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e significantly different from the Unitarity Triangle Test
(overal normalisation arbitrary)
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G- — Universality Gy =G/ x(‘Vud‘ +‘Vus‘ )7& G?

——> G, = 1.166371(6)x10- GeV-

——> G.=1.1678(26)x10-5 GeV-2

o+ My +5w | = Gey = 1.1655(12)x10°5 GeV-2

[e.w. precision tests ]
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V at 0.5%0

us

 V . below 120 makes CKM unitarity competitive
to Electro-Weak Precision Test




- V  below 1% makes the CKM unitarity test

competetive to Electro-Weak Precision Test

e In the spirit of the HFAG for B physics, a joint experimental and theory
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e Measurements (BR’s + Lifetime’s + Form Factors) and Theory inputs
have not trivial correlations, which is crucial to take into account!!!



1 V. determination and the CKM Unitarity
I IaﬂA Averages from the FlaviaNet KWG

n e t Kaon WG

= Vector Weak Universality =

Mind

e Theory: QCD uncertainties need much better control!!
e Experiment: poor agreement on Form Factors measurements

suggestion for the new generation of Lattice and P326 experiments
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F(KB(?)) = Sew |Vus|2 |f. (O IKIO‘) (14+2A°Y@ +2A,FM)

with K=K+, K% I=¢,u and Cg*=1/2for K, 1 for K°

19273

Inputs from experiment: Several new results in the last 2 years

: i : KTeV KLOE NA48 ISTRA+ E865
I(K,y,,) Branching ratios vir

well determined .
treatment of radiative Evolution of K* BRs

decays; lifetimes

BR(K: - n'e=v) BR(E* - at"*v)
1.0\ Phase space integral: i.s |
x(M) parameterize form factor PDG 04 —e— PDG 04 ——
dependence on ¢ : PDG '06 —— PDG'06 —e—
K, :only A, (or A,” A.” |'_'§‘ A Kaon0] = @m Kaon07 -
K, : need A, and A, T e
0.045 0.05 0.03 0.035

talk by De Lucia & GoudzovskKi




‘ V ¢ from K,; decays I

= EG EM ’ ' K°n . “TT( ]
Klngf o SEh.r |VHS|2 |f+ (0)|3 II{I(}L) (1+ZAKSI,-{-} +2AK.-*EM )

F(KL?(T)) —

with K=K+, K% I=¢,u and Cz*=1/2for K+, 1 for K°

Inputs from theory:

Universal short distance > |Marciano & Sirlin
EW correction (1.0232)

f+ﬁﬂn(_0) Hadronic matrix element | > [attice (+CHPT) Selleeie Ball
at zero momentum transfer (t=0)

AKSIHZJ Form factor correction for strong % Knecht et al. '00
SU(2) breaking ) CHPT  Cirigliano et al. '02-'04
Andre '04; Gatti '05

Moussalam et al. '06
Neufeld prelim. '07

;S EW

ﬁ;,;;EM Long distance EM effects




|lx:,5|f+([}) F Iav_iA Approx. contrib. to % err from:
%err BR T A Int

0.21% . 'II].EH? ' ll'l.21B. . ID.EE Kaon WG

— K,e3 0.2162560) [0.28) 009 019 015 0.09

o

|
- Ku3 0.2167566) '0.31) 0.10 018 0.15 0.15
—— Ke3 0.21542(144) 067 065 003 015 0.09
T K*e3 0.21728(84) 039 026 009 026 0.09
. *u3 0.21794(111) 051 040 009 026 0.15

0.214 0.216 0.218 0.22

Average: |V, | f,(0) = 0.21664(48)  y2/ndf =2.88/4 (58%)

WHAW ASL’{EJExp =2.86(39)% —» lcees of CHPT [ASUQ), = 2.31(22)%]

| E calculations




At this point ... using inputs from Br, I, and & the gquantity

(Vus KT (O)) is measured with small th. and exp.
uncertainties.

o - \EXp-Average
(Vs £57) 77 = 0.21668(45) ==>(0,, ~ 0.21%

FlaviaNet

Now to estimate V us Wwe heed f+(0) . ff%_ (0)

== Experimental information diluted by the =

~1%

large theoretical error of f,(0) =>( o

rel




f <7 (0)- Evaluations
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+ LR
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+1/Nc
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0.968(9) (6) DWF

Wilson

0.962(11) Staggered

DWF

Many Theoretical
Approaches

* First estimate by LR in
1984 =>1f,(0)=0.961(8)

* Present values agree
with each other at 1-2%
[f.(0)~0.96-0.98 ]

* Next progress rely
on Lattice approach

« Many lattice estimates

already available,

typically at m_> 500 MeV
<=>

large chiral uncertainties

* Lattice systematically
smaller than yPT- inspired

~ values

- Encouraging result from UKQCD-RBC: N=2+1, DWF, m_> 300 MeV

f.(0)=0.961(5) ==

> 0~0.5%



‘ V ¢ from K,, decays I W£

-
\

rl:(_IEE_—_}_H__U_(,_)_)___TVm‘2 [ \rnh (1 — rnz/m%{)g

R % 0.9930(35)
| (7 — prr(y)) \Vm;\if,/ my (1 —ms /mz2)° ( d):
. SRS AR S D, X —
KLOE l ] T 6E‘.I'I“I. I
PLB 636 (2006) BR(K* = u*v(y)) = 0.6366(17)
@ No competition from non-Lattice approaches no Ademollo-Gatto protection
o7 reached
Jefe=1.208(2)(*'_44) el. err. — 0.7%4

= (2+1)stag [ MILC ]

MILC '05 \
/
T = 1.489(7)

UKQCD+HPQCD '07

V.V, = 0.2323(15)

Y
Reminder:

Recent unquenched Lattice results are still under scrutiny from other groups



V . and CKM Unitarity at Summer 2007

f,(0)=0.961(5) from UKQCD/RBC’07
|V,s|=0.2254(13) from KI3

f /T, =1.189(7) from HPQCD’07
IV,/V,4|=0.2323(15) from KI2

HA

—
0.23

0.225 -

FVI

ner Hann WG

ud

Vubj Vud

fit with
unitarity

fit »
=
2.
B
3’2

V,q|* +V,s|* =0.9990(8)

This 1s a highly non-trivial

constraint for NP models...

Fit results, no constraint:

V. =0.97372(26)
V. =0.2258(10)
¥2Indf = 0.142/1 (70%)

Fit results, unitarity constraint:

V,,=0.97398(17)
V.. =0.2266(7)
x2Indf = 1.92/2 (38%)

Agreement with unitarity 0.9¢

SO(10) 2

E.g.: W = My >12TeV
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Recent unquenched Lattice results are still under scrutiny from other groups




Future Perspectives

f
= QCD Test of f—K/ f. Q) by the Callan-Treiman theorem
——> Improved bound on right-handed — Bernard, Oertel, Passemar & Stern
current and scalar densities

Hou - Isidori & Paradisi,

= Lepton Universality Test — _ . _
Masiero, Paradisi & Petronzio

B(K —> EV)/ B(K —> Iuv) large tanf & LFV

Key Point:
scalar operators enhanced by elicity suppression

. F g




= Callan-Treiman soft-pion theorem =

foo1

f1.0))

| consistency test
| between experiments
| and Lattice QCD

____________________________

fo (m|2< - myzz) +

CT 2 2
5SU(2) 1+ )P me —m, + A
0 m2
T
disp. relation
experimental + th. input

input

Bernard, Oertel,
Passemar & Stern

=)



= Callan-Treiman soft-pion theorem =

f 1 m2 —m2 disp. relation
( K =1+ /ISXp K > L+ A + th. input
m

T Bernard, Oertel, Passemar & Stern
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= Callan-Treiman soft-pion theorem =

f 1 m2 —m? disp. relation
K —1+ /IOeXp K —=+A + th. input
fﬂ' f+ (O) mn Bernard, Oertel, Passemar & Stern

consistency test i
between experiments |
and Lattice QCD i

promising in view of future lattice and exp. data

iImproved determination of hadronic parameters
useful to test/constraint NP models on

BK>Iv) B(—ph) (f 1 2
B(zr—>1v) B(K>zlv) | f. f.(0)




1 ni S MFV @large tanf
. Higgs contributions on scalar operators = Isidori & Paradisi ‘06,

2
B(K—>W) Bnopv) (f 1 ) [, mi tanp? | (knownfs)
B(z >1v) B(K >zlv) | f. £ (0) m’. T+ tan g ) 1 (A.,)

| ~0.3% | [m————————————
——————— - | — 0.2% @large tanp |

—— — — — — — — — — — — — —

competitive to Br(B->tv) at 30% uncertanties I

2. Right-Handed Current = Bernard, Oertel, Passemar & Stern

talk by Oertel on _ BSM session”




Lepton Universality Test = B(K N ev)/ B(K RN ,UV) I

The most popular/exciting NP scenario which could affect c.c. semileptonic
decays 1s the possibility of LEV effects moditying the p/e ratio in K,

Rk = (14+An 1) = 2K —evi Tsy(K—eve)+T(K— evr)

YK — Fsm(K — puy)
SR eR?MR EH:E'”T — g_z_iajﬁl tanz."f
H+ V2 Mw
T A3l a 531
i Ax KRR
UL B : -4 — — Y
Vi AR ~5107* t3=40 My+=500Ce\

L
e—pt mi m; 3112 +...6 2
Ancsusy ~ | g - (F) AR |“ tan”3 ~ 10
H=E e

Masiero Paradisi Petronzio '06

key ingredeints
for visible effects
in SUSY:

o Largetan 3, My < 1TeV
o Large LFV slepton minxings, d3; ~ O(1), ( msysy=>1TeV)




Limit on LFV in H* coupling = B(K N ev)/ B(K — ,UV) I

100

PDG 2006 )
: T
Clark, 1972 , b
| ¢ 9
Heard, 1975 | e |._'?‘iim % 7
Heintze, 1976 e e 5
I 550
NA48I2 (2003), prel. ——
(2003), p || —SM 40
NA48I2 (2004), prel. | KAONOT —e 30
-hh‘-""'l-..:
KLOE, prelim. |—— *
IIIIIIIIIIIIIIIIII'IIIIIIIIIIIIIIIIIIIIIII
21 22 23 24 25 26 27 28 29 10 166500500 400 500 600 700 800 600 1000

K, IT(K,) [107]
[(Ke) /T (Ku) [107]

tanf}

PDG 2006 [1]

NA48/2 prel. (C03) [22]
% NA48/2 prel. (704) [23]
# KLOE prel. [24]

2.454+0.11
2.416+0.043 +0.024
2.4554+0.045 £ 0.041

Recent Results at O(1-2%)
= 0.3% from P326 in the fall of 2007
2.554+0.05+£0.05

SM prediction
* @Kaon07

by Fonesshion 55bi session”
2.472+0.001
Fiavi AlIT(K.) /T (Ku) = (2.457£0.032) x 107

ne t Kaon WG




Lessons from Kaon Physics

1. V, at 0.1% precision not impossible

= significant SM test competitive with EWPT

2. To reach this goal a collaboration between theorist and
experimentalist is essential

— e.m corrections I 'aﬂA

= strong SU(2) corrections

= chiral extrapolation of lattice results

= correlated data analysis




