Separable RPA
Separable interaction: (ph'|v|hp’) = )\DphD;/h/

C 1 Donl? | Dpnl? o .
—=) Dpnl = 1Dyl (RPA dispersion relation)
A phE—eph E+ €,
Vibrating Potential Model
_ h2
ho = ——V2+ V()
2m

Vo(r) = =V /[1 + exp((r — R)/a)] Hartree-Fock state

1 O T I T I T I T |

0
-10

-20

-30

R — R[1 4 a)g(t)Y)\o(7)] af

A% N
CVo("")—>Vo("")—RdrOé/\oY/\o("“)“ e

Vi) (MeV)




Vibrating Potential Model

2
24 Vo) Vo(r) = —Vo/[1 + exp((r — R)/a)]

- 2m

e . Oscillation of the surface:
(e, ) R — R[1 4 a)o(t)Yyo(#)]

dVj R
C Vo(r) = Vo(r) — RW axoY)o(7)

hg =

dpo

Self-Consist ; ~
ARCOMEENT o () = po(r) — B2 axgYao(F)

(note) For (') = —Z Fyo(r) Fao(r")

N e Vip(r) = & ( [ dr Fyo(rp(r) ) - Fro(r)

Vi
Fro(r) = Rd—o Yy (7), k1= —RQ/Ter
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dpo dVp

dr dr




Summary: the separable interaction that induces the surface

Qscillation R — R[l + Zakﬂ(t)yfu(f)]
1S
!

o(r,r) = =2 3 Py, (r) ()
7

. dVo .
with  Fy (1) = WYAM(T)
d dV,
1 —RQ/err PO aVo
dr dr

]

Self-consistency condition
(between potential and density)



Microscopic Foundation

(note) Vibrations in quantum mechanics: density vibration?

Eigen states of a Hamiltonian === static density

Wo(t) = e B0t/ Py — po(r) = <Wo(t)

> 6(r —ry)

Wo(t)>

Time dependent density ===» need to consider a wave packet
W(t) — e—iEOt/hWO _I_ ie 6—7:E;;t/ﬁ v,
C \V/,, :anexcited eigenstate

<\I1(t) S 6(r — ;) w(t)>

= po(r) + 2¢ sin(wt) po, (1) + O(e?)

p(r,t)

pou (1) = <Wo(t)

> 5(r—mj)

Wy (t) > transition density



Collective anzatz: Y, = QW

W(t=04)) = e W)
— Time evolution:
e HURIW) ~ (1 —iHt/R)(1+ieQ)|Wo)
= (1+1eQ +t[H, Q]/Rh)| W)
C Anzatz:

W (1)) = el@(DQ SOMIHQ] 1y )

(note) time dependence of a(t) and ((t)
Time-dependent variational principle
Ref. G.F. Bertsch and H. Feldmeier, PRC56(°97)839

(note) for a local O and mom. independent interaction

_ 1 _ _
= Q =m[H,Q] = —EVQQ - VQ-V



@ p(r,t)

(W) 2 o(r —r) W (@)
~ (Wol(1 — iaQ ~ AQ1) Y5(r — (1 + iaQ + BQ1)Wo)
po(r) + dp(r,t) |

—B{Wol[Q1, > 6(r — )] Wo)

—-8VQ - VPO(ZT) <—— Local 0

op(r,t)
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oV
Vierlo(™)] ~ Vigrrloo ()] 4 ;f{%
. . oV .
= Vumrlpeo(r)] — 8 ;gF VQ - Vpo(r)

Virrlpo(r)] — BV Vyr-VQ



—BVpo(r) -VQ
—BVVyr-VQ

6p(r,t)
L 5VMF(T7 t)

o(r,r) = —g (VVyr-VQ) - (VVy - VO)*

kTl o= / dr (VVyp - VQ) - (Voo - V)

Generalization:

C Q(r) = Qp(r)
k

1 N N
v(r,r’) = ~5 > K (VVyp - VQi) - (VVyr - VQu)*
k k!

K —/d"“ (VVir-VQp) - (Vpg - VQu)*



(note) for a delta interaction: ’U(’r, T/) — ’Uo(T)(S(T . ,r/)
1

(ph'|v|hp’) = 2L_|_1<yjplp||YL||yjhlh><yjp/lp/||YL||yjh/lh/>*

X /jgup(r)uh/(’r)uh(r)up/(r)vo(r)

/ f; up () ugy (r)up, (r)uy (r)ve (1)

o 5 2 i () g (e (i) vo ()
LTk

@ (ph'|[v|hp") = D x (k) Dpp (k) Dy (k)™
k

1
Dpp(k) = \/QL_l_1<yjplp||YL||yjhlh>up<Tk)uh(rk)

x(k) = Ar-vg(rg)/rq;




Application of separable RPA  v.0. Nesterenko, J. Kvasil, P.-G. Reinhard

PRC66(°02)044307

Strength function: Sy (E) = ) [{(v|rYy0|0Y|2 6(E, — E)
v

quadr. strength

dipole strength
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Giant Dipole Resonances

eGoldhaber-Teller type

neutron proton =D T ~ A_l/ o

——> Inconsistent with expt.
(except for light nuclei)
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Giant Dipole Resonances

eGoldhaber-Teller type

neutron proton =D T ~ A_l/ o

eSteinwedel-Jensen type

| p iy . P
>/ Pp Q= Jl(k"“)ylu("“)Tz
U \II
Pn ) o~ A_1/3
) kR = 2.08

L j1(z) = (sinz — zcos z) /2
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FIG. 1, Schematic drawings that serve toillustrate the Mass number A

the general features of the Goldhaber-Teller (Ref. 3)
IGT) and Steimvedel-Jensen (Rel. 4) (2] dipole modes.

J.D. Myers et al., PRC15(°77)2032



Deformation effect
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Figure 6-21 Photoabsorption cross section for even isotopes of neodymium. The experi-
mental data are from P. Carlos, H. Beil, R. Bergére, A. Lepretre, and A. Veyssiére, Nuclear
Phys. A172, 437 (1971). The solid curves represent Lorentzian fits with the parameters given
in Table 6-6.



