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Gamow-Teller operator 

as a probe for spin-isospin-flip phenomena

• The Gamow-Teller(GT) operator flips spin(𝑠) and isospin(𝜏).

• For free 𝑁𝑁 particle, the GT strength is 𝐵 GT ≈ 6.

• Even for 𝑁𝑁 with core nucleus, 𝐵 GT should be large
if the core nuclei have 𝑆 = 0 and 𝑇 = 0 (saturated).
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Low-Energy GT transitions(01
+1→1𝑛

+0) in 𝑝𝑓-shell
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↑ Fig. 1 from Y. Fujita et al., Phys. Rev. Lett. 112, 112502 (2014)
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Super allowed GT transitions(01
+1→1𝑛

+0)
in 𝑝- and 𝑠𝑑- shell deformed nuclei (experiment)

• Strong GT transitions 0+1 → 1+0 are found.

• The strength from 10C is concentrated to 11
+0

while that from 22Mg splits into 11,2
+ 0.

• The sums of the B(GT) have comparable values between 10C and 22Mg.
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Aim of this work

• The fragmentations in GT(𝟎𝟏
+𝟏→𝟏𝒏

+𝟎) strengths of 

𝒑- and 𝒔𝒅- 𝑵 = 𝒁 = odd nuclei

» Precursors for multi-fragmentations in heavier nuclei 

(including 𝑝𝑓-shell)

» Dependence for deformation and 𝐿𝑆 interactions

• The detailed descriptions for final 𝟏+𝟎 states

» Band structure caused by deformation and 𝑝𝑛-pair correlation

» Comparison with Nilsson orbit

• The difference between 𝒑-(10B) and 𝒔𝒅-shell(22Na)

» Existence of cluster structures

» The correspondence between the 2+ states on g.s.-band and 

1+ final states
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The framework of isospin projected AMD + GCM
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Wave function
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Energy variation & GCM

𝛿
Φ 𝐻𝑃𝜋𝑷𝑻 Φ
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= 0

Gaussian wave packet

→

A. Ono, H. Horiuchi, T. Maruyama and A. Onishi,

Phys. Rev. Lett. 68 2898 (1992).

T. Suhara and Y. Kanada-En‘yo, Prog. Theor. Phys. 123, 303 (2010).

Ψ = 

𝑖

𝑐𝑖 Φ𝑖

0.235 fm−2 𝑝-shell

→control nuclear deformation and spatial development of the 𝒑𝒏 pair

→control the isospin of the 𝒑𝒏 pair in valence orbit

HM and Y. Kanada-En‘yo, Prog. Theor. Exp. Phys. 2016, 103D02 (2016)

0.16 fm−2 𝑠𝑑-shell



Hamiltonian
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𝐻phys = 𝐾 − 𝐾cm + 

𝑖<𝑗

𝑣c
𝑖𝑗
+ 

𝑖<𝑗

𝑣ls
𝑖𝑗
+ 

𝑖<𝑗

𝑣Coulomb
𝑖𝑗

𝑣c
𝑖𝑗
= 𝑣1 exp −

𝑟𝑖𝑗

𝑎1

2

+ 𝑣2 exp −
𝑟𝑖𝑗

𝑎2

2

𝑤 + 𝑏𝑃𝜎 − ℎ𝑃𝜏 −𝑚𝑃𝜎𝑃𝜏

𝑣ls
𝑖𝑗
= 𝑢1 exp −

𝑟𝑖𝑗

𝑏1

2

+ 𝑢2 exp −
𝑟𝑖𝑗

𝑏2

2
1 + 𝑃𝜎
2

1 + 𝑃𝜎𝑃𝜏
2
𝒍𝑖𝑗 ⋅ 𝒔𝑖𝑗

LS part of G3RS

Volkov No2

𝑏1=0.60 fm

𝑏2=0.447 fm

𝑢1=−𝑢2=1300 MeV on AMD variation

𝑢1=−𝑢2=0-2600 MeV on GCM for analysis

𝑣1=-60.65 MeV

𝑣2=61.14 MeV

𝑎1=1.80 fm

𝑎2=1.01 fm

𝑤=0.40

𝑏=ℎ= 0.06



Fragmentation of GT strength in 10B and 22Na

• 01
+1 → 𝟏𝟏

+𝟎

» No-fragmentation

» Super allowed (𝐵 GT ≈ 6)

• 21
+1 → 𝟏𝟐

+𝟎, 21,2
+ 0, 32

+0

» g.s.-band member(𝐾 = 0)

» 12
+0 corresponds to 21

+1.

» Super allowed 

( 𝐵 GT = 4.15 ≈ 6)

• 𝐵 GT; 01
+1 → 𝟏𝟐

+𝟎 = 0.15

• 𝐵 GT; 21
+1 → 𝟏𝟏

+𝟎 = 0.06
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Fragmentation of GT strength in 10B and 22Na

• 01
+1 → 𝟏𝟏,𝟐

+ 𝟎
» Fragmentation (2 states)

» Super allowed 
( 𝐵 GT = 3.53 ≈ 6)

• 21
+1 → 21

+0, 32
+0

» g.s.-band member(𝐾 = 0)

» Super allowed 
( 𝐵 GT = 2.06 ≈ 6)

• 41
+1 → 52

+0
» g.s.-band member(𝐾 = 0)

» 𝐵 GT = 1.12

• 𝐵 GT; 21
+1 → 𝟏𝟏

+𝟎 = 0.30

• 𝐵 GT; 21
+1 → 𝟏𝟐

+𝟎 = 0.37
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Fragmentation of GT strength in 10B and 22Na
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22Na 11,2
+ 0 states as 𝐾-band heads
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Spatial development of the 𝑝𝑛 pair and 𝐾-quanta

• The pn-pair is near 
the 20Ne core.

• 𝐾 is a good 
quantum number 
because of strong 
deformation.

• The 𝑝𝑛-pair is 
separated from the 
2α core.

• 𝐾-mixing occurs as 
a result of spatial 
development of the 
𝑝𝑛 pair.
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Dependence of deformation and 𝐿𝑆 interaction on GT strengths

• Deformation parameter can be mapped into 
spin-orbit interaction strength(𝑣𝑙𝑠).

• We change 𝑣𝑙𝑠 on GCM diagonalization 
from 0 MeV to 2600 MeV for same GCM bases.
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• 10Be 01
+1 → 10B 1𝑛

+0
» 𝛽 11

+0 decreases 

» 𝛽 12
+0 does not change

» Fragmentation occurs (𝝀 = 𝟐. 𝟎)

» GT strengths are pushed up to 

higher energy

• 11
+0 Structures

» Custer structure(2𝛼 + 𝑝𝑛) 
is found for 𝜆 ≤ 1.0.

» Spherical shell configuration

𝑝3/2
6

is found for 𝜆 = 2.0.

2017/05/17 SOTANCP4 14

𝜆 = 2.0

𝜆 = 1.0

𝜆 = 0.5

Dependence of deformation and 𝐿𝑆 interaction on GT strengths
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Excitation energy from 31
+0
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𝜆 = 1.0

𝜆 = 2.0

Dependence of deformation and 𝐿𝑆 interaction on GT strengths

• 22Ne 01
+1 → 22Na 1𝑛

+0
» 𝛽 11,2

+ 0 decreases 

» Fragmentation occurs (𝝀 ≥ 𝟏. 𝟎)

» GT strengths are pushed up to 

higher energy

• 11
+0 Structures

» Custer structure (16O + 𝛼 + 𝑝𝑛) is 

found for 𝜆 ≤ 1.0.

» Spherical shell configuration 
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is found for 𝜆 = 2.0.
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Excitation energy from 31
+0Excitation energy from 31

+0

Dependence of deformation and 𝐿𝑆 interaction on GT strengths
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Summary

• We have studied GT strengths by comparing 

𝑝-(10B) with 𝑠𝑑-shell(22Na) in this work.

» The fragmentations in GT(𝟎𝟏
+𝟏→𝟏𝒏

+𝟎) strengths of 

𝒑- and 𝒔𝒅- 𝑵 = 𝒁 = odd nuclei

► There is no fragmentation for 10B(01
+1 → 𝟏𝟏

+𝟎)

► GT strengths are fragmented into 2 states for 22Na(01
+1 → 𝟏𝟏,𝟐

+ 𝟎).

► weak deformation and strong 𝐿𝑆 interaction causes GT fragmentation.

» The detailed descriptions for final 𝟏+𝟎 states

►
10B(11

+0) has cluster structure 2α+pn.

► 𝐾 = 0,1 bands are found for 22Na(11,2
+ 0).

► 𝐾 = 0,1 band heads(11,2
+ 0) correspond to 

Nilsson orbit [211 +3/2]n[211 -3/2]p and [211 +3/2]n[211 -3/2]p.
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