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Abstract

We investigate the possibility, in nuclear fragmentation, to extract information on nuclear density at break-up from fragment
kinetic energy spectra using a simultaneous scenario for fragment emission. It is found that a decrease of peak centroids for
kinetic energy spectra of fragments with increasing excitation energy can be observed at constant low density, which is different
from recently published results of Viola et al. [V.E. Viola, K. Kwiatkowski, J.B. Natowitz, S.J. Yennello, Phys. Rev. Lett. 93
(2004) 132701].
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One of the most challenging tasks of nuclear temperature and density at the break-up stage. While
physics in the last decades is the determination of the problem of temperature determination has been
the phase diagram of excited atomic nuclei. Despite solved with acceptable accuracy up to 5-6 M@+
the important theoretical and experimental work al- 5], no satisfactory method to determine the spatial
ready done, the problem is far from being solved. extension of the presumably equilibrated nuclear sys-
From the experimental point of view the localization tem at break-up has been proposed. Thus, experiments
of nuclear multifragmentation data in the phase dia- using light particles interferometfg] indicate freeze-
gram requires accurate independent measurements obut densities ranging from less thap/10 to pg/2.5

(wherepg is the normal nuclear density); on the other
side, statistica]7—11] and dynamical modelg2,13]
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data with freeze-out densities in the intervaj/9 3 MeV/nucleon and the pattern of fragments’ rela-
to po/2.5. tive velocities indicate that multifragmentation should
Ref. [1] tries to obtain information on break-up be treated as a simultaneous procgss18] In this
density using kinetic energy spectra of intermediate framework, do the displacements of peak centroids of
mass fragments (IMF: 8 Z < 15) measured in light  kinetic energy spectra reveal a decrease of the nuclear

ion induced multifragmentation of gold, namékte+ break-up density? We shall demonstrate in this Letter
197au at 50 MeV/nucleon[14], *N + 197Au at 20—~ that such displacements are then obtained at constant
100 MeV/nucleon[15] and3He + 1°7Au at 4.8 GeV  low density.

bombarding energi6]. To do that we shall use a microcanonical multifrag-

The pattern of IMF kinetic energy spectra led the mentation model (MMM)[11] in order to study the
authors of Ref[1] to fit the extracted equilibrium  excitation energy dependence of the average Coulomb
sources with a Maxwell-Boltzmann type distribution, energy associated to the primary fragments at freeze-
AN (K - V%) out and the IMFs kinetic energy spectra. To keep
1K= (K—=V¢)- exp(— T ) 1) thg treatment as intuitive as possflble we §SS|m|Iate

§ primary fragments at break-up with spherical non-
whereK is the kinetic energy of the considered clus- overlapping spheres placed in a spherical container
ter (Ar, Zr) emitted by the sourcéAy, Z;), V. the (the freeze-out volume) and calculate Coulomb inter-

cluster kinetic Coulomb energy arl¢ the Coulomb  action using fragment—fragment interaction,
barrier between the emitted fragments and the residual

nucleus, Voouomb=1443" ZiZ, ’ 4)
Zp(Zs—ZF) — Tij
V=14 —qg —— o @) -
(A + (A= A7) where Z; denotes the charge of the fragmentr;;
V= As — AF Ve (3) stands for the relative distance between two fragments
As and the sum runs over all fragments of the given con-

T; is the temperature of the multifragmenting source. figuration such as to avoid double-counting.

Thus, the interpretation of the behavior of these For simplicity we assume that for all considered
spectra with the rise of excitation energy is made cases the size of the sourd@’@u) and its break-up
within a parameterization suitable for sequential par- density are constant and modify only the excitation
ticle emission. From Ed1) results that a temperature  energy. As known from the early studies of multifrag-
increase will determine a shift of the centroids of the mentation, the increase of excitation energy induces
Coulomb-like peaks toward higher values &f to- an increase of both the degree of fragmentation and
gether with the broadening of the distribution while the thermal energy of the system. A more advanced
a decrease of the Coulomb barrier (by increasing the fragmentation leads to a more uniform population of
fragments’ centre relative distances expected at low the available volume and, consequently, to an increase
density) will shift the distribution in the opposite di- of the total Coulomb energy of the system. However,
rection. Starting from these premises R&jf.presents by increasing the excitation energy, the number of
a systematic fit over an important collection of experi- fragments at freeze-out increases much faster than the
mental spectra corresponding to an excitation energy associated total Coulomb energy which accounts for
interval ranging from 0.9 to 7.9 MeXucleon and most of the experimentally detected final kinetic en-
reaches the conclusion that the displacement of the ergy. Thus, one expects a reduced increase of the av-
maximum ofd N /d K IMF distributions toward lower  erage Coulomb potential experienced by any fragment
energy and observed in the range 2-5 Malfcleon due to the mean field generated by the other fragments.
is a sufficient evidence in favor of decreasing break- These effects are illustrated ifig. L In the left panel
up density down toe~ pg/3 with increasing excitation  are plotted the average values of total Coulomb, ther-
energy. mal energies and multiplicity of fragments with> 3

Both the short time scale characterizing the de- as a function of excitation energy fd’Au at the
cay of nuclei with excitation energies exceeding freeze-outdensityyp/5, while the right panel dfig. 1
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Fig. 1. Left panel: Excitation energy dependence of average valutgal Coulomb energy, thermal energy and multiplicity of fragments
with Z > 3 as a function of excitation energy f57AuU multifragmenting nucleus at the freeze-out density,5 as obtained by MMM; Right
panel: Average potential Coulomb energy experienced by a fragment as a function of its chaffatorp = po/5 andEex = 3.4, 5.7 and
7.9 MeV/nucleon as calculated with MMM. The Coulomb barrier experienced by a fragment calculated us{@pi&€epresented with lines
assuming that both emitted fragment and residual nucleus have normal nuclear dehsitie8 {m) or densities equal tog/5 (d = 3.08 fm),
see text.

presents the average potential Coulomb energy expe- 80 f 9 Au, p=p,/5
rienced by a fragment as a function of its charge, _ 70 3 £, =34 MeViu
1 3 60 &/ e U N E,=5.7 MeV/u
UCoulomd(Z) = - 1.44 Z Zi- 7 = 50 | /o o e E,.=7.9 MeV/u
i(Zi=2) r,] @y A 40 F
(5) ¥ 30 F
where y(Z) represents the average muItipIicity of V 20
fragments with charge&Z. The obvious relation be- 10E
tween the total Coulomb enerd¥toulomp @and the av- P T T P DU L A T N P .
erage Coulomb energies experienced by different frag- 10 20 30 40 S50 60 70 80
ments is, z
Vcoulomb= ZY(Z)UCoqumb(Z)- (6) Fig. 2. MMM predictions on break-up average kinetic energy as

a function of fragment charge f®7Au source atp = po/5 at

z Eex=3.4,5.7 and 7.9 MeYnhucleon.

An increase of about 1.2 MeMucleon is obtained
for the total Coulomb energy when excitation en-
ergy moves from 3.4 to 7.9 MeMucleon (left panel) the same!®’Au source and the same density/5 at
whereas, at the same time, a small increase of aboutEex = 3.4, 5.7 and 7.9 MeYnucleon are plotted in
0.18 MeV/nucleon is observed for example f@r= Fig. 2 At first glance, the behavior @K' )(Z) distrib-
10 (right panel). The estimation of the Coulomb con- utions with increasing source excitation is surprising
tribution done using Eq(2) andd = 3.08 fm which in the sense that while both thermal and Coulomb
corresponds to densipy/5 is also shown on the right  energies increase, the fragment average kinetic ener-
panel. This value fod is obtained taking/ = 1.8 for gies decrease. This result can be understood having
normal density as suggested in Rgf]. Estimations in mind the strong increase of fragment multiplicity
are indeed close to average values obtained considerwhich leads to reduced kinetic energy per fragment.
ing fragment—fragment interactions. The narrowing of(K)(Z) distributions is obviously
Adding now the kinetic part of the thermal energy caused by the narrowing @f Z) distributions once the
at freeze-out shared at random between particles andexcitation energy increases.
fragments under constraints of conservation laws, we  Clearly these results contradict the expectation of
can consider what is the effect of increasing excitation an increase with temperature or excitation energy.
energy on IMF average kinetic energies. The mean ki- However they concern average quantities and not the
netic energy distributions as a function of charge for peak centroids. We can consider now the spectra. As
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Fig. 3. MMM predictions corresponding to break-up (upper panel) and asymptotic stage (lower panel) kinetic energy spectra for different
emitted intermediate mass fragments resulted from the multifragmentatidfad at po/5 and different excitation energies.

one may see in the upper panelffy. 3 the modi- as the above presented results correspondingtb.
fication of the IMF kinetic energy spectra is in qual- This study suggests that an alternative explanation as
itative agreement with the experimental data cited in compared to the conclusions of Rgf] can be pro-
Ref. [1]: with increasingEex the centroids of the dis-  posed, which is connected to a different description
tribution move toward smaller energies whereas their of multifragmentation. Answering the important ques-
widths strongly increase. Since is known that primary tion on what is the break-up density dependence on the
excited fragments undergo secondary emission, a nat-excitation energy needs more consideration.

ural question is whether or not this process modifies

the observed results. As one may see from the lower

panel ofFig. 3sequential evaporations slightly dimin-  References
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