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1. Isoscalar pairing correlations by the tensor force in the 
ground states of 12C, 16O, 20Ne, and 32S nuclei. 

Ha et al. PRC104, 034306(2021)

2. Tensor Force Effects on the Gamow-Teller Transition for
42Ca, 46Ti and 18O. Ha et al. submitted to EPJA

This talk was based on our recent papers.
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1. Introduction
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Or Hen et al., Rev. Mod. Phys. 89, 045002 (2017). 

𝑲𝐅 ≅ 𝟐𝟓𝟎 MeV/c 

• High-momentum tail from tensor force at k > kF in N=Z and N > Z nuclei.
• Mean field : two-body interaction ➔ one-body interaction
• But two-body interaction still remain at the short range region. 

In order to consider the residual interaction, we introduce the pairing correlations.

❖ Short-range correlation(SRC) pairs in nuclei 

R. Subedi et al., SCIENCE. 320,13 (2008). 

12C(𝒆, 𝒆′𝒑𝑵)
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❖ Tensor force : first evidence from the deuteron

(𝐿 = 0) (𝐿 = 2)
S = 1

✓ Tensor force(TF) mixes two states.
✓ Without TF deuteron is unbound.

2S+1 L J
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❖ Tensor force (TF) 

መ𝑆12 = 3
(𝝈1 ∙ 𝒓)(𝝈2 ∙ 𝒓)

𝑟2
− 𝝈1 ∙ 𝝈2

෠𝑉𝑇 = 𝑉𝑇 𝑟 መ𝑆12

:Tensor operator

: Non-central force (S=1)

Tensor attraction 80% of entire attraction
Origin of TF :
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መ𝑆12 = 3
(𝝈1 ∙ 𝒓)(𝝈2 ∙ 𝒓)

𝑟2
− 𝝈1 ∙ 𝝈2 = −2𝑆2 1 − 3𝑐𝑜𝑠2𝜃 ~𝑌2,0

From Otsuka’s talk

❖ How does the tensor force work ? 

: Tensor force෠𝑉𝑇 = 𝑉𝑇 𝑟 መ𝑆12 , 𝑉𝑇 𝑟 < 0
෠𝑉𝑇 ~ − መ𝑆12~1 − 3𝑐𝑜𝑠2𝜃

contribute only to S=1 states.

መ𝑆12 = 0 for S = 0
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❖ New magic number from 54Ca (N=34)! D. Steppenbeck et al. 
Nature 502,207(2013)

70Zn30+ ions at 345MeV by BigRIPS

From Otsuka’s talk
𝑍 = 𝑁 = 20
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❖ Deuteron structure in nucleus? 
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𝟏𝟔𝑶 𝒑, 𝒑𝒅 𝒂𝒕 𝟑𝟗𝟐𝑴𝒆𝑽 S.Terashima, et al. PRL 121 (2018)

• S=1,T=0 channel in the cross section is dominant.
• The high-momentum n-p pairs(S=1,T=0) due to tensor force has been observed 

in the 16O ground state.   

1

Tensor force
(non-central)

Central force

❖ Dominance of tensor correlations in high-momentum n-p pairs 

2.31MeV

3.95MeV

√

14N

(−1)𝐽+𝑇 ,
𝐽 + 𝑇 = 𝑜𝑑𝑑
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2. Formalism
- Deformation 
- Pairing correlations



- 12 -

❖Many-body system 

Interacting many-fermion sys.→ non-interacting fermions
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❖ One-particle motion in a deformed potential  

deformed WS potential
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K is good quantum number !!

Spherical state occupation (2j+1)→ Deformed state ±Ω (𝟐)
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2S+1 L J

blue: repulsive,
red: attractive

❖ Pairing scheme 

T=1 (Isovector(IV), isospin- triplet),  T=0 (Isoscalar(IS), isospin- singlet)

TF

TF

3S1,
3D1

In deformed formalism !

Not allowed

No empirical evidence
3P1
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❖ BCS & DBCS

17

J=0

T=1 j m   j -m
Ω -Ω

(J=0,1, 2, 3 ∙∙∙)

T=0  J=1, 3, 5, ∙∙∙

T=1  J=0, 2, 4, ∙∙∙

BCS deformed BCS

Ω= ½

j ≥ Ω



2

1

2

7

2

1

2

5

2

1

2

3

2

1

2

1

j 

K=0

K

J
Laboratory 
frame 

Intrinsic 
frame 

➢ The different total angular momenta of the SP basis states would be mixed
because the deformed SPS are expanded in terms of the spherical SP bases.

+=

(Coupled system)
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3. Effect of tensor force
in the ground states
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❖
12C

• # of nn & pp pairs are rarely by the TF, while that of np pairs changes at certain deformation.
• TF increases (decreases) the PMEs of the T=0 np channel by its attractive (repulsive) property around 𝛽2~0.5 (0.3)
• TF is sensitive on the deformation and may break the IV dominance of the np pairing. 

tensor force effect !!!  

2S+1𝑳𝑱
3𝑷𝟏

3𝑺𝟏, 3𝑫𝟐, 3𝑫𝟑
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❖ Pairing matrix elements(PMEs) by G-matrix 

(d5/2, d3/2)

(d5/2, d5/2)

(d3/2, d3/2)

3/22
+

5/21
+

5/21
+

3/22
+

(d5/2, d3/2)



- 21 -

❖
20Ne
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❖ BCS(Bardeen-Cooper-Schrieffer) & BEC(Bose-Einstein condensation) 

small pair sizelarge pair size
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❖ Effect of IS enhancement

▪ BEC phase might not occur in 20Ne.
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4. Effect of tensor force
in the excited state
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LeSGT : 80% of the total B(GT) strength is concentrated
in the excitation of the 0.611MeV state.

❖ Low-energy super GT state(LeSGT) in N=Z+2 nuclei

From Y. Fujita’s talk
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4.6% of GT-SR

36% of GT-SR
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❖ Low-energy super GT state(LeSGT)
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❖ Role of TF in GT states

Tensor force & Deformation ?

√

𝑔𝑝𝑝

𝑔𝑝ℎ

= 1.7 : 42Ca
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❖ Role of TF in GT states

√
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❖ Summary  

1. The noncentral TF effect turns out to be sensitive to the deformation and breaks

the IV dominance of the np pairing.

2.    The number of np pairs is increased(reduce) by the attractive(repulsive) spin-

triplet even(odd) TF.

3. The nuclear deformation turns out to be another key factor to determine the

number of IS pairs reflecting the TF property.

4.    TF plays an important role in producing the low-energy GT peak.

5.    The attractive TF affects not only the ground state but also plays a crucial role of

shifting the main GT peak to the lower excitation energy leading to the LeGST.
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Thank you for your attention!
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2-2.연구개요

Back Up
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❖ Nucleon-Nucleon Scattering Phase Shifts

pp & nn 2S+1 L J

IV
T=1
(S)   

S =0 (A)
L =even(S)
J = L
1S0, 

1D2

S =1 (S)
L =odd(A)
J = Even
3P0, 

3P1,
3P2

np  

IV
T=1 
(S)   

S =0 (A)
L =even(S)
J = L
1S0, 

1D2

S =1 (S)
L =odd(A)
J = Even
3P0,

3P1, 
3P2

IS
T=0 
(A)   

S =0 (A)
L =odd(A)
J = L
1P1

S =1 (S)
L =even(S)
J = Odd
3S1,

3D1, 
3D2,

3D3

blue: repulsive, red: attractive

IV(isovector),    IS(isoscalar)
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❖Six parameters in empirical formula



- 37 -

❖Isobaric analogue state (IAS)
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28

𝜋 𝜈

20

𝑓7/2

1/2−
3/2−
5/2−
7/2−

××

𝑓5/2

𝑝3/2

❖ particle-particle interaction
IS-pairing: attractive

28

𝜋 𝜈

20

𝑓7/2

1/2−
3/2−
5/2−
7/2−

×

×

×
××

×
××

𝑓5/2

𝑝3/2

❖ particle-hole interaction
IV-pairing : repulsive

20
42𝐶𝑎22 → 21

42𝑆𝑐21 20
48𝐶𝑎28 → 21

48𝑆𝑐27

× ×
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❖ Nucleon-Nucleon Scattering Phase Shifts
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✓ IS (T=0) pairing can play important roles ! 
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𝐽𝜎𝜏 : volume integral of the effective interaction 𝑉𝜎𝜏at momentum transfer 𝑞 ≈ 0.
𝐾(𝜔): kinematic factor. 
𝜔:total energy transfer.
𝑁𝜎𝜏 : distortion factor.
𝜎(0) : unit cross section for the GT transition at 𝑞 = 𝜔 = 0.
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In a weak perturbing external filed, the response of system is related to 
the 2-body Green’s function. 
RPA provides an approximation scheme to calculate the 2-body Green’s function.
In dielectric function e(k,w) describes the dielectric response to the plan-wave 
Electric field E(w,k)exp^i(kr-wt).
The contribution to the dielectric function from the total potential is assumed to
average out, so that only the potential at wave vector k contribute. 

❖ RPA
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