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I. Introduction
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— self-consistent HF 4+ RPA



HF + RPAO [
H=K+Vy+Vo—Hen
: P2

K =
— 2M

Vy: effective NN int. (central + LS + tensor, p-dep.)
— saturation, shell structure

Ve: Coulomb int. (including exchange terms exactly)

H.pn : c.m. Hamiltonian (1- + 2-body terms)

{ HF — 0O0O00O0Os.p. orbits . self-consistent !

RPA — 1p-1h000000O0O (strength fn.)

[T — (Gaussian expansion method [ [ [
Ref.: H.N. et al., N.P.A in press; arXiv:0904.4285



II. E'1 energy-weighted sum

) 1 .
Energy-weighted sum rule: ;= Z(EO‘ — E0)|(oz\7|0>‘2: 5 (O|[TT,[H,T]]|0)

(10): g.s., 7 : transition op.)
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k[l estimate? — [0 nuclear matter (A = o)

saturation point [ [ [J

o } : T : ’
H ~ EO —|— EkO'T . Clkm_akm- . _|_ ‘/I'GS
kot

S(H)  K* (V)
Grnel) ~ 2M i 5nm<k>

Ekor =

(n;s(k): occ. prob.)

~ N 12 i + fé (T1°712) + gr (01-09) + g) (o1-03) (T1-T2)]

( ..
XPg(kakQ)
- Landau-Migdal parameters

M 1
1 _/
M6,<< +3f1>

1, 4 A oA
SATE W TEY) = 1k =




Koo L OO 0O”0OON

— 0000 VyOoOoo

A ( SLy5 : Skyrme int.[] U [0 [J parameter ] 1[]
Vn--- ¢ DI1S : Gogny int.[] “standard” parameter
| M3Y-P5' : semi-realistic int. (G-matrix 4+ modification)
SLy5 D1S M3Y-P5 Exp.
kpo  [fm™Y 1334 1.342 1340 1.32—1.37
g [MeV] —1598 —16.01  —16.14 =~ —16
M; /M 0.697 0.697 0.637 0.6—-0.8
Koo 0.250 0.660 0.884 L1 0O
Jo 1.123 0.466 0.216 < 057
90 —0.141 0.631 1.007 0.8—1.2




rO00OO00 7 «— photoabsorption cross section (v,xn),etc.
e GDR — well established
e GDR energyll J 7 .- OOOOOOOMOMO
GDRU0U Lorentzian fit? PDR?
e GDR energyl J —
(— Lorentzian fitO 00O !)
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0000k (k) < HF +RPA
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e semi-realistic int. (e.g. M3Y-P5') — promising



Note: 00O OOOOOO OO
e higher multipoleJ 0 ? — rel. effectJ cancel
e m,.[1 1 components ?
e finite 000 ? (Siegert’s theorem? j1(qr) ~ qr/37)
Dodooodoon
e 2p-2h(0 0 )0 componentd 0O ?
e effective int. (+ MEC etc.) — effective E1 op.?
(000o0o0o0ooon)



III. M1 strength distribution in ***Pb

2Pb 0 low energy M1 strength distributiond 00 OO
Ref.: T. Shizuma et al., P.R.C 78, 061303(R) (’08)

e Ip-1hUO — p: (Oh11/2>_1<0h9/2> y T s (07513/2)_1(0i11/2>
o 1L
“missing M1 problem” --- [Z B(Ml)]exp. < [Z B(M1)] _—
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(= 0000000007 = 0O0O)
[ 0O 0O approach

o ~’900 00 : RPA 4 2p-2h + etc.
«— Vx: LM +4 tensor, without self-consistency

=

o ~’800 00 : self-consistent RPA <« phenomenogical Vi
— LM parameter 7, no tensor force

o now : self-consistent RPA with semi-realistic VN ?



e excitation energy
p) = [p(Ohy12) M (0hgs2)) 5 |n) = [n(0t13/2)(0i11/2))

18) = L (Ip) + n)) » [TV) = (1) — [n)
‘/\/I'QS
[l [“IV”) = —calp) + c1ln)
|n> /// = —C/2|IS> + CHIV>
EE——
p) (c1 > ¢y >0)
N
I “1S7) = c1lp) + caln)
HEO G = c}|IS) + &|TV)
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(unperturbed) . A
(c1.¢9) or (c},ch) < Vies



Mlbl‘ Z{gﬁp +98p8}+2{g€n _l_gsnsz}

i€p ien
= Z {QK,IS lz T gs.,IS §z} + Z {gé,IV iz T gs,IV §z'} Tz
Z Z (7. = +1 for p, —1 for n)
9e1s = 2(9ep+ 9en) s 9erv = 2(gep — Gon) 5 gsisy gsrv 0 OO
core polarization, meson exchange current, A-h, etc.

shell model 0 00 0O 0O 0 O OOoddn
— (HF+) RPAODOOOOOO

0000 — TownerD tableD O OO — 7M1
Ref.: I.S. Towner, P.Rep. 155, 263 (’87)

eff ~ eff ~(M1 o eff A B

— g5 ~ gy — (alT"V|0) ~ gifls (al J]0) = 0!
(M1)

— | (] TOM)|0) ] ~ | a\T |0>‘



HF 4+ RPA vs. Exp.

M3Y-P5 Exp.
Vv oy
“IS” E, (MeV) 6.87 5.85 5.85
B(MD)T (12 4.7 2.4 2.0
“IV” E, (MeV)  9.2-109 92-109 7.1—87
(E:) (9.9) (9.6)
> BMDT (43) 16.3 194  16.3 or 18.2

(D1soooog --- «v—-v™» ggoooo)

[ “[S*00 — low energy — 2p-2h 00000000
o ¢ “IV’O0O — 2p-2h0 0 0O O coupling — fragmentation, energy shift ?
\ (RPAODODOODOODOO)
o VN = B(YIS”)\,, B(“IV”) /' = d=1,d=0

(IS component ] IV component ] 00 00 0)
- 000 EA“IS”) & |<chS”|fj'(Ml)’O>}2




IV. Summary & future prospect

e /1 energy-weighted sum — VO OO
— non-locality in charge-exchange part

e low-energy B(M1) distribution (in ***Pb)
— role of tensor force reconfirmed

e semi-realistic Vy (<> micro. & phenom.0O00000) --- promising

° (—Ooooooooo
shell modelJ OO0 7 QPM? extended RPA?



