Nuclear Multifragmentation And The Onset of Radial Flow:A Study of Au˚+˚Au Collisions Between 40 and 100 MeV/AF.Lavaud2, E.Plagnol2, G.Auger1, Ch.O.Bacri2, M.L.Begemann-Blaich6, N.Bellaize3, R.Bittiger6,F.Bocage3, B.Borderie2, R.Bougault3, B.Bouriquet1, Ph.Buchet4, J.L.Charvet4, A.Chbihi1,R.Dayras4, D.Dor�4, D.Durand3, J.D.Frankland1, E.Galichet5, D.Gourio6, D.Guinet5, S.Hudan1,B.Hurst3, H.Orth6, P.Lautesse5, J.L.Laville1, C.Leduc5, A.LeFevre6, J.Lukasik6,9, R.Legrain4,O.Lopez3, U.Lynen6, W.F.J.M�ller6, L.Nalpas4, E.Rosato7, A.Saija6, C.Sfienti6, C.Schwarz6,J.C.Steckmeyer3, G.Tabacaru1, B.Tamain3, W.Trautmann6, A.Trzcinski8, K.Turz�6, E.Vient3,M.Vigilante7, C.Volant4, B.Zwieglinski8.(INDRA and ALADIN collaborations)1 GANIL, CEA et IN2P3-CNRS, B.P.˚55027, F-14076 Caen, France.2 Institut de Physique Nucl�aire, IN2P3-CNRS et Universit�, F-91406 Orsay, France.3 LPC, IN2P3-CNRS, ISMRA et Universit�, F-14050 Caen, France.4 DAPNIA/SPhN, CEA/Saclay, F-91191 Gif sur Yvette, France.5 Institut de Physique Nucl�aire, IN2P3-CNRS et Universit�,F-69622 Villeurbanne, France.6 Gesellschaft f�r Schwerionenforschung mbH (GSI), D-64291 Darmstadt, Germany7 Dipartimento di Scienze Fisiche e Sezione INFN, Universita di Napoli"Federico II", I-80126 Napoli, Italy.8 Soltan Institute for Nuclear Studies, Pl-00681 Warsaw, Poland.9 Institute of Nuclear Physics, Pl-31342 Krakow, Poland.Abstract. The influence of radial flow on nuclear multifragmentation is studied using Au+Au central collisions forincident energies between 40 and 100 MeV/A. Central collisions are selected via an impact parameter estimator definedby the transverse energy of light charged particles. At all energies, the fragment size distributions are studied using theStatistical Multifragmentation Model (SMM) in order to extract thermal excitation energies. The excess kinetic energiesare analyzed via the hypothesis of a radial, self-similar, but non-isotropic flow. At the lowest energy, this flow is smallwith respect to the thermal energy whereas, at 100MeV/A thermal and radial energies are of the same order. The natureand origin of the radial flow is discussed. A comparison with the predictions of the Quantum Molecular Dynamics code ispresented.INTRODUCTIONNuclear multifragmentation, i.e. the observation of a many fragment reaction channel is one of the mostinteresting aspects of heavy ion collisions in the Fermi energy domain (25-100 MeV/A incident energies forsymmetric systems). Many facets of this process (moments of the fragment size distribution, kinetic energies,�)have led to associate it to the physics of phase transitions. The observation of a multifragment configuration wouldcorrespond to a state of matter intermediate between a nuclear liquid (the nucleus close to its ground state) and anuclear vapor (an assembly of nucleons and light fragments at high temperature). The study of nuclearmultifragmentation would be one of the rare possibilities of studying, microscopically, a phase transition in a finitesize fluid.Assuming that thermal and chemical equilibrium has been reached at some point in time during the nuclearreaction, the final products of the collision are usually compared to the predictions of statistical models whichconsider a hot gas of non-interacting fragments. In the nuclear physics community, these comparisons are donewithin the framework of the SMM[1] or MMMC[2] models.

This type of comparison generally leads to the conclusion that the final characteristics of the products (fragmentsizes and kinetic energies) are determined at a low-density freeze-out point at which the short range nuclear forceceases to act between the fragments. It is not clear however, whether these characteristics are uniquely determined atthis freeze-out point or to what extent the dynamical evolution, from the initial thermalized configuration to thefreeze-out point, plays a role.Indeed, closely associated to the process of multifragmentation has been the observation of a radial, self-similar,velocity flow[6,7]. This flow corresponds to an excess kinetic energy which fragments are seen to have whencompared to the predicted thermal+Coulomb energies at the freeze-out point. The origin of this flow is not wellunderstood and several suggestions have been put forward: transparency effects, compression-decompression,� [18]In order to study in more detail these questions, data of high quality and precision are necessary. To this end, theAu+Au collisions were studied for beam energies in the range between 40 and 150 MeV/A. These reactions werestudied at the SIS accelerator facility at GSI (Darmstadt, Germany) with the INDRA 4p detector. A detaileddescription of this detector can be found in J.Pouthas et al. [10].The work described in this contribution constitutes thePh.D. thesis of F.Lavaud. A more detailed description will be given in a forthcoming publication.THE SELECTION OF CENTRAL EVENTSAlthough multifragmentation is observed for non central collisions, it is for the smallest impact parameters thatthese processes are more clearly identified. In order to select these central collisions, we use an impact parameterestimator[21] that is related to the total transverse energy (EtransZ12) of light charged particles (LCP, Z£˚2) :The normalized cumulated cross-section as given by equation 1, shows a quasi-linear behavior. It is remarkablyinvariant with respect to the incident energy when the value of EtransZ12_max is normalized with respect to the totalavailable center of mass energy.

b(fm)

Au + Au

8

7

6

5

4

3

2

1

bin (number)

Etrans12

[12]a-priorir)�

Z 0 10 20 30 40 50

dN/dZ

1

10

10^2

10^3

10^4 Au+Au @ 40 MeV/A SMM

Z 0 10 20 30 40 50

dN/dZ

1

10

10^2

10^3

10^4

10^5

Au+Au @ 60 MeV/A SMM

Z 0 10 20 30 40 50

dN/dZ

1

10

10^2

10^3

10^4

10^5

Au+Au @ 80 MeV/A SMM

Z 0 10 20 30 40 50

dN/dZ

1

10

10^2

10^3

10^4

10^5

Au+Au @ 100 MeV/A SMM

�

Z 0 10 20 30 40 50

dN/dZ

1

10

10^2

10^3

10^4

10^5

Au+Au @ 100 MeV/A

0�< < 60�

�_{cm} 60�< <120�

�_{cm} 120�< <180�

�_{cm}

�deformation

Z 0 5 10 15 20 25 30 35 40

<Ecin>

0

100

200

300

400

500

600 SMM deforme : Au+Au @ 40 MeV/A

SMM deformed :

Forward Middle

Z 0 5 10 15 20 25 30 35 40

<Ecin>

0

100

200

300

400

500

600 Au+Au @ 60 MeV/A

SMM deformed :

Forward Middle

Z 0 5 10 15 20 25 30

<Ecin>

0

100

200

300

400

500

600 Au+Au @ 100 MeV/A

SMM deformed :

Forward Middle

Z 0 5 10 15 20 25 30

<Ecin>

0

100

200

300

400

500

600 Au+Au @ 80 MeV/A

SMM deformed :

Forward Middle

qcm£�£�tot3]chargedmemory

Z 0 5 10 15 20 25 30 35 40 45 50

Z�/�

10^{-4}

10^{-3}

10^{-2}

10^{-1}

1

QMD b � 2 fm

Data bin=7+8

Au + Au @ 100 MeV/A

N.Buecking & J.Aichelin

Z 0 5 10 15 20 25 30 35 40 45 50

[MeV] CME

0 100 200 300 400 500 600 700 800 900 Dependence of Ecm on Z

Data bin=7+8

QMD b � 2 fm

N.Buecking & J.Aichelin

Au + Au @ 100 MeV/A