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ISOSPIN SYMMETRY BREAKING CORRECTIONS
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Difference in configuration mixing
between parent and daughter.

e Shell-model calculation with well-
established two-body matrix elements.

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

® Results also adjusted to measured 0°
state energies.

0.01-0.3 %

+

Oro

Mismatch in radial wave function
between parent and daughter.

e Full-parentage Saxon-Woods wave
function matched to known binding
energy and charge radius from electron
scattering.

e Core states included based on
measured spectroscopic factors.

04-1.5%



TESTS OF 6. CALCULATIONS

A. Agreement with CVC:
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< > = Fermi, Gamow-Teller matrix elements \ EXPERIMENT/

+ 3 asymmetry
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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—
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Requires additional experiment:
for example, 3 asymmetry (A)
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Result:

V4 = 0.9749 + 0.0026
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T =2.6033 + 0.0005 x 103s (PDG 2009)

BR =1.036 + 0.007 x 10  Pocanic et al,
PRL 93, 181803 (2004)
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V4 = 0.9749 + 0.0026
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V 4 = 0.9742 + 0.0002
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» nuclear decays
ud muon decay

0.94907 + 0.00041

V2 + V2 + V2 =0.99985+0.00055

2 PDG
us kaon decays

0.05076 + 0.00036

2
Vub B decays

0.00002 + 0.0000



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 ...




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 +0.06%.




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 +0.06%.

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. Tests on new mirror pairs are in progress. This requires
precise half-life and branching-ratio measurements of
T, = -1 parent decays.
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