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NTE exposure by 10C beam
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Distribution over polar angle
θα of relativistic 4He
fragments in exposure at 4.5
(dashed) and 1 AGeV/c
(solid) 12C and 2 AGeV/c 11C
(dotted)
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Main results:

The Q2α distributions obtained on a basis of angular
measurements of events 12C → 3α at two values P0 are
presented jointly. The region Q2α < 200 keV contains a peak
pressed to the origin which corresponds to decays of 8Be.

In the Q3α distribution over the invariant mass of the α-
triples there is a peak in the region Q3α < 1 MeV where HS
decays could be reflected. According to the “soft” condition
Q3α < 1 MeV the contribution of HS is estimated to
be about 10–15% in both exposures.

P1 ≈ P0



Distribution of the number of

3α-triples N3α over the invariant

mass Q3α of 316 “white” stars
12C → 3α (solid) and 641

“white” stars 16O → 4α (dashed)

at 3.65 A GeV; inset: an

enlarged view of distributions in

the region of Q3α < 2 MeV

normalized to the number of

“white” Nws stars in both cases.

NHS(12C)/N8Be(12C) = 0.36 ± 0.06 

NHS(16O)/N8Be(16O) = 0.35 ± 0.04
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nα

84Kr+Em →(15He + 6H)Kr

Peripheral interaction of Kr projectile nucleus with a
NTE nucleus, without produced mesons and fragments
of the target nucleus. This type of interaction is called
“white” stars.



Applications of film detectors



Увеличенное изображение облученного образца CR39, 
полученное с помощью микроскопа Olympus BX63.
Представлена процедура автоматического анализа и счета 
входящих треков («дырок») ядер Xe в плоскость детектора 
CR39, реализованного в фирменном программном 
обеспечении CellSens Olympus (демонстрационная версия). 

Фотография образца CR39, 
облученного в пучке ядер Xe на 
установке BM@N в 2023 г. Красным 
выделена область прохождения пучка.



Photo at 4x magnification of a 60 µm thick layer of boron nuclear fuel 
irradiated with xenon-124 nuclei at 280 MeV per nucleon



Conclusion

Thank you for your attention!

• Productivity of the nuclear emulsion method in studies nuclear clustering and states of the
lowest density and temperature is confirmed.

• Determination of the invariant masses from the fragment emission angles assuming conservation
of momentum per nucleon of the parent nucleus allowed identifying the decays of 8Be(0+),
8Be(2+), 9Be(1.7), 9B, 6Be, 12С(0+

2), and 12C(3-).

• The observations of 8Be(0+) and 12С(0+
2) points out that conditions of nuclear astrophysics can be

reproduced in the relativistic fragmentation.

• Despite relativistic scale unstable states may emerge in final state interactions of lowest energy
nuclear physics.

• Progress in microscope image analysis opens up new horizons to the method in nuclear structure
studies.





(Charge Exchange)2

The irradiation experiments are intended to investigate the double charge-exchange
process 9Be→9C and the cluster structure of proton-rich 9C nucleus.

NΔ –states



Лазер-ионный коллайдер



Параметры Нуклотрона/NICA: численные значения
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