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 and deep inelasti
 pro
esses have been ex-tensively studied, theoreti
ally and experimentally, dur-ing the past twenty years. However, only in re
ent stud-ies, thanks to the development of eÆ
ient spe
trometers,a 
omplete identi�
ation of the �nal rea
tion produ
tshas been a
hieved up to the pi
k-up and stripping of sev-eral neutrons and protons [1{3℄. What makes this �eld ofresear
h so ri
h is the fa
t that the nu
lei brought into a
lose 
onta
t manifest the degrees of freedom asso
iatedto the single-parti
le motion, as well as those asso
iatedto strong surfa
e vibration and rotations. Thus, multi-nu
leon transfer between heavy ions at energies 
lose tothe Coulomb barrier represents the region where nu
learstru
ture still strongly in
uen
es the rea
tion dynami
s.The 
omparison between data and 
al
ulations, basedon semi
lassi
al models [4, 5℄, allowed to quantitativelystudy how degrees of freedom of di�erent 
omplexity a
tin the transfer pro
ess.Closed shell nu
lei 
onstitute an almost ideal 
ase forsu
h quantitative 
omparison with 
al
ulations. There-fore, we have studied multinu
leon transfer pro
esses forthe system 40Ca+96Zr 
lose to the Coulomb barrier, in aparti
le-
 
oin
iden
e experiment.EXPERIMENTS AND EXPERIMENTALRESULTSThe experiment was performed using the XTU Tan-dem a

elerator of the Laboratori Nazionali di Legnaro.A 40Ca beam was a

elerated onto a 96Zr target, atElab=152 MeV, an energy 
lose to the Coulomb barrier.Proje
tile-like fragments were dete
ted with the magneti
spe
trometer PRISMA [6℄. The 
oin
ident 
 rays weredete
ted with the CLARA array [9℄.The main features of PRISMA are its large solid angleof 80 msr, wide momentum a

eptan
e �10%, and massresolution of 1/300 a
hieved via traje
tory re
onstru
-tion. The ion mass is determined from the informationon the (�,�) entran
e angles, (X;Y ) exit positions, TOF

FIG. 1: Figure shows the mass distribution (up to �4p 
han-nels) obtained in the rea
tion 40Ca+96Zr at Elab =152 MeVand at the grazing angle, with (right) and without (left) 
 
o-in
iden
es.signal and total energy. The entran
e dete
tor is a po-sition sensitive mi
ro-
hannel plate, whi
h provides theposition signals and the start signal for TOF [7℄. Ionspass through the opti
al elements of the spe
trometer, aquadrupole singlet and a magneti
 dipole, and enter intothe fo
al plane dete
tor [8℄. The fo
al plane dete
toris an array of parallel plates of multiwire-type, provid-ing a stop for TOF and (X;Y ) position signals, followedby an array of transverse �eld multiparametri
 ioniza-tion 
hambers, providing �E and total energy signals.Gamma rays following the de-ex
itation of rea
tion prod-u
ts were dete
ted with the CLARA array [9℄, 
omposedof 25 Clover dete
tors, forming a 2� 
on�guration 
loseto the target position.A 
lear identi�
ation of the nu
lear 
harge and massof proje
tile-like fragments is obtained up to 8 protonstripping and 6 neutron transfer. A mass resolution of'1/280, has been obtained, whi
h is 
onsistent with the
hara
teristi
s of the spe
trometer. The mass distribu-tion measured at the grazing angle, without (left) andwith 
 
oin
iden
es (right) is plotted on Fig. 1. Dif-ferent yields are observed in the 
ase of the mass distri-butions in 
oin
iden
e with the 
 rays due to the dif-ferent Q-value regions populated for di�erent 
hannels

Marina
Linea



and 
 multipli
ities. The mass distributions indi
ate thedominan
e of a dire
t me
hanism where nu
leon transferfollows the path expe
ted from optimum Q-value argu-ments that favor neutron pi
k-up and proton stripping,for stable nu
lei. We noti
e also that for massive protontransfer 
hannels the isotopi
 distribution drifts towardslower masses, indi
ating that evaporation pro
esses in-
uen
e the �nal isotopi
 distributions. In the presentparti
le-gamma 
oin
iden
e experiment it is possible toquantitatively determine the in
uen
e of evaporation.

FIG. 2: 
-ray spe
tra of the light (left) and heavy (right) re-a
tion partners of the +2n and �2p + 2n 
hannels of the40Ca+96Zr rea
tion. The top (bottom) panel shows the 
-rayspe
tra obtained by gating on Z = 20 (Z = 18) and A = 42(A = 40). Strong transitions are marked on the �gure.Fig. 2 shows 
 spe
tra of the +2n and �2p+2n 
han-nels of the light and of the heavy rea
tion partner. Thesingle 
oin
iden
e 
 spe
tra of the light partner are ob-tained after Doppler 
orre
tion for the proje
tile-like nu-
lei sele
ted by the spe
trometer. The �nal resolutionof 
 peaks at '1.5 MeV is ' 1%. The same quality ofthe 
 spe
tra is observed for the large range of nu
lidespopulated in this multinu
leon transfer rea
tion. The 
spe
tra of the heavy partner have been extra
ted assum-ing binary pro
esses, and the heavy evaporated isotopeshave been identi�ed via their 
hara
teristi
 
 lines. As
an be appre
iated from the �gure, the dominant pop-ulated states are yrast states, pointing to the ability ofthe multinu
leon transfer rea
tions to transfer a largeamount of angular momenta.In the 
omparison with the theoreti
al models (Com-plex WKB 
al
ulations) to obtain the yields of the mas-sive 
harge transfer 
hannels, the evaporation from the

primary fragments is in
luded taking into a

ount the
al
ulated ex
itation energies of fragments and their in-trinsi
 angular momenta. The data analysis of the ob-tained evaporation 
ross se
tions and the 
omparisonwith the CWKB 
al
ulations are in progress.On
e the proje
tile-like rea
tion fragments are identi-�ed by their mass, 
harge and energy, through the kine-mati
 relations we 
an 
al
ulate the traje
tories and en-ergies of the target-like fragments, assuming binary pro-
esses. The left side of �g. 2 depi
ts the 
-ray spe
trawhere the Doppler 
orre
tion has been 
arried out for thetarget-like fragments. Besides the 
 transitions whi
h
orrespond to the heavy binary partner, in the spe
trawe 
an identify several 
 lines whi
h 
orrespond to theone, two, and even three neutrons evaporation from theheavy partner. It is 
lear that the pro
ess of evaporationbe
omes more and more important as more and more nu-
leons are transferred. In the 
ase of the massive protonstripping 
hannels, the 
hara
teristi
 lines of the primaryheavy partner tend to vanish, while the 
ross se
tions ofthe �1n and �2n 
hannels be
ome dominant.In this report we have presented results of multi-nu
leon transfer rea
tions studied in the 40Ca+96Zr(parti
le-
 
oin
iden
e) system at energies 
lose to theCoulomb barrier. In the 
omparison with the semi-
lassi
al models we learned that besides the well knownsurfa
e modes and the one-parti
le transfer 
hannels, thepro
ess of evaporation is important in the des
ription ofthe isotopi
 distribution of the rea
tion produ
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