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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Reasons for asymmetry:

1. Weak interaction
2. Nuclear structure effects
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Second-class currents In the weak interaction
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Theoretical estimations of second-class currents

M,-M
|gT |: P " »7°10°% ‘g—T = 0.0052 + 0.0018
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J.F.Donoghue, B.R.Holstein (1982) QCD sum rules: H.Shiomi (1996)

Experimental searches

nuclear physics particle physics
e ft-values
:§2;+-1 " ® wp'n
' 0.0195+0.0007+0.0011
S.Weinberg (1958) ;J.N.Huffaker, E.Greuling (1963);
K.Kubodera, J.Delorme, M.Rho (1973,1977) R.Balest et al (1995)
D.Buskalic et al (1997)
» A=8 system
D.H.Wilkinson, D.E.Alburger (1971) ;I ® /7,0 n
. : <1.4 x104
* (bg), (ba) correlation experiments 0
B.R.Holstein (1976,1977,1984) J.Bartelt et al (1996)

A=8: L.De Braeckeleer (1992); L.De Braeckeleer et al (1995);
J.F.Amsbaugh, M.Beck, L.De Braeckeleer et al (1997)

12: T.Minamisono et al (1998)

20: L. Van Elmbdt, J.Deutsch, R.Prieels (1987)
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a= (ft)+ - 1= dscc +dnuc|
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1. Second-class currents (scc) contribution

L AG1 [0+ oo
Impulse approximation: Ose = - SQT 6"/0 +Wo )
A

Wy Wy is the maximum energy release in the b*, b- decay

Including off-shell and meson exchange effects:
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2. Nuclear structure effects

S.Weinberg (1958)

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

K.Kubodera,J.Delorme,M.Rho (1973)

(<2-5%)

* Coulomb and isospin non-conserving nuclear forces (~6-18%)

» second-forbidden matrix elements (< -1.5%)

 induced weak currents (weak magnetism, induced pseudoscalar) (~ = 0.5%)

e screening corrections (~ -0.02%)
* radiative corrections (~ +0.04 %)

R.J.Blin-Stoyle, M.Rosina (1965); D.H.Wilkinson (1971); J.Blomqvist (1971); I.S.Towner (1973)
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Radial dependence of the nucleon wave function

Coulomb and nuclear potential
Figure from J.C.Thomas, Ph.D.Thesis (2002)
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From: J.F.Amsbaugh, et al (1997)
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lgr <7710 D.H.Wilkinson, D.E.Alburger (1971)

Correlation experiments

A=8: (ba)-correlation

Om 97

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

A=12: b-ray angular distribution

from aligned 2B and 12N

2M g7 /g, =+0.22+0.05stat) £ 0.15syst) + 0.05
T.Minamisono et al (1998)
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Motivation

- There are still searches for the existence of the second-class currents
b-spectroscopy in A=21,25 (Experiment E398 in GANIL, 2003) B.Blank, J.C.Thomas

 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

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

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

Difficulties:

« Accuracy of the nuclear wave functions
« PCAC: renormalization of g, (9,8 =0.77 g,)
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( ft) A <40:
ad = T _1 12 pairs of mirror nuclei (30 transitions)
(ft). |IDT|=1; |DJ|=0,1; p=p
/
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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
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V() = Vo (1) - Vig S (F (D)) 58 +Veh(r) + Vg,
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Test of the wave functions: static electromagnetic
moments for p-shell nuclei

g, =5.58,9, =1.0

e, =1.35,e, =0.35
g’=-3.82,9 =0.0
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B(GT)-values for mirror transitions in p- and sd-shell
nuclel
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B(GT)-values for mirror transitions in p-shell nuclel
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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



Conclusions and perspectives

A way to continue would be:
« 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

However, it was not done due to following reasons:

 Reproduction of the data (mQ) is within 10 —20%

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

* Model restrictions (light nucleli, vicinity of the continuum,...)

Improvement in the theoretical description of nuclear states is required !
Correlation experiments could be more suitable in searches for g;
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