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Abstract: The nuclear photo-emulsion method makes it possible to study 
in detail the fragmentation of a projectile thanks to a high resolution capability 
of emulsion and the detection of secondaries in a 4π geometry. The registra-
tion of all charged particles and their identification enable one to explore the 
isotopic composition of fragments and the projectile fragmentation channels. 
In the paper are presented results on an investigation of 8B interactions with 
photo-emulsion nuclei. A detailed analysis made it possible to justify selec-
tions of events of nuclear fragmentation 8B → 2He + p.  
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1. INTRODUCTION 

The emulsion composition provides a special convenience to explore just 
peripheral interactions [1]. It includes the Br, Ag and H nuclei in comparable 
concentrations and allows one to compare fragmentation patterns of various 
origins. Under the same conditions it is possible to observe the very periph-
eral break-up in the electromagnetic field on a heavy target nucleus as well 
as in collisions with target protons. 

The method of nuclear track emulsions is the most appropriate for stud-
ying the relativistic fragmentation of neutron-deficient light nuclei, because 
this method ensures the most detailed observation of the interaction pattern. 
The traditional task of the nuclear-track-emulsion method is to outline the nu-
clear-interaction pattern on the basis of a limited statistical data sample in 
order to plan better future complicated experiments featuring various detec-
tors. Limitations on the statistics subjected to analysis are compensated to 
some extent by the impossibility of completely observing the composition of 
fragments within other methods. 

2. EXPERIMENT 

Nuclear emulsions were exposed to relativistic 8B nuclei at the JINR Nu-
clotron. The beam of relativistic 8B nuclei was obtained in the 10B → 8B frag-
mentation reaction using a polyethylene target [2]. Data were obtained at 
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beam energy of 1.2 A GeV. Events were sought by microscope scanning over 
the emulsion plates.  

 

 
 

Fig. 1: Example of peripheral interaction of a 1.2 A GeV 8B→2He+H in a nuclear 
track emulsion (“white” star). The interaction vertex (indicated as IV) and nuclear 

fragment tracks (H and He) in a narrow angular cone are seen on the upper micro-
photograph. Following the direction of the fragment jet, it is possible to distinguish 1 
singly (the central track) and 2 doubly charged fragments on the bottom micropho-

tograph. 

 
A detailed distribution of the 8B dissociation over the fragment configura-

tions ∑Zfr and the numbers of the target fragments nb and ng is given in [3]. 
The main conclusion is that the contribution of the dissociation channel 8B → 
7Be + p is dominant in events that do not involve the production of target-
nucleus fragments or mesons. Among ∑Zfr = 5 events, one can observe the 
2Не + H (fig.1) and He + 3Н channels, which saturate about 70% for Ntf and 
about 50% for Nws. Irradiation details and a special analysis of interactions in 
the BR-2 emulsion are presented in refs. [2, 3]. We have no chance to present 
here a full description of all experimental procedures [1–3]. 

3. RESULTS 

For the 2He+H channel, figure 2 shows the opening angle distribution Θ2α 
of α-particle pairs with mean value <Θ2α> = (43 ± 6) x 10-3 rad (RMS = 20 x 
10-3 rad) and <Θ2α> = (33 ± 3) x 10-3 rad (RMS = 21x10-3 rad) for events of 
the type white stars and for all events, respectively. Available measurement 
accuracy enough to the analysis of narrow angular pairs 2He as dissociation 
products 7Be. 
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Fig. 2: Distribution of the Θ2α between the fragments He in the 2He + H channel (50 
events). The shaded part of the histogram represents the contribution of white 

stars (13 events). 

 
 

 
 

Fig. 3: The PT transverse momentum distribution of the protons produced in periph-
eral interactions 8B→7Be+p (solid histogram, 40 events) and 8B→2He+p (dashed 

histogram, 50 events).  

 
Measurements of the angle θ make it possible to calculate the transverse 

momenta PT of relativistic fragments with a mass number Afr according to the 
approximate relation PT ≈ AfrP0 sin θ, where Afr is the mass number of a frag-
ment, θ its emission angle and P0 the momentum per 8B nucleon (P0=2.0A 
GeV/c). 

Figure 3 presents the PT distribution for protons produced in all peripheral 
interactions 8B → 7Be + p and 2Не + p (dashed histogram). In essence, these 
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distributions are similar, which may indicate the independence of fragmenta-
tion of the proton to the core nucleus 7Be. Table 1 contains a summary of the 
mean values of emission angles <θ> and transverse momenta of protons 
<PT>, generally confirms the similarity distributions in figure 3. 

 
Tab. 1: Mean values of emission angles <θ> and transverse momenta of protons 
<PT> in reactions 8B → 7Be + p and 2Не + p. Nws – the number of white stars; Ntf  - 
the number of events involving the target fragments; Nws + Ntf – the number of all 
peripheral events; N – the number of events. 

channel 
Nws Ntf Nws + Ntf 

<θ>,  
10-3 rad 

<PT>, 
MeV/с 

N 
<θ>, 

10-3 rad 
<PT>, 
MeV/с 

N 
<θ>, 

10-3 rad 
<PT>, 
MeV/с 

N 

Be + H 33 ± 6 66 ± 12 25 35 ± 7 69 ± 15 15 34 ± 5 67 ± 9 40 

2.He + H 51 ± 8 101 ± 16 13 39 ± 5 78 ± 10 37 42 ± 4 84 ± 9 50 

 
 
Figure 4 shows the PT distribution for protons produced in events of the 

type white stars 8B → 7Be + p and 2Не + p. The calculated mean values of 
the transverse momenta are equal to <PT> = 66 ± 12 МeV/c и 101 ± 16 МeV/c, 
respectively. The difference in the mean values significantly, and it may indi-
cate the presence of secondary electromagnetic interactions in the channel 
2He + p.  

 

 
 

Fig. 4: The PT transverse momentum distribution of the protons produced in events 
of the type white stars 8B→7Be+p (solid histogram, 25 events) and 8B→2He+p 

(dashed histogram, 13 events).  
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4. CONCLUSIONS 

Possessing a record space resolution the nuclear emulsion method 
keeps unique possibilities in studying the structure particularities of light nu-
clei, first of all, of neutron-deficient nuclei. The presented results of an exclu-
sive study of the interactions of relativistic 8B nuclei in nuclear emulsion lead 
to the conclusion that the particular features of their structure are clearly man-
ifested in peripheral fragmentation.  

The work was supported by grants from the Plenipotentiaries of Bulgaria 
to JINR. 
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