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¢parmeﬂrauﬂﬂ pPeNnATHBACTCKHAX TSDKeIbIX HOHOB

[lano o6bACHeHHEe HeaaBHHX 3KCMEpPHMEHTOB NO BEIXOAAM ¢parMeHTOB B
peaKknHax C peNSTHBACTCKHMH THXe/lbIMH HOHAMH Ha ocHope AOByXcCTaau#HOTO
MexaHM3Ma hpouecca: Ha NepBO# CTaaHH HOH poabyxxnaerca B pe3yibraTe
nepudepHAHOr O CTONKHOBEHHA C SAPOM—-MUIIEHLIO, HA BTOpOi pacnamaercs
CTaTHCTHYECKH Ha JleTy C BhixoaoM ¢parMeHTa.

Pa6ora peinonieda B JlaBopaTOpHM TeopeTHYeCKOH ¢uanku OUAU.
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Fragmentation of Relativistic Heavy Ions

Recent experiments on the fragment yields in the reac-
tions with relativistic heavy ions are explained
on the basis of a +two-stage mechanism of the pro-
cess: at the first stage an ion is excited by the preriphe-
ral collision with a nucleus-target, at the second one it
decays in flight with the fragment yield.

The investigation has been performed at the Laborato-
ry of Theoretical Physics, JINR.
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The first experiment of fragmentation of
the relativistic oxygen ions on the beryl-
lium target /v/ caused the appearance of
some models for mechanism of such a reacti-
on /2-6/. All these have the nature of a
preliminary search and require further de-
velopment to be tested experimentally. Thus,
in addition to the problem on the momentum
distribution of fragments, raised in all the
papers, the best criterion for the choice
of mechanism is the explanation of the pro-
duct yield of the reaction /6/ . While in/1/
the data on yields are not presented, in the
recent paper /7/ the problem on yields has
specially been investigated experimentally.
The yields were measured for fast fragments
with the mean velocity equal to the
corresponding velocity of an incident
jon in collisions of the relativistic ions
of 160 ( E =2.1, 1.05 GeV/n)and 12¢C. (E =
= 2.1 GeV/n) which strike onto different
targets from hydrogen to lead. The results
have been found to be of the form

o =y:.}(Al43 +A‘B/3_1.6). (1)



It is just the representation in which the
dependence of fragmentation on the atomic
number of a target AT and of a projectile
Ap turns out to be distinguished. The fac-
tors yg characterize the essential de-
pendence on Z and A of a detected fragment
yields and, in practice, do not depend on
the projectile energy.

In this note the attempts are made to
explain the observed yields of fragments y
on the basic of the following assumption .
on the mechanism /6/ The reaction proceeds
in two stages: at the first stage the ion is
excited up to energy E* due to the collision
with the nucleus-target, at the second one
there occurs its statistical decay in flight
with the fragment yield of energy ¢ . Then
the distribution of fragments obeys the ratio
of phase volumes in the final state
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where p is the state density resp., before
(c) anf after (f) statistical decay, and

st =Mion Mg -M, (1) is the reaction
energy released in the disintegration channel
i with the yield of the fragment of Mg and
of the other products of masses M, (i) s

T = V2E*/a is the temperature of the ion
excitation (a smallness of (¢ -Qgg ) as com-
pared to the ion excitation energy E* is
assumed). Since in experiment only one reac-
tion product, the fragment with mass Mg
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is registered and not the others with My (1)
the observed total yield is ypg = yg(n s
where yg(j) is the yield in a ¢ annel i
Then it is convenient to represent the data
in the form

‘yi(.i) = y: rai), (3)
iwhere
i) = ¥(1) /?: (1) (%)

characterizes the channel width. Th%,figure
shows the calculation results for YB by
formulae (3), (). Circles stand for values
of (3), the numbers inside them denote the
corresponding channels written in the Table.
One can see the following: 1). The yields
really obey the exponential Qgg dependence
that, in its turn, justifies the mechanism

6f statistical decay of ion in the beam fra-
me (if the process is nonequilibrium, T has
the meaning of the effective temperature,

see prefs./6,8/ ). From the slope of the curve
one determines T = 7.5 MeV for 12¢  ion

and T = 7.0 MeV for 160 . The small decrease
in T for the heavier ion is natural. 2). An
additional test of this mechanism could be
the experiments on coincidence with regis-
tration of the heavy and light fragments with
the momenta per nucleon close to the corres-
ponding moments of the incident ion. 3).Inh
the presented model there remains the question
on the first-stage mechanism: how the large
excitation energy E* z 50 MeV can be trans-

ferred to ion and why the observed distribu-



Table N
160 _ Az, ... 20 | Ag, ..
% 1 chanmel  <(Mev) A 1 channel ~Q (MoV)
5% 1 Yom 15,7 e 1 Mgy 18,7
Yo 1 1400 28,9 "% 1 c.en 31,9
3 1 13043 52,1 % 1 9%m 53,1
gy 1 ey 12,1 Mg 1 Mpy 16,0
4y 1 Ug2y 20,7 105 1 1042 25,2
2 14N+n+p 23,0 2 1°D+n+p 27,4
By 1 UBpdy 25,0 8 1 85J3fun 45,9
2 Yppam 3,3 2 By 48,9
3 Umeenep 33,5 3 ®52neen 52,2
%8 1 pdpg s 4 Sreanep 54,4
2 12n.4y 48,0 105, 10pe42p 27,2
3 12N+ZH+2n 51,4 93. 1 9Bo+3Ho 26,3
4 "manegp 53,6 2 Be+%Hep 3,8
4. 4c,2p 22,3 3 Be+n+2p 34,0
e 1 3c43ue 22,8 "Be 1 TBe+*Hesn 26,3
2 V2hep 28,3 2 Tpe+7He 27,2
3 Voumezp 30,5 3 Tpes3ms2n 43,9
125 126,44, 7,2 4 TBesdHenep 46,1
e 1 Mou*gesn 25,9 5  Tbe+dHes2n 46,9
2 MciSne 26,8 914 SL1+3p 46,8
3 Vedmy 43,5 8l 1 Buiu3uesp 43,2
10c 1 10g,5y, 38,0 2 Briadn 46,1
2 '%44e42n 39,0 3 BLi+lmgp 48,7
3 '%4SHe4n 39,9 4 BLi+3pen 50,9
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9c+68n+n
9C+‘Ho+3n
9C+5He+2n
pe3p
123+3He+p
12,4y,
25,2442p
11B+4Ho+p
M550
11B+3Ho+zﬂ
B4 3ha2p
105,614
105,4110.420
1°B+4Ho+n+p
1°B+5L1+n
85814
8p+T144n
83+‘H-+’H+n
p+7he+ 31
8p+4He+4n

59.3
60.3
61.2
43.1
40.)3
43.2
45,8
23,1
25.1
41.5

42.9

30.9
32.4
34.6
36.5
48.6
50.6

53,11
54.0
56,0

VoW N a2 s w N =

7L1+4Ho+p
7L1+5L1
7L1+’B+2p
7L1+3n.+n+p
Li+'14
614445042
6L1+4En+n+p
6L1+5H.+p
6L1+5L1+n

24,6
26,6
4,4
45,2
28,2
29,7
31.9
32.8
33,8




tions over momenta have almost equal widths
for all fragments. Thus, if the-first stage
proceeds according to the direct reaction
mechanism it should be expected Ehat the
width will change as follows: = frAFAﬁ E,
with changing separation energy of fragment
in the incident ion.
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The relative yields of fragments versus the
Qgg -reaction.



