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TDA on a schematic model

collective state
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Spurious motion and RPA

Mean-Field Approximation <===> Broken symmetiries

eCenter of mass localization (single center)
eRotational motion

Restoration of broken symmetries
> Zero energy mode (Nambu-Goldstone mode)

does not require an extra energy — zero energy mode

A drawback of TDA:
Zero modes appear at finite excitation energies.



vy = QLl0) = Z oh @bap|0)  (TDA)

mmm) A better apprOX|mat|on.
the random phase approximation (RPA)

v) = QII0) =3 (Xpn apay, — Ypu ajap) 0)
ph

(superposition of 1plh states)

EERE: Qv|0) =0 TEE,



A better approximation: the random phase approximation (RPA)

v) = Q}I0) =3 (Xpn afan — Yy afap) 0)
ph

(superposition of 1plh states)

smearing of Fermi surface due to the
A residual interaction (g.s. correlation)




A better approximation: the random phase approximation (RPA)

v) = Q}I0) =3 (Xpn afan — Yy afap) 0)
ph

(superposition of 1plh states)

|

(HF|[6Q, [H,QJ]I|HF) = E,(HF|[6Q, Q]| HF)

— coupled equations for X and Y



(HF|[6Q, [H,QJ)I|HF) = E,(HF|[6Q, Q]| HF)

Q]L — Z ha ap — Y, hazap 0Q) = a];ba,p, a,;ga,h
g RPA equatlon.

Z Aph,p’h’Xp’h’ Bph,p’h’Yp’h’ — EVXph

p'h

Z B;h,p[h/X Ih/ _I_ Aph,p’h’Yp’h, — _EI/th

plhl
Aph i = (€ — €n)0pp i + (Ph'|0]hp')
Bph,p’h’ — <pp’|”(7|hh,>

(5 A G)=R ()




Spurious motion in RPA

Mean-Field Approximation <===> Broken symmetiries

eCenter of mass localization (single center)
eRotational motion

Restoration of broken symmetries
——> Zero mode (Nambu-Goldstone mode)

[H,0] =0

AL [H, QI ~ EVQ)

(Y & isasolution of RPA with E=0
QT =0 = Z(Opha;r)ah —+ tha,}LLap)
ph

(note) @%DA=§0pha£ah =) [H,Ql .
p

- 0



Spurious motion in RPA

Mean-Field Approximation <===> Broken symmetiries

eCenter of mass localization (single center)
eRotational motion

Restoration of broken symmetries

——> Zero mode (Nambu-Goldstone mode)

RPA

if [H,0] =0
Then () is a solution of RPA with E=0

The physical solutions are completely separated out from
the spurious modes.
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Comparison between Skyrme-(Q)RPA calculation and exp. data

Oabs (mb}
300 -

(a)
200 - | photo-absorption
100 - M | IS4 Cross section
0 (GDR)

(b)

K. Yoshida
and T. Nakatsukasa,
PRC83(“11)021304
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RPA on a schematic model

(5 2)(3)+(3

Aph,p’h’ —_ (Ep — eh)5ph,p’h’ —|— (ph’|f5|hp,)
Bph,p’h’ — <pp’|17|hh,>
Separable interaction: (ph'|Tlhp"Y = A Dy, D;'h’
(pp'|5hh') = MDDy
|Dph|2 |Dph|2

(RPA dispersion relation)

=2

— €ph B -+ €ph

|Dph|2

— €nh

Cf. TDA dispersion relation: ~+ = Z
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RPA on a schematic model

(ph'|v|hp")
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(RPA dispersion relation)
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Figure 8.11.
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Graphical solution of the dispersion relation (8.135).
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RPA on a schematic model  (PR'I7lhp")
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Continuum Excitations

(ph[0|hp') :_)‘DphD;’h’ m— =)

P <

r (fm)

h: all the occupied (bound) states
p: the bound excited states + continuum states
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