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Also K Physics is important:

Rare K decays...

@ ...test flavour structure of standard model

@ .. .allow discovery of new particles by precision measurements

@ ...allow to distinguish different new physics models — Details
in next talk by Christopher Smith

This talk: Overview of the current situation in the Standard Model



Overview

Four Rare K Decays
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The Main Points

@ FCNC = sensitive to New Physics
@ Short distance contributions sizeable
@ Experimentally challenging but feasible

@ Very precise theoretical predictions possible




Overview

Why are we able to make Precise Predictions?

@ Short distance (SD) contributions (Wilson coefficients) can be
calculated precisely in perturbation theory

@ Semileptonic decays = extract matrix elements via isospin
symmetry from Kg3 decays [Marciano, Parsa ‘96]

@ powerlike GIM suppresses Long Distance (LD) contributions
for K — wvi

@ LD contributions to K| — %1 ¢~ can be extracted from
experiment (Kp — 7%t ¢~ and K, — 707)

@ Error mainly parametric — can be reduced in the future
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K, — moete

K; — w%¢+¢~: Three Contributions




K, — moete

K; — 7%¢*¢~: Theoretical Status

Short Distance Q7v and Q74 CP conserving contribution

o Qyy — 17~ @ From double-photon

@ Qra— 17T 0°F penguin

@ Wilson coefficients known to o Estimate from
NLO QCD (scale dependence Ky — 70 [isidori et al. 04]
< 1.5%) [Buchalla et al. ‘96] (New results 2008! [kTev))

v

Indirect CP violating contribution

@ counterterm |as| = 1.20 4 0.20 from Ks — 7%+ ¢~
[D’Ambrosio et al. ‘98, Mescia et al. ‘06]

@ (¢~ in 17~ state = (constructive) interference with Qv
contribution [Buchalla et al. ‘03, Friot et al. ‘04; Bruno et al. ‘93]

@ — Use lepton energy asymmetry [Mescia, Smith, Trine ‘06]




K, — moete

K, — m¢*¢~: Branching Ratio

B(KL — 70" 07) = (G & Clelas| + Chylas? + CL, ) x 10712

e Cd{r C{]t Crﬁix C’f/’y
e (4.62 £ 0.24)(yv? + y4?) (11.3403)yy | 145405 ~0
p| (1.09 4 0.05)(yv? +2.32y4%) | (2.634+0.06)yv | 3.36+0.20 | 5.2+ 1.6

[Mescia, Smith, Trine ‘06]

In the Standard Model,

ya(My) = —0.68+£0.03,  y,(u~ 1GeV) = 0.73 +0.04

[Buchalla, Buras, Lautenbacher '96]
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K, — m¢*¢~: Branching Ratio

[KTEV ‘04]

[KTEV ‘00]



Contents

O K- mwi



. Introduction

Dominated by Q, = (5.7,dL)(ZLv*v1)

B (K" — ntvi(y)) = k(1 + Aem)

Ve Vig KRR + N*ReVZ Ve (- +[6P2) ) 2

X )\5




KT — wtvi: Theoretical Status

LD Contributions

@ Uncertainty in matrix element reduced by a factor of 7
[Mescia, Smith ‘07]

@ QED radiative corrections included (|Agm| < 1%)
[Mescia, Smith ‘07]

@ P, , enhances branching ratio by 6%

[Falk, Lewandowski, Petrov ‘01; Isidori, Mescia, Smith ‘05]

Top Contribution X;

@ Scale dependence reduced to +1%

Charm Contribution P.

Scale dependence
NLO QCD
reduced to £2.5% ( . < ) ‘
[Misiak, Urban ‘99; Buchalla, Buras ‘99]
(NNLO QCD)

@ Electroweak corrections to X; in the
large m; limit ~ 0.1% (~ 2%
remaining) [Buchalla, Buras ‘98]

[Buras, Gorbahn, Haisch, Nierste

'06]




K — mvi

K™ — ntvi: Electroweak Corrections to P.

Why Electroweak Corrections?

@ Match precision achieved in matrix elements
@ There is a large QED log

@ Fix input parameters

v € 1, T v

v v
v e

Electroweak Corrections to P,
P increases by up to 2% [JB, Gorbahn 03]




K+ — wtvw: Branching Ratio

Btheo (K+ N 7T+VD(7)) Btheo (K+ . 7T+Vﬁ(’)/)>
— (0.85 4 0.07) x 1071°. = (0.80 +0.08) x 1071°,

Compare with current [EXHETERBINEIN =< <+ o

B*P (KT — wtuin(v)) = (1.73 11 52) x 10710,



K+ — wtvw: Error Budget

17% me,
my, Qs

31% Theory

@ Error dominated by CKM
elements

@ Theory error can still be
reduced




K+ — wtvp: Theory Error Budget

o Calculate electroweak
o corrections to Xt [Work in progress]
6/0 KR4 o
@ Improve on §Pc , by a lattice

calculation [isidori et al. “06]

@ With better Ky3 data improve

39% 0P,
ON K4 [Mescia, Smith ‘07]




Op: Overview

Kl —

0

K; — m v is now easy to discuss:

Contributions to the branching ratio

DCPV:ICPV:CPC=1:10"2 :<107*  [Buchalla, Isidori ‘98]

@ (Almost) completely SD dominated

@ — Only top quark contributes

Im(V;iVig)

2
2B Xi’(m%)

B (KL — 7101/5) = KL



K, — mvi: Theoretical Status

LD Contributions
@ Uncertainty in matrix element reduced by a factor of 4
[Mescia, Smith ‘07]

@ No further LD contributions

Top Contribution X;

@ Scale dependence reduced to +1%

T NLO QCD
Charm Contribution ( QCD)
. . [Misiak, Urban ‘99; Buchalla, Buras ‘99]
No charm contribution

@ Electroweak corrections to X; in the
large m; limit ~ 0.1% (~ 2%
remaining) [Buchalla, Buras ‘98]




K, — mvi: Error Budget

4% Kl

@ Mainly parametric uncertainties
@ Electroweak corrections to X;

69% CKM

[E391a '08]



K — mviv: Experimental Prospect

New CERN Experiment NA62 aiming at detecting 80 events,
measuring B(K™ — w7 vi) with 10% error

E14 experiment at J-PARC: Measuring B(K, — m9vi) with
uncertainty < 10%




Conclusion

Conclusion

@ Rare K decays test high-energy degrees of freedom
@ Branching ratios can be predicted with remarkable precision

@ Errors are dominated by parametric uncertainties and can be
reduced significantly in the future

Theory Experiment
K. — mlete™ | (3.5419%%) x 1071 <28 x 1071 KTEV
Ko — moutp= | (1.4117928) x 1071 <38 x 1071 KTEV
K, — i (2.76 4 0.40) x 1011 < 6.7 x 1078 E391a
K+ —atup | (8.5140.70) x 10711 | (1737118 x 10-10 E;jg
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K* — wtvw: Input Parameters

My (80.403 + 0.029) GeV [PDG]

M (91.1876 + 0.0021) GeV [PDG]

M, (172.6 + 1.4) GeV [CDF]
mp(mp) | (4.164 £ 0.025) GeV [Kihn et al ]
me(me) | (1.286 & 0.013) GeV [Kiihn et al ]

My (155 + 40) GeV -

m, (1776.997557) MeV [PDG]

7 0.343 +0.016 [CKMfitter]
as(Mz) | 0.1176 + 0.0020 [PDG]
a(Mz) | 1/127.9 [PDG]
sin?9)° | 0.23122 4 0.00015 [PDG]

Gr 1.16637 x 10 °GeV 2 [PDG]

A 0.2255 =+ 0.0007 [Antonelli et al ]

V| | (4.15+0.09) x 1072 [CKMfitter]

p 0.1417992° [CKMfitter]

Conclusion
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