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andidates for spe
tro-s
opi
 studies of nu
lei populated via multinu
leon trans-fer me
hanism. 90Zr 
an be treated as a near 
losedshell nu
leus with N=50 and Z=40, with a gap sepa-rating the f -p shell from the g9=2 proton orbital. Zr nu-
lei have been populated in two-neutron pi
k-up 
han-nels with (p; t) rea
tions [1℄ and in two-proton pi
k-up
hannels with (14C,16O) rea
tions [2℄. Work has been re-
ently done on 90Zr via (n; n0) s
attering [3℄, where largenumber of �nal states have been rea
hed. In the presentwork we exploited for the �rst time multinu
leon trans-fer rea
tions with very heavy ions, namely the rea
tion90Zr+208Pb at an energy 
lose to the Coulomb barrier, tostudy the population pattern of ex
ited states in nearlyspheri
al Zr isotopes via high resolution 
-parti
le 
oin-
iden
es [4℄. Both proje
tile and target are well known
losed-shell nu
lei and therefore optimum 
andidates forhaving 
lean experimental and theoreti
al [5℄ 
onditions.Experiments with 
losed shell nu
lei using 40Ca beamsalready showed interesting results both in in
lusive [6℄ aswell as in a very re
ent 
-parti
le 
oin
iden
e measure-ment [7℄. II. THE EXPERIMENTThe experiment has been performed with the XTU-Tandem + ALPI booster a

elerator 
omplex of the Lab-oratori Nazionali di Legnaro. In a ' 48 hours run a90Zr beam has been delivered at Elab=560 MeV withan average intensity of 3 pnA onto a 200 �g/
m2 208Pbtarget sandwit
hed between two 20 �g/
m2 C-layers.Proje
tile-like produ
ts have been sele
ted at �lab=620,an angle 
lose to the grazing one, with the new spe
trom-eter PRISMA [8℄. 
-parti
le 
oin
iden
es have been per-formed 
oupling the spe
trometer to the 
-array CLARA[9℄. PRISMA has a solid angle of ' 80 msr, i.e. �60horizontal and �110 verti
al, a momentum a

eptan
eof �10%, and a mass resolution of 1/300, a
hieved viatraje
tory re
onstru
tion. It 
onsists of a magneti
quadrupole singlet, pla
ed at 50 
m from the target, anda magneti
 dipole (600 bending angle and 1.2 m 
urvatureradius). The ion mass is determined from the informationon the (�,�) entran
e angles, (X,Y) exit positions, time-of-
ight (TOF) and total energy. The entran
e dete
-

tor is a two-dimensional position sensitive mi
ro-
hannelplate (MCP) [10℄, providing a start signal for TOF withsubnanose
ond resolution and X,Y signals with 1 mm res-olutions. Ions pass through the opti
al elements of thespe
trometer and after a path of ' 6.5 m, enter the fo
alplane dete
tor [11℄. This 
onsists of an array of parallelplates of multiwire-type (MWPPAC), providing a stopfor TOF and (X,Y) position signals, derived with thedelay line method, with 1 mm resolutions; it is followedby an array of transverse �eld multiparametri
 ionization
hambers (IC), providing �E and total energy signals.Both the MWPPAC and the IC are segmented into sev-eral se
tions, to preserve a high resolution even whendete
tion rates over
ome several kHz. CLARA 
onsistsof 24 Clover dete
tors from the Euroball 
ollaboration,pla
ed in a way to form a 2� 
on�guration 
lose to thetarget point. PRISMA and CLARA 
an rotate togetheraround the target, by means of a thin (1 mm) spheri
alAl sliding seal s
attering 
hamber.III. FIRST RESULTSIn the present experiment, and in agreement with op-timum Q-values 
onsiderations, the strongest observed
hannels are the pi
k-up of neutrons and stripping ofprotons. Fig.1 shows, as an example, the mass distri-butions of Zr isotopes after gating on the nu
lear 
hargeZ=40. Nu
lear 
harges are obtained by 
onstru
ting a�E-E matrix in
luding all events in the IC after proper
alibration of ea
h subanode. The mass resolution turnsout to be ' 1/220, i.e. 
onsistent with the 
hara
teris-ti
s of the spe
trometer after taking into a

ount targetand dete
tor resolution 
ontributions. Final mass spe
trahave been obtained by linearizing the X-TOF matrix forea
h se
tion of the MWPPAC and 
onsidering the energyinformation of the IC whi
h allows solving the indeter-mination on the atomi
 
harge states. One sees events
orresponding to (dominant) pi
k-up as well as (weaker)stripping of neutrons. The bottom (top) part of Fig.1
orresponds to the spe
tra obtained with (without) 
 
o-in
iden
es with CLARA. One observes di�erent relativeyields in mass spe
tra for ea
h isotope, due to the di�er-ent 
-multipli
ities for the various multinu
leon transfer
hannels populated in the rea
tion. The ratio of events inthe two spe
tra for spe
i�
 masses is 
onsistent with anoverall eÆ
ien
y of a few % of CLARA for 
 transitions
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in the range ' 2 MeV.By gating on spe
i�
 isotopes, we obtain the 
oin
ident
 spe
tra, shown in Fig.2 for the 90Zr, 92Zr and 88Sr iso-topes, the last one rea
hed via the �2p transfer 
hannel.The spe
tra have been obtained after Doppler 
orre
tionfor the proje
tile-like nu
lei sele
ted by the spe
trome-ter, taking into a

ount position determination at theentran
e of PRISMA, the ion time-of-
ight (ions travelwith a v/
 ' 8-10%) and the geometry of the Clover de-te
tors. The �nal resolution of 
 peaks at ' 1.5 MeV is' 1%.
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FIG. 1. Mass spe
tra for Zr isotopes obtained in the rea
-tion 90Zr+208Pb at Elab=560 MeV and at �lab = 620 with(bottom) and without (top) 
 
oin
iden
es. The spe
tra havebeen obtained after gating on nu
lear 
harge Z=40, derivedfrom the ionization 
hamber of the spe
trometerIn Fig.2, the strongest lines observed in 90Zr are the2+1 ! 0+gs (E
=2186 keV), 4+1 ! 2+1 (E
=891 keV) and3�1 ! 2+1 (E
=562 keV). The 2+1 and 4+1 levels are builtfrom the (�g9=2)2 
on�guration, and are lo
ated abovethe 0+2 state at 1761 keV, the 3�1 is asso
iated to thelowest o
tupole vibration. We also observe the intra-band 4� ! 5� (E
=421 keV) transition, involving the(�g9=2�p1=2) 
on�guration, and the interband 6+ ! 5�(E
=1130 keV) transition. In the spe
trum of 90Zr onesees a 
lear peak at E
=1874 keV. This 
orrespondsto the 4+ ! 2+1 transition de
aying from the high en-ergy state at 4058 keV. We also see, 
learly, the peaksat E
=3843 keV and E
=3305 keV, 
orresponding to2+3 ! 0+gs and 2+2 ! 0+gs transitions, respe
tively.In 92Zr, rea
hed via the +2n pi
k-up 
hannel, one seestransitions up to 16+ ! 14+ (E
=1401 keV). This 
on-�rms the ability of these rea
tions with heavy ions topopulate high spin states via large angular momentumtransfer.Analysis is in progress to determine the yield distri-bution of the various multinu
leon transfer 
hannels ob-

served in the experiment and the strength of populatedlevels in Zr and Sr isotopes. This should also allow tostudy the population of states at about 4 MeV ex
ita-tion energy where pair vibrational states are expe
ted[12℄.
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FIG. 2. 
 spe
tra for 90Zr (top), 92Zr (middle) and 88Sr(bottom) isotopes, obtained after gating on proper mass andnu
lear 
harge. The spe
tra are Doppler 
orre
ted for proje
-tile-like nu
lei taking into a

ount the geometry of the parti
leand 
 dete
tors, and the ion velo
ity. The inset shows the partof the 90Zr spe
trum with 
 ray energies above 3 MeV.
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