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V.4 STATUS

1. Vg from nuclear 0" = 0* decays

Vaa = 0.9738(4) 3| Vaal® = 0.9966(14)

e Fails to meet unitarity by 2.2¢
o Firror not statistical, but theoretical
¢ Are nuclear-structure corrections under control?

2. Via from neutron decay

Via = 0.9745(16) ¥ [Vail® = 0.9978(33)

o Consistent with nuclear decay and unitarity
e Error mainly due to accuracy of S-asymmetry expt.
¢ No nuclear-structure dependent correction

3. Vig from pion beta decay
Vud = 0.9670(160) ¥ |V,i|* = 0.9833(310)

e Large error; difficulty of measuring 108 BR
® No nuclear-structure dependent correction



Vus STATUS

PDG ’04
Vus = 0.2200(26) > [Vial* = 0.9966(14)
L

E865: PR 91, 261802 (2003)
Vis = 0.2272(30) ¥ |Vial? = 0.9999(16)
1

Kt = n%*y,
Included in the PDG average value.

But is inconsistent with older KJ; and K’ decay measurements.
Experiments in progress

Hyperon decay data not included; SU(3) symmetry-breaking corrections are signifi-
cant and problematic, :



FERMI 0" - 0" DECAYS

K
ft = G (Mp)? Gy = GpVya
(Mp) = (f|rs}i)
= V2 forT=1 states
Thus if:

(a) Gy is a true constant
ie. NOT renormalised in nuclear medium (CVC)

(b) Isospin is an exact symmetry

Then:

ft = constant  for given isospin T°



However to reach this result, two theoretical electromagnetic
corrections have to be applied:
(a) radiative corrections

t=t(1+4p)(1+ Ag) or ~ 1.5%
Ap ~ 2.4%
nuclens nucleus
dependent independent

(b) isospin-symmetry breaking correction
(MF>2 i (MF}2(1 — 0¢) oc ~ 0.5%

So the amended formula is

Ft = fell 150l Oc) =

= constant

K
GY(1+ Ar)(Mr)?

The radiative correction can be further divided into terms
that depend trivially on the nucleus (eg. Z, end-point energy),
and terms that depend on the details of nuclear structure

o = é}t -+ ONg

structure structure
independent dependent

Then:
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CKM matrix element

V2 = ud
- 2(}%(1 -+ ﬂg)ﬁ

where
K = known constant = 27% In 2(hc)%/(m,c?)®
G = weak interaction coupling constant, from p-decay
A g = nucleus-independent radiative correction, Ap ~ 2.4%
Ft = best-fit value from 0+ — 0+ decays

Hence
V2 = 0.9482 + 0.0008

Alternatively, from unitarity of the CKM matrix
Vig=1-=V2 - V2 =0.9516 % 0.0011

i

Discrepancy of about 20

V2 (unitarity)
Via(0t = 0%)

= 1.0035 £ 0.0015

radiative corrections need to be shifted downwards
Eg. 0p ~1.5% — 1.2%; Ap~24% — 2.1%
or

isospin-symmetry breaking correction shifted upwards
Eg. dc ~ 0.5% — 0.8%
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CONCLUSIONS

1. The failure of 07 — 0% data to give V,, consistent with
unitarity could be overcome if:

(1) the radiative correction is decreased
(i) the isospin-symmetry breaking correction is increased

However:
rad. corr. = ‘Firm’ + ‘Less Secure’ terms

‘Less Secure’ terms need to be wrong by a factor of three.

Further:

Coulomb corrections for A < 54 calculated in many models.

All find ¢ ~ 0.5%.
Require é¢c ~ 0.8%.

. 2. The V4 from nuclear decays
Vaud = 0.9738(4) ¥ [Vail® = 0.9966(14)

Discrepancy with unitarity of 2¢
Note: Error here is theoretical, not statistical

Question: Is the value of V,, secure?



