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"Introduction

The investigation of decay of very hot nuclei has become a topic of great interest.
Largely it is concentrated on the process of multiple emission of intermediate mass
- fragments (IMF, 3 < Z < 20). It is now established as a main decay mode of highly
excited nuclei, and this process is likely to occur when a nucleus has expanded and
lower density is reached [1]. It is under debate whether this process is related to a
liquid-gas phase transition in nuclear matter [2-4}.

The common way to produce very hot nuclei is to use reactions induced by heavy
ions at energies 30 + 100 MeV/n. But heating in this case is accompanied by com-
pression, strong rotation and shape distortion, which cause the so-called dynamic
effects in the nuclear decay. It seems difficult to disentangle all these effects to
get information on thermodynamic properties of a hot nuclear system. The picture
becomes more clear when light relativistic projectiles are used [5,6]. One should
expect that dynamic effects are negligible in that case. All the IMF’s are emitted



by the only source — a target spectator, and decay of this hot nucleus proceeds in
an apparently statistical manner ("thermal multifragmentation”). Similar advan-
tages are given by antiproton beams of energy (1-2) GeV [7]. Light projectiles ailow
complementary information to that gained from heavy ion collisions and compari-
son will make it possible to reveal the influence of compression and rotation on the
multifragment decay of a hot nucleus.

In this paper we present the experimental results for the multifragment emission
induced by relativistic protons (up to 8.1 GeV) and alphas (at 3.65 GeV/n)

Experimental setup

The experiments were performed at the JINR synchrophasotron in Dubna using
the new 47-setup FASA. Now we have two versions of this device: one (FASA-1)
[8] was used in the experiments with a *He-beam. The main parts of the device are
(i) a fragment multiplicity detector (FMD) consisting of 55 thin CsI(T1) detectors
which cover a major part of 47; the FMD gives the number of IMF’s and their
space distribution; (ii) five time-of-flight telescopes (TOF), which measure energies,
velocities and masses of fragments at different angles and serve as a trigger for the
read-out of the system; (iii) a position sensitive parz‘xllel-plate avalanche counter
(PPAC) for measuring the angular and velocity distributions of IMF’s detected in
coincidence with TOF’s. A selfsupporting 197 Au target 1.0 mg/cm? thick was used.
The average beam intensity was 5 - 108 part./spill (one spill of 300 ms per 10 s).

In the experiments with a proton beam the. other version of FASA was used,
in which the TOF’s are replaced by AE(ion.chamber)-E(Si{Au))-telescopes. The
PPAC is replaced by CsI(Tl) detectors and the total number of counters in the FMD
is increased to 64. The plexiglass light guides in FASA-1 are replaced by empty ones
covered with diffuse reflector (MgO ). This change has significantly improved the
background in the FMD, which is connected with Cherenkov-radiation created by
the beam halo in plexiglass light guides. The mean value of the background in
the FMD of FASA-2 was less then 2%. The efficiency of scintillators for fragments
was calculated taking into account the response of CsI-films to heavy ions [8], the
energy spectra and charge distribution of IMF measured by telescopes. For the
threshold used (two times the pulse height of 2! Au a-particles) the IMF-efficiency
is 52%, while the admixture of the fragments withZ = 2is =~ 3% in respect to IMF’s.

Fragment multiplicity in p 4+ 17 Au collisions

Experiments have been performed at beam energies 2.16, 3.6, 8.1 GeV and in-
tensity around 10° p/spill. The telescopes are located at angles 24°, 68°, 87°, 112°
and 156°. The measured multiplicity distributions associated with trigger fragments
in the range 6 < Z < 20 are shown in Fig. la.
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Fig. 1. Left: Measured IMF-multiplicity distributions associated with a trigger fragment
of charge 6 < Z < 20 for p+Au collisions at 8.1 GeV (circles, solid li;e), 3.6 GeV (triangles,
. dashed line), 2.16 GeV (squares, dotted line). They are fitted with Fermi-like distributions
(right picture), folded with the experimental filter.
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These distributions differ significantly from the primary ones because of the exper-
imental filter. To deduce the primary multiplicity one should make correction for
the FMD efliciency, for the effect of double hits in the scintillators. Furthermore,
one has to take into account the fact that the readout is triggered by telescopes with
a small solid angle (~ 51077 sr.). so the trigger probability is proportional to the
IMF multiplicity. All these effects are combined in a response matrix (experimental
filter). The mean primary multiplicity is determined by ﬁttmg the parametrized
distribution, folded by the experimental filter. to the experimental one. A reason-
able assumption should be made for the shape of the primary distribution. In the
case of definite excitation energy the multiplicity distributions are well described by
the Poisson function with mean value decreasing as the impact parameter increases
[9]. In the present experiments we deal with fragmentation events averaged over the
tull range of impact parameters. Having this in mind we assumed the primary IMF-
multiplicity distribution to be shaped like a Fermi distribution. Figure 1b presents
the primary multiplicity distributions, which correspond to the best fit to the mea-
sured ones. The mean values < Mpr > (for events with at least one IMF) are
2.05+0.30, 2.6+0.4. 3.06+0.45 for the beam energies used. Corrections for double
hits (both below and above the threshold) do not change < M > by more than
several percent but-improve the fit at the tail of the multiplicity distribution. The

errors {15%) arc significantly larger than statistical ones reflecting the uncertainties
i the FMD-efliciency.
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Figure 2 shows the mean multiplicities as a finction of projectile energy to-
gether with some published data on multifragmentation, induced in Au-target by
%He(4.8 GeV) [10] and heavy ions. It is interesting to compare the values of
< MimF > obtained with relativistic light projectiles and heavy ions. The pub-
lished data were reanalyzed in a proper way to get < My r > for the events with at
least one IMF, averaged over the whole range of impact parameters. The data used
are **Ar (30 MeV/n)+ Au [11], '*°Xe(50 MeV/n)+ Au [9], *C(600 MeV/n)+ Au
[12]. The IMF multiplicities for proton-induced reactions are close to those obtained
with heavy ions. So, this observable i3 not sensitive to the reaction dynamics and,’
one should think, it is determined mainly by the space phase factor of the final state.

The reaction mechanism for the light relativistic projectiles is divided into two
steps. The first one consists of a fast energy deposition stage, during which very
energetic light particles are emitted and the nuclear remnant (spectator) is excited.
The second, slower step of the reaction is decay of a target spectator. The fast stage
is usually described by the intranuclear cascade model (INC). We use a version
of the INC from ref. [13] to get the distributions of the nuclear remnants in the
charges, masses, excitation energies and momenta. The second stage is described by
the statistical multifragmentation model (SMM). We use a version of the SMM from
(14]. Evidence for the statistical behaviour of a target spectator will be presented in
the next chapter: angular distributions of IMF and their energy spectra at different
angles are well described in the framework of the statistical decay of a thermalized
moving source. Within the SMM the probabilities of different decay channels are
proportional to their statistical weights. The break-up volume determining the
Coulomb energy of the system is taken to be V; = (1 + k)A/p,, where A is the
mass number of the decaying nucleus, p, is the normal nuclear density, k is a model
parameter. So, thermal expansion of the system before the break-up is assumed.
The primary fragments are hot, and their deexcitation is taken into account to get
final IMF distributions. In the further calculations we used k = 2 based on our
analysis of the correlation data [26].



The upper dashed line in Fig. 2 is obtained by means of this combined model
(INC + SMM). It is drawn through the calculated values of < Myar > at three beam
energies. The calculated mean multiplicity for the highest energy is 25% larger than
the experimental one. So. the cascade model overestimates the excitation enmergy
of the residual nucleus. For the lowest beam energy the calculated < Mimr >
coincides with the measured one.

The use of the preequilibrium exciton model (PE) [15] together with the INC
gives the mean multiplicity 33% less than the experimental value for E, = 8.1 GeV.
It means that inclusion of preequilibrium emission results in underestimation of the
excitation energy. One can conclude that the use of the INC or INC+PE does not
solve a problem of describing the properties of a target spectator for a wide range
of projectile energies, so one should look for an alternative approach. The authors
of [16] used some phenomenological distributions to describe ALADIN data. Un-
fortunately, due to the phenomenological nature of the approach there is no simple
way to extend their results to other combinations of projectile/target. Therefore, '
to describe charge, mass and energy distributions of the residual nuclei we used as
a basis the well known Glauber theory. [17] being in a good agreement with the ex-
perimental data on elastic and inelastic hadron-nucleus (hA—) and nucleus-nucleus
(AA-) interactions at intermediate and high energies.*The Glauber theory, as it is,
however, provides only distribution of "wounded” (knocked out) nucleons resulting
from the primary collisions of the projectile nucleons with the target ones and does
not take into account the secondary interactions of ejected nucleons. To take such
interactions into consideration a phenomenological approach was used [18] moti-
vated by the Reggeon theory of hA— and AA—interactions. That approach taking
into account the so called "enhanced diagrams” (see [19] for details) provides an
alternative to the cascade approach to secondary particle interactions. The full
implementation of Reggeon picture is rather complicated but roughly it can be re-
produced by ejecting additional nucleons placed not far in the impact parameter
plane from the primary ejected ones. So that the knock out of the nucleons with
impact parameter § initiates the knock out of the neighboring nucleons with impact
parameters 5; with probability ¢(}5 — §3{). The second nucleon, in its turn, can
initiate a knock out of a third nucleon with ptobability ¢(}5; — 5k|) and so on. The
probability function ¢(|5; — 5k|) was chosen in Gaussian form to reproduce Regge
behaviour of the simplest enhanced hA—interaction diagram. The parameters of
the function were determined from the data on g-particles multiplicities in inelastic
interaction of 3.6 GeV/nucleon protons and nuclei with light and heavy components
of emulsion. The space coordinates of the primary ejected nucleons are determined
with the aid of DIAGEN code implementing exact Glauber relations for pA— and
AA—interactions [20]. This approach was successfully applied to the analysis of
the nuclear destruction at the fast stage of the interaction in the high energy AA
collisions [18].



To cacuate e exestation energy of the nuclear residual we suppose that each
spectator (nut ejocted | nucleon placed at a distance fess than 2 fm from a nucleon
touched at she fast stage of the interaction receives an energy distributed as

i

Ple)de = €T e
< € >

A sum of tte enecrgies transferred to the spectator nucleons gives the excitation

energy. The quantity < ¢ > is treated as a fitting parameter. Below we will refer to
that combined approach as a modified Glauber approach (MG). Within this model
followed by SMM the mean IMF-multiplicities were calculated varying the values of
< € >. The best fit to the experimental data is obtained for < ¢ > equal to 6, 8 and
10 MeV at the beam, energies 2.16, 3.6 adn 8.1 GeV respectively. Fig. 3 shows the
energy distributions of residual nuclei calcuiated for £, = 2.16 and 8.1 GeV. For
all inelastic events the mean excitation energies are 164 and 279 MeV respectively.
But for the events with IMF emission mean excitation energies are equal to 574 and
780 MeV. Only harder collisions lead to multifragmentation.
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Fig. 3. The calculated distributions of the excitation energy for the target spectators,
obtained with a modified Glauber approach for p+Au collisions at 2.16 GeV (left) and 8.1
GeV (right): 1 — for all residual nuclei, 2 — for events with IMF emission.

All the data are summarized in Table 1. The residual excitation energies calcu-
lated with MG+SMM model are lower than estimated with INC+SMM. Note that
the mean charge and mass number of fragmenting nucleus grow with the decrease
of the beam energy in INC-+SMM model. The opposite tendency is for MG+SMM
calculations. For projectile energy 2.16 GeV both models give the same values for
< Mipmp >, but Z and A of fragmenting nuclei differ significantly. These very dif-
ferent predictions can be judged by measuring IMF-energies, as they are determined
by the charge and size of the source.



Table 1:

~
Reaction | Experiment Calculations Model
<Mimre > | < Mipe > | Zur | AMF Ei”-l\lcv E;MeV

p+Au 3.8 70 168 930 524 INC+SMM
8.1 GeV | 3.06%0.45 2.05 50 122 528 204 INC+PE+SMM

3.13 67 165 780 279 MG+SMM
p+Au 2.64+04 2.9 73 175 782 407 INC+SMM
3.6 GeV 2.6 65 | 162 677 225 MG+SMM
p+Au 2.05+0.30 2.0 75 181 660 328 INC+SMM
2.16 GeV 2.03 64 | 157 574 164 MG +5MM

1. Zpr, Amr, Ejyp arethe mean charge, mass nuinber and excitation energy of the
fragmenting nucleus. '

2. Ep is the mean excitation energy of all residual nuclei after the fast stage of
collision.

3. INC is the intranuclear cascade, SMM is the statistical multifragmentation model,
MG is the modified Glauber approximation.
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Charge distr.autions anc energy spectra of IMF

Charge dis -ibutions ot \MF for three beam energies are presented in Fig. 4
together with :alculated cuves obtained with MG+SMM model. The model de-
scription resemmles the data for 3 < Z < 10. but for heavier fragments it is slightiy
overestimating Ermpirical dependence Y(Z) ~ Z™° fits the data well (excluding the
yield for Z = 21 witn a equal to 230 +0.12. 1.90 +0 10 and 1.86+0.10 for the beam
energies 2.:6. 1 6 and 3.1 GeV. These values are close to reported ones in [21]. The
weak variazion of the charge distributions with beam energy can be considered as
an indication of a slight change in the target spectator temperature with increasing
E, in the range from 2 to 8 GeV.
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Fig. 5. The energy spectra at different polar angles for carbon produced in p+Au collisions
at 8.1 GeV Spectra are fitted by the Maxwellian distribution for equilibrated moving source.

Figure 5 shows the energy spectra of carbon at different angles measured for the
beam energy 8.1 GeV. They are fitted by the empirical function suggested first in [22]
and modified in'(33]. It is a smeared Maxwellian distribution shifted by an effective
Coulomb barrier (E. + A). Particles are emitted isotropically in a system moving
forward (in the beam direction) with a velocity dy. Variation of the spectrum with
angle is entirely determined by velocity transformation from the moving frame to
the laboratory one. All the spectra are fitted with the same set of parameters: E,
=19 MeV. A =20 MeV, 8 = 0.0046 £0.001 and Ts = 14 MeV (slope parameter).

The angular distributions (Fig. 6) are slightly anisotropic and can also be explained



in the picture of the isotropic decay of the moving source. This analysis gives
grounds for the statement that the IMF-emission proceeds as a decay of a thermally
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From the point of view of the statistical model of multifragmentation this para-
metrization of the IMF-spectra is not obvious. In the SMM one considers prompt
partition of the excited nucleus into fragments. At the first moment they have
a Maxwellian energy distribution determined by the temperature of the system.
The final energy distribution resuits mainly from the Coulomb repulsion of the
system (volume emission). Figure 7 presents comparison of the carbon spectrum
from p(8.1 GeV)+ Au collisions with calculated ones. The experimental spectrum
is a sum of the spectra measured at 68°, 87° and 112°. The calculations were
performed applying SMM to the excited remnants arising from MG calculations.
Figure 8 presents the comparison of the mean energies of IMF’s per nucleon (for
p+Au at 8.1 GeV) with values calculated by the modified Glauber approximation
and SMM. The theoretical values coincide with the experimental ones within the
error bars. The statistical model assumes that the break-up of the system proceeds
after expansion, driven hy a thermal pressure. The freeze-out volume is taken to
be 3V,, and the expansion velocity v.;, is neglected. So, the comparison of the
measured IMF energies with the calculated ones is the way to estimate v.zp. In our
case the effect of the expansion velocity is not visible and only the upper hmlt of
the collective energy and velocity can be extracted:

Frezy < 0.2 MeV/n, verp < 0.02 c.

The mean IMI™-energies for £, = 3.6 ns 2.16 GeV are close to those presented in Fig.
8. This observation is in accordance with MG+SMM calculations and in contrast
to results obtained by INC+SMM model, which predicts increasing IMF-energies.
when the beam energy goes down from 8.1 to 2.16 GeV



Fig. 7. The energy spectrum
for carbon emitted in p(8.1
GeV) + Au collisions. The line
‘ is calculated by the modified
! Glauber prescription and statis-
tical multifragmentation model
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On the time scale of IMF emission

The time scale of the IMF emission is a key characteristic for understanding the
multifragmentation phenomenon: is it a "slow” sequential process of independent
emission of IMF’s or is it a new decay mode with "simultaneous” ejection of the
fragments governed by the total accessible phase-space? ”Simultaneous” means
that all fragments are liberated at freeze-out during a time, which is smaller than a
characteristic Coulomb time 7. For that case emission of IMF’s are not independent,
they interact'via long-range Coulomb forces during acceleration in the electrical field
after freeze-out. According to [24], 7. =~ 10~ 5. Measurement of the emission time
for IMF’s (7em is a mean time delay between two consecutive fragment emissions)
is a direct way to answer the question on the nature of the multifragmentation
phenomenon.

To extract the time scale of thermal multifragmentation we measured and ana-
lyzed the relative angle IMF-IMF correlations for *He+Au collisions at 3.65 GeV/n.
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The relative angle distribution exhibits a minimum at 0. = 0° arising from the
Coulomb repulsion between fragments. A magnitude of this effect drastically de-
pends on the time scale of the emission. since the longer the time interval between
fragments. the larger their space separation and the weaker Coulomb repulsion.

The measured relative angle distribution is shown in Fig. 9 [26]. To describe it
a classical multi-body Coulomb trajectory calculations was done with varying the
mean lifetime of a fragmenting system (7) as a parameter. The initial configura-
tions (fragment charges and masses. positions and momenta) were taken from the
statistical multifragmentation model. Having in mind the model dependence of such
analysis, we did it with two different codes for the trajectory calculations and two
variants of the SMM [25. 26]. The results obtained are similar. The best fit of the
theoretical and measured distributions corresponds to the prompt decay. The point
at B, = 25° is more sensitive to 7. To estimate the upper limit for 7 at a high con-
fidence level we take three standard deviations at that point and get 7 < 75 fm/c.
The emission time is related to the mean lifetime by an equation: ’

T <M>-1
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Tem = —r————— n. So. Trm <50 fm/c.
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Fig. 9. Distribution of relative angles be- Fig. 10. The mean kinetic energy of a
tween IME’s, created in *He (3.65 GeV /n) fragment (7 = 6+7) and the magnitude of
+ Au. Selection on Z values: 3 < 7, < 15, the simall angle suppression as a function
6 < Zy < 15, 'The curves are calculated of the acecieration time.

for 4 values of the mean lifetime of the
fragmenting system.
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Figure 10 shows evolution of the fragment (Z = 6+7) kinetic energy and depth of
the Coulomb minimum (for IMF’s with 12 < A < 30) as a function of the time after
the break-up moment. It was calculated with 7 = 0. At the beginning the fragment
mean energy E, is determined by nuclear temperature which is around 5.5 MeV.
The final energy is mainly Coulomb one in origin. The time dependence of fragment
energy can be approximated by the formula: E; = £, + EI(1 — ezp(—t/7.)). where
7e is "Coulomb time”. According to the present calculations, 7, = 220 fm/c. The
emission time is significantly less then ., hence the independent sequential emission
of intermediate mass fragments is definitely excluded.

Conclusion

L. In collisions of light relativistic projectiles with a heavy nucleus very excited
target spectators are created. which decay via multiple emission of intermediate
‘mass fragments: :

2. The mean IMF multiplicities for proton-induced fragmentatxon of Au-target
.at the beam energies 2+-8 GeV are comparable with those obtained with heavy ions.
It may be considered as an indication that this observable is not sensitive to the
reaction dynamics and is determined mainly by the space phase factor.

3. The multiplicities, charge and energy distributions of IMF’s are described in
the framework of combined model, which includes the modified Glauber approach
for the fast stage of reaction and the statistical multifragmentation model neglecting
dynamics of the expansion stage.

4. The mean lifetime of a fragmenting system for *He(3.65 GeV/n)+Au is found
to be < 75 fm/c. It was done by an analysis of angular IMF-IMF correlations.

The present results support a scenario of true thermal multlfragmentatlon of a
hot and expanded nuclear system.
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IMpuH¥iMaeTcs NOANHCKA HA IPENPUHTEI, coobuieHUA OObeAHHEHHOTO HHCTHTYTA
AllepHBIX HccnenoBanuii U «Kparkue coobmenns OWAH».

YcTaHoBneHa cieayoulas CTOMMOCTbh NMOANHCKH Ha 12 MecsueB Ha H3faHus
OHAH, Bxitouas Mepechiyky, N0 OTASNbHBM TEMATHYECKHM KaTETOPHAM:

Hunexc Tematuka lena noanucxu
Ha roq
1. DkcnepumeHTaNbHAA (PH3HKA BBHICOKMX IHEpPrUit 22600 p.
2. TeopeTuueckas pu3NKa BLICOKHX 3HEPruit 59200 p.
3. DxcnepUMeHTATLHAY HeliTpOHHas du3HKa 7800 p.
4. Teopernyeckas ¢H3MKA HU3KHX IHEPrHil 23400 p.
5. Maremaruka 14800 p.
6. SinepHas CNEXTPOCKONHA H PafHOXHMHS 12000 p.
7. Ou3KKa TAXENBIX HOHOB 2200 p.
8. Kpnorennka 1400 p.
9. Yckoputenu 12200 p.
10. AsroMmaTtusauus oO6paboOTKH IKCNEPHMEHTAIBHBIX JAHHBIX 12200 p.
11. BoluncnuTensHas MareMaTHKa ¥ TEXHHKa 14300 p.
12. Xumus 1200 p.
13. TexHnka GHIHIECKOTO IKCTIEPHMEHTA 21300 p.
14. ViccnegoBaHus TBepabiX Tesl H XUAKOCTEH SACPHHIMH MECTOJAMH 7200 p.
15. DkcnepumenTanbHad HUINKA ATCPHBIX PeakLMid
TIPH HH3IKUX HEPTHAX 2600 p.
16. llo3umeTprsa H DH3MKA 3aLIHTHI 2200 p.
17. Teopus KOHAEHCHPOBAHHOTO COCTOSHHSA 12200 p.
18. Hcnonp3oBatine pe3ynbTaToB
B MeTOO0B (yHIAMEHTANBHBIX PHIHYECKHX MCCIENOBaHUA
B CMEXHBIX OONacTix HayKH H TEXHHKH 1800 p.
19. Buoduiuka 1800 p.
«Kparkue coobuenus OUSAH» (5—6 srinyckos) 15000 p.

IMonnucka Moxer 6u1Ts 0dopmiaena c moboro Mecsua roaa.

OpraHM3aLMAM M JIMUAM, 3aHHTEPECOBAHHbBIM B MoiydeHuH u3nauuii OMSH,
C/IERYET MepeBecTH (WM OTNIPABUTH MO NOYTE) HEOOXOAUMYIO CYMMY Ha pacyeTHbIH
cyer 000608905 Hybuenckoro ¢uiuana MMKB, r.Jly6ua Mockosckoii oGnacTy,
n/una. 141980 M®O 211844, ykasas: «3a noanucky Ha uinanus OHSH».

Bo u3bexanHe HEAOPA3YMEHHH HEOOGXOMUMO YBEAOMHTL HIATENILCKHA OTIES O
NpOM3BENCHHO OMIaTe U BepHYTh «KapTOuKy NMOANMCYHMKA», OTMETHB B HEHl HOMepa
M Ha3BaHMS TEMATHYECKHX Kareropuii, Ha KoTopbic OQopmisiercd MOANKCKA, NO
anpecy:

141980 r. Iy6na Mockosckoit o6i.
yin.Xonuo Kiopu, 6
OHSIH, napatenscxuit oTaen
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Kapuayxos B.A. u ap - E7-95-32
Pacnan ropsunx s:icp, oOpa3sylowmxcs B peakiusix
C JIErKHMH PENIITHBHCTCKHMH HOHAMH

YCTaHOBEHO, 4TO B COYAAPEHHU TEFKUX PEISTHBHCTCKHX HOHOB (p. AHc) ¢ TKETOH MHWEHDIO (Au)
o6pa3YIOTCH CHIBHOBOIGYKIEHHBIE L1Pa, PACTALAIOUIHECS (YTEM MHOXECTBEHHOH IMUCCHH ¢dpanveHTOB
npOMEXyTOuHOH Maccsl (PTIM). Cpeanne mHoxectsetocti ®ITM pashel (s npegenax t15%) 2,0, 2.6
W 3,0 pH HCHOAB30OBAHHU MPOTOHOB ¢ 3HeprHed 2,16, 3.6 1 8.1 T9B cooTBETCTBEHHO. 3TH 3HAYEHHS
GAM3KH K TEM, YTO MOYHAIOTCA HA MYYKAX THKETBIX HOHOB B TOM Xe IHAMalOHE IHEPTUH. 3roT PakT
paccMaTpHBacTCs KaK YKa3aHHE Ha TO, YTO CPCUHAS MHOXCCTBEHHOCTL OIIM  He WYYBCTBHTelbHA
K HMHAMHKE COYIAPCHHH, a ofipeseseTcs $asoBeiM 0GbEMOM KOHEYHOMO COCTOSHMSA. DHepreTHYECKHE
CREKTPB! (DPArMEHTOB OMHCHIBAKTCS CTATHCTHYCCKOM MOLEBIO MYTBTH(PATMEHTAUMH, npeunoaralo e
pacLMpeHHe Aupa neped passaioM. OucHeHa CPEAHSA CKOPOCTb PaCLUIMPEHHS B MOMEHT pacrnala aipa.
v"pS0,0Z c. Cpeanee Bpema xuinu dparMeHTHpyouei cuctemsl (<75 fm/c) nony4ueHo W3 aHanu3a

N —
yrA0BO KOppeasuMy PparMeHTOB (Ui COylUapeHHH He (14,6 TB) +Au. OTH pe3ynbTarbi OTBEYAT
CUEHAPHIO «TETIOBOH» MYIbTH(hPAIMEHTALHH.

Pa6oTa BuinonHena B JlaGopatopuu suephnix npobaem OUAH.

’

Mpenpunt OGBEUMHEHHOTO HHCTHTYTA AUCPHBIX nccnenosanni. Ly6xa, 1995

Kamaukhov V.A. et al. E7-95-321
Decay of Hot Nuclei Produced by Relativistic Light lons

In collisions of light relativistic projectiles (p,‘He) with heavy nuclei (Au) very excited target
spectators are created, which decay via multiple cmission of intermediate mass fragments. It was found
that the mean IMF multiplicities are equal (within 15%) t0 2.0, 2.6 and 3.0 at proton energies 2.16, 3.6
and 8.1 GeV respectively. These values are comparable with those obtained with heavy ions in the same
beam cnergy range. This is considered to indicate that this observable is not sensitive to the collision
dynamics and is determined by the phase space factor. IMF encrgy spectra arc described by the statistical
model of multifragmentation neglecting dynamics of the expansion stage before the break up.
The expansion velocity is estimated to be £ 0.02 c. The mean lifetime of a fragmentating system is found
to be <75 fm/c from IMF-IMF-angular correlations for “He (14.6 GeV) +Au collisions. The results
support a scenario of truc «thcrmal» multifragmentation.

The investigation has been performed at the Laboratory of Nuclcar Problems. JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 1995
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