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❖ Tensor force(TF) : first evidence from the deuteron

(𝐿 = 0) (𝐿 = 2)
S = 1

Tensor force(TF) mixes two states.

2S+1 L J

✓Deuteron is unbound without TF.

Not spherical
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❖Tensor force (TF) 

መ𝑆12 = 3
(𝝈1 ∙ 𝒓)(𝝈2 ∙ 𝒓)

𝑟2
− 𝝈1 ∙ 𝝈2

𝑉𝑇 = 𝑉𝑇 𝑟 መ𝑆12

Tensor force operator

Tensor attraction 80% of entire attraction.Origin of TF :

In OBEP 

non-central   

𝑉 = 𝑉𝑐 + 𝑉𝑇

Tensor part
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መ𝑆12 = 3
(𝝈1 ∙ 𝒓)(𝝈2 ∙ 𝒓)

𝑟2
− 𝝈1 ∙ 𝝈2 = −2𝑆2 1 − 3𝑐𝑜𝑠2𝜃 ~𝑌2,0

❖How does the TF work ? 

Tensor force

Only S=1 contribute to TF.𝑺𝟏𝟐 = 𝟎 for 𝐒 = 𝟎,

From Otsuka’s talk
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TO et al., PRL 95, 232502(2005)

❖TF acting two nucleons in shell models  

𝑙 +
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∆𝑝 is large → ∆𝑟 is small by the principle of uncertainty
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New magic number from 54Ca (N=34)! 

D. Steppenbeck et al. 
Nature 502,207(2013)

From Otsuka’s talk

𝐢𝐧 𝐩 − 𝐩 𝐫𝐞𝐩𝐫𝐞𝐬𝐞𝐧𝐭𝐚𝐭𝐢𝐨𝐧 𝐢𝐧 𝐩 − 𝐡 𝐫𝐞𝐩𝐫𝐞𝐬𝐞𝐧𝐭𝐚𝐭𝐢𝐨𝐧

𝐍 = 𝟑𝟒 𝐢𝐬𝐨𝐭𝐨𝐧𝐞𝐬

28

❖ TF in shell model 

As two-proton(hole) are removed(created) the attractive(repulsive) TF 
becomes weaker(stronger).

✓ The attractive TF in p-p representation corresponds to 
the repulsive TF in p-h representation.

ㅊ
ㅍ
ㅊ
ㅍ
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❖Effect of TF in G-matrix 

(d5/2, d3/2)

(d5/2, d5/2)
(d3/2, d3/2)

✓ The properties of TF are maintained not only in the 
ground state but also in the excited state.

How do the properties of TF work in the excited state?

E. Ha et al. PRC 104(2021)
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✓ TF in the N-N interaction plays an important 
role in variation of the nuclear shell structure 
in nuclei.

✓ How does the TF affect the ground states and 
the excited states on GT transition?

TF has non-central property. 

✓ Could TF(microscopic) be closely associated with 
the nuclear deformation(macroscopic) ? 
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𝜋 𝜈
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𝑓7/2
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3/2−
5/2−
7/2−
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𝑓5/2

𝑝3/2

28

𝜋 𝜈

20

𝑓7/2
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5/2−
7/2−
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𝑓5/2

𝑝3/2

20
42𝐶𝑎22 → 21

42𝑆𝑐21 20
48𝐶𝑎28 → 21

48𝑆𝑐27

× ×

p-p interaction p-h interaction
attractive                     repulsive

TF in GT transition : repulsive? attractive?

✓ It depends on which orbit the nucleon is occupied.

×

×

𝒇𝟓/𝟐, 𝒇𝟕/𝟐: 𝒓𝒆𝒑𝒖𝒍𝒔𝒊𝒗𝒆 𝒑 − 𝒉𝒇𝟓/𝟐, 𝒇𝟕/𝟐: 𝒂𝒕𝒕𝒓𝒂𝒄𝒕𝒊𝒗𝒆 𝒑 − 𝒑

These states are 
degenerated in f7/2
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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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❖Low-energy super GT state(LeSGT)

✓ Isoscalar(IS) pairing has spin-triplet(S=1). 

✓ TF has also spin-triplet. 
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ൗ
𝑔𝑝𝑝

𝑔𝑝ℎ
= 1.7

❖ Role of TF in GT states for 42Ca E. Ha et al. Prog. Theor. Exp. Phys. (2022) 043D01

✓ TF has non-central property. 

✓ TF could be closely associated with
the nuclear deformation. 

The attractive TF plays a crucial role in 
shifting the main GT peak to the low 
excitation-energy region leading to the 
LeSGT.

𝑔𝑝𝑝(𝑔𝑝ℎ):strength of particle-particle(particle-hole)

✓ The effect of TF decreases 
with the nuclear deformation.
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❖ Role of TF in GT states

√

𝒂𝒕𝒕𝒓𝒂𝒄𝒕𝒊𝒗𝒆 𝑻𝑭

✓ The nucleons on the fermi surface contribute to make 
the LeSGT peak.
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𝜋 𝜈

28 𝑓7/2

1/2−
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×

𝑓5/2

𝑝3/2

28

𝜋 𝜈
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❖particle-hole interaction in doubly magic nucleus
TF in GT transition: repulsive? attractive?

28
78𝑁𝑖50 → 29

78𝐶𝑢4920
48𝐶𝑎28 → 21

48𝑆𝑐27

×
×

𝑔9/2

𝑝1/2

× ×
× ×
× ×

××

× 𝑔7/2

(𝒈𝟗/𝟐, 𝒈𝟗/𝟐)

𝒂𝒕𝒕𝒓𝒂𝒄𝒕𝒊𝒗𝒆 𝒑 − 𝒉

(𝒈𝟕/𝟐, 𝒈𝟗/𝟐)

𝒓𝒆𝒑𝒖𝒍𝒔𝒊𝒗𝒆 𝒑 − 𝒉

(𝒇𝟕/𝟐, 𝒇𝟕/𝟐)(𝒇𝟓/𝟐, 𝒇𝟕/𝟐)

These states are 
degenerated in f7/2

These states 
are degenerated

in g9/2
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❖ Role of TF in GT states for 48Ca

✓ As the gph increases, the low-lying excited GT states 
are shifted to the lower region.
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𝒇𝟓/𝟐, 𝒇𝟕/𝟐
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E. Litvinova, PLB 730(2014) 307-313

❖ B(GT) for 208Pb 

* RTBA : relativistic time blocking approximation
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E. Litvinova, PLB 730(2014) 307-313

❖ Role of TF in GT states for 78Ni

✓ As the gph increases, the spacing of the first peak and GTGR 
becomes wider.
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𝒓𝒆𝒑𝒖𝒍𝒔𝒊𝒗𝒆 𝒑 − 𝒉
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❖ Role of TF in GT states for 208Pb

T. Wakasa et al., PRC 85(2012) 064600

i11/2, i13/2 

𝒓𝒆𝒑𝒖𝒍𝒔𝒊𝒗𝒆 𝒑 − 𝒉
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❖Summary

1. We investigated the tensor force (TF) effect on the Gamow-Teller     
transition strength distribution in 42,48Ca and 78Ni. 

2.  We found that an attractive TF affects not only the ground state but

also plays a crucial role in shifting the main GT peak to the low

excitation-energy region leading to the LeSGT for 42Ca.

3.  GT exited states are sensitive on p-h interaction in TF for 48Ca and 78Ni. 

4.  GTGR states(first excited states) are shifted to the high-lying(low-lying)

energy by effect of repulsive(attractive) TF for 48Ca and 78Ni. 

5.  This study will also apply to other doubly magic nuclei, 132Sn.


