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Gamow-Teller transition
Caused by the spin-isospin operator

i.e., “sigma-tau (st)” operator 

# Between the initial & final states

no spatial wave-function change

is expected (no nuclear-shape change)                   

# Change spin & isospin by one-unit

DJp = 0, +1, -1 

DT = 0, +1, -1   (DTz = 0, +1, -1) 

# Studied by weak int. ; b-decay

by strong int. ; Charge-Exchange reactions
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Shell Structure and Cluster Structure
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7Li 7Be

7He 7B

T=3/2

Tz=3/2

Tz=1/2 Tz=-1/2

Tz=-3/2

Compact (Shell model-like)

g.s.: Cluster-like neutron: s1/2 closedproton: s1/2 closed

T=1/2

7Li(3He,t)7Be Spectrum @ 0o

Excited States should have Different Spatial Shapes !  

Only two Lowest States should have Similar Spatial Structure!  

Selective excitation of GT states by the (3He,t) reaction
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GTR, LeSGT, HeSGT
*Gamow-Teller 
Resonance

(Charge-Exchange Reactions)

*Low-energy 
Super Gamow-
Teller State (Transi.) 

(Charge-Exchange Reactions
& b-decay)

We find:  
*High-energy Super Gamow-Teller State (Transi.)
 GTR Strength: concentrated to one state

(Observed only in b-decays !!!) 

Tz= +4  +3

only in Tz= +1  +0

YF,YU,HF EPJA (2020) 56:138

b-decay Scheme of 
A = 6 system: 

a inert-Core + 2N system 
LeSGT transition

Caused by the 
 st-operator

DJp = 1+
Ikeda Sum-Rule Value
SB(GT) = 3 |N – Z| 

Gamow-Teller Transitions 

about 80%
of Ikeda Sum Rule

(ex: 6He  6Li GT tra.)
Observed in: 

inert-core + 2N system

Low-energy
Super Gamow-Teller Tra.  
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42Ca 42Sc

2n 2H (d)

B(GT) = 2.2

18O 18F

B(GT) = 3.1

a
6Li6He

B(GT) = 4.7

B(GT) = 6.0
g.s.

g.s.

g.s.

0.611

16O

40Ca40Ca

16O

a

GT transitions forming 
Low-Energy Super GT state

Fujita, Utsuno: EPJA (2020) 56:138

B(GT) = 2.2     Smaller !

B(GT) = 3.1

B(GT) = 4.7

B(GT) = 6.0 ?     Large !

S (Sum rule) = 3 x |N-Z| = 6

Super GT transitions
Jp =  0+  1+

LeSGT & anti-LeSGT states
in the 62He4  6

3Li3 b-decay

p3/2p1/2

p3/2p3/2

B(GT)sp = 4/3 x2

B(GT)sp = 5/3 x2
p3/2p1/2
constructive
p3/2p3/2

p3/2p1/2
distractive
p3/2p3/2

Single Particle

B(GT) = ~0.0? 

residual
interaction

B(GT) = 4.73

re-distribution
by theStrengthsTransitionEx

anti-LeSGT

LeSGT : g.s.
attractive

~80% of Ikeda Sum Rule 

(Tz = +1  0)
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Doubly-Magic-Core 
Low-energy Super GT transitions

GTR, LeSGT, HeSGT
*Gamow-Teller 

Resonance

*Low-energy 
Super Gamow-
Teller State 

*High-energy Super Gamow-Teller State:
Concentration of GTR str. to One GT state

Tz= +4  +3

Tz= +1  +0
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HeSGT & anti-HeSGT states
in the 82He6 

8
3Li5 b-decay

p3/2p1/2

p3/2p3/2

B(GT)sp = 4/3 x4

B(GT)sp = 5/3 x4

p3/2p1/2
distractive
p3/2p3/2

B(GT) = ~0 

residual
interaction

B(GT) = 4.69

re-distribution
by the

Ex

anti-HeSGT

repulsive

p3/2p1/2
constructive
p3/2p3/2

HeSGT
Ex=9.67 MeV

Single Particle

StrengthsTransition

(Tz = +2  +1)

A) Low-energy Super Gamow-Teller states
(LeSGT states) 

formed on Cluster-core Nuclei

B) High-energy Super Gamow-Teller states
(HeSGT states) 

formed on Cluster-core Nuclei

Available b-decay data has been analyzed !  

Cluster-structure Nuclei 
can also be the Core structure !

seeking for:
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A=8
Cluster

Structure
(II)

Tz= +2  +1

HeSGT state  
should have a similar 
“spatial” structure 
to the mother state !

We Now can Know 
the Cluster Structure 
of Highly Excited State !

A=9
Cluster

Structure
(II)

Tz= +-3/2
 +-1/2

HeSGT state  
should have a similar 
“spatial” structure 
to the mother state !
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Tz= +-3/2
 +-1/2

A=9
Cluster

Structure
(III)

*Gamow-Teller transitions
Caused by the .,  spin-isospin operator

i.e., “sigma-tau (st)” operator 

# Between the initial & final states

no change of spatial wave-function 

is expected (no nuclear-shape change)                   

Similarity or difference of “SHAPEs” of 

the initial and final states are studied. 

 Cluster Structures are deduced for 

the Highly Excited GT States !

SUMMARY
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