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INVESTIGATION OF LIGHT NEUTRON-RICH NUCLEIVIA THE (7Li,7Be) REACTION�C. No
iforoa;by, F. Cappuzzelloa, A. Cunsoloa;b, S. Fortier
A. Fotib;d, A. Lazzaroa;b, H. Lenskee, S.E.A. Orrigoa;band J.S. WinfieldaaINFN Laboratori Nazionali del Sud, Catania, ItalybDipartimento di Fisi
a e Astronomia, Università di Catania, Catania, Italy
Institut de Physique Nu
leaire, IN2P3-CNRS, Orsay Cedex, Fran
edINFN-Sezione di Catania, Catania, ItalyeInstitute fur Theoretis
he Physik, Universität Giessen, Giessen, Germany(Re
eived De
ember 2, 2002)Studies of 15C and 11Be nu
lei has been dealt with the (7Li,7Be) 
hargeex
hange rea
tion at 57 MeV. The energy spe
trum at 10Æ of 15C nu
leus ispresented and dis
ussed in 
omparison with the 11Be one. An explanationof the 15C energy spe
trum is proposed in relation to Dynami
al CorePolarization 
al
ulations for the single parti
le strength fun
tion.PACS numbers: 21.10.�k, 25.70.Kk, 27.20+n1. Introdu
tionAmong the 
hallenges of modern nu
lear physi
s that of the des
riptionof the stru
ture of nu
lei far from the line of �-stability is most intrigu-ing. For light neutron-ri
h nu
lei, the unusual 
ombination of high 
hargeasymmetry, weak binding energy and proximity of the parti
le 
ontinuummay lead to the less e�e
tive 
on�nement of the outermost neutrons. Anexample is given by halo nu
lei [1℄. In parti
ular, one-neutron halo nu-
lei are the main 
andidates suited to study the intera
tion between theweak bound nu
leon and the 
ore nu
leus. Experimental eviden
e [2℄ andtheoreti
al studies [3℄ show as Dynami
al Core Polarization (DCP) e�e
ts,whi
h are well established in stable nu
lei [4℄, be
ome parti
ularly impor-tant approa
hing the drip lines, be
ause the 
ore itself 
an be already far� Presented at the XXXVII Zakopane S
hool of Physi
s �Trends in Nu
lear Physi
s�,Zakopane, Poland, September 3�10, 2002.y Present address: G.S.I., Darmstadt, Germany.(2387)
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iforo et al.from stability. The 15C nu
leus, not properly re
ognized as a halo nu
leus,represents as weakly bound system (Sn = 1:218 MeV) an interesting inter-mediate 
ase between the well-bound 12;13;14C nu
lei and the exoti
 19C [5℄.The ground state spin-parity of 15C is J�=1/2+ and shell model 
al
ulationsusing WBP intera
tion reprodu
e the inversion between 0d5=2 and 1s1=2 or-bitals [6℄. When a 
on�guration with three neutrons 
oupled to an hard
ore of 3� parti
les is taken into a

ount for 15C isotope, at low ex
itationenergy an important part of the phase spa
e is represented by the 
ouplingof two neutrons with the hard 
ore and the 
onsequent formation of 14C 
oreplus one unpaired neutron. Under these 
onditions the high polarizabilityof the soft 
ore together with the low binding of the external neutron makepossible the independent ex
itation of the 
ore and single neutron degrees offreedom. In a phenomenologi
al approa
h, one observes in the energy spe
-trum narrow resonan
es well beyond the neutron emission threshold. They
an be des
ribed as ex
itation of bound states embedded in the 
ontinuum(BSEC [7℄), resulting from almost pure ex
itation of the 
ore states. Similare�e
ts have been noti
ed for the 11Be [2℄.2. Results on 15CSin
e the (7Li,7Be) 
harge ex
hange rea
tion is a well known spe
tro-s
opi
 probe [2℄, we used 57 MeV 7Li+++ beam provided by the Tandem Vander Graf a

elerator at IPN-Orsay and a Melamine (C3H6N6) 15N enri
hedtarget for studying the ex
ited states of 15C nu
leus via the 15N(7Be,7Li)15Crea
tion. The 7Be eje
tiles were dete
ted by a �E � E Si-teles
ope set at10Æ. At 10Æ supplement runs with 12C and standard Melamine target wereperformed to measure the ba
kground due to the presen
e of 12C and 14Nimpurities. The �nal 15C spe
trum at 10Æ after the ba
kground subtra
-tion is shown in Fig. 1 as a fun
tion of ex
itation energy. The ba
kgroundfrom 15N(7Li, n7Be)14C was also 
al
ulated and subtra
ted assuming a nonresonant 3-body phase spa
e. The overall energy resolution was 90 keV.The ground and the �rst ex
ited state (0.74 MeV) are 
learly visible. Peaksmarked by an asterisk refer to transitions in whi
h 7Be is in the 0.43 MeV�rst ex
ited state. Be
ause of the strong presen
e of the ba
kground above2 MeV we observed only a resonan
e 
entered at 8.5 MeV (� � 0:3 MeV).A large bump remains 
entered at �10 MeV (� � 10 MeV). Comparing the15C spe
trum with the 11Be one via the (7Li,7Be) at the same bombardingenergy, it is interesting to note in both 
ases the presen
e of a narrow reso-nan
e very far from the neutron emission threshold. In Ref. [2℄ we 
on
ludedthat the state at 6.05 MeV 
annot be 
onsidered as a single parti
le ex
ita-tion on 10Be inert 
ore. Due to the softness of the 
ore bound states in the
ontinuum 
an be populated. The softer the 
ore, the lower is the energy
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Fig. 1. Ex
itation energy spe
trum of 15C at 57 MeV and 10Æ. Curves regarding�t in the 
ontinuum are visualized; dashed line is 3-body phase spa
e 
ontributionas given in Ref. [8℄; the dotted line is the �t of the resonan
e at 10.3 MeV; thestru
ture at 8.5 MeV has been modelled with two Gaussians (see text); the fullthi
k line is the 
onvolution of all the previous 
urves.where one expe
ts to observe su
h stru
tures. In order to give a quantita-tive interpretation of the observed spe
trum a mi
ros
opi
 nu
lear stru
turemodel has been set up in
luding DCP e�e
ts in des
ribing 15C, using theQRPA formalism as in Ref. [11℄. Single parti
le 
on�gurations with respe
tto a vibrating 
ore nu
leus were investigated theoreti
ally by using a mi
ro-s
opi
 version of quasiparti
le-
ore 
oupling (QPC) model [10℄. The resultsobtained for s1=2 and d5=2 single parti
le strength distributions in 15C upto 14 MeV ex
itation energy are shown in Fig. 2, where the 
oupling to the
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-4 -2 0 2 4 6 8 10 12 14Fig. 2. Single parti
le strength 1/2+ (full line) and 5/2+ (dotted line) of 15C fornatural parity states of the 14C 
ore (J � 4); the energy s
ale 
orresponds toex
itation energy of the 15C nu
leus.
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iforo et al.natural parity states of the 14C 
ore up to total angular momentum J = 4 istaken into a

ount. As the main result, strong fragmentation of the strengthhas been obtained between 8 and 14 MeV ex
itation energy. The 
omparisonwith the ex
itation energy spe
tra measured via the 15N(7Be,7Li)15C 
hargeex
hange rea
tion at 57 MeV indi
ates that the observed narrow stru
tureat 8.5 MeV, whi
h 
annot be justi�ed within a single parti
le model [9℄, isexplained within the DCP framework.3. Con
lusionThe �rst and 0.74 MeV state of 15C, together with a stru
ture at 8.5 MeV(� � 0:3 MeV), have been 
learly observed via the 15N(7Li,7Be)15C 
hargeex
hange rea
tion at 57 MeV. The sharp resonan
e at 8.5 MeV indi
ates abehaviour similar to that of 11Be nu
leus. The present experimental results,even though mainly limited by the strong presen
e of the ba
kground as-so
iated to the 12C impurity in the target, has been re
ently 
on�rmed bythe preliminary results of a measurement of the same rea
tion at 52 MeV atdi�erent angles using a pure 15N gas target. The results of DCP 
al
ulationsin 15C nu
leus reprodu
e qualitatively well the low energy spe
trum. Bothfor s1=2 and d5=2 strength distributions, narrow resonan
es well beyond theneutron emission threshold appear when the 
oupling of the unpaired neu-tron to the natural parity states of the 14C is 
onsidered. In parti
ular, themodel predi
ts the narrow resonan
e observed at 8.5 MeV, thus o�ering newperspe
tives in the interpretation of the spe
tros
opy of neutron-ri
h nu
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