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Definitions

The charged current W*interaction couples to the physical left-
handed quarks as VRVERY
ud us ub

VCKM EVLuVLdJr = Vcd Vcs Vcb
th Vt th

The CKM matrix can be parameterized by three mixing angles
(S12,S,3:S13) angle and one CP-violating phase (d)

The hierarchical structure makes convenient to define:

v V. 5 e | (o +im)N1- AZA*
= Vs | , Sy = AL® =2 5136'5 =V = AL (p+in) = M (p i) _ /1_
Ve F 1V, [ s V1= 2% [1- K24 (5 +i77) |

These relations ensure that the CKM matrix written in terms of
A, X, pand n is unitary to all orders in A and that

(p +in )=-(V 4V, ") (V.4Vep ) IS phase-convention independent
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Magnitude of the CKM elements ()

|Vud|
— From: Superallowed 0* -0* Nuclear transitions:
|V 4l = 0.97418 £+ 0.00027
— Latest neutron lifetime measurement is off by 6.5 oc w.r.t. average

Vsl
—usAverage of different semi-leptonic kaon decays: Highlight
|V,s| =0.2255 + 0.0019
— Precision is limited by the accuracy on f,(0) (theory), calculations differ up
to 2% (but lattice agrees with historical determination from Roos-
Leutwyler)
|Vcd|
— Best precision still obtained from the ratio of double-muon to single-muon
production in v/Vvinteractions
V.4 = 0.230 £ 0.011
Vsl

— Unguenched QCD calculations of the D, meson decay constant and D form
factor allow one to extract V. from semi-leptonic and leptonic decays. The
average gives:

|V.|=1.04 £ 0.06 Highlight
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Magnitude of the CKM elements (ll)

|Vcb|

— From the average of inclusive and exclusive determination the V,
V,, mini review determines (with inflated errors):

V| = (41.2 +1.1) x 1073

|Vub|
— Determination is quite involved. Average from V , V , mini rev:
IVl =(3.93+£0.36) x 103

— To watch: determinations from inclusive and exclusive decays
tend to move apart

Vil
— From single top production (w/o unitarity assumption):  Highlight
|V,,|> 0.74 (95% CL)

+ |Vl and |V A
— |V| now measured from B_,-mixing Acliligl
— precise |V /V,| =0.209 + 0.001 + 0.006 f \/?
— Error already dominated by theory: &= oS — =1.23+0.02+0.03

fay/ Bag
Bd
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CKM Angles

From B —nn,pr,pp decays: o =(88 *°)’

(P.) VidVr™ T VeaVep ™ Vip Vi ™=

ViaVin Vu Ve
Vi Vi Ve Vi

(0,0) (1,0)
From tree decays

(GLW, ADS, Dalitz): Chamonium modes:
y= (77+30_,)° Sin 2 3=0.681 +£0.025
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Unitarity and Global Fit in SM

e Unitarity C

Vud
Vcd
Vud
V

S

e Global Fit:

p=0.135"0%4 516

24

V
V

us

CS

Vcd

V

CS

24

necks:

V,,|?= 0.9999 + 0.0011
V_ |2=1.136 + 0.125
V,4|2= 1.002 + 0.005

V|?= 1.134 +0.125

J=(3.05*019 ) x105
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Constraints on the pn plane
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Puzzles

« Hints of large B mixing phase

o  AA=A(K* 1% -4(K*r'*)=0.148 + 0.028

e Sin (2 B) (from penguin dominated modes) is moving closer to
Sin (2 B) measured from the Charmonium modes

Issues (some)

 V,, exclusivevs.inclusive determinations
 Frequentistic vs. Bayesian Statistics
« Treatment of theoretical “systematics”

 Use of input hadronic parameters (e.g. pre-dictions vs. post-
dictions)

« Consensus on lattice results (e.g. f,, from HPQCD and tension
In D*,—/*v decays)
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Outlook

e Present / Near Future
— B factories
— Tevatron
— LHC

e Future

— Rare K Decays ( K»n vv)?
— Super Flavour Factories?
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