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Figure 6-18 Total photoabsorption
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Tamm-Dancoff Approximation

£EREE: |HF) = [[a}|0)
h

RARZAKAE
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Tamm-Dancoff Approximation

Assume: |V) = Q;HHF) = ZXph CL};(LMHF)
= Z ohlphh
H ‘ 1/> — E,Ay) (superposition of 1p1h states)

,Z, th,p’h’Xp’h’ — EVXph
p'h

residual

<ph_ 1 | H ‘p,h,_ 1 > interaction

= (ep— 1)y + <ph’ p')

Tamm-Dancoff equation; 1plh MZERBT/N\IIILE=TF &3 AL

th,p,h’



TDA on a schematic model
th,p’h’ — (629 - 6h)(sph,p’h’ + <ph/|’l_J|hp,>

ep—€p, =¢€, (ph'|vlhp’y =g

for 3 ph configurations: 1 00 11
H=¢| 010 |+g| 11
O 0 1 11

— Diagonalization:

et+g g
( AR )Vlﬁ( ~/1§. — MRS TS

(3" d 2, )l )l
g €tg g = -2 —=
g g €+g V6 1 ‘/_



TDA on a schematic model

collective state

g=>0

e+3g

e+3g
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Iso-scalar type modes: F < €ph — A <O
Iso-vector type modes:  E > €5, — A>0

CROSS SECTION (fm)

60

50 +

40

30 +

20

10

Experimental systematics:
—1

IVGDR: E ~ 794713 (MeV) «—— €, ~41A /3
—1/3

ISGQR: E ~ 654~ 1/3 (MeV) «—— ey, ~ 8247

(note) single particle potential: huw ~ 41 A~ 1/3 (MeV)

197
29AU

25 MeV
§ odE = (300 % 30) MeV m?
2 (11%01) 6 52 MeV fm?

( )2 E

2

o= ey o f
(E—Eres)zI (—2) Ert-.\s e

Eres= 139 MeV Iz 4.2 MeV
Ores = 53 fm?

(attractive)

(repulsive)

14 (MeV)
41 -197°1/3
7 (MeV)



ENFEITORFIRFEICESLTLNSDH?
Single-particle transition (Weisskopf unit)

| (1.2A1/3)2}\ 3 2
B(EX: I; — Iy) = i ()\ n 3) (e*fm=?)
exp data:
3.74 3
2.62 3
277.66 W.u.
1.45 2+ 33.96 W.u.
10.4 W.u.
0* 0" 0"

40Ca 58N 208Ph



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 are mixed with physical excitations
— Zero modes appear at finite excitation energies.



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

‘ A better approx1mat10n.
the random phase approximation (RPA)

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

(superposition of 1plh states)



A better approximation: the random phase approximation (RPA)

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

(superposition of 1plh states)

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

2
A
I h P
Y, al RL X, alay|0)
phaha’p| ) o *rh “p“h
@,
L >
-+ N e



A better approximation: the random phase approximation (RPA)

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

(superposition of 1plh states)

|

(HF|[6Q, [H,QJI|HF) = E,(HF|[6Q, Q}]|HF)

— coupled equations for X and Y

0Q) = a,}:a,p, a,;;ah



(HF|[6Q, [H,QJI|HF) = E,(HF|[6Q, Q}]|HF)

Q]L = Z oh al pOh — th azap 0Q) = a]}:ap, a,;;a,h
g RPA equatlon.

Z Aph,p’h’Xp’h’ Bph,p’h’yp’h’ —_ EVXph

'R/

Z B;h,p,h,X lhl + Aph,p’hlyp,h’ — _EVth/

o'k
Aph’plhl —_ (ep — eh)dph’p,h; —|— <ph’|’l_)|hp/>
Bph,p’h’ — (pp’|”£_)|hh,>

(B A)E) ()




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

RPA | [H,Qf] ~ EuQ)

" O 1s a solution of RPA with £=0
QT =0 = Z(Opha;;ah + tha,}:ap)
ph

(note) Qlrpa = %Ophaiah == [H, QlLrDA:
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 O 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}
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10 15 20 25
E (MeV)

photo-absorption
Cross section
(GDR)

K. Yoshida
and T. Nakatsukasa,
PRC83(‘11)021304



B(E2:0t=2+) [e2fm?]

700 s
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200 |

100 |

—@— (QRPA (SKM*¥*)
== Shell Model
--l- Exp.
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Eo+ [MeV |

[}

N=20 isotones
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Shell Model
--B- Exp.
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RPA on a schematic model

(5 2)(5)-+(5)

Aph,p’h’ —_ (Ep — Eh)(sph’p/h/ —|— <ph,|”l_J|hp,>
Bph,p’h’ — <pp’|’£_1|hh,>
Separable interaction: (ph'|olhp"Y = A Dy, D;’h’

(pp|v|RR) AD Dy



Note: a separable interaction

Hy =By, ¢ =) Cidy
X _HyCj=EC;  Hyj = (¢ilH|¢;)
j

suppose  H;; = €;0; ; + A fr i (separable form)

< (e — E)C; + A f] ijcj =0
J

T
T f*
< C; = ALY
6._

12 1 |2




RPA on a schematic model

(5 2)(5)-+(5)

Aph,p’h’ —_ (Ep — Eh)(sph’p/h/ —|— <ph,|”l_J|hp,>
Bph,p’h’ — <pp’|’£_1|hh,>
Separable interaction: (ph'|olhp"Y = A Dy, D;’h’
(pp'|v|Rh ) = ADppDyp
|Dph|2 |Dph|2

=2

(RPA dispersion relation)
— €ph B -+ €ph

|Dph|2

Cf. TDA dispersion relation: T = Z ,
“p



RPA on a schematic model

(ph'|v|hp")
(pp'|v|hh")

-

/

|

|

Separable interaction:

1 . Z |Dph|2 _ |Dph|2

A oh E—e,, BT ey
s

ADphD;[h[
ADpy Dy

(RPA dispersion relation)

/

/

/

{ / '} lcr T \ 1?‘lEc ’E
| /

Figure 8.11.

/

Graphical solution of the dispersion relation (8.135).



ADphD;[h[
ADpy Dy

RPA on a schematic model  (P?'[v]hp')
(pp'|v|RK)

Separable interaction:

=25

2 2
| D ph | |D ph|
— €ph - E + €pn | (RPA dispersion relation)

ADBR (BN EE.ECNTE2<0 ELS



Continuum Excitations

_ - D 2
(ph/|v|hp’> — )\DphD;/hf — l — _ Z | ph‘
A oh €ep —€p — B
p <
= / N
-k i //GF :
h < [ // I
| | . | | ]
0 2 4 6 8 10

r (fm)

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



=X hp = - D) g @Dlen

(note)  hep = epdyp

S 1

< —Z dn| D ————|ép) (8p| Do)
€h

L=23 [¢i){psl = > |op)(dpl + D loon)(¢nl
h

1 1
~ = -3 (¢, D'

- thf)(%f} D|op)
hf

particle IREED TN GG o= EFIREBLT X THEMIZAS
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LR—RIEES (< )1 A27H (K)23:55)
RPAEIDEN EFIEHFEN:

> (A X, + By;Y;) = EX;
> (B X+ A;Y;) = —EY,

IZEWLT, T3 A, B BAEREH
Aij = €045 + )\D,L-D;-‘

THZbndHEE. RPA dispersion relation

1 _Z |Dz|2 |Dz|2
E —¢; E‘I‘E@'

8T, =1L N g, [XE#ET D,
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W on (2\ /2\
(—B —A) v, | =% v
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=, (ED)BEHFHE2DZFKRDH K, F=f=L.c [FIEET S,
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Generator Coordinate Method (& Bl FEAZ %)

3R & H-{+= Hartree-Fock &

H— H =H+ )\(QQO — Q20)%; Q20 ZT?YZO(TA"?S)

— Hartree-Fock el Tz b : |Vys(Q20))
(W6 (Q20)|Q20] ¥ 4 (Q20)) ~ Q20

BE(Q20) = (¥ys(Qa0) [ H |V 45(Q20))

Q20 X 3252

absolute minimum

IRILE—HEER
_224 T I T | T T | T | |
o NL3
226+ S1 7
28+A .. Re

_ S1(+20 MeV) /-

Z 2281 B

=

L 230 m
23 S=21g
23 | | | [ . | L L
23406 04 02 0 02 04 06

(FRZMNMFTENESINKRFED)



Generator Coordinate Method (& Bl FEAZ %)

Q20 X R* By

absolute minimum

(FRZEZMNMFTENESIDNRFED)

. EFNF(COAED)

HHENF




Generator Coordinate Method (& Bl FEAZ %)

SARIES T o N F R EEIRE

(@) =|r=0)
=FNFREEIREE:

— lo0) = [ dr(rioo)r

Hartree-FockfKRE (“HrE#”)
i W) = |Uys(5o))

NL3

PASi (120 MeV) /7

> 208
=
2301 1 4 o . . .
LN EFRPLE (EREEE)
2321 _

'23{10;_6 07 02 0 02 04 0_|.6 |LI}> - /dﬁ f(ﬁ)mjgs (ﬁ»




Generator Coordinate Method (& Bl FEAZ %)

i; g, NS/ Hartree-Fock iR R (" #8"7)
- — e [0 - U) = [T (Bo))
S-zz- \_ 1 BTOLE (EREER)
b, 0 = [dBFO)IY0)

" LR TRDS
S (W = Ejw) =0

5 / 4B (0 (B U, (5) F(5) = B / 0B (. ()| W4 (8)) F(B')
[ Hill-Wheeler FFE X |
N(B ) = (Ue(B)0,a(8))  (EEZEEIZH>TIND)



Generator Coordinate Method (& Bl FEFEE)

16K ¢
[3] "nd-uh d) & M}E 6

N&Z,
J=0 40
a U:
kﬁ:u:"‘ 20
0.0 0.2 n.-H:II- IH

0.0 0.2 ﬂ,-l. 0.6 I.'rl

PES (FE115) PES (2 F 5152 HENEER (07)

35, EXP f:hl:gDAMP
3.0—- :
2.5
o < 2.0
Z’\7 I\)l/ éix 15.
L

1.0 1

0.5+

0.0

J.M. Yao, K. Hagino, Z.P. L1, J. Meng, and P. Ring, PRC89 (“14) 054306.



	スライド 1
	スライド 2
	スライド 3
	スライド 4
	スライド 5
	スライド 6
	スライド 7
	スライド 9
	スライド 10
	スライド 11
	スライド 12
	スライド 13
	スライド 14
	スライド 15
	スライド 16
	スライド 17
	スライド 18
	スライド 19
	スライド 24
	スライド 25
	スライド 26
	スライド 27
	スライド 28
	スライド 29
	スライド 30
	スライド 31
	スライド 33
	スライド 34
	スライド 35
	スライド 36
	スライド 37
	スライド 38
	スライド 39

