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4.5A GeV/c “’Ne Peripheral Dissociation into charge state

2+2+2+2+2 with °Be like fragments




4.5A GeV/c **“Mg Peripheral Dissociation into charge state
24242+2+2+2 with °Be and “C” like fragments

N e s e ‘.»--- -
= T SRR R T AN
LR 15N .::J‘J':".‘JS"::"-'M-‘U-”%' i m-y-a::.ﬂ.:m Pl T A s St AL TR TANL L e
e . a2
.

N
L . -

h‘-M'- -~ '-m;.-‘- | .-
TR XTI yrgies




4.5A GeV/ctC:<T, >=0.4 MeV
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Boltzmann constant, k /approx 104 eV K-
Typical Temperature Range, ¥ /approx 5-10%°K per a

p,=N(2m_, -T,) p, /approx 20-120 MeV
Planck constant, h /approx 200 MeV fm
A=h/p de Broglie wave lengths /approx 1-10 fm

Ach - Japprox R, Acoh . Japprox Ry,

a

TJ/T=F,/)TF .= (Ry/R,)? /approx 10

Macroscopic quantum coherence phenomena in atomic physics /approx 1 K

Macroscopic quantum coherence phenomena in atomic physics /approx 1010 K
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Abstract—Experimental observations of the multifragmentation of relativistic light nuclei by means of
emulsions are surveyed. Events that belong to the type of “white stars™ and in which the dizssociation
of relativistic nuclei i= not accompanied by the production of mesons and target-nucleus fragments are
considered. An almost complete suppression oi the binary splitting of nuclei to fragments of charge in
excess of two, & = 2, is a teature peculiar to charge topology in the dizsociation of Ne, Mg, 5i, and 5 nuclei.
Aninerease in the degree of nuclear fragmentation maniiests itseli in the growth oi the multiplicity ol singly
and doubly charged fragments { £ = 1, 2) as the charge of the unexcited fragmenting-nucleus part {(which
is the main part) decreases. Features of the production of systems formed by extremely light nuelei a, d,
and t are studied in the dissociation of the stable isotopes of Li, Be, B, C, N, and O to charged fragments.
Manifestations of *He clustering can be observed in “white stars” in the dissociation of neutron-dehcient

isotopes of Be, B, C, and N. (© 2005 Pleiades Publishing, Inc.



Table 1. Charge-topology distribution of white stars in the dissociation of **Mg nuclei with an energy of 3.65 GeV per
nucleon

Zg 1T | 10 | 10 98 |8 |8 | T[T 6|55 |54 |43 —-|—-]|-
Nzg=1 1 2| — | 2 —13(1[2]5]3 6456 |42
Nzg=a | — | — - - |21 (2212 |31 |2|2[34]35
Nev 10| 14 (|91 (7|4 (4242112 |1 [3]1(2]32

Table 2. Charge-topology distribution of white stars in the dissociation of #*Ne nuclei with an energy of 3.3 GeV per
nucleon

Zy 9 8 8 7 6 6 3 3 S+ 3 4 4+3 - -
Nz= 1 - 2 1 - 2 1 3 - - 3 2 -
Nz=3 - 1 - 1 2 1 2 1 1 3 - 4 2
New 12 al 6 7 3 2 1 1 1 2 l l 3

Table 3. Charge-topology distribution of white stars in the dissociation of #*Si nuclei with an encrgy of 3.65 GeV per

nucleon
£y 1312012110111 |10{10 (%9198 B|17(7|7|68|6|6|6B|5|5[4|—-|—-]—
Ng—1 1] — 2 | 3| - 21 411 (al5 |6 |2(4[3)5|T72|4]6 3152|2810
Ng—a| — 1| — 1] — 2 11— 12({1(=-|—-12|01[2|1|—-|3|2(1|—-(3|2|4|6]3]| 2
Ney 91 3|15 11 6| 2 7] 2(218) 3256|1333 (5|81 |1]|3|1|1]2 3

energy of 200 Gel per

Table 4. Charge-topology distribution of white stars in the dissociation of *25 nuclei with an
nucleon

Z¢ I3 4| 15 1312 1210 (w98 | 8(7+3 7 |5+3
Nz 1| - 2 1 3 2| 4 3 5| 2| 4 6| 3| — 4 3 4
Nzg—a | — 1| - 1] - 1| = 1| — 2 1 — 2] 4 |1 1 3 2
Ney 99 |11 |48 | 7| 6| 3| 4 4 1 1 2 1111 |1 1 1 1




Table 5. Charge-topology distribution of white stars in the  Table 8. Charge-topology distribution of white stars in the

. o - - - S 14 et wr v of r
dissociation of **0 nuclei with an energy of 3.65 GeV per  dissociation of YN nuclei with an energy of 2.1 GeV per
nucleon

nucleon
Zy 7 b b | 5 5| 4 |4 |- -
Ne_; | 2 — i 1 |- |2 =12
Nzg_a — | = 1 | — | 2 | 3
Ny 18 | 7 |21 2 10 | | e 3

Table 6. Charge-topology distribution of white stars in the
dissociation of YO nueclei with an energy of 200 GeV per
nucleon

Zg fle| B35 [4|3|3|—-|—]|—
Ng=y | 1 |—| 2113 |21 |3]|—|2]|4
Ng—a |- |1 |- (1] —|1|2|1]4]|3]|2
Nw 43|16 (1051 (3|2 (22|42

Table 7. Charge-topology distribution of white stars in the
dissociation of B nuclel with an energy of 1 GeV per
nucleon

Z; 4 3 - -
Nz 1 - 3 1
Nz - 1 ! 2
Ney 1 5 5 30

Zy

Nz
Ng=z | —
Ny G

[ ]

> |4 33— | -
2 1 2 | 3

- | =111 2 3
2 1] 1 1 1 10

Table 9. Charge-topology distribution of white stars in the
dissociation of "Be nuclei of energy 1.23 GeV per nucleon

Z; 3 — — -
Nz_, 1 4 2 -
Nz_o - - 1 2
Nev 7 2 a8 28
Number of events of 8Li coherent dissociation
Number of events
Dissociation without the with the
channel excitation of the | excitation of the
target nucleus target nucleus
(Nn=0) (Na #0)
‘He +d 23 24
SHe + ¢ 4 1
t+d+p 4 3
d+d+d 0 2




The common topological feature for fragmentation
of the Ne, Mg, and Si nuclel consists In a
suppression of binary splitting to fragments with
charges larger than 2.

The growth of the fragmentation degree Is revealed
In an increase of the multiplicity of singly and doubly
charged fragments up to complete dissociation with
Increasing of excitation.

This circumstance shows In an obvious way on a
domination of the multiple cluster states having high
density over the binary states having lower energy
thresholds.
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Secondary beams of light radioactive nuclel
will be produced mostly via charge exchange
reactions. B and °Be beams has been formed
via fragmentation of °B.



Clustering building blocks:

more than one nucleon bound, stable & no exited
states below particle decay thresholds —

deuteron, triton, “He, and 3He nuclei
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0 O  45A GeV/c °Li Coherent
o = o) + Dissociation (PAVICOM image)
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Triton Clustering
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Li. About 7% of all inelastic
interactions of ’Li nuclei are
“white” stars (80 events).

Decay of ’Li nucleus to a-particle
and triton - 40 events.
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2. A GeV/c 7Be - -
Spllttlng to HeHe with two target fragments
HeHe, HeHH, °Lip, and 4H.



Relativistic ‘Be fragmentation: 2+2
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The 'Be*—a3He decay is occured in 22 “white stars” with
2+2 topology. In the latter, 5 “white” stars are identified as
the "Be"—(n) SHe3He decay. Thus, a 3He clustering is
clearly demonstrated in dissociation of the ‘Be nucleus.



“Ternary H&He Process”
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The 1°B nuclei with a momentum of 2A GeV/c and
an intensity of about 108 nuclei per cycle were accelerated
at the JINR nuclotron. A beam of secondary nuclei of a
magnetic rigidity corresponding to Z/A =5/8 (’B—2B
fragmentation) was provided for emulsions.

We plan to determine the probabilities

SB—/Bep (9), >*He3Hep (8), °Lipp (1),
HeHHp (7) , and HHHpp (1).
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1.3A GeV °Be dissociation in 2+2. °B—°Be, Nuclotron, 2004.

“white” star




“Ternary °He Process”

2 A GeV/c carbon beam of a magnetic
rigidity Z/A = 6/9 (**C—°C) was provided for
emulsions to determine the probabilities

'C— %Bp (1), '‘Bepp (2) , HeHepp
(7), °Lipp (0) , HeHHpp (5) , HeHeHe
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10B s disintegrated to 2 doubly charged and 1singly

charged particles in 70% of “white” stars.

A singly charged particle is the deuteron in 40% like In
case of L.
8Be contribution is 20%.
1B —°Bep — 3%
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“3He Process: mixed isotope fusion”
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Fragmentation of relativistic nuclel provides an
excellent quantum “laboratory” to explore the transition of
nuclel from the ground state to a gas-like phase composed of
nucleons and few-nucleon clusters having no excited states,
l.e.d, t, °He, and «.

The research challenge is to find indications for the
formation of quasi-stable systems significantly exceeding the
sizes of the fragments.

Search for such states is of interest since they can play
a role of intermediate states for a stellar nuclear fusion due
to dramatically reduced Coulomb repulsion.

The fragmentation features might assist one to
disclose the scenarios of few-body fusions as processes
Inverse to fragmentation.
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