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Deformation of deuteron and Tensor Interaction

o prolate [ r | oblate

812 =+2 | S,=-1
- \4 :f(l')s2 repulsive

Rarita-Schwinger, Phys.Rev.59, 436(1941)
Blatt-Weisskopf, Theoretical Nuclear Phys.(1952)




Tensor correlations on Spin-Orbit splitting

Skyrme-type tensor interactions
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SD Strength Distributions Wakasa, SIR2010,18-21 Feb.,2010)

H. Sagawa et al., PRC 76, 024301 (2007).

Total strength

— Asymmetric single bump
¢ Extend up to .50 MeV
¥ Same as 29Zr(p,n)results

— SllI provides better description g
0" strength Ng
— Quenched E
¥ Seems to be fragmented %ﬂ

1" strength Z
— Softened compared with theory Z

¥ Peak shift to lower E,

— Hardened compared with theory
¥ Peak shift to higher E,

No Skyrme int. which reproduces both total and separated strengths
AJ™-dependent correlation ? — Require further investigations




Multipole Expansion of Tensor Interactions
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Diagonal p-h matrix element for SD excitations Di == Z tt ri(Yic")
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VT 0T, ofl 6 X[0, YL (B)] P00, X[0, XYL (R)] )} O 5(r, - )

0" T, ioien = repulsive
1 T( edeiiey = attractive
2" T ioeen = replusive
2" T isjmin=py = Strongmixing betweersDandSpin-octupole

mode T term (>0) U term (<0)

0- IS attractive attractive

\Y repulsive repulsive

1- IS repulsive repulsive

IV attractive attractive

2- IS attractive attractive

IV repulsive repulsive

For charge exchange mode,
O- repulsive (hardening)
1- attractive (softening)
2- repulsive (hardening)




SD strength (fm*/MeV)
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Tensor Force on Multipole Response in Finite Nuclei

Li-Gang Cao, G. Colo, H. Sagawa, P.F.Bortignon and L. Sciacchitano
Phys. Rev.C80, 064304(2009)

SLy5 +Tensor [G. Colo et al., PLB646, 227 (2007)]
T44 [T. Lesinski et al., PRC76, 014312 (2007)]

AEgpy =AE + <V, >

tensor

SLy5+tensor T=888.0 U=-408.
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208Pb

m,, - 7hy,, HF 5.85MeV  6.45MeV(+tensor)
Uz — Uy HFE 7.49MeV  9.17MeV(+tensor)
[SLyd RPA 7.39MeV  7.79MeV(+tensor)
[SLyd RPA 9.14MeV  10.57MeV(+tensor)

AE,. =114MeV <V, >=-023MeV

m,, - ™, HF 6.4MeV  4.6MeV(+tensor)
U5, —» Uy, HE 8.7MeV  6.9MeV(+tensor)
[Ta4]  RPA 8.0MeV  6.1MeV(+tensor)
[T44]  RPA 10.1MeV  8.3MeV(+tensor)

AE,. =-18MeV <V, >=-005MeV

Exp. T.Shizumeetal.,PRC78061303(208)
A. Tamii (thissymposium)
5.85MeV

7.30MeV




Stability condition with tensor interaction

Li-Gang Cao, G. Colo and H.S.,PRC(2010)
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Summary

1. Skyrme Tensor is introduced in HF calculations. Triplet-Even and Triplet-Odd
components

2.The isotope dependence of energy splitting (e(h11/2) — £(g7/2)) of Z=50
isotopes is well reproduced by a parameter set of tensor interactions. The
same parameter set gives fairly good description of energy difference ¢(i13/2)
— ¢(h9/2) of N=82 isotones .

3. HF+RPA calculations are performed for Gamow-Teller and Spin Quadrupole
excitations. We found that the sum rule strength of GT transitions are
increased, while the main peak energies are slightly shifted to lower energy
side. This is due to the coupling between GT and SQR with the tensor
interactions.

4. 10% of sum rule strength is removed from the main peak to higher energy
region of SQR.

5. Softening and hardening of Spin-Dipole excitations are found in experimentally
and RPA with tensor interactions .
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Spin-Isospin mode Diagram

Gamow-Teller Mode

—> | Pion condensation

Spin-dipole mode

\ (Precursor effect)

+—> | Neutron EOS, Neutron Skin

Spin-multipole mode
(L=2)

/\\;'q Ov doublefs decay

\

\

Y|2v doubles decay

Extended Skyrme Interaction+Tensor correlations+
spin-spin interaction




Comparison between DWIA and MDA

MDA (compared with theory) 1.5_S|.D (,:rc.)s,s .Se,CtI.OWS. ,
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Spin-orbit splitting The contribution of the tensor to the total

energy is not very large and does not
improve mass systematics.(Thomas Duguet)

1
6H = Sa(J} + ) + 31,7,

however, it may play important role for the
spin-orbit splittings.

W, . Yot . J
o (i ) (30,

2 dr dr r r

q(n=0,p=1) q=1-q

1 e - , G 31
J(r) = s Z v2(25; + 1) [};(.’Fi ALY we dills oo Ty — < R2(r).
SLyS5+T A
1 1 TIJ family
a: = g(tl _tz) _g(tl)(1 +t2X2) =80.7MeV.fm ° q = ac + a,T — 6qJ _ 2)Merm5
Be = ‘%(tlxl +1,%,) = -48.9MeV.fm ° B =B+ pr =60(1 ~2)MeV.fm*

a,; = > =-170MeV.fm ®
12

sign  spin-orbit splitting
Br = 2—54(T +U) =100MeV.fm® a,f negative  larger
positive smaller




| [MeV ')

[..J

1301 TTT6
. PTIS[ 1126
: slys [TH 15 T35
4 L ] 4 L b
00 PFfp P03 P23 F133] (146
L e Tl eHSkS L
R o I 7 R B S B
.|:| -r'\. ;l}l‘% . i) .Srl:.[j i Fai) |
g [V I R TS SR R S TR
5 by
307 / L G B 5 ) o B
60 F
; T30 a2 I3 T54
L E'-a:u]:u. A .
S B Tl VY I ] I
120 Tt | R Y
-150 | 1~
: R LIRS

PHYSICAL REVIEW C 76, 014312 (2007}

Tensor part of the Skyrme energy density functional: Spherical nuclei

T. Lesinski,"" M. Bender.”" K. Bennaceur,'” T. Duguet,* and J. Meyer'
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Effect of tensor interaction on spin-orbit splitting
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Exp. Data : J.P.Schiffer et al.,

Protons on Z=50 core P.R.L.92, 162501(2004)
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Meutrons on N=82 core
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Effect of tensor correlations are shown on both p and n spin-orbit
splittings.

protons




Tensor effect of pion and rho meson exchange
potentials on Spin-orbit interaction

P , p Js
< n .
. Js
n i
attractive repulsive

T. Otsuka et al., PRL95,232502 (2005)




Tensor correlations on Spin-Isospin mode

Effect of Tensor Correlations on Gamow-Teller States in "Zr and

EDSPb

C.L. Bai'?, H. Sagawa®, H.Q. Zhang"?, X.Z. Zhang ?, G. Colo" and F.R. Xu!
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The tensor force in RPA
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GT strength(MeV™")

type of m—(0) m—(0) m—(1) m—(1) m—(1) m4(1)
caleulation 0-30MeV 30-60MeV 0-30 MeV 30-60 MeV total total

00 20.16 0.71 305 26.2 4218 10.1

WirT 10 20.16 0.79 444 29 466 11.1
11 27.00 2.80 366.0 122 4032 103
00 127.54 3.43 2080 1245 22128 188

2W08pp 10 127.38 3.68 2176 93 2260 21
11 11410  16.58 1658 604 2370 10.3

About 10% of strength is moved by the tensor correlations to the energy region above
30 MeV.

Relevance for the GT quenching problem.
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GT strength(MeV™")

SQ strength(fm*MeV™")
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SD Strength (fm*/MeV)
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Stability under extreme conditions

Large asymmetries, high densities, finite T, ...

RPA framework: probe the fluctuations around the ground-state
— local stability criterium

Validity check of residual interaction — Landau parameters

+G (71 - T2)(01 - 03)) Pi(cosh) |

Matter is stable if F>-21-1



60

40

- (a)

~Zy w N total
21 I|.' 1 I
; 20k I|I .IlI I,-" LI { ||I » E‘XF} -
m X I|I'_ I'._.ll.- .'!ll .I|! |. II,"H
= il ik 2 \ i
NE 6O Iit‘aé/:j ; ) hhij{;’f VAR
£ : — e
= (b)
o f|
= T43 no tensor i
Q40+ H i
E r-ii:.i_
% I! :. fll
20+ i i) i
|r"I |-JI II| o :.I q;:r'ull )
1 Ly _," LA ."I : I|I'.I|. all
u DS BRI Tx G0 g 0y 0
10 'EID ‘SID‘ . ‘4ID l 50

SD Strength (fm°/MeV)

60

40

20-

60 -

40

20-

T
;1 ___________ 1 1
1 f _
rri I| |! - 2
i total
I| 'y | -
o S “‘,J 1 = exp
I"'J ) 'J. o
. bt I“—/i&___ __- L | s * 4

1 (6)

Sly5 no tensor I;ij

[ ]
[
|
: I J'Illl*.-. ,-’P:II'-._ ),ﬂ, ’ -'III.'! ;?'. f\
i 4 | A, Y J,.'l ' -.'l._-I e - P_—
10 20 30 40 50



-9 —
© [
-1 - -
3 5 -
_ - 0) X
m ] — -
g L m
« o © -
\.nl o O - m) -
ace << + cCo o~ L
S b 0 ¢ -~ 0 -— -
o i i o i s
x| F2 & -
8 i !
8 ir L -
b Q H -
i 8
k\~
¢ B B
RS o Inn\vu o~ -
R | W i
3 - -
< /L = i+
o N
=L 3 i
- Lol I I}
<. [« sememIE I TIIIIT I T e
L 5k
5 SOk
=7
=} e I
— - — Yy
2 X < AL
N
- v — LJ - L] — L) - LJ - v — LJ - L] — L) 0 v — L] - L) — L] - L) — L] - L)
O O O O © O O ©O © O (=] [=} (=) [=} (=) o o
0 OW < N © 00 © S © n < o N ~—
- - - - -
(AsW/,wyuibuans s (,.AeW)ybuans 19
- 9 —_
©
—~ o -
© L :
L =) L
L ROu n =
L & -
-]
L g I
= ~_— =
cO O
o a O ™ | S
o a7 k
T < o ! Ml
F o i
1R S ik
s & )
\.\s\ o \— o
o= ST - - .u....ﬂ..ﬂs.!ﬂ L
DLty L Ne) A\l.x\. R
).ltla. i (¢p] e |-lA\hWn g K
/~, L~ .ﬂ(l-ol...l.lf =
() AP = == -
() onlllx L O T -
EX vl
3 g =il . F
ol -00/00 =
£° rou et
2) ol CV o
c88 - m=mzuzil f
a 0 N _ O =5 L
o L - e |
BDI m L Innv\ szl .“..l..l-./. K
& \
L -
L) - L) — v - LJ — v L] 0 v — L) — L) — L) — L) — L) — v v — v
[=} (=) (=} (o) o S O © © O O o O
n < (32 AN 0 M~ © I < ™ -

(ASW/,wpubuans g

|
o
S

10 20 30 40 50 60
E_(x)(MeV)

0

20 30 40 50 60
E (MeV)

10

0

X



_ O _O
<t <t
L ] K
- s
a) i o i
7] r ot -
F i o o €L o
Q { @ & T @
o o~ = — 00 O «— i
n.. O ™ «— d V n.. O~ m
. s T .
= i . T (] o ! il
o _ . H A}
o L = L T+
8 . ~—r o H ]
~ ] b N ] )
R 11} R
-< e
N N
i
1 'L
J e
ko < Ne
........ - PRty - -
-i!./. - = j./. =
f f
— m, 1
B) : ) :
(AN R R R RN R R R RS RE ey o B s L RN R o
o o o o o o o o o o o o o
Te} < (32} N -~ © [Te} < (3] N -
(As/,w)uibuans as (AeW/,wp)ybusns s
_Q _ O
<t <
S 3 N t
L ()] R
o o @ L o
%T - ™ & ,.«l ™
S~ R — 5] H R
M,. 88<C > Y=E=R= 4
> . o ()] n.. QO ™ «— L
o ! ¢ M ~ . L\
P m o N’ Q _ . ul
g ! x o I [
~ ] - L o H |
& ,
L Q 1L o
N {(|] N
L )| N
i
- J L
a\ _ -
g . o S e u” M ..“. L o
e ———— - < Jc...w. -
- oo l./. L = .Il..:ll..-.| - L
K\ R i N
“ \
N —_ R
T o
~—" o -
L L] L] — L] LJ LJ LJ — LJ LJ LJ LJ 0 L — L — L — L] — LJ — LJ — LJ — LJ 0
o o o < (9] o co © < N o
- -

(o] -
(AsN/,w))uibusns as

(AsW/,w)uibuans s

X

E (MeV)



SD strength(fm?)

SD strength(fm?)

40 + *®PB(p,n)*’Bi SD 0" unpert 60
1 no tensor ] ®Pb(p,n)**Bi SD 1" unpert
- with tensor .
] 50 + (b) no tensor

30 - (a) 1 ——with tensor
] «— 40
| £ ]

20 - % 30
- c -
] o ]
. 7] J
] o 20

104 @
] 104

O Il l' L] LJ LJ L] ' LJ L] LJ LJ I 0 ] LJ L) L] ll L ll L) ' LJ LJ L] L] '
10 20 ch(MeV) 30 40 10 20 ch(M eV) 30 40
100 24 ] 208 208

1 (© 208Pb(p,n)2°85i SD 2 unpert J Pb(p,n)""Bi GT unpert
] tensor no tensor

80 n(? © 20 (d) —— with tensor
] — with tensor ]
] £

60 = 164
] o 1
- ® 124
] =

40 7 O
] 8 -

20 4.

O LJ L] LJ I | l I ll L] L) -l I 0 LJ L) L] LJ ' LJ L) ' LJ LJ L] lJ 4 '

0 10 40 0 10 20 30

20 30
E_(MeV)



SD strength(fm?)

SD strength(fm?)

%4 (a) ®Pb(n,p)°**TI SD 0" unpert 1 o **Pb(n,p)*"*TI SD 1" unpert
30 4 no tensor j no tensor
- — with tensor _ 40+ — with tensor
25 4 e 4
20 £ ]
< E i
15 - @ 204
- o
10 - a7

5 - -

0 ' T 0 "'"'I — i
0 10 20 30 0 20 30
| E_(MeV) E_(MeV)

2%pp n,p)ZOBTI GT unpert
164 (c) %Pb(n,p)***TI SD 2 unpert  0.4- ( no tensor (d)
1 no tensor { —— with tensor
12 4 — Wwith tensor - 0.3 -
=)
E § “
8 - B 0.2-
. o |

4 - 0.1

0 l I ' .lI 2 - “ 0.0 — Llu!]". S l
0 10 E_(MeV) 20 30 0



=p,/p

P

=
R

proton fraction x

0,5

e
T

0,2

0,1

Ferromagnetic phase diagram: G & G'

Symm. matter

&—® BskI6
A—A sGIl

SkM*
V—V RATP

0,1 » b= : , : |
3 J. Margueron and HS,
Neut. matter f J. of Phys. G, in press












IS | =0 1+G, >0 (without tensor)

' v ' - 7 T 1 v
H T BB
T62 T63 T64 T65 .

G T52 T54  T55

S H B

h -
>

@ T42  T43 q
=

= SKXTA )

120 60 0 60 120 180 240
a(MeV fm")

0.10
0.20
0.30
0.40
0.50
0.60
0.70

0.80
0.85



ISI=1" (2+G,)#+/G,2+8H,2 >0

ase (17)

T61 T62 T63  T64 T65 T66
oo T 2 H B
. T51 T52  T53 T54 155  T56
e B B

T41 Tao2  T43 T44  T45  T46

SKXTA

-120

-0 0 60 120

a(MeV fm®)

180 240

0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80

0.90
0.98



B(MeV tm")

|SJ:o-m@a-i@P—%’Ho>o

240 FCase (14)

180

—
N
O

o
-

120 60 0 60
a(MeV fm”)

120

180 240




vV 1=0

B(MeV fm®)

240

180

—
N
-

)]
-

1+G,>0

(without tensor)

-120

-60

T62 T63  T64

H B H B B

T52 T53 T54 T55 T56 |

B l -

T42  T43 T45  T46 |

KX . .-

T32  T33 T35 T36 |

B I H B

T21 T2 T23 T24 T25 126 )

- H B B E BN
T4  T12 T13 T14 T15 T16

0 60 120
o(MeV fm®)

T65 T66

180 240

0.10
0.20
0.30
0.40
0.50
0.60
0.70

0.80
0.85



VI=1" (2+G,)+yG,” +8H,” >0

B(MeV fm")

240

180

—
N
-

@)
-

=Case (21)

T61

—
o))
n
—
o))
o

—~
n
(0)]

IN
>»

SLy5T31 T36 4
B . . :
! T21 T26 4
- B | H B
T11 T12 T13 T14 T15 T16
-120 -60 0 60 120 180 240

o(MeV fm®)

0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50



VJ=01] ;—%)H;po

wom 0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60

120 60 0 60 120 180 240
o(MeV fm”)



vV J :1‘D@B?B'1+ZH'O >0

240

180

120

B(MeV fm®)

60

Case (19)

T61

T51
-
LSl T41
-120 -60

162 T63

sor [l

T52
SKXTA
0 60 120

o(MeV fm°)

180 240




6. Spin and Spin-Isospin instability are strongly affected by the tensor
inetractions.

7. Spin and Spin-isospin Landau parameters are improved by introducing
spin and spin-isopsin density dependent interactions.

8. Good mass systematics is preserved within the rms deviation of less
than 600keV by introducing new terms (S. Goriery) .



Mean Field Theories

Non-relativistic model

HF: Skyrme Interaction
T.H.R Skyrme(1956,1959)
D. Vautherin and D. Brink(1972)
F. Stancu, D. Brink and H. Flocard +tensor (1977)
Gogny Interaction (1975)
J. Decharge and D. Gogny (1980)

Relativistic model

RMF(Hartree)
J. D. Walecka (1974)
B. D. Serot and J. D. Walecka (1986)
RHF
A. Bouyssy, J.F.Mathiot, N.V.Giai and S. Marcos(1987)



TDA and RPA theory

Linear Response theory (coordinate space RPA)

G.F.Bertsch and S.F.Tsai (1975)
K.F.Liu and Nguyen Van Giai (1976) + continuum
M. Matsuo (2001) +pairing
RRPA
D. Vretenar, P. Ring ----, TDRMF(1994)
Z2.Y. Ma, N.V.Giai, H. Toki ---(1997) RRPA linear response



