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Simple Effective Interaction (SEI)

The finite-range simple effective interaction is given by

Veff (r) = t0(1 + x0Pσ)δ(r) +
t3

6
(1 + x3Pσ)

(
ρ

1 + bρ

)γ
δ(r)

+ (W + BPσ − HPτ −MPσPτ )f(r)

f(r)= e−r/α

r/α
(Yukawa), e−r2/α2

(Gaussian), e−r/α (Exponential)

SEI has 11 parameters:( b, t0,x0, t3, x3,γ, α, W, B , H , M) and (W0 ⇒ Enters in the description of finite nuclei.)

Protocol adopted for parameter fixation

mean field in SNM⇒ kinetic energy 300 MeV

entropy in PNM (≯) entropy in SNM

m∗
m

splitting in spin polarized PNM ∼ (DBHF) prediction

b⇒ to prevent the NM to become supraluminous

stiffness of the SNM⇒ γ ⇒ pressure-density relation curve

density dependence of the isospin asymmetric part⇒ saturation
properties and β-stable charge neutral n + p + e + µ matter be maximum

t0 and W0 ⇒ BEs of the two doubly closed 40Ca and 208Pb nuclei

Behera et al 1998 JPG: Nucl. Part. Phys. 24 2073, Behera et al, J. Phys. G: Nucl. Part. Phys. 38 (2011) 115104, Behera et al,
J. Phys. G: Nucl. Part. Phys. 42 (2015) 045103, Behera et al, J. Phys. G: Nucl. Part. Phys. 40 (2013) 095105, Behera et al,
Nuclear Physics A 794 (2007) 132148, Behera et al, J. Phys. G: Nucl. Part. Phys. 23 (1997) 445455
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Quasilocal density functional theory(QLDFT)[
−∇ · ~2

2m∗q
∇+ Uq(R)−Wq(R)(∇× σ)

]
φq = εqφq,

Deviation of BE for 161 even-even spherical nuclei for the four EOSs of SEI
corresponding to γ=1/6, 1/3, 1/2 and 2/3

Deviation of Charge radii for 86 even-even spherical nuclei for the four EoS

B Behera et al, J. Phys. G: Nucl. Part. Phys. 42 (2015) 045103.
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RMS deviation of BE and charge radii of 620 even-even, both spherical and
deformed,and 313 even-even nuclei computed in the Hartree-Fock-Bogoulibov
formulation(HFB)

B Behera et al, J. Phys. G: Nucl. Part. Phys. 43 (2016) 045115
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Isotopic shift :
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Comparison of experimental and SEI-G(γ=0.42)[at the QLDFT level and using
the uniform blocking method] spins of 298 odd-nuclei in different spin states:
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Expt.

Similar results as : L. Bonneau, P. Quentin, and P. Mller, Phys. Rev. C 76,
024320 (2007)
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Proton and neutron single-particle levels around the Fermi level for Ni

isotopes from A = 68 to A = 78 computed with the SEI for four EoSs.
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Nucleus Spin-parity SEI-G(γ = 0.42) Expt. SEI-G Expt.
E[MeV] E[MeV] E ∗[keV] E ∗[keV]

69Cu 3/2− −599.40 −599.97 663 1215
71Cu 3/2− −613.73 −613.09 449 537
73Cu 3/2− −626.51 −625.51 156 263
75Cu 5/2− −638.25 −637.13 103 62
77Cu 5/2− −649.11 −647.42 292 295
79Cu 5/2− −658.94 −656.65 620 660

P. Bano, X. Viñas, T. R. Routray, M. Centelles, M. Anguiano, and L. M. Robledo, PHYSICAL REVIEW C 106, 024313 (2022)
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sd- level splitting in Ca isotopic chain
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Expt. [Garwe et al., Rep. Prog. Phys.70,1525(2007)]

Proton single-particle gaps between 1h11/2 and 1g7/2 level in Sn nuclei, Neutron
single-particle gaps between 1i13/2 and 1h9/2 level in N=82 chain, 1h11/2 and
1g7/2 s.p.p levels in Sb nuclei, Reduction of shell gap in N =28(49Ca and 47Ar)
nuclei and Evolution of the 1h11/2, 1g7/2, and 2d3/2 neutron s.p. levels in the N
= 51 isotonic chain.
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Simple effective interaction with a short-range tensor force

VT =
T

2

{[
(σ1 · k′)(σ2 · k′)−

1

3
(σ1 · σ2)k′

2
]
δ(r1 − r2)

+ δ(r1 − r2)

[
(σ1 · k)(σ2 · k)− 1

3
(σ1 · σ2)k2

]}
+ U

{
(σ1 · k′)δ(r1 − r2)(σ2 · k)

− 1

3
(σ1 · σ2)

[
k′δ(r1 − r2)k

]}
,

T=triplet-even strength term and U=triplet-odd strength term.

The associate energy density:HT = 1
2αT

[
J2

n + J2
p

]
+ βT JnJp,

where, αT = 5
12U , βT = 5

24 (T + U)
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The spin-orbit form factor is modified by the tensor force and reads:

Wq =
W0

2

(
2∇ρq +∇ρq′

)
+ αT Jq + βT Jq′ .

Protocol adopted for T and U fixation:

The crossing of 2p3/2 and 1f5/2 s.p. levels in Ni and Cu isotopes at
neutron number N = 46 remains unchanged.

For each pair of T and U values, the spin-orbit strength W0

readjusted to reproduce the experimental BE of 208Pb.

T=800MeV, U=-140MeV and W0 = 122MeVfm5
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The tensor force provides an additional attraction between neutron and

proton particle or hole states with spins j> = l + 1/2 and j ′< = l ′ − 1/2 (or

with j< = l − 1/2 and j ′> = l ′ + 1/2) and repulsion with spins j> = l + 1/2

and j ′> = l ′ + 1/2 (or with j< = l − 1/2 and j ′< = l ′ − 1/2).

These tensor interactions are stronger between states with similar radial

wave functions, i.e., with the same principal quantum number and the same

orbital angular momentum because in this case there is a large overlap along

the radial directions.
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Single-particle proton gaps[1h11/2 − 1g7/2] in the Sn isotopic chains
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Energy levels and Occupation probability of the neutron levels of the Sn

isotopes in the N = 50 to N = 82 major shell:
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Energy levels and Occupation probability of the proton levels of the N =82

isotones in the Z = 50 to Z = 72 major shell:
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Neutron single particle levels in N = 51 isotones
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    Federman and Pittel,
 Phys. Lett. B  69, 385(1977)
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Conclusion

In this work we have seen that, by including a short-range tensor term
to the standard spin-orbit interaction, one is able to explain in a
qualitative way the experimentally observed behavior of some specific
energy gaps in the Sn isotopes and in the N = 82 and N = 51
isotonic chains.

But to have a more quantitative explanation, it appears that the
tensor and the spin-orbit interactions should be modified, for example,
by introducing a finite range in the tensor force and by exploring a
more flexible spin-orbit part, which are tasks for future research.
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