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The foundations of required methods of measurements on microscopes in exposure NTE 

layers were laid at the beginning of studies on the physics of cosmic rays and, then, used 

widely when beams of relativistic  nuclei became available. For these purposes three 

microscopes KSM-1 manufactured by Carl  Zeiss (Jena) about half of century ago and still  

functioning well are applied in JINR. Each microscope is equipped with  apochromatic and 

achromatic lenses providing an increase of 15 and 50x, two eyepieces 12.5x and a tube lens 

2x which together give an image magnification 375-1250x. The maximum error  due to 

manufacturing tolerances does not exceed 0.05 ɛm. 



1974 JINR Synchrophasotron12C @ 3.65 A GeV 

Exposures of stacks of nuclear track emulsion (NTE) to light  nuclei were performed in the 70-80s at the JINR 

Synchrophasotron and Bevalac (LBL,  USA). The use of NTE to study the interactions of the gold and lead nuclei 

continued in the 80-90s at the AGS (BNL, USA) and SPS (CERN) accelerators. Observations in NTE of tracks of 

charged particles in a full  solid angle and practically  without  a threshold made it  possible to determine the contours of 

a complex picture of the collision of relativistic  nuclei. Special attention was paid to central nuclear collisions. The 

subsequent development of this area on the basis of large-scale electronic experiments is widely known. At  the same 

time, the results obtained by the NTE method as well as the irradiated  layers themselves and the files with  

measurement results retain their uniqueness with  respect to the structure of nuclear fragmentation. 
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In  peripheral interactions of nuclei, in which the charge 

of the incident nucleus is distributed between its fragments, the 

individual  features of the incident nuclei are reflected. They are 

observed in NTE as often and completely as central collisions, 

so there is a fundamental possibility in the cone of relativistic  

fragmentation to study the nuclear structure. 

 

The intense ñtracksò in the photos  splits into the He 

track pairs with  the opening angles of about 2Ö10-3 rad 

corresponding to decays of the unstable 8Be nucleus. Their 

observation testify to the completeness of observations across 

the spectrum of cluster excitations. 

 

In  the aspect of relativistic  fragmentation, the use of 

traditional  spectrometers was extremely limited. The 

difficulties encountered are of fundamental nature. They are 

caused by a dramatic decrease in the ionization of relativistic  

fragments in an extremely narrow fragmentation cone, and, 

often, by an approximate coincidence in the magnetic rigidity  

of fragments and beam nuclei. For these reasons, 

measurements were carried out with  the registration of single 

relativistic  fragments with  charges close to the charge of the 

studied nucleus. 



Relativistic fragments are concentrated in the cone sinɗfr  = pfr /p0, where pfr  = 0.2 GeV/c is 

the measure of the nucleon Fermi momentum in the projectile nucleus, and p0 is its 

momentum per nucleon. The invariant  mass of the system of relativistic  fragments is 

defined as the sum of all products of 4-momenta Pi,k of the fragments M*2 = ×(PiĀPk). 

Subtracting the mass of the initial  nucleus or the sum of the fragments Q = M* - M is a 

matter of convenience of presentation. The components Pi,k are determined in the 

approximation of the p0 conservation.   



For the 12C nucleus at an energy of 3.65 A GeV there 

are measurements of emission angles of Ŭ-particles made 

in the groups of G. M. Chernov (Tashkent) at 72 and A. 

Sh. Gaitinov (Alma-Ata) in 114 ñwhiteò stars 12C Ÿ 3Ŭ. 

The left figure shows the distribution  over the invariant  

mass of Ŭ-pairs Q2Ŭ. In  the Q2Ŭ < 0.2 MeV region, the 

contribution  of the 8Be decays is 17 Ñ 1%.  

<Q2Ŭ> (RMS) =109 Ñ 11 (83) keV  

(Q2Ŭ < 200 keV) 

The distribution  Q2Ŭ for all 2Ŭ combinations in 641 

"white"  stars 16O Ÿ 4Ŭ presented in the right  figure. As 

in the case 12C Ÿ 3Ŭ, for Q2Ŭ < 0.2 MeV there is a 

contribution  of 8Be decays which manifests itself in 15 Ñ 

1% of events.  

641 ñwhiteò stars 16O Ÿ 4Ŭ 186 ñwhiteò stars 12C Ÿ 3Ŭ 







7Li 92.5 % 

 

7Be 53.3 d 

 

8B 0.769 s 

 

10B 19.8% 

 
11B 80.2 % 

 

12C 98.89 % 

 
11C 20.38 m  

12N 11.0 ms 

 

9Be 100%  

9C 0.1265 s 

 

10C 19.2 s 

 

8Be 6.8 eV 

9B 540 eV 

6Li 7.5 % 
The pause in obtaining data on the structure of relativistic  fragmentation 

motivated further  exposures at the JINR Nuclotron to the light  nuclei including 

radioactive ones. In  the early 2000s, the BECQUEREL experiment aimed at 

systematic study of peripheral interactions of relativistic  nuclei by the NTE 

method has been started. The analysis of peripheral interactions in longitudinally  

irradiated  NTE layers allowed one to study cluster features of a whole family  of 

light  nuclei, including neutron-deficient ones, in the unified approach.  
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Channel With target fragments çwhiteè stars 

Li  + ʅʝ 21 (5%) 5 (4%) 

Li  + 2ʅ 32 (8%) 5 (4%) 

ʅʝ + 3ʅ 120 (32%) 18 (13%) 

2ʅʝ + ʅ 182 (48%) 103 (76%) 

5ʅ 24 (6%) 2 (1%) 

ɺʝ + ʅ 1(< 1%) 2 (1%) 


