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PARAMETERS OF EMITTING SOURCESIN Ar�Ni REACTION AT 77 MeV/u�K. Wosi«skaa, J. Plutaa, F. Hanappe, L. Stuttged, J.C. AngeliqueeZ. Basraki, B. Benoit, E. de Goes Brennand, G. Bizarde, J. ColineG. Costad, P. Desesquellesf , O. Dorvauxd, D. Durande, B. ErazmusbA. Kieliszeka, S. Kuleshovh, R. Lednikyg, P. Leszzy«skiaM. Marquese, Th. Materna, K. Mikhailovh, K. MilleraG. Papatheofanous, T. Pawlaka, M. Przewªokia, A. StaranowizaA. Stavinskyh, B. Tamaine, and A. Vlasovha Faulty of Physis, Warsaw University of TehnologyKoszykowa 75, 00-662 Warsaw, Polandb SUBATECH, UMR Univ., EMN, IN2P3/CNRS4 rue A. Kastler, 44307 Nantes, Frane Universite Libre de Bruxelles, CP229Av. F. D. Roosevelt, 50, B1050, Bruxelles, Belgiumd IRES, IN2P3-CNRS / Universite Louis PasteurBP28, F67037 Strasbourg Cedex 2, Franee Laboratoire de Physique Corpusulaire, IN2P3, CNRS/ISMRA14050 Caen Cedex, Franef ISN, IN2P3/CNRS, et Universite J. Fourier53 Av. des Martyrs, 38026 Grenoble Cedex, Franeg Institute of Physis, Czeh Aademy of SienesNa Slovane 2, 18221 Prague 8, Czeh Republih Instute of Theoretial and Experimental PhysisB. Cheremushinskaya 25, 117259, Mosow, Russiai Ruder Bo²kovi¢ Institute, P.O. Box 180, HR-10 002 Zagreb, Croatia(Reeived Deember 17, 2001)Two-neutron orrelation funtions as well as single neutron energy spe-tra were used to determine the parameters of the emitting soures in Ar�Nireation at 77 MeV/u. The neutrons were registered in angular ranges4Æ�22Æ and 55Æ�66Æ. By a hoie of the neutron energy range and mea-surement angles we are able to determine the spae-time parameters ofthe preequilibrium and the quasi-projetile separately. The soure veloi-ties and temperatures were determined by �tting the multisoure modelparameters to the single-neutron inlusive energy spetra. The spae-time parameters were extrated from the �t of orrelation funtions witha Gaussian (spae) and exponential (time) distributions.PACS numbers: 25.75.Gz� Presented at the XXVII Mazurian Lakes Shool of Physis, Krzy»e, Poland,September 2�9, 2001. (507)



508 K. Wosi«ska et al.1. IntrodutionAnalysis of two-partile orrelation funtion is a powerful method of de-termining the lifetime and radius of a partile emitting soure. In this papertwo-neutron orrelation funtion, free of Coulomb e�ets, was analysed.The experimental data were obtained in E286 experiment performed atGANIL [1℄. The neutrons were deteted in a blok of 45 detetors installedin the forward diretion (4Æ�22Æ). Another blok of 15 detetors was plaedat angles (55Æ�66Æ). These modules were plaed at di�erent distanes fromthe target in order to eliminate the parasite e�ets following the method ofRef. [2℄. 2. Equilibrated multisoure model
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Fig. 1. Kineti energy vs emission angle of neutrons in the frame of equilibratedmultisoure model. The lines in the lower right part indiate the experiment a-eptane region.The data were ompared with the equilibrated multisoure model de-sribed in [3℄. The model assumes that partiles are emitted from threesoures related to two stages of the reation.



Parameters of Emitting Soures in Ar�Ni Reation at 77 MeV/u 509The �rst one � relatively fast � gives ontribution to the partiles emit-ted at mid-rapidity (the preequilibrium soure). In the seond stage parti-les are emitted from two low-temperature soures with long lifetimes (thequasi-target and the quasi-projetile). Fig. 1 shows kineti energy versusangle distributions of neutrons oming from di�erent soures in the frameof the equilibrated multisoure model for the parameters indiated in the�gure.The soure parameters: temperature T and veloity v were determinedusing single-partile inlusive energy spetra (Set. 3). The spae oordi-nates of the emission point (x; y; z) were taken from a spherial Gaussianprobability distribution with a dispersion r20. The emission time (t) wassampled from an exponential probability distribution P (t) � e�t=� . Thevalues r0 and � haraterize the spae-time dimension of eah soure. Theroot mean square radius of the soure is p3 times larger than r0.Right lower part of Fig. 1 relates to the neutrons from all soures to-gether. The lines indiate the experimental aeptane of angular region.The neutrons with kineti energy larger than 40 MeV deteted at the for-ward detetors ome mainly from the quasi-projetile. On the other handthe neutrons with kineti energy larger than 10 MeV deteted at the sidedetetors are emitted predominately from the stage of preequilibrium.3. Single-neutron inlusive energy spetraFig. 2 presents the single-neutron inlusive energy spetra measured atdi�erent emission angles.

Fig. 2. Neutron energy spetra measured for the emission angles from � = 8Æ to� = 18Æ. The urves orrespond to the �ts with the two-equilibrated-soure model.



510 K. Wosi«ska et al.The urves orrespond to the �t with the two-equilibrated soure modeldesribed by formula (1). We assume that the ontribution from the quasi-target in our aeptane region is negligible (see Fig. 1).d2�dEd
 = N1pE exp��E +E1 � 2pE1E os�T1 �+N2E exp��E +E2 � 2pE2E os�T2 � ; (1)where the �rst omponent orresponds to the preequilibrium (volume evap-oration) and the seond one � to the quasi-projetile (surfae evaporation)[4℄. E and � are, respetively, the kineti energy and the angle of emissionof the neutrons in the laboratory rest frame, N1 and N2 are the normal-ization onstants, T1 and T2 � the preequilibrium and the quasi-projetile�temperature� parameter, Ei = m=p1� vi2 �m (i = 1; 2), where m is theneutron mass and vi is the soure veloity in the laboratory system. All�tting parameters were free. The best values of �temperature� parametersand the veloity are listed in Table I. TABLE IParameters of the two equilibrated soures �tted to the inlusive neutron spetra(Fig. 2). vi and Ti are veloity (in  units) and temperature (in MeV) of the i-thsoure, respetively. preequilibrium quasi-projetilev1 0.16 v2 0.37T1 6 T2 4The urves in Fig. 2 re�et the general tendeny resulting from twosoure assumption. The values of found veloities orrespond to the expetedvalues: the ms veloity for the preequilibrium and the projetile veloityfor the quasi-projetile. The deviations at highest energies and large angle(18Æ) an be attributed to the dynamial e�ets in the fast stage of thereation (nonthermalised omponent of the preequilibrium stage at highestenergies and large deteted angle where the mixture of two omponents isthe highest).



Parameters of Emitting Soures in Ar�Ni Reation at 77 MeV/u 5114. Two-neutron orrelation funtionThe experimental orrelation funtions are presented in Fig. 3.Fig. 3(a) relates to neutrons oming mainly from the quasi-projetile(Ekin > 40 MeV, � < 22Æ). The experimental orrelation funtion isompared with the theoretial one. The alulations were performed us-ing the ode based on the Ref. [5℄. Neutrons were generated from a singleMaxwellian soure with a temperature of 4 MeV, veloity 0.37, radius 1.2 fmand lifetime 1500 fm/. Fig. 3(b) relates to neutrons oming mainly fromthe preequilibrium (Ekin >10 MeV, 55Æ < � < 66Æ). The orresponding the-oretial orrelation funtions has been obtained for the single soure withtemperature of 6 MeV, veloity 0.16, radius 3.6 fm and lifetime 30 fm/.

Fig. 3. The experimental orrelation funtions: (a) for neutrons emitted forward(� < 22Æ) at energies Ekin > 40 MeV, (b) for neutrons emitted at diretions55Æ < � < 66Æ at energies Ekin > 10 MeV, () for neutrons emitted forward atenergies Ekin > 10 MeV. Theoretial orrelation funtions are desribed in the text.



512 K. Wosi«ska et al.Auray of the determination of the spae-time parameters is shown inFig. 4(a) and (b), whih presents the values of �2 per degree of freedom fordi�erent ombinations of r0 and � . Note that the �2 �valley� is stronglyasymmetri in the ase of r0 dependene for quasi-projetile. The obtainedvalue 1.2 fm orresponds to the situation of long duration partile emissionfrom rather a ompat soure with the size approximately equal to the halfof the projetile. The value 1.2 fm is lose to the minimal radius value (r0 >
Fig. 4. (a) and (b): Contour diagram of �2 value per degree of freedom determinedby omparing the theoretial funtions to the data shown in Fig. 3(a) and 3(b) as afuntion of the quasi-projetile and the preequilibrium spae-time parameters. ():�2 value per degree of freedom for di�erent probability of neutrons emission fromthe preequilibrium: Npreeq=Ntot, where Npreeq � number of neutrons emitted fromthe preequilibrium, Ntot � number of all neutrons.1 fm) for whih the square-well approximation is reasonably aurate [5℄.The model orrelation funtion is in good agreement with the experimentalone for soure radius in the range 1.2�1.6 fm and lifetime 1200�1800 fm/.It should be notied that the number of neutrons registered in the side de-tetors was rather small and the related orrelation funtions (Fig. 3(b))have been alulated with large errors. For that reason the parameters ofthe preequilibrium have been determined rather rudely (soure radius inthe range 3.0�4.0 fm, lifetime 20�90 fm/). Fig. 3() shows the experimen-tal orrelation funtion for neutrons emitted forward (� < 22Æ) at energiesEkin > 10 MeV, oming both from the quasi-projetile and the preequilib-rium. In this ase the neutrons have been generated from two-soure model:the preequilibrium and the quasi-projetile by employing parameters deter-mined previously in the frame of single-soure model (Fig. 3(a) and (b)).Aording to Fig. 4() probability of the emission from the preequilibriumat the solid angle of 4� is taken as 75 % (minimum of �2 value). Othermodels applied to the same experiment give the similar value: in the Si-mon model [6℄ about 70 % of neutrons ome from the preequilibrium, in theLandau�Vlasov model [7, 8℄ � about 60%.



Parameters of Emitting Soures in Ar�Ni Reation at 77 MeV/u 5135. ConlusionsThe equilibrated soure model is useful for the desription of partileemission, espeially for soures with long lifetimes. In the frame of this modelthe spae-time parameters of the emitting soures have been determined.However, dynamial models, like QMD or the semilassial Landau�Vlasovmodel, seem to be more appropriate for the desription of the �rst fast stageof the reation. REFERENCES[1℄ M. Przewªoki et al., Ata Phys. Pol. B411, 379 (2000).[2℄ J. Pluta et al., Nul. Instrum. Methods Phys. Res. A411, 417 (1998).[3℄ J. Pluta et al., Eur. Phys. J. A9, 63 (2000).[4℄ A.S. Goldhaber, Phys. Rev. C17, 2243 (1978).[5℄ R. Ledniky, V.L. Lyuboshitz, Sov. J. Nul. Phys. 35, 770 (1982); Pro. Int.Workshop on Partile Correlations and Interferometry in Nulear Collisions,CORINNE 90, Nantes, Frane, 1990, ed. by D. Ardouin, World Sienti�1990, p. 42.[6℄ D. Durand, Nul. Phys. A541, 266 (1992).[7℄ Z. Basrak, Ph. Eudes, P. Abgrall, F. Haddad, F. Sébille, Nul. Phys. A624,472 (1997).[8℄ Z. Basrak, Nukleonika 43, 337 (1998).


