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INDUCED PAIRING INTERACTIONIN NUCLEI�G. Goria;b, R.A. Brogliaa;b;
, F. Barran
od, G. Colòa;bE. Vigezzib;
, P.F. Bortignona;b, and J. Terasaki a;baDepartment of Physi
s, University of MilanVia Celoria 16, 20133, Milan, ItalybINFN, Sezione di Milano, Milan, Italy
The Niels Bohr Institute, University of CopenhagenBlegdamsvej 17, 2100 Copenhagen, DenmarkdEs
uela de Ingenieros Industriales, Universidad de SevillaCamino de los Des
ubrimientos, 41092 Seville, Spain(Re
eived November 2, 2000)The indu
ed pairing intera
tion arising from the ex
hange of low-lying
olle
tive surfa
e vibrations among nu
leons moving in time reversal state
lose to the Fermi energy is found to lead to values of the pairing gap whi
h
onstitute a large fra
tion of those experimentally observed.PACS numbers: 21.30.Fe, 21.60.Jz, 27.40.+z, 27.60.+j1. Introdu
tionIn previous work [1℄ it has been shown that Cooper pair formationin nu
lei 
an bene�t from the indu
ed intera
tion arising from the ex-
hange of low-lying 
olle
tive surfa
e vibrations between the members ofthe pair. Detailed 
al
ulations 
arried out for a number of isotopi
 
hains(A20Ca,A22Ti,A50Sn) 
on�rms that this me
hanism gives rise to pairing gapswhi
h a

ount for �50% of the experimental values. In my talk and afterhaving brie�y re
alled the formalism used to 
al
ulate the indu
ed intera
-tion, I shall dis
uss in some detail the 
ase of the Cadmium isotopes.

� Presented by G. Gori at the XXXV Zakopane S
hool of Physi
s �Trends in Nu
learPhysi
s�, Zakopane, Poland, September 5�13, 2000.(767)



768 G. Gori et al.2. The indu
ed intera
tion matrix elementTo 
al
ulate the pairing e�e
ts arising from the indu
ed intera
tion, wesolved the BCS gap equation�� = �X�0>0 2j�0 + 12 ��02E�0 v��0 ; (1)
oupled to the BCS number equationN = 2X�>0 V 2� : (2)The solution of these equations provides both the Fermi energy and thestate dependent pairing gap �� asso
iated with the single-parti
le levels ofquantum number �. The BCS equations are well de�ned on
e the single-parti
le energies �� , the number of nu
leons N , and the matrix elements ofthe indu
ed intera
tion are spe
i�ed.The matrix elements of the indu
ed intera
tion are given by (
f. insetFig. 1, and also Ref. [1℄) by the relationv��0 =XJ;n 22j�0 + 1 2(Mn�;J�0)2Eo �Eint : (3)The quantity Mn�;J�0 is the parti
le-vibration matrix element 
oupling thesingle-parti
le states �,� 0 to the n-th vibrational state of multipolarity J andenergy ~!J(n). In the 
al
ulations, phonons with multipolarities 2 � J � 5and energy ~!J � 30 MeV have been used. The quantity E0 is the pairingenergy, while Eint = e� + e�0 + ~!J(n) is the energy of the intermediatestate of the indu
ed intera
tion graph (
f. inset in Fig. 1), while e� is thesingle-parti
le energy measured with respe
t the Fermi energy.3. The Cadmium isotopi
 
hainWe shall fo
us our attention on the Cadmium isotopes, starting with110Cd. In Table I, I report the energy levels lying near the Fermi energyobtained solving the S
hrödinger equation for an average Saxon�Woods �eld
ontaining a spin�orbit term. The values of the depth, radius and di�usivityof the �eld were taken from Ref. [2℄. The indu
ed intera
tion matrix elements(in MeV) between the levels of Table I are shown in Fig. 1.The pairing, matrix elements used to des
ribe the nu
lear super�uid statehas been parametrized, as a rule, in terms of a 
onstant G. Typi
al valuesof 25/A MeV are used to reprodu
e the values of the odd-even mass di�er-en
e. In the 
ase of Cd, G � 0:22 MeV. This value 
an be 
ompared with
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lei 769TABLE ISingle parti
le levels in 110Cd around Fermi energy ("F = �9:03 MeV).nlj 1 g9=2 2 d5=2 1 g7=2 3 s1=2 2 d3=2 1 h11=2"k (MeV) �15:6 �10:38 �9:43 �8:34 �7:71 �6:99the average value of the indu
ed pairing matrix elements v��0 � 0:16 MeV(
f. Fig. 1). From this �gure it is seen that these matrix elements displaylarge �u
tuations, �u
tuations whi
h are rather simple to understand interm of the properties of the parti
le-vibrations matrix elements Mn�;J�0 . Forinstan
e, the fa
t that the g9=2 level has larger matrix elements with spinup states than with spin down states 
an be understood remembering thatlow-lying surfa
e 
olle
tive vibrations are isos
alar modes. We 
an re
ognizethis spin-�ip e�e
t also in the 
ase of the d5=2 level. The g9=2 and the h11=2have globally smaller matrix elements be
ause they lie far away from theFermi energy and so they have larger energy denominators. Moreover, sev-eral 
ouplings are forbidden due to angular momentum 
onservation. Forexample s1=2 and g9=2 
an ex
hange only 4+ phonos while s1=2 and h11=2only 5� phonons.
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Fig. 1. Indu
ed pairing intera
tion matrix elements in MeV between states nearthe Fermi energy in 110Cd. In the inset is s
hemati
ally shown a typi
al s
atteringpro
ess between pairs of nu
leons arising from the indu
ed pairing intera
tion.



770 G. Gori et al.The state dependent pairing gap 
al
ulated making use of the indu
edintera
tion matrix elements are shown in Fig. 2. From this �gure it is 
learthat indu
ed intera
tion plays an important role in de�ning the propertiesof single parti
le levels lying near the Fermi energy.
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Fig. 2. Graphi
al representation of the solution of the BCS gap equation: on theabs
issas the single-parti
le energies are displayed while on the ordinates the statedependent pairing gap �� is displayed.We 
an 
ompare the average value of �� of levels lying around the Fermienergy with the odd�even mass di�eren
e (OEMD). The former is 0.93 MeV,the latter 1.27 MeV. The indu
ed pairing intera
tion in the 
ase of 110Cdthus a

ounts for �70% of the experimental pairing gap. As 
an be seenfrom Table II, similar results are obtained in the 
ase of other Cd-isotopes.TABLE IIAverage value of�� around Fermi energy (Theor.) for �ve isotopes of the Cadmiumisotopi
 
hain 
ompared with the OEMD (Exp.).106Cd 108Cd 110Cd 112Cd 114CdExp. (MeV) 1.21 1.20 1.27 1.21 1.25Theor. (MeV) 0.91 0.85 0.93 0.90 1.03
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lei 7714. Con
lusionFrom the results presented in this talk, together with those reportedin referen
e [3℄ where a su

essful des
ription of 11Li was given in term ofpairing indu
ed 
orrelations, one 
an 
on
lude that a 
onsistent des
riptionof the stru
ture of nu
lei 
lose to the ground state requires the expli
ittreatment of the 
oupling of nu
leons to vibrations and of the asso
iatedself-energy and 
ore-polarization pro
ess.REFERENCES[1℄ F. Barran
o, R.A. Broglia, G. Gori, E. Vigezzi, P.F. Bortignon, J. Terasaki,Phys. Rev. Lett. 83, 2147 (1999).[2℄ A. Bohr, B.R. Mottelson, Nu
lear Stru
ture, Vol. I, Benjamin, Reading, Mas-sa
hussets 1969, p. 239.[3℄ F. Barran
o, R.A. Broglia, G. Coló, E. Vigezzi, nu
l-th/0005073, (to bepublished).


