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[] describe low energy properties of nuclear many-body system

= In terms of aHamiltonian H=T+ VW
Z andmany-body states ¥
[ solve Schodinger equation H |¥,) = En |¥y)
» H Hamiltonianwith realisticNN-potentialVyy
% (phase shifts, deuteron)
g D) many-body Hilbert space
g) (P101T1, oG oT2, - -+, TAGATA | ¥, ) is terribly complicated for realistic interaction

main problem: short-rangepulsiveandtensorcorrelations induced by
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E Realistic NN-potential

e \V\n repulsive at small distances

Vi (P12, P12=0, &1, 72, T =0)
[1 strong short-range central correlations

200f
- AV18
: nucleons cannot get closer thar®.6 fm
100} ﬂ—»rlz {
> e \Vin depends strongly on orientation &f, & with respect ta’;»
EZ 0 = [] tensor correlations
< [ I protons and neutrons want to align their spins with
-100:— Iflz
; T
e os 1015 20 25 50 Problem:
Slater determinantsannotdescribe these

| r12 [fm]
Argonne potential \ correlations
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E Realistic NN-potential

Vi (12, P12=0, 01,52, T=0) e Vi repulsive at small distances
200¢ AV1S [1 strong short-range central correlations
f nucleons cannot get closer thar®.6 fm
100} ﬂ—»rlz {
> ' e \Vin depends strongly on orientation &f, & with respect ta’;»
EZ 0 =1 [] tensor correlations
= [ I protons and neutrons want to align their spins with
-100:— Iflz
| i
B R TR TR TP T Problem:
r12 [fm] Slater determinantsannotdescribe these
Argonne potential \ correlations

Solution:include short-range correlations by unitary transfororat COM)
|P)=C|¥)=CaC; |¥)

e C, central correlator shifts nucleons out of repulsive core
e C, tensor correlator aligns spins along
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Unitary Transformation

Unitary Transformation
transform eigenvalue problem

H[¥n) = En|¥n) “pre-diagonalization

with the unitary operato€ include typical éfects
common to all states

|¥h)=C|¥,), Ct=CF

into the equivalent eigenvalue problem

|:|\|‘Pn>:(CTHC)'\Pn>: En|‘Pn>

ldea: nuclear system hasftirent scales:

e long range (low momenta) — can be described by mean-fielc
(Slater determinant)

e short-range (high momenta) — cannot be described by melar

effective HamiltoniarH
has same phase shifts and energies
as realistic originaH !

-

[] treat long range correlations |iFP)
[J short range correlations in unita@/= CqC,

Result: many-body state@) =C |‘P> contain both
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two-body densities

Correlations in Nuclel

[1 both,

central and tensor
correlations are
essential for

binding

energies
o

[A MeV]

|
N
o

_40 o

_60 -

[] central correlator
shifts density out of
the repulsive core

[] tensor correlator
aligns density with
spin orientation

40Ca /_ - <T>
— — (V)
— (H)
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Hilbert Space: Fermionic Molecular Dynamics

Fermionic
Slater determinant

Antisymmetrization
|Q>=ﬂ(|CI1>®“'®|CIA>) /\‘\
[1 antisymmetrized\-body state

Molecular

single-particle states ~—
(X - b)? \_/
<?|Q>=ZQ exp{— o }®|Xi>®|§>

[J Gaussian wave-packets in phase-space,
spin is free, isospin is fixed

Dynamics in Hilbert space
spanned by one or several non-orthogqiif )

)= wa|Q®)

[] Hilbert space contains
shell-model, clusters, halos

i

variational principle»> Q@ = { q® v=1---A}, va
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NN Interaction

Effective Correction to the Interaction

Effective two-body interaction

[ correlated two-body interactidd = C'H C
is lacking three-body forces

[] instead of three-body force use additionamentum-
dependenandspin-orbittwo-body correction term

] fit correction term to binding energies and radii of
“closed-shell” nuclei

[] altogether d5% correction to theb-initio two-body po-
tential

160 and*°Ca are not

“closed shell” nuclei !

Kos 2005 - September 15, 2005 —8



. L]
3 How to improve ?
[

Projection After Variation (PAV)

[J mean-field may break symmetries of Hamilto-

nian > {(QIHPE | Q)ew = EY D" (Q|Pic | Q)
K’ K’

[] restore reflection and rotational symmetry by
parity and angular-momentum projectiBﬁ{K

Variation After Projection (VAP)

] effect of projection can be large

[1 perform VAP applyingconstraints on radius,
dipole moment, quadrupole moment or octupagle
moment and minimize the energy in the pro-
jected energy surface

Multiconfiguration Calculations

[] diagonalize Hamiltonian in a set of projected
intrinsic states

{ P

Q@Y | azl,---,N}
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E FMD - Variation, PAV ”, Multiconfig.

E[MeV] raarge [fM]  B(E2) [*fm?]

12C V/PAV -81.4 2.36 -

V/PAV

PAV™ -88.5 251 36.3
Multiconfig(4) -92.2 2.52 42.8
Multiconfig(14) -92.4 2.52 42.9
Exp -92.2 2.47 39 + 3.3
A T e—2C —_—
[ c—
-75 |
I 47" cm— 4" — e 0~
. . | 0" c— 8= — 4 cm— —_—r
Multiconfig(4) g0 | —_— e
= o — ==
©) m et T - 0" e
e 2 — 27— 2" cm—
-90 |
0" e— o ot
® @® I
-95 } PAV* Multiconfig(4) Multiconfig(14) Experiment
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FMD

He Isotopes - Variation After Parity Projection

intrinsic densitieg Q| /() | Q) Q) =]Q)+ (-1y 11| Q)

“He *He ®He He ®He
0.00
S 0.001 !
@) : )
=3 hiy/ 2 OO ~
= 0 g o Op= o 4} ~ o 1L S o
N g8 Q o S o - S 2
P U N / w
o
5S¢ ] 1t 10 o
1 1 1 .001 1 1 1 1 1 1
-5 0 5 -5 0 5 -5 0 5 5 0 5 -5 0 5
X [fm] X [fm]

x [fm] x [fm] X [fm]

radial densities of"-projected states (PAY | "My =P}, | Q)

p(r) [Pdl

. ___total . ___total . ___total \ : ___total
... neutron® ... neutron® ... neutron .... neutron\
i f - - proton \\ { [ - - proton ‘\ i f - - proton \\ i1 F - - proton \\
AV 1
8 100 2 4 6 8 100 2 4 6 8 100 2

4 6 8 100 2 4 6 8 10
r [fm] r [fm] r [fm] r [fm]
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E Helium Isotopes

—22 [
indi ' — PAV”
y Binding energies — Multiconfig
B ! — Experiment
< —-26 | 32_
é ? 3/2_ 3/2- . =
L — + _
= 28 | 0+ 0+ O+ o o ’&?& o
~30 |
: 0+ o+
~32 |
35} B
Matter & charge radii
3.0 | 32
+ ot
— 55 | 0" o 32~ 3/2° O—_0_+
£~ o T — T
e S/L’ —
2.0 | — T o S Teh
ch ch _ch
15+ ____"0o
0+ q+ | | | |
Hed HeS He6 He7 He8

Exp: Ozawa,Suzuki, Tanihata, RB93(2001)32; Raman,Nestor, Tikkanen, Atomic Data and NuctaOables/8(2001)1
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—-22 |
7 | | | — PAV”
oo | Binding energies — A
) 7 — EXxperiment
< —26 32
é : 3/2— 3/2— ) 32—
, 32— . )
- B . O+ 0+ &?& 0+
-30
0
zero-point oscillationsof the — 0+
-32 ) | \
35 soft-dipole mode essential for
| Matter & charge description of binding energies
and radii
3.0 | -
o9
g 2° ——
20 | ' _
ch c¢ch ch C
15 © — — o+
0" 0" | | | |
He4d Heb Heb He7 HeS8

Exp: Ozawa,Suzuki, Tanihata, RB93(2001)32; Raman,Nestor, Tikkanen, Atomic Data and NuctaOables/8(2001)1
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E Helium Isotopes

—22 [
indi ' — PAV”
y Binding energies — Multiconfig
B ! — Experiment
< —-26 | 32_
é ? 3/2_ 3/2- . =
L — + _
= 28 | 0+ 0+ O+ o o ’&?& o
~30 |
: 0+ o+
~32 |
35} B
Matter & charge radii
3.0 | 32
+ ot
— 55 | 0" o 32~ 3/2° O—_0_+
£~ o T — T
e S/L’ —
2.0 | — T o S Teh
ch ch _ch
15+ ____"0o
0+ q+ | | | |
Hed HeS He6 He7 He8

Exp: Ozawa,Suzuki, Tanihata, RB93(2001)32; Raman,Nestor, Tikkanen, Atomic Data and NuctaOables/8(2001)1
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3 15C PAV only

Variation Eb [MeV]  rcharge [fM] Mmatter [fM]
1 16C
il ol PAV 105.0 2.49 2.60
Eo S 107 Exp 110.8 270+ 0.03
"0 2.76+ 0.06
5 :;Oetﬁltron
10*F __ proton
5 0 5 0 2 4 6 8
x [fm] [fm] E,+ [MeV]  B(E2) [efm?¥]
PAV 1.29 4.6
sl Exp 1.77 315+ 0.95
- ~ Global Best Fit 1.77 82+ 14
£ £
= = 1 Ramaret al, Atomic Data and Nuclear Data Tabl@8 (2001) 1

[ calculated B(E2) consistent with
anomalously long lifetime of 2
state measured at RIKEN

Imai et al, PRL in print
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e Fermionic Molecular Dynamics (FMD)
many-body states

e Effective nucleon-nucleon interaction
derived from
realistic Argonne V18 interaction
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o
3 S-Factors
[
< o Microscopically derived
< | Nucleus-Nucleus potentials
> r[fm}0 n
1,
1022
1031
Astrophysical S-factor £
S(E) = o(E) E &7 g0
_ 22,¢ g w0
= TV 210,
@ 1023
o,
1021
1020
10190
E,., [MeV]
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E Summary and Outlook

[J Unitary CorrelationOperatorViethod
describes short ranged central and tensor correlations

[J UCOM provides ab-initio correlated interactith= C'H C
for many-body methods like HF, shell model, FMD o

[] FMD Calculations with the samid+H" for 3 < A < 60
[] Projection, configuration mixing» masses, radii, halos, spectra, transitions,

[1 No assumption about core, mean-field, core-nucleon irniergc..

shell structures, pairing, o
nucleus-nucleus scattering, S-factor ...

U-DOgp

Outlook

[] Predictions for many exotic light nuclei (before measurethe
[J More applications in low energy nuclear astrophysics

[] Ab-initio correlated interaction in HF, RPA or large scalel model
H. Hergert, Panagiota Papakonstantinou, N. Paar, R. Roth
TU Darmstadt

[J Investigate long ranged tensor correlations — 3-body forde®™"
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FMD

Nuclear Chart Variation of single determinant

20 - Ca36Ca37Ca38Ca390a40Ca4]]Ca42Ca43|Ca44|Ca45Ca460a47Ca4BCa49 050 05 1 15-2
K35 K36 K37 K38]|K39|K40|KA1]KA2 K43 K44 K45 K46 K47 K48 K49 E _ E A M eV
18 r 1 G au S SI an per Ar32 Ar33 Ar34 Ar35|Ar36]Ar37]Ar38|Ar39]|Ar40|Ar4l Ard2 Ard3 Ard4 Ard5 Ard6 Ard7 ( EXp)/ [ ]
. | t | t t CI31 CI32 CI33 CI34|CI35|CI36|CI37]CI38 CI39 Cl40 Cl41 Cl42 Cl43 Cl44 Cla5
16 = Slng e_par IC e S a e S29 S30 S31]S32|S33]S34]S35]S36]S37 S38 S39 S40 S41 S42 S43 S44
P27 P28 P29 P30|P31|P32 P33 P34 P35 P36 P37 P38 P39 P40 P41
14 - Si22 Si24 Si25 Si26 Si27]Si28|Si29|Si30]Si31 Si32 Si33 Si34 Si35 Si36 Si37 Si38 Si39
Al24 AI25 AI26]AI27]|AI28 Al29 AlI30 AI31 Al32 AI33 Al34 AI35 Al36
12 - Mg20Mg21Mg22Mg23Vg24Mg254Mg26Mg27 Mg28 Mg29 Mg30Mg31 Mg32Mg33Mg34
Na20 Na21 Na22JNa23INa24 Na25 Na26 Na27 Na28 Na29 Na30 Na31
10 - Nel7 Nel18 Nel9Ne2(INe21JNe22JNe23 Ne24 Ne25 Ne26 Ne27 Ne28
F16 F17 F18|F19|F20 F21 F22 F23 F24 F25 F26
8 = 013 014 015]016]017]018]J019 020 021 022 023 024
N12 NI3|N14|N15|N16 N17 N18 N19 N20 N21 N22
6 = C9 C10 C1l1]Ci2]C13]|Ci14 C15 Cl6 C17 Ci18 C19 C20
B11]B12 B13 B14 B15 B16 B17
4 - Bel0Bell Bel2 Bel3 Bel4
Li5 Li8 Li9 Lil0 Lill
2 | |He3|He4| Hes Heb He7 Hes
H2 | H3
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
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FMD

Nuclear Chart Variation of single determinant

20 - Ca36Ca37Ca38Ca390a40Ca4]]Ca42Ca43|Ca44|Ca45Ca46Ca47Ca48Ca49 -
-050 05 1 15 2
K35 K36 K37 K38|K39|Ka0|Kka1|ka2 ka3 Kaa K45 K46 K47 KA8 K49
(E — Eexp)/A[MeV]
18 + 1 Gaus Si an per Ar32 Ar33 Ar3a Ar3s|Aras|ara7|Arss|Ar3o|Arao|Ara1 Ara2 Ard3 Araa Aras Arae Ara7
Sin |e ar tiCle state cI31 ci32 ¢33 ciza|ciss|ciss|ciaz|cias ci3g cl4o cla1 cla2 cla3 Cla4 clas
16 - g p S29 S30 S31|s32]|s33]|S34| 535|536 537 S38 S39 S40 S41 S42 S43 Sa4
P27 P28 P29 P30|P31|P32 P33 P34 P35 P36 P37 P38 P39 P40 P4l
14 Si22 Si24 si25 Si26 si27|sizs|si2e|siso|sis1 sis2 si33 siz4 Siss Siss Sia7 Sia8 Sis9
A24 AI25 A6|AI27|AI28 AI29 AI30 Al31 Al32 AI33 A34 AI35 Al36
12 + Mg20Mg21Mg22Mg23Mg24Mg2Mg2eMg27Mg28 Mg29Mg30Mg31 Mg32Mg33Mg34
Na20 Na21 Na22Na23|Na24 Na25 Na26 Na27 Na28 Na29 Na30 Na31
10 - Ne17 Ne18 Ne19Ne2ojNe21|Ne22|Ne23 Ne24 Ne25 Ne26 Ne27 Ne28 12 ¢+ Mg24
F16 F17 F18|F19|F20 F21 F22 F23 F24 F25 F26
8 L 013 014 015|016|017|018]019 020 021 022 023 024 10 t Ne20
N12 N13|N14|N15|N16 N17 N18 N19 N20 N21 N22
6 [ C9 |C10 C11]C12]|C13]C14 C15 Cl6 Cl17 C18 C19 C20 8 - 013 014 015] 016 | O17 J 018 | 019 020 021 022 023 024
B11|B12 |B13 |B14 Bl5 B16 B17 N12 N13 | N14 | N15 | N16 N17 N18 N19 N20 N21 N22
4 - Bel0 Bell Bel2 Bel3 Beld
6 S C9 Clo cCci1jci2jci3jci4 Ci5 Cie Ci7 Ci8 C19 cC20
Li5 Li8 Li9 Lil0 L1l
B8 B9 B10 | B11 | B12 B13 B14 Bl5 B16 B17
2 | |He3|He4| Hes Heb He7 Hes
4 F Be7 | Be8 | Be9 | Bel0 Bell Bel2 Bel3 Bel4
H2 | H3
Li5 Li6 Li7 Li8 Li9 Li10 @ Li11
I I I I I I I I I I =
2 4 6 8 10 12 14 16 18 20 2 = He3 | Hed4 | He5 He6 He7 ' He8 2 GaUSSIanS per
2 s single-particle state)
2 4 6 8 10 12 14 16
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VAP \

[MeV_]

Multiconfig 200k

asof

.

-50.0F

|
sso].

as Generator Coordinates

Radius and Quadrupolel\/loy

leharge M Q[fM?]  B(E2) [¢*fm?]
PAV 2.39 -6.25 9.31
VAP 2.49 -8.02 15.36
Multiconfig 2.74 -11.88 30.39
8
Be
4t =206, -41.0
-46.3 4" o4
4+ -47.7
o -49.6
ot -51.0
+ -52.7
0 + -53.5
ot 548 2° -2 2
o* 57.2 o* 6.5
Variation PAV VAP Multiconf Exp
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E Beryllium Isotopes

n
5F 5F
Eo Eo
5+ -5F
n
5F 5}
Eo Eo
5+ -5F
cluster structure
changes with
n oo
of ol - addition of neutrons
Eo Eo
5+ -5F
n
5F 5}
E o E o
5t -5F
5 0 5 5 0 5 5 0 5 5 0 5
X [fm] X [fm] X [fm] X [fm]
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-50

-60

-70

3.4

3.2

3.0

2.8

[fm]

2.6

2.4

2.2

- Binding energies

— PAV
e Multiconf

- 3/2—
o3z — Exp
* o .
O 2 T 32-3-
— 1/2+
- 0+ e—
— _‘]_/2+
0+ 7= 10 -—t — 0+
/2+
B & &
| | |
i . 12+
Matter radii -
B 0+
-—t
i 1/2+
1/2+
[ ‘0_+ O+ i
1/2—
3/2_ 3/2_ o—
- _ _3& 0+
3/2— 24 —_— - o+
3/2—_’ —
- | | | | | | | |
Be7 Be8 Be9 BelO Bell Bel2 Bel3 Bel4

Exp: Ozawa,Suzuki, Tanihata, RB93(2001)32; Raman,Nestor, Tikkanen, Atomic Data and NuctaOables/8(2001)1
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-30 [ Binding energies — PAV
I e Multiconf
F 3/2—
=S — Exp
40 |
_ i 1s/, state
> [ coming down
= 950 . two neutron halo
- 0+ 82,
! —_— =2
-60 [ 0+
’ 0
-70 |
34 [ o
Matter radi -
3.2 |
3.0 | i
i
E 28 | -
1/2+
2.6 | 0+ 0r 2E
1/2—
2.4 = = 0 T
- 9/ e— +
' - 2o e = -
ST =
2.2 - | | | | | | | |
Be7 Be8 Be9 Bel0 Bell Bel2 Bel3 Bel4

Exp: Ozawa,Suzuki, Tanihata, RB93(2001)32; Raman,Nestor, Tikkanen, Atomic Data and NuctaOables/8(2001)1
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E Radial Correlations

BECAUSE 1.)realistic interactions have short-range repulsion

[] probability density of nucleons in the repulsive core stiigrsuppressed

r = | — My
___shell model
__correlated

r [fm]
potential & twobody density ofHe in S=0, T=1 channel

[] correlations in the relative distance of nucleons
cannotbe described by Slater determinants (product of singlégbastates)
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Tensor Correlations

BECAUSE 2)tensor interaction is an essential DeuteronS=1,T =0
component in any realistic interaction

: deuteron hat = 2 admixture due to tensor force
[1 exchange of pions

—~ _ u(r) w(r)
[J without tensor force no bound nuclei (r |d> . T| L=0)+ r | L=2)

tensor operator o5l
rr r r f

—,—-|=3lo1--||lo2:- |- (010 0.4} a(r)
SlZ(r r) ( 1r)( 2r) (01-07) |
couples spins and the relative spatial orientation ¢ >
nucleons 0.2]

[] correlations between the orientation of the 0.1+ W(r)
spins and the relative orientation of nucleons '

cannotbe described by Slater determinant

=T R

|77)

Kos 2005 - September 15, 2005 —26



P= P+ Po

C=C,C - o
\/ — =3 (DF. ma= g

Radial Correlator Tensor Correlations
Gr = 3{ps(r) + s(p) Ga = 9(N3{(01: Pa)(o2:7) + (01:F)(02- )|
- E(r)cr)lgablllty Sl SliEe QUi et e TEpulisn [] tensor force admixes other angular momenta
200¢ AV18
S=0, T=1 i 200F
F TOO} S=1 T=0 AV18
0.35f 0A(r) S [ r 00t
0.30f = o 0.35F  p@(r) - Ve(r)
: > [ \ﬁ : o .
0.25} i 0.30f =3
= A S COTANN \/
é 0.205' 7 _ o 200k Vt(r)
frumt] [ -200L A A . . . . ™ [
0.15} 00 05 1.0] 1.5 20 25 30 lE 0.20¢
- r [fm] =, r 200b
0.10F 0.15¢ 00 05 10[ 15 20 25 30
; } r [fm]
0.05:- 0.10:-
00 05 10 15 20 25 30 °'°5§
r [fm] WL ——
00 05 10 15 20 25 3.0
Manfred Ristig Z.Physik99(1967) 325 r [fm]

Kos 2005 - September 15, 2005 —27



E GFMC calculations

—20F -

: .z/\‘ 1/2— ?EE -

- + a+n g a+2Zn -

_30F 0 ke =

- He ]

% —40F E
s C -
= -
o 50 —
: | ]
@ F :
—60 v AVIS -2+

: AVE IL2 -

—70E -

Wiringa, Pieper, PRIB9 (2002) 182501

genuine three-body forces (IL2)
needed for description of real

\ nuclei
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AVS8' Interaction

No-Core Shell Model Calculations

E [MeV]

-10¢

-15

20}

experiment

-30

0 10 50

20 30 _ 40
hQ [MeV]
oscillator width

60

preliminary

Quasi-exact calculations for

\Iight nuclei possible

exact result from PR64 (2001) 044001

e use no-core shell model code from
Petr Navratil (LLNL)

[1 neglected 3-body correlated terms
same order as genuine 3N interactions

[] more investigations needed

test of two-body
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MTYV Interaction

No-Core Shell Model Calculations

2

E [MeV]

E [MeV]

i
D

I

10

20)

40

0 10 20 30 40 50 60 70

hQ [MeV]

0 10 20 30 40 50 60 70

hQ [MeV]

w

“He

E [MeV]

10

[ 30 40 50 60 70

Of
correlated 5f
-10}
2 -15 -
= i
R -20f
of r
i -25F
-5t i
i -30F
-10t [
-15
20}
25}
30}
0 10 20 30 40 .50 60 70
Q) [MeV]

hQ [MeV]

w

exact results from P52 (1995) 2885

J

only radial correlati

e use no-core shell model code from

Petr Navratil (LLNL)
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Other Observables

Nucleon Momentum Distributions

Bonn-A Argonne V18
1; 1-5
0.1 0.1
— 001 — 001
£ | E |
f\i 0.001 < 0001
~3 [ ~) i
< 0.0001¢ & 0.0001t ..
0.00001; 0.00001F o \/MC
| | I““““. | | : LDA .“‘“‘-
z S Y SPRE R
-1
k [fm ] k [fm ]

[ correlations induce high-momentum components

[1 contributions of tensor correlations very big
[ different correlator ranges relevant especially at they
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Interaction in Momentum Space

(Km[H? [kl ) ="M f o Y (R) i (k) K| HE [ %) ji (K5 Vi ()
1S, channel 3S, channel
1? et 1? ------------------------
E E
£ T
> I >
~ . i~
< <
= j e — BonnA = — Bonn A
ol e — AVIS — AV18
00 05 10 15 20 00 05 10 15 20
k [fm 3] k [fm 1]
[] unique dfective potential —

identical toV,gwk

—

oo

\\JlxﬂmamﬂAzlﬂ—ZQTi;//

Kos 2005 - September 15, 2005 —32



AV18 Interaction in Momentum Space

4 Off-diagonal Matrix Elements

1S, )

_—_

Lo

(M7 |AA

Sy )

bare potential

[ “pre-diagonalization”

(M

03,

_HN

H

[%:95;)

correlated interaction
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AV8'’ Interaction __
preliminary

No-Core Shell Model Calculations

Increasing range of tensor correlator

3
He
of OF of \\\\"/// OF
2 2 2 2
%f 4 -4 4 4
=
L
6 6 6 6
— —
8 8 — 8 K —_— -8 \\_____¥ ]
0 10 20 30 40 50 60 O 10 20 30 40 50 60 0 10 20 _30 40 50 60 0 10 20 30 40 50 60
nQ [MeV] nQ [MeV] nQ [MeV] nQ [MeV]
4
He

E [MeV]

NN of of of
5} -5F -5} -5}
-10} 10f 10f 10f
-15} 15f 15f 15f
20} 20f 20f 20f
-25} 25f 25f 25f — p

T 2 \\“——~ 30}

-30F 30F 30

0 10 20 30 40 50 60 0 10 20 30 40 50 60 O 10 20 30 40 50 60 O 10 20 30 40 50 60
7Q [MeV] 70 [MeV] hQ [MeV] 7Q [MeV]
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transition:o - 7,

NCSM: Navitil, Ormand
no core shell model with 3-body
force, PRC 68(2003)

third 3/2~ missing

FMD with configuration mixing

B(GT)
o
»
I
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5/2°
3/2
5/2
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o
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LA L L Y L
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TT [T T T [TrT
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5/2 3/2
5/2°
] ]
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TT T[T
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