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SUPERALLOWED 0"~ 0" BETA DECAY

BASIC WEAK-DECAY EQUATION

K
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f = statistical rate function: f(Z, Q)
t = partial half-life: f (t,,, BR)

G, = vector coupling constant
<T > = Fermi matrix element
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INCLUDING RADIATIVE AND ISOSPIN-SYMMETRY-BREAKING CORRECTIONS

Ft=1ft(1+5,)[1- (5 -5y)] = 2G, (ﬁ + Ag)
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Correction terms (%)

CONTRIBUTION OF CORRECTION TERMS
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Correction terms (%)

CONTRIBUTION OF CORRECTION TERMS
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THE PATH TO V4

FROM A SINGLE TRANSITION

K
(1+Ag)

Experimentally — + 5 (s L —
determine G2 (1 + A.) Ft=1t(1+8)[1- (3 -3 2G,”
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Test Conservation of
the Vector current (CVC)

Validate the correction Ftvalues constant
terms

Test for presence of
a Scalar current
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Experimentally
determine G,/ (1 + A,)

FROM MANY TRANSITIONS

Test Conservation of
the Vector current (CVC)

Validate the correction
terms

Test for presence of
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THE PATH TO V4

FROM A SINGLE TRANSITION

Experimentally
determine G,/ (1 + A,)
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THE PATH TO V4

FROM A SINGLE TRANSITION
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2. Isospin symmetry-breaking corrections

O¢ Charge-dependent mismatch between
parent and daughter analog states
(members of the same isospin triplet).
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Oc

= Ocs

Difference in configuration mixing
between parent and daughter.

® Shell-model calculation with well-
established 2-body matrix elements.

® Charge dependence tuned to known
single-particle energies and to meas-
ured IMME coefficients.

® Results also adjusted to measured
non-analog 0" state energies.

+

ISOSPIN SYMMETRY BREAKING CORRECTIONS

Oc

Mismatch in radial wave function be-
tween parent and daughter.

® Full-parentage Saxon-Woods wave
functions for parent and daughter.

® Matched to known binding energies
and charge radii as obtained from
electron scattering.

® Core states included based on
measured spectroscopic factors.



ISOSPIN SYMMETRY BREAKING CORRECTIONS

Oc = Ocs + Oc

Difference in configuration mixing Mismatch in radial wave function be-
between parent and daughter. tween parent and daughter.
® Shell-model calculation with well- ® Full-parentage Saxon-Woods wave
established 2-body matrix elements. functions for parent and daughter.
® Charge dependence tuned to known ® Matched to known binding energies
single-particle energies and to meas- and charge radii as obtained from
ured IMME coefficients. electron scattering.
® Results also adjusted to measured ® Core states included based on
non-analog 0" state energies. measured spectroscopic factors.
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TESTS OF STRUCTURE-DEPENDENT CORRECTION TERMS
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TESTS OF STRUCTURE-DEPENDENT CORRECTION TERMS
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A. Test how well the transition-to-transition differences in .-, match the
data: i.e. do they lead to constant 7t values, in agreement with CVC?



TESTS OF (5.-5,.) CALCULATIONS

A. Agreement with CVC:

7t values have been calculated with different

models for 5., then tested for consistency. No
theoretical uncertainties are included. Normalized

v* and confidence levels are shown.
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TESTS OF (5.-5,.) CALCULATIONS

A. Agreement with CVC:

Jt values have been calculated with different
models for 5., then tested for consistency. No
theoretical uncertainties are included. Normalized
v* and confidence levels are shown.
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TESTS OF (5.-5,.) CALCULATIONS

A. Agreement with CVC:

7t values have been calculated with different

models for 5., then tested for consistency. No
theoretical uncertainties are included. Normalized

v* and confidence levels are shown.
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TESTS OF (5.-5,.) CALCULATIONS

A. Agreement with CVC:

Jt values have been calculated with different
models for 5., then tested for consistency. No
theoretical uncertainties are included. Normalized
v* and confidence levels are shown.
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TESTS OF STRUCTURE-DEPENDENT CORRECTION TERMS

Ft=ft (1452)[1 - (B¢ - 8s)] = 2G,’ (P: +(A5)
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B. Measure the ratio of ft values for mirror 0'— 0" superallowed transitions
and compare the results with calculations.
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B. Measurements of mirror superallowed transitions:
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B. Measurements of mirror superallowed transitions:
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TESTS OF (5.-5,.) CALCULATIONS

B. Measurements of mirror superallowed transitions:
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TESTS OF (5.-5,.) CALCULATIONS

B. Measurements of mirror superallowed transitions:

Ft=1t(1+35:)[1 - (5 - 8ys)]
fta  (1+58)[1 - (38 - 58,)]
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TESTS OF (5.-5,.) CALCULATIONS

B. Measurements of mirror superallowed transitions:

7t =ft (1+ 6;)[1 - (3¢ - 6Ns)]

0*1
38 444 ms
20ca18
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TESTS OF (5.-5,.) CALCULATIONS

B. Measurements of mirror superallowed transitions:

7t =ft (1+ 6;)[1 - (3¢ - 6Ns)]
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38 444 ms
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TESTS OF (5.-5,.) CALCULATIONS

B. Measurements of mirror superallowed transitions:

7t = ft (1+ 6;)[1 - (3¢ - 6Ns)]
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M. Bencomo et al.

: To be published (2018)

1.006 |- ft.. S .

B /ftzsmAI ft3BCa 7

o 1'004 B SW ftssm (@) 7
= K

]
* 1.002 | -
1.000 | -

26 34 38 42
A of mirror pairs



TESTS OF (5.-5,.) CALCULATIONS

B. Measurements of mirror superallowed transitions:

7t =ft (1+ 6;)[1 - (3¢ - 6Ns)]

0*1
38 444 ms
20ca18
QEC = 6612

3978 1*0¥ 0.1%

3341 1*0¥ 0.3%

1698 1*0y 19.5%

458 1*0y 2.8%

130 0*1¥ 77.3%

0 924 ms

38 3t0
/ 19K19
QEC = 6044
0*1y 99.97%

38
18Ar20

fta _ (1+32)[1 - (3¢ - 85s)]
fte (1 +58)[1 - (52 - )]

= 1+ (527~ 5" ) + (8Rs - ORs ) - (5 -2)

1.006 |- -
= Preliminary -
i ft.. _

o 1:004 SW Ar |
g . ft.. -

- o

* 1.002f :
1.000 | -

26 34 38 42
A of mirror pairs



RESULTS FROM 0"— 0" DECAY
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Obtain precise value of G’ (1 + A,)

Determine V.,

V2 = G,%G,= 0.94907 + 0.00041

Cabibbo-Kobayashi-Maskawa matrix
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FROM MANY TRANSITIONS

Test Conservation of G, constant to + 0.011%
the Vector current (CVC)

Validate correction terms ¢/
Test for Scalar current limit, CS/CV =0.0012 (10)

WITH CVC VERIFIED

/ \ / N\ /N
d' Vud Vus Vub d

S' = Vcd Vcs Vcb S

P’} (Ve Ve Vo) (b)

a

weak mass
eigenstates eigenstates

0.974 ] { { { ¢ $.
Cabibbo-Kobayashi-Maskawa matrix 0.973 :

K
(1+Aq)

7t= ft (1 + 6:2)[1 - (80 - 6NS)] = 2G 2

Obtain precise value of G’ (1 + A,)

Determine V.,

V2 = G,%G,= 0.94907 + 0.00041

0.975 V“d

1990 2000 2010




RESULTS FROM 0'— 0" DECAY

FROM A SINGLE TRANSITION
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T=1/2 SUPERALLOWED BETA DECAY

BASIC WEAK-DECAY EQUATION / \
K JTC,1/2;R
ft —_ 2 2 2 2 £,
G2<T>’+G2<GT> s

f = statistical rate function: f(Z, Q..)
t = partial half-life: f(t,,, BR)

G, .= coupling constants

< > = Fermi, Gamow-Teller matrix elements \ EXPERIMENT/

+ 3 asymmetry
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T=1/2 SUPERALLOWED BETA DECAY

BASIC WEAK-DECAY EQUATION / N\

B K
T GXT>*4+G2<0T>’

ft

f = statistical rate function: f(Z, Q..)
t = partial half-life: f(t,,, BR)

G, .= coupling constants

< > = Fermi, Gamow-Teller matrix elements K EXPERIMENT/

+ 3 asymmetry

INCLUDING RADIATIVE CORRECTIONS

’ — K Cp—
Ft=1ft(1+35,)[1- W] G/ (1+A)(1K)i<0T>)
/

) = G,IG,

Requires additional experiment:
for example, 3 asymmetry (A)
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Decay process:
nt— mletyv,
0,1 — 0,1

Experimental data:

T =2.6033 + 0.0005 x 103s (PDG 2017)

BR =1.036 + 0.007 x 10  Pocanic et al,
PRL 93, 181803 (2004)

Result:

V4 = 0.9749 + 0.0026
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SUMMARY AND OUTLOOK

1. Analysis of superallowed 0%+ 0*nuclear  decay confirms
CVC to +0.011% and thus yields V , = 0.97420(21).

2. The three other experimental methods for determining V

yield consistent results, but are less precise by a factor
of 7 or more.

3. The current value for V_,, when combined with the PDG
values for V,_and V_, satisfies CKM unitarity to +0.05%.




SUMMARY AND OUTLOOK

1. Analysis of superallowed 0%+ 0*nuclear  decay confirms
CVC to +0.011% and thus yields V , = 0.97420(21).

2. The three other experimental methods for determining V
yield consistent results, but are less precise by a factor
of 7 or more.

3. The current value for V_,, when combined with the PDG
values for V,_and V_, satisfies CKM unitarity to +0.05%.

4. The largest contribution to V , uncertainty is from the
inner radiative correction, A.. Very little reductioninV
uncertainty is possible without improved calculation of A..

5. Isospin symmetry-breaking correction, 5., has been tested
by requiring consistency among the 14 known transitions
(CVC), and agreement with mirror-transition pairs. It

contributes much less to V , uncertainty than does A..

6. With significant improvement in A; uncertainty alone, the
V,, uncertainty could be reduced by factor of 2!
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FINAL REMARK ON V.

Kaon decay yields two independent determinations of V .:

1) Semi-leptonic K— = ¢ v, decay (K,;) yields [V

usl-

2) Pure leptonic decays K*'— uty, and n*— vy together yield |V | / |V 4l-

Both require lattice calculations of form factors to obtain their resulit.
Until March 2014 these gave highly consistent results for |V

usl-




FINAL REMARK ON V.

Kaon decay yields two independent determinations of V .:

1) Semi-leptonic K— = ¢ v, decay (K,;) yields [V

usl-

2) Pure leptonic decays K*— pi*v, and n*— v, together yield |V, | / [V, 4]
K us ud

Both require lattice calculations of form factors to obtain their result.
Until March 2014 these gave highly consistent results for |V

usl-

BUT, Bazavov et al. [PRL 112, 112001 (2014)] produced a new lattice
calculation of the form factor used for K,; decays.

Their new result for |V | is inconsistent with the |V |/|V 4| result

and, when combined with the superallowed result for |V 4|, leads to
a unitarity sum over two standard deviations below 1.

Stay tuned ...
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PRECISION DECAY MEASUREMENTS AT TAMU
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