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ABSTRACT

The linear response of a nucleus to an external oscillating field 
(dynamic polarizability) is studied in TDHF theory and it is rela 
ted to RPA energies and matrix elements. An explicit way to evalu 
ate the energy weighted and the cubic energy weighted sum rules -
with RPA accuracy is given for isoscalar as wel:l as for isovector 
modes 

We solve time dependent Hartree-Fock equations when an external 
oscill�ting field couples to the nucleus through the interaction 
hamitonian H4Mr�-.>.t,o&wt (� is the strength of the external field, 
F is the most general 1-body operator): 
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l\f(l)) is a Slater determinant: and· Ho is the nuclear hamiltonian. 
One now defines the l inear response to the external field as: 
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where (WF) is the static umperturbed HF ground state. By 
expressing the sol ution of eq. (1) in terms of RPA solutions, 
one findsl the following remarkable resul t: 
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The static limit (c.,J =O) of eq.(3) has been already discussed in 
ref. (2). 
From a suitable w -expansion 1, 3 of the right hand side of eq. 
(3), it follows that o{T0"'(<.v} is related to RPA sum rules; for 
example when tv -� oo one has: 
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The limit w .... ao is_ particularly advantageous because eq. (1) can be ana 
litically handledl. An explicit expression for the state is o;tained -
in this 1 imit 

(5) 

G is a one-body operator which depends on the nuclear hamiltonian used; 
for the Skyrme force one has: 
isoscalar modes: ( l" = .! ! 'lf'.)) 2. ... T � 
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isovector modes: { F = � Z /lii.)?}) 
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The explicit knowledge of the state l'f(t)) (eq. (5)) permits a direct 
evaluationl of the sum rulesS!"'and St"(eqs.(2),(4)) both for iso:.ca­
lar and isovector modes. Finally we show that eq.(5) allows for the de­
finition of a collective hamiltonian, through the evaluation of H0 on 
the state I "f (0) 
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where !Jc:("f'(t)I F/lflt))·<HFI F/HF)is the collective variable; from eq. (6) onl· 
can extract the mass and the. restorin3 force constant of the collective 
mode excited by the operator F. Numerical values of the mean excita­
tion energy E� V S�,,. / s�P" are reported in table for d i.fferent isove_£ 
tor modes. The interact ion used is Skyrme Ill. 
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