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Preserving a status of a universal and inexpensive 
detector, the nuclear track emulsion (NTE) with 
unrivaled resolution and completeness ensures the 
observation of tracks beginning with fission fragments 
and down to relativistic particles.  
 
Development of a study of formation of triplets of alpha 
particles in the Hoyle’s state arising in dissociation of 
relativistic 12C nuclei in a nuclear track emulsion is 
presented.  
 
The analysis of layers transversely irradiated by muons 
with an energy of 160 GeV at CERN and about 2.5 GeV 
in the "muon torch" of the U-70 IHEP accelerator is in 
progress.  
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produced by relativistic sulphur nucleus  
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Обзор в приложении.  Обзор в приложении.  

1 A GeV 10B → 2He + H 















IHEP, Protvino 
12C 450 A MeV – 35 A GeV 

















   

    Conclusions 
  
 HS is identified at 4.5 and 1 A GeV/c on the basis of the most precise 
measurements in NTE performed by different researchers on different 
exposures that are separated in time by two decades. In itself, this fact 
demonstrates the thoroughness of the NTE method. As a result of the studies 
шt can be concluded that HS is observed with a contribution of about 10-15%. 
However, the method does not allow one to investigate the features of the HS 
decay. Reconstruction of HS on the invariant mass of relativistic α-triples can 
be used to study processes with the HS formation as an integral object at large 
momenta and for other fragmenting nuclei, except for 12C. 
 
 It is possible that HS can not be reduced to only the excitation of 12C 
but can manifest itself as a universal object in the fragmentation of heavier 
nuclei, similarly to 8Be. In this respect, the closest source of HS is the 14N 
nucleus. Even more convenient are the 13N and 13C nuclei whose beams can be 
formed in the 14N fragmentation. It can be expected that the nuclear-
molecular objects 8Be and HS will become reference points for the search for 
more complex states of sparse nuclear matter in the relativistic approach. 
 







Search for charge exchange  9Be → 9B (in progress) 
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In order to study the origin 
of nuclear multiple 
fragmentation NTE plates 
were transversely exposed 
to muons of energy of 160 
GeV in CERN (May 2017) 
and 2.5 GeV in the muon 
“torch” of the IHEP U-70 
accelerator (Protvino, 
April 2018).  
First of all, splitting 12C → 
3α will be studied. 



n (14.1 MeV) + 12C → 3α 



32 32 

μ+12С→3α 





Three stacks of 10 layers with an emulsion thickness 1000 μm and 3 of 10 layers with a thickness of 200 μm are 
irradiated perpendicular to the beam. Nearby monitor is 8 × 8 cm2. The fluences are 9.3 × 106, 45 × 106, and 57 × 106. 
The average energy of muons is 2.5 GeV on average. 
3 stacks (2 of 10 layers 100 microns and 1 of 10 200 microns) are irradiated in the hadrons beam: pions - 60%, protons 
- 35% and kaons - 5%. 
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