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In refs/ 
1

•
2

/ the excitation functions of the two- a nd three- neutron tra nsfer 
IT 

reactions f o r s everal eleme nts were measured by means of detecting N 

dela yed neutro ns/ 3 / . 

IT 
In the pre sent paper the angular distributions of N fro m the bombardment 

of Ta and Au with 
14 

N ions a re studied to obtain an additio nal informa tion 

on the mechanism of the three- neutron transfer rea ctio n s . The e x p eriments were 

performed with the external beam of the 1.5 0 em Heavy Ion Cy clotro n o f the La

bora tory o f Nuclear Reactions ( JINR, Dubna ). 

The ion beam pass e d along the axis of the cylindrical r eactio n c h a mber. 

The rea ction pro ducts - IT N nuclei w ere outgoing from the chamber thro u g h 

annula r windows covered with a thin mylar foil. The window s were provide d in 

the side surface of the chamber for performing measureme nts in the f o rwa rd a nd 

b a ckward hemis pheres over the a n g ula r r a nges of 1.4° -80° a nd 1.00° - 1 6 6°, res. 

pectively. The third window was provided in the end surface o f the chamber fo r 

performing meas urements at small angles from 4° to 2 4°. The emission a ngle 

of the reaction products was varied by moving the target along the cha mber axis . 
IT 

During the bombardment, N nuclei were gathered on the c a t c her and w ere 

periodica lly tra nsported to the neutro n detecto r. 

The neutro n detecto r cons i s ted of a sys tem of 2 4 proportional c o unte r s 

and a para ffin moderator. The counters were filled w ith enriched . BF 
8 

( 8 7o/o 
10 

8 ) • 

The detector efficiency equa l to ?o/o w a s determined by a calibra ted photo- neu-

tron source ( ~• Na + 
G 

Be ) w h o se neutron energy spectrum is close to the de-
IT 

layed neutron s pectrum of N "1Uclei. The mea surements w ere performed in 

puls ed conditions: the duration of e a ch bomba rdment a nd each measurement pe

riods was equal to 30 sec. Several runs of bombardment were performed a t 

each value of the ang le. As the backg round was measured, the c a tcher of IT N 

remained fixed. 

The 
14 

N ion energ y m easured by a sem>- conductor d e tecto r equa l e d to 

1.05 MeV and was varied by aluminium absorbers p o sitioned in fro nt o f the 
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bending magnet. 'A more detailed de,.cription of the an-angement will be given in 

a separate paper, 

in all the measurements the half-life of neutron activity was equal to that of 
11

N ( 4,15 sec), The background at the angles corresponding to the maximum 

yield was 5 per cent of the effect observed and was slightly sensitive to the 

angie, 

The data on the angular distributions of 
11 

N nuclei from the bombardment 

of To and Au with 
14 

N ions are given in Figs. a,b, At larger angles ( 100°-

1660) the measured effect coincided with the background within statistical error. 

The data in the laboratory system were converted into the c.m. system using the 

tables/ 
4

/ under the assumption that the transfer occurs without excitation of the 

final nuclei, The excitation of about 10 MeV leads only to an insignificant displa

cement (about 0,5°) of the angular distribution maxima in the direction of large 

angles. The statistical error of the measurements was 0.2- 2 ,0?(,. The angular 

resolution of the arrangement varied with angle and equaled to 0.5° at 15° and 

to 9° at 80°. The effect of the target thickness ( 6.8 mg/ cm
2 

for To and 
2 u 

5 .4 gf em for Au ) on the angular distribution was neglected, The N ion enel'-

gy spread measured by a semi- conductor detector did not exceed 1 MeV. 

The data obtained indicate that the angular distribution shows distinct rr.a

xima which a re char acteristic of transfer reactions. The maxi 1a are close to the 

Rutherford scattering angle corresponding to the ion tangential trajectory, This 

picture indicates tha t the three- neutron transfer is a direct reaction occurring in 
u 

a narrow area of the nuclear surface. Hence, the decrease in the N ion 

energy leads to the displacement of the maximum m the direction of large ~angles 

and to the reduction of the cross section. 

The comparison of the angular distributions of the three- neutron transfer 

with that of the single- neutron transfej 
5

/ at the same incident energies 

per nucleon shows that the position of the maximum is slightly sensitive to the 

nu:nber of the nucleons transferred ( the displacement in the direction of smaller 

angles does not e xceed 1°-2°). However, the half-width of the angular distribu

tion curve increases significantly ( 3 0 ° instead o f 2 0 °) , This increase in the 

half- w idth is probably due to decrease in the effective w idth of the reaction l:>.y

er around the target nucleus. As a result of this, the number of the partial waves 

mainly contributing to the three- neutron tra n s fer decreases, It is noteworthy tha t 

t.fle cross section for the three- neutron tra n sfer reduces only by a n order of 

magnitude as compared with tha t for the single- neutron trans fer. By comparing 

the reaction geometrical a rea with the reactio n cross section, o ne can determine 

the probability of the single- neutron tra nsfer as approximately 1 o;) 5
/ • When three 
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neutrons are transferred independently, one could expect that the cross section 

for the three- neutron transfer will decrease . more strongly as compared with that 

for the single- neutron transfer, 

The authors continue to s tudy the two- and three- neutron transfer reactions, 

The results of this work will be published later in a separate paper. 

The a uthors are grateful to G,N, Fierov for continued interest and valuable 

discussions. 
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