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A systematic study of mass and isospin e ects in the breakup bprojec-
tile spectators at relativistic energies has been perfornewith the ALADIN
spectrometer at the GSI laboratory (Darmstadt). Four di er ent projectiles
97 Au, ?4La, 124Sn and 197Sn, all with an incident energy of 600A MeV,
have been used, thus allowing a study of various combinatios of masses
and N=Z ratios in the entrance channel. The status of the project andrst
results are presented and discussed

PACS numbers: 25.70.Mn, 25.70.Pq, 24.10.Pa

1. Introduction

The importance of isospin, in particular for any interpretation of multi-
fragmentation as a manifestation of the liquid-gas phase &nsition in nuclear
matter has been widely discussed in recent years. Di erentsiotopic com-
positions are predicted for the coexisting liquid and gas pases, with the
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gas being more neutron rich than the liquid in asymmetric mater [1]. This
di erence stems from the decrease in the symmetry energy inutlear matter
as the density is decreased. The expected magnitude of thiedsity depen-
dence, however, is model dependent and very poorly constreed by existing
data [2].

In a series of experiments [3,4], multifragment decay of pjectile specta-
tors has been studied with the ALADIN forward-spectrometerat the SIS ac-
celerator (GSI). The isotropy of the fragment emission in thke decaying spec-
tator rest-frame suggests an emission from a thermodynamat equilibrated
source. In these collisions, energy depositions are reachevhich cover the
range from particle evaporation to multifragment emissionand further to
the total disassembly of the system, the so-called Rise andalt of multifrag-
ment emission [3]. The most prominent feature of the multi-fagment decay
is the universality of the fragment multiplicites and the fragment charge
correlations. The loss of memory of the entrance channel isnaindication
that equilibrium is attained prior to the fragmentation sta ge of the reac-
tion. It will be interesting to investigate whether the observed universality
of spectator decays includes the invariance with isospin.

Besides the isospin, also the mass of the system may play an iogant
role for fragmentation observables of the reaction. It has ben suggested that
the dependence of the breakup temperature on the excitatioenergy (caloric
curve) is governed by thelimiting temperature [5, 6]. In lighter systems the
limiting temperature is higher, mainly so because the Coulmb energy is
reduced. Experimental evidences of a decrease in the limiiy temperature
determined for several systems in central collisions haveden found [7, 8].
On the other hand, SMM calculations predict nearly mass-inariant temper-
atures for the coexistence region [9]. The comparison of tweystems with
di erent mass should, therefore, permit distinguishing whether the breakup
temperature is determined by the binding properties of the gcited hot nu-
clear system or by the phase space accessible to it by fragntation.

2. The experimental setup

The most recent ALADIN experiment has been devoted to invesgating
isotopic e ects in the decay of projectile spectators at redtivistic energies.
In order to extend the range of isotopic compositions of the xxited spec-
tator systems, secondary beams have also been used. This atige clean
separation of the spectator sources in rapidity make this tpe of reaction
unique for studying the isospin dependence of nuclear muftagmentation.
Four di erent projectiles, all with an incident energy of 600A MeV, have
been investigated allowing a study of various combination®f masses and
N=Z ratios in the entrance channel:124Sn, 197Au, 124La and 197Sn. The two
latter beams have been delivered by the FRagment SeparatoiFRS) of the
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GSI as products of the fragmentation of a primary*4?Nd beam at 1.1A GeV
on a °Be production target.

A cross sectional view of the used setup is shown in Fig. 1. Thisotopic
composition of the secondary beams was determined and moared from
the magnetic rigidity measured at the FRS, from a velocity masurement
along the 80-m ight path between the FRS and the ALADIN setup, and
from the charge measurement with the TP-MUSIC IV detector.

Projectile fragments entering into the acceptance of the mgnet are
tracked and identi ed in the TP-MUSIC IV detector and in the t ime-of-
ight (TOF) wall. Neutrons emitted in directions close to |gp = 0 , are
detected with the Large-Area Neutron Detector (LAND). The dash-dotted
lines represent the beam directions before and after the dection by 7 in
the eld of the ALADIN magnet.
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Fig. 1. Cross sectional view of the ALADIN setup: the beam engers from the left
and passes thin time- and position-detectors before reachg the target.
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The measurement of the charge and the momentum vector of allrpjec-
tile fragments with Z 2 has been performed with high e ciency and high
resolution with the TP-MUSIC |V detector [10].

Using the reconstructed values for the momentum vector and ath length,
the charge of the particle measured by the TP-MUSIC detectorand the time
of ight given by the TOF-wall, the mass of each detected chaged particle
can be calculated. Single mass resolution for charges up t@ 1s obtained,
corresponding to a mass resolution A=A of approximately 4.0% (FWHM)
for light fragments.

3. Gross properties of the multifragment decay

In order to investigate to which extent the isotopic composiion of the
excited spectator a ects the gross properties of the multifagmentation pat-
tern, charge partitions and multiplicity distributions ha ve been analyzed,
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as well as the meanN=Z of medium size fragments, and the results have
been compared with the SMM prediction. In Fig. 2, the obtainal correla-
tion between the mean multiplicity of intermediate-mass fragments, M e i,
and the variable Zyoung for the 107Sn, 124Sn and 1?4La systems is shown
(left panel).
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Fig.2. Left panel: Experimental Rise and Fall of multifragmentation correlating
the mean multiplicity of intermediate-mass fragments and Zpound - Right panel:
Isoscaling coe cient  divided by the initial isotopic composition of the system as
a function of Zyoung NOrmalized to the charge of the projectile.

The global universality of the Rise and Fall behavior is presrved. Some
distinct di erences can nevertheless be observed: at smadicitation energies
(large Zpoung Values) the curves end, as expected, approximately at the
charge of the original projectiles. However, the slope of # curve is steeper
in the case of the'?*Sn. This e ect can be understood by considering that
in the case of the neutron-rich system, heavy residues witholv excitation
energy will predominantly emit neutrons, a channel that is sippressed in
the case of the two neutron-poor nuclei. In these latter casge peripheral
collisions are more spread out towards smaller values &f,q,ng, thus leading
to a slower rise offM = i. This e ect, as well as the corresponding di erence
in the Zpoung distribution, is in good agreement with the SMM predictions
supporting the idea of overall equilibrium of the system at he breakup [11].

4. 1soscaling

The experimental study of particle and fragment production with iso-
topic resolution has led to the identi cation of isoscaling [12 15], observed
by comparing product yields from reactions which di er in th e isotopic com-
position of the projectiles or targets or both. It refers to the exponential
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dependence of the measured yield ratioR»1(N; Z) on the neutron number
N and proton number Z of the detected products. The scaling expression
R21(N;Z) = Y2(N;Z)=Y1(N;Z)= C exp(N + Z ) (with and isoscal-
ing parameters) describes rather well the measured ratiosver a wide range
of complex particles and light fragments [13]. The ratios ofthe fragment
yields with Z = 4 measured for the two projectile spectators’?*Sn and
124 a and integrated over chosen intervals of energy obey theaof isoscal-
ing. The slope parameters can be determined from the scaled isotopic
ratios S(N) = R21(N;Z)=exp(Z ).

As shown in Fig. 2 (right panel) it decreases considerably wh impact
parameter. In the gure the parameter has been scaled with the initial
isotopic compositions of the systems in order to compare theurrent data
with the one obtained for Z 4 from the analysis of the target specta-
tor fragmentation at 600 A MeV studied with the INDRA detector at the
GSI [16].

Of particular interest is the connection of the isoscaling prameters with
the symmetry-term Egym = (A 27)?=A in the nuclear equation of state
which has been consistently established with several metls [12, 17, 18].
In the grand-canonical approximation the coe cient is proportional to
the isoscaling coe cient , to the temperature of the system and inversly
proportional to the isotopic composition of the system at the breakup [12].
Assuming a slow rise of the temperature with centrality, as &eady estab-
lished in the fragmentation of projectile spectators [4], i will not compen-
sate the observed decrease of the isoscaling parameter withpact parame-
ter, therefore, con rming the recent observation [16] on the decrease of the
symmetry-term with excitation energy.

5. Conclusions and outlook

First preliminary results from the most recent ALADIN experiment de-
voted to the investigation of mass and isospin e ects in mulifragmentation
have been reported. Global quantities ase.g, the mean multiplicity of
intermediate-mass fragments exhibit small but signi cant variations with
the isotopic composition of the fragmenting projectile.

A very clear rst-order isotopic e ect is also visible from the mean neu-
tron multiplicity: more neutrons are produced in the case ofthe neutron-rich
system. Neutrons will be important for establishing the mas and energy
balance, in particular for calorimetry. In this respect, it is crucial to identify
the spectator neutrons and to distinguish them from the reball ones.

Moreover, in the grand-canonical approximation it can be denonstrated
that, from the ratio of the neutron yields the symmetry term of the nuclear
equation of state can be determined once the temperature anthe isotopic
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composition of the systems are known [12]. In this respect,autron analysis
could allow to investigate the symmetry-term dependence orthe excitation
energy of the system, in a similar way as with the isoscalingralysis [16].
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