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Motivation

We investigate nuclear structures from viewpoint of the
tensor force.

The “tensor force” is a missing part in usual mean-field
calculations such as Skyrme and Gogny.

There are some experimental data which cannot be
explained by those usual methods.

Sb isotopes: PRL 92, 16 (2004),

Ca and Ar: PRL 97, 092501 (2006)
7F and 23F: PLB 638, 146 (2006)
and so on...

We can see interesting differences between the tensor
force and spin-orbit force.

And we expect that the tensor force plays a crucial role
in exotic nuclear region as well as the spin-orbit force.
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Tensor-force effect
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HFB calculation
with steepest gradient method

Spherical symmetry p! = Z(c{tulk + ¢ Vi)
1
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Hamiltonian
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Gogny force

J. Decharge and D. Gogny. PRC 21, 4 (1980)

Vi) = Z (W; + B;Ps — H;Pr — M;PsP+) eXp(_T%Z/HiZ)
}:1’2 — —
+iWy(o1 + 0y) - k x d(r1n) Kk
+ t3(1 +x3Pg)d(r12)p%

Coulomb force and CM correction.
Two Gaussians as central force.
Good binding energies and other properties of nuclei

Good pairing property (Sn isotopes)

But...
No tensor force
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Gogny + Tensor

T. Otsuka et al., PRL 97, 162501 (2006)

Viz= Y (W;+ BiPo— HiPr— M;PoPr) exp(—ri,/ui)
i=1,2
H

. —
+iWy(o1 +0y) - k x 8(ryp) Kk
+ t3(1 + x3Ps) p™d(112)
+ (771 - 1) VY exp(—14, /1% )S12

Tensor force.
Parameters are readjusted.
Single Gaussian.
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Radial dependences
of the tensor force

UWT = 1.2[fm]
O ! VY = 50.8[MeV
i GT2 — T = 50.8[MeV]
> : mtp ==m==s Similar dependence
s ol &+ A8l between GT2 and AVS'.
EL;J "“ & Short-range dependence
Ll iy ' of GT2 is somehow
100 b5 _ different from others.
This difference is
-150 ' irrelevant.
0 1 2 3
r [fm] Because the tensor force
. cannot affect on s-wave
Triplet-Even states.
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Parameters

- D1S
J. F. Berger, et al., Nucl. Phys. A428, 23c (1984)

GT1,2 (our earlier study)
T. Matsuo, Ph.D. Thesis, University of Tokyo (2004)
T. Otsuka et al., PRL 97, 162501 (2006)

GT3

New parameter set

Wi, By, Hyy, My
W5, By, Hy, M Nuclear Matter properties
t3, X3, 0 Bin.d.ing energies of some nuclei
W, Pairing property
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Nuclear matter properties

ke~ 134 [fm™1
—E/A ~16.0 [MeV]
K kzaz(E/A)
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S22 0
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te 2 azT]t
L _1%(E/A)
2 0t
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D1S GT1 GT2 GT3
kF| 1.342 1.33@
-E/A| 16.01 16.02
K| 202.8 228.1
M*M| 0.697 0.0672
as| 260.18| 35.19| 338.40( 24.31
at| 31.13| 31.29| 33.94| 28.60
ast| 29.12| 26.04| 24.69| 31.17
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Radial dependences
of central force

/D1S/§
/GT1/
/GT3/

March 5-8, 2007

=100

=300

=400

=500

—&00

&00

400

200

=200

400

-e00

—goo |

1000

Radial despendance WV,

-200 f .~
0
r [fm]
Radial depesndence V_
__“"“axxmh
“‘xﬁ_‘h.
—

dls
ogtl
= p e B

0 1

r [fm]

[M=V]

vﬂ

400

Z00 |

-200 |
-400 |
-600 |
-800 | i
1000 f "

1200
1400

Radial despendence Vg

dls
gtl
gt oo

r [fm]

Radial dependsnce V__

Joint JUSTIPEN-LACM Meeting 11



Neutron p4, — p3» splitting

of 160

Spin-orbit force mainly contributes
to this splitting

No contribution of the tensor force

D1S Wpo~ 130 —5 6
GT3 Wo~ 160 — 8
Larger gap

280 can be bound using W = 130, but

MeV
MeV

cannot be bound using W = 160
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Contributions to binding energies

Energy (spin-orbit and tensor)%(tensor) j
50 . . ‘

ﬂpin-orbit)j

D

-100

Energy [MeV]
[
o
=)

gt3 (tSI) ------ V ......

6O 40Ca 48ICa IBéSn 208Pb
GT3(spin-orbit)j

-150
1

D1S(spin-orbit) =
GT3(spin-orbit) + GT3(tensor)

Contribution
spin-orbit force: more bound
tensor force: less bound
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Binding energy

Errors of binding energy

A | " dls —6—
gt3
0.01 A 1
Error — Docalc —BEexp 5 ] T
BEexp :
-0.01 r
-0.02 : ' :
160 4OCa 48Ca 1328n 208Pb
B.E. errors

160, 40Ca, 48Ca (bad result), 132Sn, 298Pb
Fine tuning will be necessary
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B.E. of Sn and Pb isotopes
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Binding energy per nucleon
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Results

Ni isotopes
Magic number Z=28

Sb isotopes
h11/2 and g7/2 gap

Bi isotopes
113/2 and h9/2 gap

Kr isotopes
two-neutron separation energy
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Proton single-particle
energies of Ni isotopes, D1S

dls, Z-=28

40 42 44 46 48 50

Neutron number N
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Proton single-particle

energies of Ni isotopes, GT3
HF calc :T. Otsuka et al., PRL 97, 162501 (2006)

gt3, 7=28
nofty,, —+—
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Sb isotopes

Exp: Schiffer et al., PRL 92, 16 (2004)
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Neutron single-particle
energies, D1S, Z=50

Neutron singleparticle energy (dls)

vOh,,,, —8—

100 i e 170 130 140 1 50
Mass number A
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Neutron single-particle
energies, GT3, Z=50

Neutorn single particle energy (glid)

100 i e 170 130 140 1 50
Mass number A
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Pairing property (Sn, Z=50)

1
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Bi isoto PES  Exp: Eur. Phys. J 15, 320 (2002)
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Neutron single-particle
energy, D1S, Z=82

SBingle-particle energy (dls)
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Neutron single-particle
energy, GT3, Z=82
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Single-particle energy, Z=82

Single—-particle energy (dls) Single-particle energy (gt3)
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113/2, 1f5/2, and 2p3/2 are almost
degenerate.

This degeneracy produces
iInappropriate results of pairing property
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Occupation probability, Z=82
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Two neutron separation
energy Exp: Audi et al., NPA 595, 409 (1995)
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D1S, Kr isotopes
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Summary

- We modified our new parameters including
tensor force, considering appropriate pairing
property of Sn isotopes.

We can see influence of the tensor force on
the pairing property of Sn isotopes.

We re-examined the gap behavior of Ni and Sb
isotopes using new parameters, GT3.

- In Bi isotopes, we can obtain similar trend as
the experimental data, but we found some
problems on single-particle levels.
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Single-particle energies,
Z=50

Neutron single-particle energy (dls) Neutorn single—-particle energy (gt3)
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Changing shell gaps.
GT3 produces larger gap than D1S.

Tensor-force effect can be seen.
Gap between h,,, and g,,
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