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Outline

— He & Li isotopes, 8Be with V.

Tensor Optimized Shell Model (TOSM)
to describe tensor correlation.

Unitary Correlation Operator Method (UCOM)
to describe short-range correlation.

He and LI isotopes
TM, A. Umeya, H. Toki, K. Ikeda PRC84 (2011) 034315
TM, A. Umeya, H. Toki, K. Ikeda PRC86 (2012) 024318



Pion exchange interaction vs. Viensor
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- Viensor Produces the high momentum component. |




Deuteron properties & tensor force
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Tensor-optimized shell model (TOSM)

TM, Sugimoto, Kato, Toki, Ilkeda PTP117(2007)257

2p2h excitations “He
Viensor IS NOT treated as Os =
residual interactions 'Tc' - ' VT '” ”v.

VI 80% in GEMC (0s)* <os> (nij)>
VNN

cf.

Length parameters such as bgs, bgp, ... are optimized
iIndependently, or superposed by many Gaussian bases.

— Spatial shrinkage of D-wave as seen in deuteron.
HF (Sugimoto, NPA740) , RMF (Ogawa, PRC73), AMD (Dote et al., PTP115)

Satisfy few-body results with Minnesota central force (*°He)



Configurations in TOSM

particle states Gau33|an expansmn
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Application to Hypernuclei to investigate AN-XN coupling
by Umeya (NIT), Hiyama (RIKEN)



Tensor force matrix elements

bD~bS
V=V

1st order

residual

OpOh-2p2h

VT F Vresidual

J

Wgp(r) = regg(r,bg)-V+-dp(r,bp)
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» Centrifugal potential (1GeV@0.5fm) pushes away D-wave.



Effect of Tensor force iIn TOSM

1St order treatment of V; e HF state

— Spin-saturated nuclei : (0] V+|0)=0

— For N #Z nuclei : (0| V+|0) ~ few MeV

— Effect on the energy spectra in unstable nuclei

cf. T. Otsuka etal. PRL95(2005)232502.

* Coupling between 0p0Oh-2p2h

— In 4He, (V;) ~ —15MeV/A, comparable to GFMC.

— SD coupling of OpOh-2p2h is essential.

— Describe high momentum (compact D-wave)
— Break N=8 magicity in 11Li. TM etal.PRC76(2007)024305

— Experiments using (p,d) reaction by Ong-Tanihata | PLB
@ RCNP, to observe high momentum nucleon. 8




Hamiltonian and variational equations in TOSM

H = Zt T, (0pOh+1p1h+2p2h)
I<]j
B »~  Shell model type configuration
D(A) = Zk:Ck Wi(A) with mass number A

Particle state : Gaussian expansion for each orbit

‘ _
o (r) = Zchn i n (1) ¢|j’n(r)ocr|exp _l(brj [Yl(f’),;(l‘fz]j

BART
<¢|?' ‘ <0|?"> = O Gaussian basis function
Hiyama, Kino, Kamimura
aCk ablj,n c.m. excitation iIs excluded

by Lawson’s method



MeV]

“He in TOSM + short-range UCOM
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“*He with AV8’

— T (exact)

Kamada et al.
PRC64 (Jacobi)

TM, H. Toki, K. Ikeda
PTP121(2009)511

e variational
calculation

« Gaussian expansion
with 9 bases

good convergence



>8He with TOSM+UCOM

TM, A. Umeya, H. Toki, K. Ikeda

 Excitation energies in MeV PRCS4 (2011) 034315
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* No continuum o
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« EXcitation energies in MeV

E, [MeV]
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>ILi with TOSM+UCOM

TM, A. Umeya, H. Toki, K. Ikeda

PRC86(2012) 024318
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 EXcitation energy spectra are reproduced well



>PLi with TOSM Minnesota force

« EXcitation energies in MeV

E, [MeV]
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Matter radius of He & LI isotopes
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Halo Skin

A. Dobrovolsky, NPA 766(2006)1
|. Tanihata et al., PLB289(°92)261 G. D. Alkhazov et al., PRL78(°97)2313

O. A. Kiselev et al., EPJA 25, Suppl. 1(‘05)215.  P. Mueller et al., PRL99(2007)252501



Configurations of “He with AV8’

(Osyp)*

83.0 %

(0S1/2) % 31(P1/2)?57 IT=10

JT=01 | 0.1
(051/2)10(1S12)(d32)10 2.3
(051/2)%10(P312) (F512)10 1.9
Radius [fm] 1.54

* “He contains p,,, of “pn-pair”

— Same feature in °He-8He ground state

TM, H. Toki, K. Ikeda
PTP121(2009)511

* deuteron correlation
with (J,T)=(1,0)

Cf. R.Schiavilla et al. (VMC)
PRL98(2007)132501

R. Subedi et al. (JLab)
Science320(2008)1476

12C(e,e’pN)

S.C.Simpson, J.A.Tostevin
PRC83(2011)014605

12C— 19B+pn
15



Selectivity of the tensor coupling in 4He
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8Be spectrum

* Argonne Group
— Green’s function Monte Carlo

z (fm)

C.Pieper, R.B.Wiringa,
Annu.Rev.Nucl.Part.Sci.51 (2001)
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E, [MeV]
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8Be in TOSM'
~AVS' -

*V:x1.1,V,gx1.4

— simulate “He benchmark
(Kamada et al., PRC64)

* ground band

|« highly excited states

— small Ey
— correct level order (T=0,1)

* R (8Be)=2.26 fm
— Brink 2oo model: 2.48 fm

18



E - E(2°,T=0) [MeV]

10

8Be in TOSM'
~AVS' -

*V:x1.1,V,gx1.4

— simulate “He benchmark
(Kamada et al., PRC64)

e 0 :0pOh+2p2h with high-k
— naively 2a needs 4p4h.




Hamiltonian components in 8Be

— Kinetic & Central
~ twice of 4He

SBe

— Tensor ~ 1.6 of 4He

O+1 192 —115 97  _ larger (H) components
than highly excited
2%, 191 112 —95  states.
 Kinetic & Tensor
2" 185 —98 —92  _ T=0 states > T=1 states

20



Summary

« TOSM+UCOM using V.-

— Strong tensor correlation from OpOh-2p2h.

 He & LI isotopes

— Energy spectra, Radius

— *He contains “pn-pair of p,,,” due to V.
« 8Be, T=0 & T=1.

— Two aspects : Grand band states & highly excited
states.

— Indication of more configurations such as 4p4h
to describe 2a structure in the grand band states.
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