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za«ski Institute of Nu
lear Physi
sRadzikowskiego 152, 31-342 Cra
ow, Poland(Re
eived August 20, 2001)The 
reation of hot Ca-like fragments and the emission of intermediatevelo
ity parti
les was studied in the 40Ca+197Au rea
tion at 35 AMeV. Forperipheral 
ollisions the primary proje
tile-like fragment was re
onstru
tedusing the AMPHORA 4� dete
tor system. The parti
le distributions are
ompared with the predi
tions of a Monte Carlo 
ode whi
h 
al
ulatesthe nu
leon transfer and 
lustering probabilities a

ording to the systemdensity of states. The velo
ity distributions of 
harged parti
les proje
tedon the beam dire
tion 
an be explained if emissions from the hot proje
tile-like fragment and the target-like fragment are supplemented by an emissionfrom an intermediate velo
ity sour
e lo
ated between them. The propertiesof the intermediate velo
ity sour
e are properly des
ribed, in
luding the2D/3T/3He e�e
t.PACS numbers: 25.70.Gh, 25.70.Lm, 25.70.Pq
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3080 R. Pªaneta et al1. Introdu
tionIn heavy ion 
ollisions at low and intermediate energies nu
leons are ex-
hanged between the rea
tion partners, and �hot sour
es� of parti
les are
reated as a result of energy dissipation. These �hot sour
es� are frequentlyused as a test ground for nu
lear thermodynami
s [1℄. The number andproperties of these �hot sour
es� depend very mu
h on the 
ollision energy.At low energies one observes the emission of Light Parti
les (LPs) evapo-rated from the Compound System (CS) (small impa
t parameters) or fromthe Proje
tile-Like Fragment (PLF), and the Target-Like Fragment (TLF)produ
ed in Deep Inelasti
 Collisions (DICs) [2℄. At higher energies, new�hot sour
es� appear in su

ession: pre-equilibrium �sour
es�, intermediatevelo
ity �sour
es� (IVSs), or mid-rapidity �sour
es� [3℄. The LP emission ishere gradually supplemented by the produ
tion of intermediate mass frag-ments (IMFs) with atomi
 numbers Z > 2 [4℄. The relative strengths ofthese various �sour
es� 
hange with in
reasing energy. The PLF and TLF�sour
es� dominate at lower energies. At high energies the PLF and the TLF
hange into relatively low-ex
ited spe
tators, while the overlap zone betweenthe 
olliding ions be
omes most a
tive [5℄. The 
ollision energy determineslikewise the rea
tion me
hanism. For lower energies, a di-nu
lear system isbrie�y formed. Its shape 
hanges with time and depends on the surfa
e ten-sion, the Coulomb, and the 
entrifugal for
es. The e�e
tive �ow of nu
leonsbetween the proje
tile and the target nu
leus is governed by the mean �eld,but �u
tuations may also be important [6℄. Energy damping in the systembefore break-up is the produ
t of one-body dissipation [7℄. At high energiesthe Pauli prin
iple is mu
h less e�e
tive in restri
ting the Nu
leon-Nu
leon(NN) 
ollisions in the overlap zone of the intera
ting heavy ions, and thedissipation of energy has mainly a two-body 
hara
ter.The intermediate velo
ity �sour
es�, primarily suggested by BUU [8℄ andBNV [9,10℄ 
al
ulations, have been observed in some number of experiments.This observation is done by a re
onstru
tion�subtra
tion pro
edure [11℄,by inspe
ting the shapes of the velo
ity distributions of 
harged parti
lesproje
ted on the beam dire
tion [12℄, by inspe
ting invariant velo
ity plots[9,13,14℄ or rapidity and transversal energy distributions [15,16℄, or by ob-serving the so-
alled �aligned breakup� [17℄. A more 
omplete list of refer-en
es 
an be found in [12℄. In spite of all these e�orts, neither the propertiesnor the nature of the IVS is well understood. A

ording to di�erent sets ofdata, the IVSs de
ay primarily by emitting IMSs [9,11,13,14℄, or IMSs andLPs [11,13�16℄. A preferential emission of tritons and a suppressed emis-sion of 3He ions (the so-
alled 3T/3He anomaly) has been suggested [11�15℄.



The Intermediate Velo
ity Sour
e in the . . . 3081Di�erent s
enarios and models have been used in order to des
ribe the IVS
reation and de
ay: the dynami
 fragmentation of a ne
k zone between therea
tion partners [13,14℄, a 
oales
en
e model 
oupled to the ISABEL intra-
as
ade 
ode [18℄, the mole
ular dynami
s model [11℄, or a sto
hasti
 modelof nu
leon transfer [12℄.It is not an easy task to observe and des
ribe the properties of the PLF,the TLF, and the intermediate velo
ity �sour
es�. The di�
ulties are notonly theoreti
al but also experimental in nature. Due to the high multipli
-ity and diversity of the parti
les emitted, the experimental investigation ofheavy ion rea
tions in the intermediate energy region requires high granu-larity 4� multi-dete
tor systems and spe
ial �lters to sele
t various parti-
le �sour
es�. The parti
les, espe
ially light parti
les, emitted by di�erent�sour
es� overlap in the velo
ity (momentum) spa
e, whi
h may be observedin the invariant velo
ity plots. In this situation it would be very helpfulto have a model whi
h properly reprodu
es the overall rea
tion pi
ture andmay be used to distinguish the parti
les emitted from di�erent �sour
es�.This was the 
ase of the 40Ca+40Ca rea
tion studied re
ently at 35AMeV. A 4� multidete
tor system was used to re
onstru
t the primaryproje
tile-like fragment (Pªaneta et al. [19℄) and identify the �sour
e� of in-termediate velo
ity parti
les (Sosin et al. [12℄). The experimental data werequite well reprodu
ed by the predi
tions of a model (Monte Carlo 
ode PI-RAT) proposed by Sosin [20℄, des
ribing a heavy ion 
ollision as a sto
hasti
pro
ess. This 
ode 
ould be used to evaluate the validity of the re
onstru
-tion pro
edure and e�
ien
y of the IVS separation. The shapes of the energyspe
tra of parti
les from PLF de
ay were found to be 
onsistent with a ther-malized �sour
e� pi
ture. The forward�ba
kward symmetry of the angulardistribution observed in the frame of the re
onstru
ted PLF also suggestedsome sort of �loss of memory�. The properties of the intermediate velo
-ity sour
e observed in this rea
tion were properly des
ribed, in
luding theisotopi
 
omposition of the emitted parti
les.The aim of the present work is to investigate the me
hanism of the40Ca+197Au rea
tion at 35 AMeV, in the vi
inity of the Fermi energy. Inthis energy range individual NN 
ollisions and residual Pauli blo
king areexpe
ted to be important, as well as mean �eld e�e
ts. In parti
ular, wewould like to study the formation of the intermediate velo
ity sour
e. Ades
ription of the 40Ca+197Au experiment and of the PLF re
onstru
tionpro
edure is presented in Se
tion 2. The Monte Carlo 
ode used in this workis brie�y des
ribed in Se
tion 3. The experimental data is 
ompared withthe model's predi
tions in Se
tion 4. The �nal se
tion 
ontains a summaryand 
on
lusions.



3082 R. Pªaneta et al2. The 40Ca+197Au experimentThe experiment was 
arried out at the SARA fa
ility in Grenoble. A1.4 GeV Ca beam was fo
used on a 0.5 mg/
m2 Au target lo
ated inside anAMPHORA dete
tor system [21℄, whi
h 
overs about 80% of 4�. In additionto the standard AMHORA dete
tors, 30 gas ionization 
hambers were pla
edin front of the CsI dete
tors, instead of thin s
intillator foils. This was donefor two dete
tor rings at 31.2 and 46.6 degrees LAB [22℄, lowering the energythresholds to about 1 AMeV. The elasti
 s
attering of 4He, 12C, 16O, and20Ne ions at four di�erent energies was used to 
alibrate the IMF energy. Thedete
tor system 
ould identify 
harge and mass numbers of light parti
les,and only 
harge numbers of IMFs.The total kineti
 energy of the dete
ted parti
les, whi
h is important forthe re
onstru
tion pro
edures, may be in�uen
ed by random 
oin
iden
es[23℄. To avoid this e�e
t, no on-line multipli
ity triggers were applied, andlow beam intensity was used. In addition, windows were set on the timespe
tra in order to 
lean out data from a

idental 
oin
iden
es 
oming fromdi�erent beam bursts.In order to obtain a reasonable re
onstru
tion of the Ca-like fragments,events with a su�
iently high measured value of total parallel momentum(ppar > 8GeV/
) were sele
ted as �well� de�ned and used for further analysis.The PLF re
onstru
tion pro
edure (see [3℄ and [19℄) begins by 
onstru
t-ing, for ea
h event, the velo
ity ve
tor of the primary PLF from the momen-tum ve
tors of the produ
ts. We use here the CM velo
ity of fragments withZ � Zmin = 3 and require their velo
ities to be larger than one half of theproje
tile LAB velo
ity. This pro
edure minimizes possible 
ontaminationfrom sour
es other than the PLF.In the next step the primary PLF 
harge is 
al
ulated as the sum of the
harges of the dete
ted parti
les. All Z � Zmin = 3 parti
les were taken forwhi
h the parallel velo
ity 
omponent in the rest frame of the primary PLF islarger than minus 0.1
. For LPs, the emission in the ba
kward hemisphereoverlaps with the emission from other sour
es. As in the analysis of the40Ca+40Ca rea
tion, only parti
les emitted in the forward hemisphere weretaken for Z < Zmin, and their number was multiplied by two. In this waywe minimize the 
ontribution of light parti
les 
oming from other sour
es.For the 40Ca+40Ca rea
tion, in order to estimate the primary PLF mass,a mass AIMF, equal to 2ZIMF was assumed for ea
h IMF. For those parti
lesfor whi
h Z < Zmin the measured masses of all the fragments emitted inthe forward hemisphere were summed up and multiplied by two. It wasalso assumed that in ea
h event the number of emitted neutrons, Nneutron,is equal to the number of emitted protons, Nproton. As will be shown inSe
tion 3, in the 
ase of the 40Ca+197Au rea
tion this approximation is notjusti�ed and a 
orre
tion is ne
essary.



The Intermediate Velo
ity Sour
e in the . . . 3083The 
alorimetri
 method is used to estimate the ex
itation energy. Thekineti
 energies of the fragments in the rest frame of the PLF are summed upwith the same restri
tions as for the re
onstru
tion of 
harge and mass. The
ontribution of light parti
les (Z < Zmin) emitted in the forward hemisphereis multiplied by two. The sum of the kineti
 energy of the neutrons isassumed to be equal to that of the protons, plus 
orre
tion, and minus theCoulomb energy. Finally, we in
lude the relevant Q value, estimated byusing parti
le masses.As dis
ussed in Se
tion 1, the heavy ion rea
tion me
hanism dependson the entran
e 
hannel angular momentum L (
ollision parameter). Theangular momentum is not experimentally measurable; instead, we have usedhere the total transversal momentum, ptr , of the 
harged parti
les dete
ted.The ptr versus L dependen
e is monotoni
 but 
onsiderably di�used (seeFig. 1). As a result, the ptr window 
ontains quite a broad range of di�erentL values. Nevertheless, ptr 
an be used as a rough measure of the total dis-sipated energy. Most of the events shown in Fig. 1 are lo
ated in the regionof larger L values due to a 
uto� introdu
ed by the ppar > 8GeV/
 
ondi-tion. Therefore our investigation is limited to a region of more peripheral
ollisions.

Fig. 1. The dependen
e ptr vs L; model predi
tion.
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Fig. 2. Charge (a), and ex
itation energy (b) distributions of the re
onstru
tedPLF for 
onse
utive ptr windows. Experimental points and model predi
tions.The distribution of the re
onstru
ted PLF 
harge, ZPLF, is presented inFig. 2(a), for 
onse
utive ptr windows. All distributions are 
entered aroundZPLF = 20, whi
h implies that in the region of more peripheral 
ollisionsthe same number of protons (on the average) is transferred from and to theCa proje
tile. The width of the ZPLF distribution in
reases slightly with theptr, whi
h is partly indu
ed by the re
onstru
tion pro
edure.The re
onstru
ted PLF ex
itation energy distributions (E�PLF)are shownin Fig. 2(b) for the same ptr windows. The distributions be
ome broaderfor more 
entral 
ollisions and the primary average PLF ex
itation energyin
reases.



The Intermediate Velo
ity Sour
e in the . . . 3085Figs. 3 and 4 display the velo
ity distributions of 
harged parti
les pro-je
ted on the beam dire
tion. In our experiment the He isotopes were prop-erly separated only at higher energies. Therefore, for helium3 parti
les wepresent the higher velo
ity part of the vz distribution. The intensity of alphaparti
les is mu
h higher than of helium3 parti
les, and therefore the helium3
ontamination of the low velo
ity alpha parti
le spe
tra 
an be ignored.The p, 3He, �, and Ne velo
ity distributions in Fig. 3 (no restri
tionsimposed on the ptr values) are 
hara
terized by a maximum pla
ed above0.2 
, in the region of the PLF velo
ities. For deuterons and tritons thismaximum is shifted towards smaller velo
ities. For more peripheral 
ollisions(Fig. 4, ptr < 1:5 GeV/
) the maximum observed in the deuteron and tritonvelo
ity distributions be
omes narrower. It 
ould be supposed that mostof the deuterons and tritons are emitted not from the PLF �sour
e�, butfrom the IVS. In order to as
ertain if su
h a 
onje
ture is justi�ed, we will
ompare the experimental data with the predi
tions of the model presentedin Se
tion 3.
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Fig. 3. Velo
ity (vz) distributions (LAB) proje
ted on a dire
tion parallel to thebeam; bla
k dots: experimental data. Model predi
tions for IVS, PLF, and TLFsour
es: red, blue, and green lines, respe
tively. Bla
k line: predi
ted total emis-sion. Violet line: CS 
ontribution. Three �sour
e� 
al
ulations (a); two sour
e
al
ulations (b). 3. The Monte Carlo modelThe sto
hasti
 model (PIRAT 
ode [20℄) used in this work des
ribes aheavy ion 
ollision as a two-stage pro
ess. Some of the nu
leons be
omerea
tion parti
ipants in the �rst stage by mean �eld e�e
ts or by nu
leon-nu
leon (NN) intera
tions and are transferred in the se
ond stage to thetarget remnant, or to the proje
tile remnant. Alternatively, they may form
lusters lo
ated in the region between 
olliding Ca ions, or es
ape to the
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Fig. 4. Velo
ity (vz) distributions (LAB) of deuterons, tritons, and alphas forptr < 1:5 GeV/
. Model predi
tion and experimental points. Three �sour
e� 
al-
ulations (a); two sour
e 
al
ulations (b). The key for the lines is the same as inFig. 3.
ontinuum. The nu
leon transfer probabilities are governed by the statedensities. The various hot fragments 
reated in this way afterwards de
ay byparti
le emission, whi
h is simulated by the GEMINI 
ode [24℄. Clusters andother �nal fragments (parti
les) are a

elerated by Coulomb for
es. After theformation of all the fragments, the PLF and TLF may fuse. This happenswhen due to the dissipation of energy and relative angular momentum a�po
ket� appears in the PLF�TLF intera
tion potential and the energy ofthe system is smaller than the potential barrier. A detailed des
ription ofthe model may be found in [20℄.For purposes of 
omparison with the experimental data, the model pre-di
tions are �ltered by a software repli
a of the AMPHORA dete
tor.



3088 R. Pªaneta et alA. First stage � mean �eld me
hanismIn the mean �eld me
hanism some of the nu
leons of the proje
tile nu-
leus (P ) and of the Target nu
leus (T ) be
ome rea
tion parti
ipants whenrun a
ross a potential window whi
h opens in the region between the 
ollid-ing heavy ions. The degree and duration of opening depends on the prox-imity and relative velo
ity of the heavy ions on their 
lassi
al traje
tories,
al
ulated for the Coulomb plus proximity potential. By using paraboli
 ap-proximation (see, e.g., Tassan�Got and Stéphan [25℄) one obtains the valuesof the potential barrier transmission probability a
ross the window. For ea
hheavy ion impa
t parameter, bHI, the number of parti
ipating nu
leons isobtained by a Monte Carlo pro
edure from the Poisson distribution aroundhn
ri, the average number of nu
leons per event 
rossing the potential win-dow.B. First stage � two-nu
leon me
hanismIn the NN me
hanism two nu
leons, one from the proje
tile (P ) andthe other from the target (T ), 
ollide in the overlap zone of the P and Tnu
lei, where for larger 
ollision energies and/or larger 
ollision parametersthe Pauli prin
iple be
omes less restri
tive. The nu
leons of su
h a pairbe
ome rea
tion parti
ipants. The probability of an NN 
ollision dependson the NN intera
tion 
ross-se
tion, the 
onvolution of the P and T densitiesin the overlap region, and the available momentum spa
e.For a given bHI and with no Pauli blo
king, the average number of NN
ollisions per event, hni;ji, is 
al
ulated in the modi�ed opti
al limit of theGlauber theory [26℄, along the heavy ion traje
tory in the entran
e 
hannelpotential. Here i; j denotes n (neutron) or p (proton), respe
tively. The dis-tribution of ni;j is given by the NN 
ollision probability Pij , 
al
ulated forall pairs of nu
leons, and for the Pauli blo
king e�e
t 
he
ked ea
h time. ThePij 's dependen
e on the NN 
ollision parameter is parameterized as Gaus-sian. The parameters of this distribution depend on the 
ollision parameterand on the NN 
ross-se
tions (see [20℄).The relative 
ontribution of the mean �eld (one-body) me
hanism andof the two-nu
leon (two-body) me
hanism depends on the heavy ion 
olli-sion energy, the impa
t parameter, and the 
omposition of heavy ions. Forour rea
tion at 35 AMeV, this amounted to an average of 33 per
ent and67 per
ent, respe
tively.C. Se
ond stage � nu
leon transferIn the PIRAT 
ode, the nu
leon transfer is treated as a sto
hasti
 pro
essin whi
h a parti
ipating nu
leon may 
hose di�erent options. These are asfollows:



The Intermediate Velo
ity Sour
e in the . . . 3089(i) re-
reation of the bond with the mother nu
leus; or(ii) 
reation of a bond with the other nu
leus, another parti
ipating nu-
leon, or a 
luster of parti
ipating nu
leons produ
ed in an earlierstep.The nu
leon transfer pro
ess is governed by a thermodynami
 probabil-ity:
 = �
PR��
TR��
NFG� Y(allCL)[�
CL℄��
CL;N(tr)��
PR;TR(tr) :(1)Here, for internal degrees of freedom, �
PR; �
TR; �
CL, and �
NFGdenote the density of states of the proje
tile remnant, target remnant, 
lus-ter, and �gas� of parti
ipating nu
leons, respe
tively. The degrees of freedom
orresponding to the translational motion of the system of 
lusters and nu-
leons whi
h already left the nu
leon �gas�, and of the target remnant andproje
tile remnant, are represented by the density of states �
CL;N(tr), and�
PR;TR(tr), respe
tively.In the model, the nu
leon transfer pro
ess is exe
uted in a 
hain of steps.A detailed des
ription of this pro
edure 
an be found in [20℄.The summation of the ground state and kineti
 energies of fragmentswith their intera
tion potentials provides a value for total energy 
orre-sponding to the internal degrees of freedom (ex
itation energy) of the sys-tem. After subtra
ting the total ex
itation energy of the parti
ular nu
leontransfer, one obtains the 
orresponding rea
tion Q value. The total energyof the system is 
onserved along the 
hain of transfers, but the ex
itationenergies of parti
ular subsystems vary a

ording to the parti
ular Q value.This Q energy is divided among all the involved subsystems having massesA > 4, with a probability proportional to the 
orresponding densities ofstates.The angular momenta and spins of the �nal rea
tion produ
ts are 
al-
ulated from the initial P (or P remnant) and T (or T remnant) angularmomenta, and from the angular momenta of the parti
ipating nu
leons in-volved. For the P and T spins the model assumes zero values. In orderto 
al
ulate the angular momenta of the parti
ipating nu
leons we assumethat their momenta are distributed as in a Fermi gas, and that the initiallo
ations depend upon the mean �eld and the NN intera
tion me
hanism.It is assumed that the parti
ipating nu
leon may join a PR, a TR, or a
luster, if:(i) the spin of the �nal system (nu
leus or 
luster) is smaller than themaximum spin permitted for that system,



3090 R. Pªaneta et al(ii) the 
aptured nu
leon's relative angular momentum is smaller than aspe
i�ed 
riti
al value L
r. This 
ondition determines the value of themaximum momentum of a nu
leon whi
h 
an be 
aptured by a nu
leus.It should be stressed that although on the average the nu
leon transferand the 
luster 
oales
en
e pro
ess are governed by the maximum value ofentropy, its �u
tuations are also signi�
ant.4. Comparison of the experimental datawith the model predi
tionsAs shown in Figs. 2(a) and 2(b), the primary ZPLF and E�PLF distribu-tions are quite well reprodu
ed by the model predi
tions.A 
omparison between the model predi
tions and the experimental data
an also be estimated in Figs. 3(a) and 4(a) for the vz velo
ity distribu-tions. The model predi
tions generated for the IVS, and for the PLF andTLF �sour
es�, �ltered by the software repli
a of the AMPHORA dete
tor[27℄, are presented by red, blue, and green lines, respe
tively. The bla
kline des
ribes the total emission from all sour
es, while the violet line tra
esemissions from the Composite System (CS) 
reated in 
omplete or in
om-plete fusion. The same fa
tor was used to normalize the model predi
tionsin referen
e to the experimental data. The level of agreement a
hieved be-tween experimental points and the bla
k line (total emission) is satisfa
tory.For deuterons, tritons and alpha parti
les, all three �sour
es� (PLF, IVS,and TLF) 
ontribute signi�
antly to the total emission, but to a di�erentextent. For tritons and deuterons, IVS emission dominates. Alphas arepreferentially emitted from the PLF �sour
e�, and IVS emission is in se
ondpla
e. For heavier eje
tiles, su
h as Ne ions, the IVS and TLF emissionsgradually disappear. However, one should bear in mind that be
ause ofthe rea
tion kinemati
s and the geometry of the AMPHORA dete
tor, thePLF emission is arti�
ially intensi�ed. The dominan
e of the IVS emissionin the triton and deuteron velo
ity spe
tra is enhan
ed for very peripheral
ollisions (Fig. 4(a)). The deuteron maximum is broader than the triton,be
ause given the same 
luster gas temperature the lighter deuterons mustbe faster.In order to 
he
k the hypothesis of three �sour
es�, the model 
al
ulationshave been repeated with a 
ondition ex
luding the formation of 
lusters.It is 
lear (see Figs. 3(b) and 4(b)) that with this restri
tion the modelis no longer able to des
ribe the experimental data. For deuterons andheavier parti
les two maxima appeared in the model predi
tions, whi
h isnot 
onsistent with experimental data. The ex
lusion of 
lusters resultedin the over-produ
tion of protons emitted from the mid-velo
ity region anddi�erent relative 
ontributions of the PLF and TLF �sour
es�.



The Intermediate Velo
ity Sour
e in the . . . 3091The real relative 
ontribution of the IVS �sour
e� in emission of di�er-ent eje
tiles (model predi
tion, no experimental limitations) is presented inFig. 5 for the 40Ca+197Au rea
tion (a), and also for the 40Ca+40Ca rea
tion(b). The IVS 
ontribution is given as a per
ent of the total emission, forperipheral 
ollisions taking pla
e above some threshold angular momentum.Three values of the threshold angular momentum are 
onsidered: L1; L2,and L3. For L1, the entran
e 
hannel 
ross-se
tion �(L) rea
hes its max-imum value; �(L2) = �(L3) = 0:5�(L1); L2 > L1 (more peripheral 
olli-sions), L3 < L1(less peripheral 
ollisions). For the 40Ca+197Au rea
tion:L1 = 460 ~; L2 = 517 ~; L3 = 240 ~. For 40Ca+40Ca: L1 = 220 ~; L2 =250 ~; L3 = 110 ~. As 
an be seen in Fig. 6, deuterons, tritons and 3Heparti
les are preferentially emitted in peripheral 
ollisions by the IVS, andthe IVS emission of more neutron-ri
h tritons and deuterons is slightly en-han
ed. The magnitude of this e�e
t in
reases with L. The numbers ofparti
les emitted by the IVS are small for peripheral 
ollisions, and the er-ror bars of the IVS 
ontribution are quite large. There is no signi�
antdi�eren
e between the 40Ca+197Au and 40Ca+40Ca rea
tions. The di�er-en
es between the ntriton=nhelium3 ratios (ni denote here the respe
tive IVS
ontribution) are also noteworthy. For 40Ca+197Au it varies between about4 and 5, and for 40Ca+40Ca, between 1.4 and 1.5, for the various 
ollision
entralities 
onsidered in Fig. 5. This isospin dependen
e of the IVS 
on-tribution of mass 3 parti
les seems to be properly 
orrelated with the N=Zratio of the 40Ca+197Au and 40Ca+40Ca systems.One should bear in mind that Fig. 5 presents the relative 
ontributions ofthe IVS in the emission of di�erent parti
les. The total 
harge emission andthe 
ontribution of di�erent �sour
es�, as seen by the AMPHORA dete
tor,is presented in Fig. 6. The group of light parti
les has a �ux about 25 timesstronger than the �ux of the IMFs, whi
h form some kind of plateau andthen peak at about Z = 17, just below the proje
tile 
harge. It is 
lear thatthe total 
harge distribution is dominated by the PLF emission. Only in theregion of light parti
les 
an the IVS emission 
ompete with the PLF emission.Fig. 6 demonstrates good agreement between the model predi
tions andthe experimental data, up to about Z = 20. Some disagreement above thisZ value 
an be explained by the appearan
e of Au �ssion, not properlydes
ribed by the GEMINI 
ode.The question was asked in Se
tion 2 whether the PLF re
onstru
tionpro
edure used for the 40Ca+40Ca rea
tion 
an also be applied to the40Ca+197Au rea
tion. As 
an be expe
ted, the nu
leon transfer and the
luster 
oales
en
e pro
ess depend on L (
ollision parameter). Fig. 7 showshow the primary PLF, TLF, IVS and CS 
harge depend on L. In periph-eral 
ollisions, nearly the same number of protons are transferred, in bothdire
tions (on the average), between the proje
tile and the target nu
leus.
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(a) 

(b) 

Fig. 5. Relative 
ontribution of the IVS sour
e in emission of di�erent eje
tiles (per-
ent of the total emission) � model predi
tion with no experimental limitations.(a) 40Ca+197Au; (b) 40Ca+40Ca. Cal
ulations performed for di�erent angular mo-mentum thresholds: L1, L2, L3 � see text.
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Fig. 6. Z distributions of parti
les emitted by di�erent sour
es. Model predi
tionsand experimental points. The key for the lines is the same as in Fig. 3.
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Fig. 7. The L dependen
e of the primary PLF, TLF, IVS and CS 
harge. Colorsindi
ate di�erent populations in the Z;L plane.
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0 200 400 600Fig. 8. N=Z vs L dependen
e for the PLF and TLF.Some of them form the intermediate velo
ity sour
e. For smaller L values,the PLF loses protons (on the average), whi
h are transferred to the IVSand the TLF. In 
entral 
ollisions a 
omposite system is 
reated. The mag-nitude of the nu
leon transfer is generally not the same for the neutronsand the protons. For peripheral 
ollisions, the PLF and the TLF N=Z ratio(N denotes the neutron number) is nearly the same as that of the P and Tnu
lei, respe
tively (see Fig. 8). However, we use ptr to estimate the 
ollision
entrality, and the ptr versus L dependen
e is quite di�use(see Fig. 1). As aresult, a small monotoni
 
orre
tion is ne
essary (about 10 per
ent for themaximum value of ptr) for the re
onstru
tion of mass and ex
itation energy.5. Summary and 
on
lusionsThe 
reation of hot Ca-like fragments and the emission of intermediatevelo
ity parti
les has been observed in the 40Ca+197Au rea
tion at 35 AMeV.Be
ause of the rea
tion kinemati
s and due to a 
uto� introdu
ed by theppar > 8GeV/
 
ondition, our investigation was limited to a region of moreperipheral 
ollisions.
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ity Sour
e in the . . . 3095The general rea
tion pi
ture was found to be similar to that re
entlystudied in the 40Ca+40Ca rea
tion. The 
harge and ex
itation energy dis-tributions of the primary PLFs were determined. The shape of the energyspe
tra of parti
les from the PLF de
ay is 
onsistent with a thermalizedsour
e pi
ture. It has been demonstrated that the 
harge distributions ofemitted parti
les, and the parti
le velo
ity distributions proje
ted on thebeam dire
tion, 
an be represented by the emission of parti
les from three�sour
es�, the PLF, the TLF and the IVS. In parti
ular, the shape of theparti
le velo
ity distributions 
annot be properly explained without the in-termediate velo
ity �sour
e�.The origin and observed properties of the PLF and the IVS are properlydes
ribed by the sto
hasti
 transfer and 
oales
en
e pro
ess of nu
leons lib-erated in the heavy ion 
ollision [20℄. The �hot� PLF and TLF are 
reatedas a result of energy dissipation during the nu
leon transfer pro
ess. Theintermediate velo
ity sour
e 
an be 
onsidered as a multi-
omponent gas ofnu
leons and 
lusters of di�erent degree of ex
itation. This system separatesafterwards under the in�uen
e of Coulomb for
es.The yield of parti
les emitted from the IVS de
reases with the in
reasingvalue of parti
le Z. Most of these are light parti
les. In the more periph-eral 
ollisions studied in this work, deuterons, tritons, and to lesser extenthelium3 parti
les are preferentially emitted from the IVS. The dominan
eof the deuteron and triton emission over the helium3 one has been 
learlyobserved. This e�e
t is intensi�ed for more 
entral 
ollisions. The isospindependen
e of the mass 3 IVS 
ontribution should be also mentioned.As for the properties of the IVS, the 40Ca+197Au and 40Ca+40Ca rea
-tions are very similar. For 40Ca+197Au, deuterons are slightly more prefer-entially emitted than tritons. In the 40Ca+40Ca rea
tion the situation is op-posite. Therefore, it is probably safer to speak of a deuteron/triton/helium3anomaly, instead of a triton or triton/helium3 anomaly. It should be stressed,however, that this e�e
t is properly des
ribed by simulations performed withthe PIRAT 
ode, whi
h takes into a

ount the state densities and the distri-bution of Q values along the 
hain of nu
leon transfers. Various explanationsof this e�e
t have been dis
ussed (see [12℄ for referen
es), but to date no �nal
on
lusion has been rea
hed.There is yet another question whi
h 
ould be asked in 
onne
tion withthe 40Ca+197Au rea
tion: what is the e�e
tive ��ow� of nu
leons and energypartition between the 
olliding ions? This was dis
ussed some time ago in
onne
tion with some lower-energy heavy ion experiments [28℄. As far as weknow, no satisfa
tory answer was found. A

ording to the model simulations(see Se
tion 4) in peripheral 40Ca+197Au 
ollisions, nearly the same numberof protons are transferred, in both dire
tions between the proje
tile andthe target nu
leus. For smaller L values, the PLF looses protons whi
h



3096 R. Pªaneta et alare transferred to the IVS and to the TLF. The magnitude of the nu
leontransfer is generally not the same for the neutrons and for the protons. Inperipheral 
ollisions the N=Z ratio of the PLF and the TLF is nearly thesame as of the P and T nu
lei, respe
tively. For more 
entral 
ollisionsthe (N=Z)PLF in
reases and the (N=Z)TLF de
reases. In 
onsequen
e, thePLF loses more protons than neutrons, diverging from the stability line. Inorder to re
ompense this e�e
t, more neutrons (neutron rea
h parti
les) thanprotons (proton rea
h parti
les) should be emitted from the ex
ited primaryPLF. For the TLF, one should observe the opposite e�e
t. Unfortunately, inour experiment we were able to identify the Z of the emitted intermediatemass fragments, but not the A.This work was supported by the Polish State Committee for S
ienti�
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