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Nuclear Forces (short range, strong interaction)

Meson exchange interactions
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Deformation of deuteron and Tensor Interaction
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Theoretical Mean Field Models

(Hartree model or Hartree-Fock model)

Skyrme HF model
+tensor interactions

Gogny HF model

RMF model

RHF model +pion-coupling, rho-tensor coupling

Long, Meng, Nguyen Van Giai




Skyrme-type tensor interactions

Two Advantages
1.A simple formula for spin-orbit splitting

2.Analytic multipole expansion for spin-dependent excitations
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Mean field ----Spin-orbit splitting---- It plays an important role for the spin-orbit
splittings.
The contribution of the tensor to the total

OH = '—a(_. 7;’ + ,]If ) + ",_3,],2‘,]]), energy is not very large but may improve
2 mass systematics (may not?).
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Exp. Data : J.P.Schiffer et al., P.R.L.
92, 162501(2004)

Protons on Z=50 core
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Not only tensor, but also pairing and particle-vibration coupling
effects may play equally important roles. It is marginal just to look
at s.p. states to find out the importance of tensor correlations!



The tensor force and charge-exchange excitations

ias | . " Gamow-Teller A" =17
— l'l é Zr(p,n) " Nb GT
2> 12 I ————00
= | it w10 : 1
£ i 11 j=l=7 8=
e 8- |
o i
z . : | |§:Iii'5 S3T 1 '9) t_

4 - Lo L ) ——
© i ook J=l+— T\\ |

!.- '.\\:..4-1”[{":“ .\ 2 Jj= [ +—
0 S L— LB 1 |
200 10 20 30 40 50 60
Ex (MeV)
: Z N
| ®Zr(p,n)*Zr GT
- 1
5 | : unpert. The main peak is
o 109 | = o tensor moved downward by
% | | with tensor
- ! : the tensor force but
O i ! the centroid is moved
! ! upwards !
0 ll T I T T ! T I . I . 1
0 10 20 30 40 50 60

Ex (MeV)

C.L.Bai, HS, H.Q.Zhang, X.Z.Zhang, G.Colo and F.R.Xu, P.L.B675,28 (2009).
C.L.Bai, H.Q. Zhang, X.Z.Zhang, F,R,Xu, HS and G.Colo, PRC79, 041301(R) (2009).



type of  m_(0) m—(0) m—(1) m—(1) m—(1) m4(1) Energy—weighted sum rules
calculation 0-30MeV 30-60MeV 0-30 MeV 30-60 MeV total total
2
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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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Multipole Expansion of Tensor Interactions
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1" T(/1=/1'=2,K=1) => repulsive
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3" 7"@:/1,:2”(:3) => repulsive
1" T( rerieonsy = Strong mixing between Gamow - Teller and

spin - quadrupole excitations!
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Tensor correlations on Spin-Dipole excitations

Tl family

ac

ar

Br

60(J — 2)MeV fm’,
60(1 — 2)MeV fm’.

§(n —n) — F(nix + nx),
—3(tix) + hx),
2, =5U,

te +1,) = 5(T + U).

TABLE 1. Parameters of the tensor terms in units of MeV-fm®.
The T and U values are taken from Refs. [2,4-6], while the values o

and § are obtained by means of Eq. (5).

T U o g

SLyS 888.0 —408.0 —89.8 51.1

SGII 1008.0 —432.0 —-1223 130.0
S 1008.0 —432.0 —118.7 120.0
SKXTA 384.0 144.0 93.6 94.2
SKXTB 811.2 —283.2 —839 96.1

TI1 2589 —3428 —60.0 —60.0
Ti2 1164 —198.2 0.0 —60.0
TI13 —20.8 —-51.7 60.0 —60.0
Ti4 —1654 925 120.0 —60.0
TI5 —5009 173.3 180.0 —60.0
Ti6 —646.2 3147 240.0 —60.0
T21 4769 —369.4 —60.0 0.0
T22 356.1 -217.5 0.0 0.0
T23 1839 —82.7 60.0 0.0
T24 337 59.2 120.0 0.0
T25 —69.4 216.0 180.0 0.0
T26 —209.7 362.1 240.0 0.0
T31 738.6 —382.5 —60.0 60.0
T32 613.1 -2315 0.0 60.0
T33 4393 —-97.9 60.0 60.0
T34 246.6 308 120.0 60.0
T35 1255 180.9 180.0 60.0
T36 27.2 341.8 240.0 60.0
T41 8849 —433.6 —60.0 120.0
T42 730.7 —-2929 0.0 120.0
T43 590.6 —147.5 60.0 120.0
T44 5209 215 120.0 120.0
T45 346.9 156.9 180.0 120.0
T46 249.6 314.6 240.0 120.0
T51 11799 —435.7 —60.0 180.0
T52 918.2 —329.9 0.0 180.0
T53 9749 —119.1 60.0 180.0
T54 7273 -84 120.0 180.0
T55 564.6 129.3 180.0 180.0
T56 4483 2829 240.0 180.0
T61 13355 —480.4 —60.0 240.0
T62 1256.5 -313.9 0.0 240.0
T63 10438 —1933 60.0 240.0
T64 1046.8 —0.6 120.0 240.0
T65 8232 119.7 180.0 240.0
T66 708.5 270.9 240.0 240.0




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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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 9Zr(p,n)results

— Sl provides better description

O strength
— Quenched

¢ Seems to be fragmented

1- strength

SD Strength (fm®/MeV)

— Softened compared with theory
£ Peak shift to lower E,

2" strength

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

¥ No Skyrme int. which reproduces both total and separated strengths
&€ AJm-dependent correlation ? — Require further investigations
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TABLE L. The calculated peak energies of the SD and GT strengths in *°Zr and **Pb obtained by using the four interactions that reproduce
the experimental data [14,18.19] within an accuracy of 2.5 MeV. See the text for a discussion.

'):'71' :'ﬂipb
0 ! 2 total SD GT 0 ! 2 total SD GT
T21 393 233 253 235 15.9 40.8 24.1 25.0 233 18.0
T32 39.0 238 254 243 15.9 394 234 253 233 17.4
T43 38.6 243 253 249 16.2 37.7 24.0 254 23.6 17.2
T54 383 245 254 25.2 16.2 37.1 238 254 235 16.7
exp e o e 26.0 15.6 345 228 25.8 25.2 19.2
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A systematic study of tensor interactions on

Spin-lsospin excitations by HF+RPA
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T(triplet-even tensor) is well constrained by spin-isopin excitations irrespective
of central part of Skyrme forces. T=500+/-100MeVfm"(5)

U(triplet-odd) is not well constrained by existing sets of experimental data.
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Effects of tensor correlations on low-lying collective states in finite nuclei
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Summary

1. Skyrme Tensor interactions are 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-
multipole excitations in 90Zr and 208Pb. We found that the sum rule
strength of GT transitions is increased, while the main peak energy is
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
enerqgy region of SQR.

5. Softening and hardening of Spin-Dipole excitations are found in
experimentally and RPA with tensor interactions reproduces well these
experimental findings.

6. T(triplet-even) interaction is well constrained by spin-isospin excitations
irrespective of central part of Skyrme interactions.



7. U part (triplet-odd) is still not well constrained by the existing
experimental data set.

8.Recommended interactions:
Spin-Isospin excitations: T21, T32, T43, T54 and SGII+T
Low-energy collective excitations: T44,T45,T46, SGII+T



Conclusion

Happy Birthday to Peter Ring!

You may never retired from physics!

| hope to see you many places all over the world
again and again in future!
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FIG. 2. (Color online) The HF + RPA results for the excitation
energy and the B(E2) strength of the lowest quadrupole state in *Pb.
The calculations are performed with and without tensor terms, and the
results are denoted by the open and the filled symbols, respectively.
The vertical and horizontal lines mark the experimental values with
their errors. These experimental data are taken from Ref. [17].
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FIG. 3. (Color online) The HF + RPA results for the excitation
energy and the B(E3) strength of the lowest octupole state in “*Pb.
The calculations are performed with and without tensor terms, and the
results are denoted by the open and the filled symbols, respectively.
The vertical and horizontal lines mark the experimental values with
their errors. These experimental data are taken from Ref. [18].
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Landau parameters and Stability condition with tensor interaction
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Tensor effect of pion and rho meson exchange

potentials on Spin-orbit interaction
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Tensor correlations on Spin-Isospin mode

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