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O~ photographic plates which had been exposed
to cosmic radiation on the Hafelekar (2,300 m. above
sea-level) near Innsbruck for five months, we found,
apart from the very long tracks (up to 1,200 em. )
...... from a single point within the emulsion several
tracks, some of them having a considerable length,
take their departure. We observed four cases with
three particles, four with four and ‘stars’ with six,
seven, eight and nine particles. one of each kind.
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dur. 7. Sapo as3ora CTOAKHYJOCh C SAPOM 3MyabCHU. [10BHAMMOMY, TPOU3OLLIO
CKOJIb3sillee CTOAKHOBEHHE, IIPH KOTOPOM 3apsi MEPBHYHOrO fAApa yMEHbLIAETCH
Ha exuHuuy. OCTAaTOK, MPEACTaBAAIIMH CcOO0H BO30YkIEHHOE ALPO yriepoaa,
pacnanaercs 3aTeM Ha 3 «-yaCTHIlbl, KOTOpbie B 1a0OpaTOPHOH CHCTeME HCIy-
CKAlOTCH B Y3KOM KOHYCE B HAMpaBJEHHN JIBHKEHHS NMEPBUYHOH YACTHLLEI
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Shower of 5b-particlés and proton

dur. 6. Slapo u3 rpynmnbl Mg—Si CTOJAKHYJIOCH C SAPOM SMyJibCHI.

[IpeanoaaraioT, 4To y3KHii JHBEHb, COCTOAUMH H3 NPOTOHA H 5 a-uacTHiL,

BO3HMK B PE3yJabTaTE UCTAPEHHs MEPBUUHOrO sJpa, BO3OYKACHHOTO CTOJK-

nopenueM. CcrajbHble YaCTHIbl, MCIYLIEHHbIE B 3Be3jle, fBJAIOTCH, MOBH-
JIMMOMY, OCKOJKAMH siipa MHILEHH,
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Events of multiple fragmentation of relativistic nucler were observed as early asthe 40sin the NTE
exposed to cosmic rays in the stratosphere. Their photographs presented in the classic book by C. H. Powell,
P. H. Fowler and D. H. Perkins, among other fundamental observations can serve as a model of clarity in our
time. Our research 1s implemented in keeping with this tradition.
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The foundations of required methods of measurementson microscopesin 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 thiee
microscopeskKSM-1 manufactured by Carl Zeiss(Jena) about half of century ago and still
functioning well are applied in JINR. Each microscopeis equipped with, apochromatic and
achromatic lensesproviding an increaseof 15 and 50x, two eyepiecesl2.5x and a tube lens
2x which together give an image magnification 375125. The maximum error due to
manufacturing tolerancesdoesnot exceed).05 em.
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Exposuresof stacksof nuclear tnaﬁflf emulsion (NTE) to light nuclei‘were‘per-immed'“im 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 Observationsin NTE of tracks of
charged particles in a fulll solid angle and practically without a thrieshold madeit possibleto determine tihe contours of
a complex picture of the collision of relativistic: nuclei. Special attention was paid to central nuclear collisions. The
subseguentdevelopmentof this area on the basis of large-scaleelectronic experimentsis widely known. At the same
time, the results obtained by the NTE method as well as the irradiated layers themselvesand the files with,
measurementresults retain their uniquenesswith: respectto the structure of nuclear fragmentation.
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In peripheral interactions of nuclei, in which the charge
of the incident nucleusis distributed betweenits fragments, the
individuall features of the incident nuclei are reflected. They are
observedin 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 Aitarka anktlee gphotos splits into the He
track pairs withy the opening angles of about 2Q03 rad
corresponding to decays of the unstable ®Be nucleus Their
observation testify to the completenessof observations across
the spectrum of cluster excitations.

In the aspect of relativistic fragmentation, the use of | |

traditionall spectrometers was extremely limited. The

difficulties. encountered are of fundamental nature. They are | .
causedby a dramatic decreasein the ionization of relativistic' |- —-- .- .

fragments in an extremely nariow fragmentation cone, and,

often, by an approximate coincidencein the magnetic rigidity, [
reasons,|
measurementswere carried out with, the registration of single|.

of fragments and beam nuclei. For these

relativistic fragments with, charges close to the charge of the
studied nucleus
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B""/ B P,=Py-A-cosa-sing
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P = /sz + P? + P

A '>'<

E,= |P? A% +m2

le'Px2+Py1'Py2+le'P22

2a
Ptotl : PtotZ

Quq = Maq —2-mg

Relativistic fragments are concentrated in the conesind;, = p;/p,, where p;, = 0.2 GeV/c is
the measure of the nucleon Fermi momentum in the projectile nucleus, and p, 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 P,, of the fragments M2 = x (P/®,).
Subtracting the massof the initiall nucleus or the sum of the fragments Q = M" - M is a
matter of convenience of presentation The components P, are determined in the
approximation of the p, conservation
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For the 12C nucleusat an energy of 3.65 A GeV there
are measurementsof emissionanglesof U-particles made
in the groups of G. M. Chernov (Tashkent) at 72 and A.
Sh. Gaitinov (Alma-Ata) in 114 fi.w h i staesd’C Y 3U.
The left figure showsthe distribution: over the invariant
mass of U-pairs Q,; In the Q,; < 0.2 MeV region, the
contribution of the 8Be decaysis 17 N1%.
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The distribution: Q,; for all 2U combinationsin 641
"white" stars 160 Y 4U presentedin the right figure. As
in the case!?C Y 3U, for Q,; < 0.2 MeV there is a
contribution. of 8Be decayswhich manifestsitself in 15 N
1% of events






Collective degrees of freedom, in which groups of few nucleons behave as composing clusters, are
a key aspect of nuclear structure. The fundamental “building blocks” of clustering are the lightest nuclei
having no excited states — first of all, the *He nucleus (a-particles) as well as the deuteron (d), the triton (t)
and the *He nucleus (h, helion). This feature is clearly seen in light nuclei, where the number of
possible cluster configurations is small.
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The study ofthe cluster structure by relativistic dissociation has both fundamental and practical
importance. First of all, the probabilities with which the cluster states are shown in dissociation are related
to the fundamental parameters ofthe ground and excited states of light nuclei. The knowledge
of probabilities allows one to determine possible initial configurations of nuclear clusters, which 1s
important for the analysis of the whole variety of nuclear reactions. Clustering is the basis of the processes
accompanying the phenomenon of the physics of nuclear isobars, hyper nuclei and quark degrees of
freedom. The 1deas about nuclear clustering obtained in high-energy physics, are important for applications
in nuclear astrophysics, cosmic ray physics, nuclear medicine, and perhaps even nuclear geology.




°C 0.1265:s

8B 0.769:S
O O
o O

’Be 53.8d

QO%

O

SLi7.5 % Lii92.5 %

%gg

)

O Q 12N 11.0 ms

A
o@ o
10C 19 2S 1C 20.88'm 12C 98.89 %
»n L0 o>
o%ol "0 A
o

198 19.8% |
9B 540 eV it 8 80.2%

°
P & & o9

Be 6.8V

‘Be 100%

DD Hod

The pause in obtaining data on the structure of relativistic fragmentation
motivated further exposuresat the JINR Nuclotron to the light nuclei including
radioactive ones In the early 2000, the BECQUEREL experiment aimed at
systematic study of peripheral interactions of relativistic nuclei by the NTE
method has beenstarted. The analysis of peripheral interactions in longitudinally.
inradiated! 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 cwhitee stars D)
Li+ 11 4§ 21 (5%) 5 (4%)
Li+ 12 32 (8%) 5 (4%)
1 d+31 120(32%) 18 (13%)
A1+ 182 (48%) 10f N
51 24 (6%) 2 (1%)
| i+ 1(< 1%) 2 (1%)




