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• History of the subject: search for second-class currents

• Motivation to the present work

• Shell model framework

• Results See also, N.A.S., C.Volpe, Nucl. Phys. A714 (2003) 441
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Peterson, Glass (1963); Fisher (1963) 
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A < 30 : 
11 pairs of mirror nuclei (11 transitions)
| DT | = 1 ;   | DJ | = 0 , 1  ;    pI  =  pf.
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00 ,WW are maximum energy release in 

the b(+,-) decay

D.H.Wilkinson (1970)

Reasons for asymmetry:

1. Weak interaction
2. Nuclear structure effects



Weak interactions, ECT*, 16-21 June 
2003

nP
T

Ap

nS
M

Vp

kigk
M

g
giA

kigk
M

g
giV

yggsggy

ysgy

mnmnmm

mnmnmm

��

�
��

� ++=

��

�
��

� ++=

555 2

2

mm )'( ppk -=

PTASMV gggggg ,,,,,

vector weak
magnetism

induced
scalar

axial vector induced
tensor

induced 
pseudoscalar

Time-reversal invariance:

,..
2

cHjJ
G

H AV += +
- mm mmm AVJ +=+

are real

:)exp( 2IiCG p-=
IIIIIIII

IIII

AGGAVGGV

AGGAVGGV

mmmm

mmmm

=-=

-==
++

++

     ,

        , S.Weinberg (1958)

CVC: 0  ,2)(  ,1 =-== SnpMV gMcKKgg �

PCAC: PA gg ,

Second-class currents in the weak interaction 
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Theoretical estimations of second-class currents
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J.F.Donoghue, B.R.Holstein (1982) QCD sum rules: H.Shiomi (1996)

Experimental searches

particle physicsnuclear physics

• ft-values

• A=8 system

• (bg), (ba) correlation experiments

S.Weinberg (1958) ;J.N.Huffaker, E.Greuling (1963); 
K.Kubodera, J.Delorme, M.Rho (1973,1977)

D.H.Wilkinson, D.E.Alburger (1971)

B.R.Holstein (1976,1977,1984)
A=8:   L.De Braeckeleer (1992); L.De Braeckeleer et al (1995);

J.F.Amsbaugh, M.Beck, L.De Braeckeleer et al (1997)
A=12: T.Minamisono et al (1998)
A=20: L. Van Elmbdt, J.Deutsch, R.Prieels (1987)

J.Bartelt et al (1996)

<1.4 ×10-4

0.0195±0.0007±0.0011 

R.Balest et al (1995)
D.Buskalic et al (1997)
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K.Kubodera,J.Delorme,M.Rho (1973)

R.J.Blin-Stoyle, M.Rosina (1965); D.H.Wilkinson (1971); J.Blomqvist (1971); I.S.Towner (1973)

( ) TT
AA

scc ggWWL
g

J
g

',
2
1

3
4

4 00 +=+�
�

	


�

� -+-= -+ zzl
l

d

( )-+ +-= 003
4

WW
g
g

A

T
sccd

J.N.Huffaker, E.Greuling (1963)

S.Weinberg (1958)

Impulse approximation:

Including off-shell and meson exchange effects:

1. Second-class currents (scc) contribution

2. Nuclear structure effects

• Coulomb and isospin non-conserving nuclear forces  (~6-18%)
• second-forbidden matrix elements (< -1.5%)
• induced weak currents (weak magnetism, induced pseudoscalar) (~ ± 0.5%)
• screening corrections (~ -0.02%)
• radiative corrections  (~ ±0.04 %)

(<2-5%)
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00 ,WW is the maximum energy release in the b+, b- decay
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Radial dependence of the nucleon wave function

Coulomb and nuclear potential
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Figure from J.C.Thomas, Ph.D.Thesis (2002)
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A=8 system
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D.H.Wilkinson, D.E.Alburger (1971)

T.Minamisono et al (1998)

L. De Braeckeleer (1992); L. De Braeckeleer et al (1995);
J.F.Amsbaugh, M.Beck, L. De Braeckeleer et al (1997)

From: J.F.Amsbaugh, et al (1997)
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Correlation experiments

A=8: (ba)-correlation 

A=12: b-ray angular distribution
from aligned 12B and 12N 
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Motivation

b-spectroscopy in A=21,25 (Experiment E398 in GANIL, 2003)   B.Blank, J.C.Thomas

• There are still searches for the existence of the second-class currents

• New data on GT transition rates for p and sd-shell nuclei  
(A=8,9,12,13,17,20,21,25,28,31,33,35)

• Advances in the theoretical description of p- and sd-shell nuclei 
compared to early 70’s

The aim of the study: Systematical calculation of major nuclear structure 
contributions to asymmetries  of ft-values for mirror transition in p- and sd-shell 

nuclei within the nuclear shell model

USD interaction (Wildenthal, 1984);
Isospin non-conserving Hamiltonians (E.Ormand, B.A.Brown, 1989)

• Accuracy of the nuclear wave functions
• PCAC: renormalization of gA (gA

eff =0.77 gA)

Difficulties:
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A < 40 : 
12 pairs of mirror nuclei (30 transitions)
| DT | = 1 ;   | DJ | = 0 , 1  ;    pI  =  pf.
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J.C.Thomas, Ph.D. thesis (2002)
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Shell Model formalism
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Radial wave functions are obtained from Woods-Saxon potential 
with Coulomb and charge-dependent corrections

Spectroscopic factors from isospin non-conserving 
shell model Hamiltonian

Ormand,Brown (1989)
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Test of the wave functions: static electromagnetic 
moments for p-shell nuclei
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B(GT)-values for mirror transitions in p- and sd-shell 
nuclei
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B(GT)-values for mirror transitions in p-shell nuclei
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B(GT)-values for mirror transitions in sd-shell nuclei
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Asymmetry of mirror transitions
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Asymmetry of mirror transitions
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Conclusions and perspectives

• Reproduction of the data (m,Q) is within 10 –20%

• B(GT) values and asymmetry d depend on the choice of the Hamiltonian 
and potential parameters

• Model restrictions (light nuclei, vicinity of the continuum,…)

• Substitute WS wave functions by the Hartree-Fock wave functions

• Calculate corrections (electromagnetic, second-forbidden, …)

• Evaluate J,L and extract limits on (x,l ) of the KDR model

A way to continue would be:

However, it was not done due to following reasons:

Improvement in the theoretical description of nuclear states is required !

Correlation experiments could be more suitable in searches for gIT


