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INAREFDITSEHLS

* Yukawa (1934) predicted pion as a
mediator of nuclear interaction to form
nucleus

« Mayer-Jensen(1949) introduced shell
model—Dbeginning of Nuclear Physics

« Nambu(1960) introduced the chiral
symmetry and its breaking produced
mass and the pion as pseudo-scalar
particle
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Importance of pion (tensor force) in light nuclei -

Content

what the NN interaction tells?

Tensor optimized shell model (TOSM)
[ Op + 2p2h states |

(open)TOSM for light nuclei
Strongly tensor correlated Hartree-Fock theo

Conclusion

Kobe: 10Pflops=IR

The importance of tensor force is clear in deuteron

NN interaction
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S=1and L=0or 2
Deuteron (1%)

Energy —2.24 [MeV]
Kinetic 19.88
(SS) 11.31
(DD) 8.57
Central —4.46
(SS) -3.96
(DD) —0.50
Tensor —16.64
(SD) —18.93
(DD) 2.29
LS —1.02
P(D) 5.78 [%]
Radius 1.96 [fm]
(SS) 2.00 [fm]
(DD) 1.22 [fm]

13.4.15



Progress of Theoretical Physics, Vol. 123, No. 1, January 2010
Theoretical Foundation of the Nuclear Force in QCD
and Its Applications to Central and Tensor Forces
in Quenched Lattice QCD Simulations

Sinya Aoki,! Tetsuo HATsuna? and Noriyoshi Isui?
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Variational calculation of few body system with NN interaction
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Pion is important in nucleus

80% of attraction is due to pion
« Tensor interaction is particularly important

I | a1 o 24
0,°9q0,°q = §q2S12(q) + 501 ’ quz S,(9) = | TN[Yz@)[Gloz]z]o

Pion Tensor  spin-spin
o-q L _JZ -6
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Tensor optimized shell model
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Halo structure in 1'Li n
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Deuteron wave function
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Deuteron structure in
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Configurations in TOSM
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Application to Hypernuclei by Umeya (NIT)
to investigate AN-2N coupling 20
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TOSM for Li isotopes
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Tensor force changes excitation spectra.
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Heavy nuclei

Strongly tensor correlated Hartree-Fock theory
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Strongly tensor correlated Hartree-Fock theory

Y.Ogawa H.Toki
Annals of Physics 326 (2011) 2039

015,00=0 5= 2Z%ait) o1 x 1, °

We cannot treat the tensor interaction in HF space.

TOSM ansatz
W)= Cyl0)+ ¥ C,[2p-2h:0)

(W[H[W)

<lp|lp> =0 <lp|lp> = ‘Co‘z + ;‘Ca ‘2 =1
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Total energy
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EOS of nuclear matter (N=2Z) and (N only)

10 T 200 T S S — —
L Pure Neutron Matter I y
51 i
L 150 - 1
S of A s ——Bonn A
v | )’ [ - --BonnB
= . =
= 5 s 1 <or =-=-BonnC 1
< | 1S
W oo} T
- L’ 50 - 1
A5} J
-20 L 0 L 1 s 1 s 1 s 1 L 1 L
0.0 0.5 0.6 0.0 0.1 0.2 0.3 0.4 0.5 0.6
p [fm”]
2013.4.7 tokisugimoto@osaka 25
Momentum distribution
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Tensor Force Manifestations in Ab Initio Study of the 2H(d, y)*He, *H(d, p)*H,

and 2H(d, n)*He Reactions

PRL(2011)
K. Arai,""* S. Aoyama,3 Y. Suzuki,s'4 P. Descouvemonl,5 and D. Baye‘"5
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