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Nuclear Clusters

Nuclear Clusters

(O Clusterization is a key aspect of nuclear structure, in which groups of a
few nucleons behave as composite units.

O The fundamental "building blocks" of clustering are the lightest nuclei that
have no excited states.

[ The presence of spin-paired proton and neutron quartets in the structure
of light nuclei manifests itself in the intense formation of particles in
various nuclear reactions and decays.
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BECQUEREL Experiment

BECQUEREL Experiment
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¢ NTE method is used in the BECQUEREL experiment at the JINR
Nuclotron to study fragmentation of light stable nuclei and including

radioactive nuclei.

The features of the nuclei °Be, $10:11B, 1911120 and 121N appeared in

the probabilities of their dissociation channels.

o In dissociation of isotopes 1°B, °C, and 'C, decays °B —®Be are
identified.
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a-Fragmentation of Relativistic Nuclei

a-fragmentation of relativistic nuclei

2“Mg_.(i(xl‘ R > 5 i - ‘. .. "% ':i

v The study of nuclear structure in the relativistic approach under
conditions of very small energy-momentum transfers has significant
advantages, as the structure of the initial states of nuclei is most fully
reflected in the final states of the fragments.

v Electronic experiments in this field face fundamental challenges due to
the quadratic dependence of ionization on the charges of the nuclei,
the extremely small angular divergence of relativistic fragments, and
the frequent approximate coincidence in magnetic rigidity with the
beam nuclei. Therefore, the NTE method remains unique in the
relativistic fragmentation cone.
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a-Fragmentation of Relativistic Nuclei

v In the nuclear emulsion, relativistic nuclei, even the heaviest ones,
can fragment into nucleons and nucleon clusters, such as H and He
isotopes (1'23H and 3“He), as well as relativistic neutrons. NTE
enables the study of such ensembles with record angular resolution
and identification of He and H isotopes.
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a-Fragmentation of Relativistic Nuclei

=

Energy of a few-particle system

Y Q=M-M

—

¥ M*2 = S (P;)? = Y (P;.Py), is the in-
variant mass defined by the sum of all
products of 4-momenta P; ;, fragments.
Subtraction of mass M is a matter of
convenience. The 4-momenta P;; are

determined in the approximation of
conservation of the initial momentum
per nucleon.

Qs = Z EaiEaj — PaiPa]. cos oo, —3ma
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a-Fragmentation of Relativistic Nuclei
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Example of restored directions in event 10 421 + H @ 1.2 A GeV over vertical and planar planes.
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a-Fragmentation of Relativistic Nuclei
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a-Fragmentation of Relativistic Nuclei
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Selected under the cleanest conditions, the criterion Qaa(8Be) < 0.2 MeV
includes the accepted approximations, the kinematic ellipse of the 8Be de-
cay, and the resolution of angular measurements. Its application allows us
to determine the ®Be contribution to the statistics of “white” stars equal
to 45 4+ 4% for 12C — 3a and 62 & 3% for 150 — 4«
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a-Fragmentation of Relativistic Nuclei

Ground state of the 9B nu-
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a-Fragmentation of Relativistic Nuclei

The Hoyle state of 1?C

The Hoyle state(HS) P 0285 Mev
state is the second ex-
cited of the '2C nucleus
at E" (HS) = 378 keV
above the 3a threshold.
The value 7(HS) = 9.3
+ 0.9 eV corresponds to
the decay width 7% —
2v on the order of the
magnitude.
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a-Fragmentation of Relativistic Nuclei
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a-Fragmentation of Relativistic Nuclei
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Recently, an increase in the probability of detecting ®Be in an event with an
increase in the number of relativistic a-particles was found, based on the statistics
of dozens of ®Be decays. This suggests that the contributions of °B and HS
decays also increase. The exotically large sizes and lifetimes of ®Be and HS allow
us to suggest the possibility of synthesizing a-particle Bose-Einstein condensate
(aBEC) by successively connecting the emerging a-particles.
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a-Fragmentation of Relativistic Nuclei
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Observation of Projectile Neutrons
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Observation of Projectile Neutrons
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Observation of Projectile Neutrons
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Observation of Projectile Neutrons

Exposure of '**Xe nuclei at 3.8 GeV per nucleon
December-2022

5 cycles

25 e |

Layers of nuclear track emulsion exposed Xe nuclei for 1, 5, 25 accelerator cycles
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Xe exposed emulsion at 12x, single cycle
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Observation of Projectile Neutrons

124% e Emulsion interaction

Two Stars in View field at eam single cycle
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Observation of Projectile Neutrons

Analysis in progress
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“White" stars reconstructed at JINR by
nuclear photoemulsion method
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Exposure at BM@N (January-2023)

CR-39 detector in vacuum chamber of SOCHI station
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.
Photograph of the CR-39 detector exposed Xenon nuclei (left) and its macrophotograph at 40x
magnification; craters detected by the program are highlighted in red.
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Nuclear beam profile at the site of
irradiation of nuclear emulsion stacks after X .
the BM@N experiment reconstructed in the Beam profile of xenon nuclei during beam
CR-39 detector focusing at the SOCHI station, reconstructed
in the CR-39 detector.
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Conclusions
Conclusions

O The BECQUEREL experiment will continue to investigate the peripheral
interactions of relativistic nuclei, extending the analysis of multiple states
of a-particles and nucleons to the exposures of 12*Xe nucleus.

(A Nuclear emulsion provides the necessary resolution, completeness, and
uniformity of observations for the search for aBEC. Identification of the
decays ®Be — 2a, *Be — 2a, and 2C(0]) —®Bea (the Hoyle state) was
tested by the invariant mass of light nuclei, including the radioactive ones.

(3 This group has recently discovered a trend of increasing ®Be, B, and
12C(07) with the growing number of a-particles for medium and heavy
nuclei, suggesting the possibility of 4aBEC synthesis.

[ The analysis reveals that the majority of the neutrons concentrated a
region of up to 4 mm and their average transverse momentum of neutrons,
including volume factor are 50 MeV /c.

(3 Analysis of **Kr emulsion interaction can clarify the connection between
8Be, the Hoyle state, and the multiplicity of o ensembles.On this basis, it
is possible to search for the decays of the '°0O(0f) — '*C(0F)a state and
two ®Be.
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