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Targets made of LiF, Al, and Cu were irradiated with ~ 92-Mev N14 ions. The radio
active isotope N16 was identified among the reaction products by its decay period and by 
the beta-particle energy. It is concluded that N16 is formed through "capture" of two 
neutrons from the target by the bombarding particle. 

I N many investigations of the interaction between 
heavy particles ( C, N, 0) with nuclei1- 6 there 
were observed the so called "capture" and "strip
ping" reactions, in which the bombarding particle 
captures a neutron, proton, or a particle from 
the target nucleus, or else adds such a particle to 
it. A detailed investigation of the "stripping" of a 
neutron in the bombardment of various targets by 
N14 ions [ zA ( N14 , N13 ) zA+i ]3• 6 indicates that re
actions of this type occur, in all probability, in the 
case of glancing collision between the interacting 
nuclei, without formation of a compound nucleus. 
The energy transferred in this case is small. This 
causes, in particular, the kinetic energy (and con
sequently the range) of the N13 nuclei not to dif
fer much from the kinetic energy and range of the 
N14 ions. The large range of the reaction products 
of "stripping" and "capture" makes it possible to 
separate them from the reaction products of the 
decay of the compound nucleus, without having to 
resort to radiochemical methods. 6 

It appears to us that to investigate the me chan
ism of interaction between heavy particles and nu
clei in the case of glancing collisions it is advis
able to study not only the foregoing reactions, but 
also the "stripping" and "capture" of two neutrons. 
A detailed investigation of this process may yield 
useful information on the structure of the periphery 
of the nucleus, particularly on the character of the 
interaction of the outer neutrons. The possibility 
of "capture" of two neutrons follows from the work 
of Alkhazov et al., 7 who observed the formation of 
N16 in the irradiation of LiCl by 15.6-Mev N14 

ions. However, the results obtained do not lead 
to definite conclusions concerning the mechanism 
by which this isotope is produced. 

*The results of this work were reported in the survey 
paper by G. N. Flerov at the All-Union Conference on Nuclear 
Reactions at Low and Medium Energies (1957). 
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It was the purpose of this investigation to ob
serve the "capture" of two neutrons in the inter
action between accelerated N14 ions and nuclei of 
several elements. 
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The experiments were performed with the in
ternal beam of the 150-cm cyclotron of the U.S.S.R. 
Academy of Sciences. Five-charge N14 ions with 
energy ~ 92 Mev were used to bombard targets of 
LiF, Al, and Cu. The figure shows the attange
ment of the experiment. The thickness of the tar
gets 1 was chosen such that the nitrogen ions were 
emitted by the target at an energy of ~ 55 Mev. 
Placed behind the layer of the investigated sub
stance was a 9-J.L gold foil, 2, in which the short
range reaction products were absorbed. No nu
clear reactions were produced in the gold itself, 
since the energy of the N14 ions (55 Mev) was 
not enough for this. Placed beyond that was a tan
talum plate, 3, which collected both the beam and 
the reaction products that passed through the gold 
foil. The collector was moved periodically to a 
luminescent beta-particle counter 4, with a thick 
stilbene crystal ( 30 mm in diameter and 30 mm 
high), so that the counting could start 5 seconds 
after the end of the irradiation. The counter, 
placed in a magnetic shield, was 2 meters away 
from the target. To reduce the background due 
to beta particles with energies less than 1.0 Mev, 
a 1.5-mm aluminum absorber, 5, was placed in 
front of the crystal. The electronic circuitry 
employed comprised a single-channel amplitude 
analyzer, which determined the beta-particle en
ergy and simultaneously measured the drop in 



526 KARNAUKHOV, TER-AKOP'YAN and KHALIZEV 

activity with time. The beam intensity was meas
ured when the collector was near the counter. The 
ion current amounted to 0.1-0.3 J.La. The inten
sity of the beam was stable enough throughout the 
experiments for quantitative estimates of the cross 
sections. 

The irradiation of each target ( LiF, Al, Cu) 
resulted in a beta activity with a half-life T = 
7.5 ± 1 sec and a maximum beta-particle energy 
Emax > 7 Mev. 

In the experimental setup used, the only nuclei 
that could proceed from the target to the tantalum 
collector were those formed by "stripping" or 
"capture." The registration of isotopes -decay 
products of the compound nucleus -was excluded, 
since they were absorbed in the gold-foil shield. 
The fact that irradiation of targets having so wide 
a range of atomic numbers produced the same 
activity also indicates that this activity is obvi
ously connected with the decay of the isotope that 
is produced by the "stripping" or "capture" reac
tions. An analysis of the possible products of such 
reactions leads to the conclusion that the observed 
beta activity must be attributed to the decay of the 
N16 nucleus ( T = 7.35 sec., Emax = 10.4 Mev) 
which is formed by "capture" of two neutrons by 
the N14 nitrogen from the target nucleus. 

LiF Cu 
Target Al 

Li F cu•a Cu65 

Q, Mev +0.55 -6.65 -5.86 -4.37 -11.06 
Relative yield of f3 

activity with I 
T"' 7.5 sec. 100 30 3 

I 

A characteristic feature of the reaction that 
occur during glancing collisions, as already men
tioned, is the large range of the nuclei formed 
from the bombarding particle. To disclose more 
clearly this feature of the mechanism of N16 pro
duction, an experimeat was performed, in which 
we used a thinner target made of copper, covered 
on the collector side with a gold foil 15 J.L thick. 
The yield of N16 per single copper atom was re
duced here by 20-40%. For comparison we indi
cate that 2 or 3 J.L of gold are sufficient to absorb 
completely the decay products of the compound 
nucleus formed upon fusion of the gold and copper 
nuclei. 8 No beta activity with a half-life of approx
imately 7.5 sec. was observed in a control experi
ment in which a gold target of equivalent thickness 
was irradiated. 

The table lists a relative yield of the observed 
beta activity for various targets, referred to one 
atom of the investigated matter. The table also 
lists the values of Q, the difference in the bind
ing energy of two neutrons in N16 and in the target 
nucleus: 

(In the calculation of this quantity we used the data 
of reference 9 on the binding energy of the nuclei ) . 
It is seen that as Q decreases the activity yield 
decreases. This variation serves as further con
firmation of the conclusions concerning the produc
tion of N16 • It must be noted that in the case of 
LiF target, the N16 nucleus appears obviously 
mostly as the result of the interaction of the ni
trogen N14 with lithium. 

What attracts attention is the absence of this 
effect in the bombardment of a gold target, although 
in this case the reaction of "capture" of two neu
trons is energetically quite feasible. This is obvi
ously connected with the fact that the produced N16 

nuclei are so strongly deflected in the field of a 
target nucleus away from the direction of the bom
barding-particle beam, that they do not fall on the 
collector. 

The cross section of the reaction that leads to 
the appearance of the radioactive N16 upon inter
action of N14 with lithium, averaged over the ion 
energy in the interval from ~ 92 to ~ 55 Mev, 
amounts to ~ 5 x 10-28 cm2• This quantity must 
be considered as the lower limit of ih.e cross sec
tion for the "capture" of two neutrons by a N14 

nucleus, since the production of N16 in the excited 
state at sufficiently high excitation leads to the 
evaporation of a neutron: N14 + 2n - N16* - N15 + n. 
This circumstance may also cause the yield of N16 

to decrease with increasing energy of bombarding 
particles, owing to the increase in the average ex
citation energy of the nitrogen nucleus in the "cap
ture" of the two neutrons. 

The authors are grateful to Prof. G. N. Flerov 
for continuous attention in the work, and also to 
the cyclotron crew members, headed by Yu. M. 
Pustovo'ft, for ensuring correct operation of the 
apparatus. 
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