R (E )-d are the ranges of the (Z,M) reaction pro-
o • 

duct in silicon for energy E 0 determined by the chosen magnetic 

rigidity n R and for energy · E - ~ E , respectively. z c is the 
. 0 I 

charge of the ion when it is passing the spectrometer. 

F'or more detailed information .concerning the experimental 

method used we refer to the paper previously published/1/. 
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The search for .new neutron-rich- isohJpes of fluorine and · · 

neon was performed for the values of BR corresponding to z, =Z-l. 

For the ~hosen value of BR i~e ·only s~urce of the background in 

the experimental method used would be the isotopes of the z +l 

. element passing the spectrometer with the charge lower by 3e than 

that correspandibg to the total ionization. we have found however· 

that this effect is practically undetectable. 

· The res ult.S obtained with the magnetic rigidity B R / B eC R 

1,159 corresponding to the maximum yield of the heaviest isotopes 

of F and N e are shown in fig.l. Here Bee'. R is the magnetic ri-
, . 22 

gidity value for the elastically scattered Ne ions. The numbers of 

counts given in fig.1 were obtained by summing the counts· in a 

few adjacent L\E -channels along the line Z =canst. on which the 

peaks corresponding to the' isotopes of ·the Z-element should be 

situated, The arrows point to the predicted positions for different 

isotopes. 

Fig.2 shows the results obtained for another value of BR , 

namely for BR/BeeR =1.138, 

' The results quoted above show that apart from a number of 

known isotopes fm.tr new isotopes: 
23 

F (720 events), 24 F (25 events), 
25 26 -

Ne (400 events) and Ne (26 events). were obtained and identified_ 

unambiguously •. 

The author$, are much indebted to Professor G.N. Flerov, 

Member of the USSR Academy of Sciences, for his permanent in-
- -

terest in our work and for very useful discussions~ Thanks are 

also due to B,A. Zager and the cyclotron crew for their coopera

tion and to V.I. Vakatov for help with the pulse -height analyzer, 
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Fig.l. Yields of neon, fluorine., oxygen, nitrogen and carbon iso

topes from the 22 Ne+ 232Th reaction at Efab ~174 MeV; 
B RIB ef R a 1.15 9; the 22 N e . flux through the target I a 

= 9.25 1015 particles. 



00 

0 ::r: ., > ~o·,·· 
Z:· 
Z, 
fTJ r 

r·. 
~ 

•C 

21 F: 

24Ne 

I zaNe 

I 

I 
1so 1Bo 

zoo J ' 

' 
17N 

16 ; ' J· N .. 
. _ ~·1SN 

'18t!J ., r 'ISC 

Tlln .. :1scJ 

14(; ': 
113c_· 

' ' ; . 
I 

40 50 60 30 40 50 60 30 40 50 20 30 40 20 30 40 . ' 

CHANNEL· NUMBER (E ~~E) 

Fig,2. Yields of neon, fluorine, oxygen, nitrogen and carbon iso
topes. from the 22 Ne+232 Th reaction at E fab =174 MeV; 
BR{B .e R = 1.138; the 22 Ne flUx through the ~rget I = 2,29 
10 5 particles. 


