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The big goal:
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Successful models are based on effective men field that are
constructed by central forces

We know that the nucleon-nucleon interaction, in particular, the
important pion exchange includes tensor forces in a same

- S TR e - ;
amplitude. 5,55, G- 5612512(61) = Gaq”  Su@=~N24x[V,@[o0,],]

R.B. Wiringa: * 80% of attraction is due to pion
* Tensor interaction is particularly important

Don’t tensor forces introduce abrupt change of an effective
mean field?

148 H12H X EH




N

A State of the art Meén Figld modéi

the nuclear covariant energy density functional

Nuclear mass : Difference between the model and the experimental values.
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A State of the art Me;dn Fi;ld model

the nuclear covariant energy density functional
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Nuclear mass : Difference between the model and the experimental values.
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A State of the art Me;dn Fi;ld model

the nuclear covariant energy density functional

N

Nuclear mass : Difference between the model and the experimental values.
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With effective central forces!

s —

148 H12H X EH



Contributions of various energies to
the binding energy of ‘He nucleus.

i M. Sakai, et al., Prog. Theor. Phys. 56(1974)32.
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Contributions of various energies to H-J
the binding energy of ‘He nucleus.

M. Sakai, et al., Prog. Theor. Phys. 56(1974)32. Energy -20.6
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Contributions of various energies to
the binding energy of ‘He nucleus.

i M. Sakai, et al., Prog. Theor. Phys. 56(1974)32.
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Importance of Tensor force in Nuclei
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Importance of Tensor force in Nuclei

= Mixing of s- and p-waves in !1Li halo

= Magnetic moment of single particle state

o Deviation of the magnetic moments of (doubly-closed +1) nuclei
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Importance of Tensor force in Nuclei

N
Ce®

Mixing of s- and p-waves in 11Li halo
M

¢
0‘0

agnetic moment of single particle state

o Deviation of the magnetic moments of (doubly-closed +1) nuclei

= High momentum component of nucleon
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s- and p- waves mixing in "'Li
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s- and p- waves mixing in "'Li

o Momentum distribution of fragments 19Li

o Equal amount of p1;2 and s12. (Simon 1999)

o Beta-decay

o 30-40% s12 wave and small amount of p12 (Borge 1997)

—
o
S~
=
>
P
f—
~
2
=
S—
&
<
~
)
-~

e two-neutron transfer reaction
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Present data Theoretical
Mi@e-)+p > OLi@re)+t | - — — ®,.)
—— PO model
- P2 model |319
—— P3 model |54

o (ULi+p -->°Li+t)
o 31-45% s12 and pi)2
o (Tanihata 2008)
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DIFFERENCE BETWEEN SHELL
MODEL TREATMENT AND REALITY

pion exchange: o< §,,
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Model wave function
without high momentum
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Nobel Symposium NS152 2012.6.10-15 at Goteborg

without high momentum

4 High Momentum Component
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Tensor Optimized Shell Model
(TOSM)

Myo, Toki, Ikeda, Kato, Sugimoto, PTP 117 (2006)

AL=2, AS=2
p-n pair: yes
n-n, p-p pair: no

Op-0Oh + 2p-2h
O(*He) = Zi Civhi({ba}) = C1 (0s)* + Cp (05)%(0p1/2)% + -+
size parameter: b05 7é b%
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Tensor Optimized Shell Model
(TOSM)

Myo, Toki, Ikeda, Kato, Sugimoto, PTP 117 (2006)

AL=2, AS=2
p-n pair: yes
n-n, p-p pair: no

Op-0h + 2p-2h

O(*He) = 3 Ci vi({ba}) = Cp (0s)* + Co (05)%(Opy /2)? + -

1. Explicitly include 2p-2h excitation due to the tensor forces.

2. Size of the each orbitals are variational parameters.

o———— =0 = —=
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MiXiIlg of S1/2 and P1i/2 in 111,31

1s4p2
Op1/2
Opg;, —©- ©000 =4
0syp ©©- ©©

T v

[ Op-Oh ) l: Pairingj [Tensor]

T. Myo, K. Kato, H. Toki, K. Ikeda, Phys. Rev. 76 (2007) 024305.
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Mixing of S1/2 and P1i/2 in 111,31

[‘ Pairing j [ Tensor]

Opi2 oo

V
e Pauli blocking

T. Myo, K. Kato, H. Toki, K. Ikeda, Phys. Rev. 76 (2007) 024305.
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Mixing of S1/2 and P1i/2 in 111,31
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This configuration loose the binding energy due to the blocking

AL 11U v
f

T. Myo, K. Kato, H. Toki, K. Ikeda, Phys. Rev. 76 (2007) 024305.
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Mixing of S1/2 and P1i/2 in 111,31
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MiXiIlg of S1/2 and P1i/2 in 111,31
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Mixing of s1/2 and p1/2 is not due to the proximity of single

particle states.
last neutron
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T. Myo, K. Kato, H. Toki, K. Ikeda, Phys. Rev. 76 (2007) 024305.
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o Mixings of waves occur due to the Pauli blocking of mixed
states.

o Tensor forces introduce mixing of 2p-2h (AL=2, AS=2) states

with high momentum component.

o Can we observe such high-momentum component?
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THEORETICAL PREDICTIONS
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THEORETICAL PREDICTIONS
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(P,D) SCATTERING

= SUITABLE TO PICK UP HIGH MOMENTUM NEUTRON =

50.0
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ool £% at 135 MeV/A
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K. Sekiguchi et al.,
PRL 95 (2004) 162301
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(P,D) SCATTERING

= SUITABLE TO PICK UP HIGH MOMENTUM NEUTRON =
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(P,D) SCATTERING

= SUITABLE TO PICK UP HIGH MOMENTUM NEUTRON =
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Reaction at backward occurs by

K. Sekiguchi et al., .
- the high-momentum component.

PRL 95 (2004) 162301
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Momentum transfer [MeV/c]

NECESSARY BEAM ENERGIES

Momentum transler in (pd) scattering.
pa 120 -z LIC (blue, red, green) and pad = dep (purple)
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EXPERIMENT AT RCNP

RCNP Ring Cyclotron Facility

grandRAIﬁEN spectrometer

160(p,d)1>0 at E;,=200 - 400 MeV at 0,=10°

14
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DATA AT RCNP

H.J. Ong et al. Phys. Lett. B 725, 277 (2013)
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Transition to 1/2+ is as strong as the transition to the ground state.
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10.00
5.00

The dashed (dotted) curve represents the
ratios of the 1p3/2 (1d5/2) and 1pl1/2,
obtained by zero-range CDCC-BA
calculations with finite-range correction
using the Dirac phenomenological
potentials. (by K. Ogata)

Wavetuncions are from Wood-Saxon
potential.
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10.00
1ps32/1p12 CDCC-BA

5.00 by Woods-Saxon pot.

The dashed (dotted) curve represents the
ratios of the 1p3/2 (1d5/2) and 1pl1/2,
obtained by zero-range CDCC-BA
calculations with finite-range correction
using the Dirac phenomenological
potentials. (by K. Ogata)

Wavetuncions are from Wood-Saxon
potential.
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10.00
1p32/1p12 CDCC-BA

5.00 by Woods-Saxon pot.

The dashed (dotted) curve represents the
ratios of the 1p3/2 (1d5/2) and 1pl1/2,
obtained by zero-range CDCC-BA
calculations with finite-range correction
using the Dirac phenomenological
potentials. (by K. Ogata)

Waveftuncions are from Wood-Saxon
0.10 /”\ potential.
0.05 1ds,2/1p12 CDCC-B

by Woods-Saxon pat.A @ R,
AO R.
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1/2+ 3/2* STATES IN 0 As AN

EXAMPLE
S1/2 O @
P12 — @@ O —@-@- O O
P32 00000000 90000 0000 090000 0000

gs 1/2- 1/2+ /2386 e

o _160___
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1/2+ 3/2* STATES IN 0 As AN

EXAMPLE
S1/2 O @
P12 —@@ O —0-0@- O O
P -@000-0000- -0000-0000- -0000-0000-
gs 1/2- 1/2+ 1/2+.3/2+
Tensor interaction in 190
L _160___ Q é
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10.00
1p3,2/1p12 CDCC-BA

5.00 by Woods-Saxon pot.

1.00

0.50 The dashed (dotted) curve represents the

ratios of the 1p3/2 (1d5/2) and 1p1/2,
obtained by zero-range CDCC-BA

0.10 calculations with finite-range correction
using the Dirac phenomenological
0.05 1ds2/1p12 CDCC-B

potentials. (by K. Ogata)
by Woods-Saxon pat.4 @ R + Wavefuncions are from Wood-Saxon

AC B potential.

g (fm~ 1 ) HJ.Ongetal Phys. Lett. B725,277 (2013

(do/dQ)ex/(da/d)gs
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K: phase space constant, Bj,: deutron binding nergy, M: nucleon mass
by G. F Chew and M.L. Goldberger Phys. Rev. 77 (1950) 470.

»
—~ 10.00

c 1p32/1p12 CDCC-BA

= 5.00 by Woods-Saxon pot.
N

o

S
-
. 1.00

- 0.50

a ’ The dashed (dotted) curve represents the
e ratios of the 1p3/2 (1d5/2) and 1p1/2,
™G obtained by zero-range CDCC-BA

,.g 0.10 calculations with finite-range correction
~ using the Dirac phenomenological

0.05 1ds;2/1p12 CDCC-B potentials. (by K. Ogata)

by Woods-Saxon pat.4 @ R e Wavefuncions are from Wood-Saxon
AO B potential.

g (fm~ 1 )  HJ.Ongetal Phys. Lett. B 725,277 (2013)
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K: phase space constant, Bj,: deutron binding nergy, M: nucleon mass
by G. F Chew and M.L. Goldberger Phys. Rev. 77 (1950) 470.

2
~ 10.00
e 1p32/1p12 CDCC-BA
= 5.00 by Woods-Saxon pot.
W o
S TG R AL
L O A
N’ 00 O
\“ 1. O
X 0.50
a ’ Ratio of f(p)*2 of The dashed (dotted) curve represents the
o) D/P wave in TOSM ratios of the 1p3/2 (1d5/2) and 1p1/2,
NG obtained by zero-range CDCC-BA
..g 0.10 calculations with finite-range correction
~ using the Dirac phenomenological
0.05 1ds2/1p12 CDCC-B potentials. (by K. Ogata)
by Woods-Saxon pot.A @ R, Wavefuncions are from Wood-Saxon
AO R. potential.
0.01 : . . .
0 1 2 3

g (fm~ 1 )  HJ.Ongetal Phys. Lett. B 725,277 (2013)
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REACTION MECHANISM?

e Measurement at 0.=0° is least sensitive to the reaction
mechanism.

e New measurement at RCNP @ 400 MeV
e 0,=0-10°

* New measurement at GSI @400, 600, 900, 1200 MeV

e 0=0° :coversupto?2.5 fm!

Beihang-RCNP-GSI-.. Collaboration
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K: phase space constant, Bj,: deutron binding nergy, M: nucleon mass
by G. F Chew and M.L. Goldberger Phys. Rev. 77 (1950) 470.

n
" 10.00
e 1p32/1p12 CDCC-BA
= 5.00 by Woods-Saxon pot.
Y o
S BT
S O A
N’ 00 O
\“ 1 O
Y 0.50
a ’ Ratio of f(p)*2 of The dashed (dotted) curve represents the
o) D/P wave in TOSM ratios of the 1p3/2 (1d5/2) and 1p1/2,
NG obtained by zero-range CDCC-BA
,.g 0.10 calculations with finite-range correction
~ using the Dirac phenomenological
0.05 1ds2/1p12 CDCC-B potentials. (by K. Ogata)
by Woods-Saxon pdt.A @ R, Wavefuncions are from Wood-Saxon
AO B potential.
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g (fm™")

2

148 H12H X EH



T :K%N{FF} ‘ED +%{p_ P.:.!'. -'IE}E:IZ‘{@{F},Ell{P_Pﬂi.ﬂz}}r

K: phase space constant, Bj,: deutron binding nergy, M: nucleon mass
by G. F Chew and M.L. Goldberger Phys. Rev. 77 (1950) 470.

2
~ 10.00
c 1p32/1p12 CDCC-BA
= 5.00 by Woods-Saxon pot.
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Summary

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

Tensor forces plays important roles for binding nuclei.

It also contribute to changes of orbitals in new ways.

Tensor forces can not be included in a mean field model in a
explicit way.

Effects of tensor forces depend strongly on configurations of
nucleons.

One of the direct method to see tensor forces effect is to
observe high-momentum components of nucleons in nuclei.

We need a model that treat the tensor force explicitly in the
base wave function for heavier nuclei. The effect of high-
momentum nucleons should not be forgotten.
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ANSWER TO THE QUESTION:

Do tensor forces introduce abrupt change of an effective
mean field?

* Yes,
* For example: 12C and 10

o 12C 160

P12

P32

P12

P32
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