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Figure 6-18 Total photoabsorption cross sec
S. C. Fultz, R. L. Brambilett, J. T. Caldwell
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Particle-Hole excitations
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Tamm-Dancoff Approximation

Assume: |v) = QDHF) = ZXph a,;)a,h|HF)

(superposition of 1plh states)
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Tamm-Dancoff Approximation

Assume: |v) = QDHF) = ZXph a,;)a,h|HF)

(superposition of 1plh states)
H|v) = Ey|v)

S

Z th,p’h’Xp'h' — EVXPh residual

p'h interaction

Hop ot = (ep — €p)0pp pp + (php’>

Tamm-Dancoff equation; 1plh MZERIT/\IJILE=T U ZXH1E
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vibration: 0 — ,OQ(T) — ,OO(T) —+ 5,0(r, t)

residual
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TDA on a schematic model

H,p, ot = (ep — €1)0,p n + (DR [0]hp")

ep— €, =€, (ph'|v|hp) =g

for 3 ph configurations:
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TDA on a schematic model

Hp, i = (ep — €1)0,p iy + (DR [0]hp")

ep— €, =€, (ph'|v|hp) =g

for 3 ph configurations:
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— Diagonalization:

= €,€,€ + 3¢




TDA on a schematic model
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TDA on a schematic model

collective state

g>0

e+30

e+3(Q
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TDA on a separable interaction

Hp, p = (ep — €p)0pp yp + (ph'[0]hp')

Separable interaction: (ph'|v|hp’) = ADp, Dy



(separable interaction)

Hy = E¢; =) Cip;

1
—— Y H,;;C; = EC;; H;; = (¢i|H|p;)
J

suppose  H;; = €;0; j + Af; f; (separable form)
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(separable interaction)

Hy = E¢; =) Cip;

—— Y H,;;C; = EC;; H;; = (¢i|H|p;)
J

suppose  H; = €;6; ; + Afi'f; —— | X ZL: E — ¢

(TDA dispersion relation)



TDA on a schematic model
Separable interaction: (ph'|v|hp’) = ADpp D7y
Tamm-Dancoff equation: " App ot X = EXpp,

plh/ . ,
Aph,p’h’ —_— (ep — Eh)(sph’pfh/ ~+ (ph |’U|hp >

C(Eph — E) X, +ADyp - T =0 TEZ’;D;hX
p

m Xph — )\ DPhT

€ph, — &
D 2
@T:Z thh—_/\Z | ph'ET
ph ph ¢ph

|Dph|2
— €ph (TDA dispersion relation)
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Graphical solutions
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(note) Iin the degener

E=c+ 2> Dyl
ph

T 0

B

[T

Figure 8.4. Graphical solution of Eq. (8.18).

ate limit: Gph ~ €

ph

coherent superpositon of 1plh states

v) =" Dypajap|HF)
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Giant Dipole Resonance (GDR) B XMW i&FiL1g
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Figure 6-18 Total photoabsorption cross section for %’Au. The experimental data are from
S. C. Fultz, R. L. Bramblett, J. T. Caldwell, and N. A. Kerr, Phys. Rev. 127, 1273 (1962). The
solid curve is of Breit-Wigner shape with the indicated parameters.

cf. 41 x 19713 =7.05 MeV — 14 MeV



Iso-scalar type modes: F < €Eph — A<O
Iso-vector type modes:  F/ > €., — A>0

CROSS SECTION (fm)
3 3 s 5 & 2
T

o

Experimental systematics:
IVGDR: B ~ 794~ 1/3 (MeV) «— ¢, ~41A71/3

ISGQR: E ~ 65471/3 (MeV) «— €, ~ 82A~

(attractive)

(repulsive)

1/3

(note) single particle potential: 7aw ~ 41A°1/3 (MeV)
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p h Pk p h
p’ % pg\\h’ p’ X
Direct term Exchange term

(PP L5|PP7Y) ~ (NN"GINN"1Y=D_—E

) (PP~Y5/NN~YY = D  (nocharge exchange)

(IS|v|IS) = 2D —FE ~D _ _
1S) o« |[NN~Y 4+ |pp~1)

(IVp|lV) = —E~—=D |yv) « INN7YH - PP}
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Single-particle transition (Weisskopf unit)

1/3y2) 2
B(EX : I; = Izs) = (1.24777) ( > ) (e*fm=*)
47 AN+ 3
exp data:
3.74 3
2.62 3
27.66 W.u.
10.4 W.u.
0* 0+ 0*

40Ca 58\ 208p



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.



V) = Q}]0) = Z ph Op Tay|0)  (TDA)

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

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

(superposition of 1plh states)



A better approximation: the random phase approximation (RPA)

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

(superposition of 1plh states)

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

!
o
th a;rﬂm o Xph a’;ga’h|o>

AN




Random Phase Approximation: Historical note

D. Bohm and D. Pines, Phys. Rev. 92(°53)609

The plasma oscillation in an infinite electron gas

. 1 & 2 1 2 2 1
H= " (pz- + ;A(LBZ)) + 8—7T/E(a:) dxr — 27mne %k—Q

2m =
1

A(x) = \4nc? > qkekeik';B
k

S A@)? = Y e qpa ikl @,
) 1kl
— Z qrqd—k  (k+ 1 =0 only)
1k
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