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o find New Physics (NP)
o understand the NP

Kaon ECNC ' suppressed within SM |

processes Ny

sensifive o NP )

o K —mlete”

How precise?
_ ~ Are long distance effects under
K — mutp 40% SD control?
o Kt = rwtuvp What can rare K
decays tell us about
K, — 1O ~ 95% SD Y NP2
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General SM Structure

FCNC loop-induced within
processes ’ SM ’

K — wvo
in the parton
picture
o charm-loop « #
u,c.t-Loop My,

2
"7’1,

o top-loop o 7+
%

quadratic suppression
of lower scales

Hard Quadratic GIM
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General SM Structure

FCNC
processes

K — mvv
in the parton
picture

CKM-Factors
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loop-induced within
S |

© Aqfcontrib. X V(;qu =N
o >\u,+A(:+)\t =0
o parametrised by A ~ sin fcgapibbo

CREx As ~ A® Ao ~ A

CP ImA ~ N Im), ~ A\
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General SM Structure

FCNC loop-induced within
processes J SM J
——d
K — wvo .
in the parton
picture
u,c.t-Loop _
GIM mechanism

CKM-Factors + — charm pollution

CKM structure
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General SM Structure

FCNC loop-induced within
processes J SM J
the involved
reality l
Separate scales
(OPE) ’
non-perturbative o Lattice calculations
parts o Chiral perturbation theory (xPT)

o Data , which should not be sensitive to SD
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Master-Amplitude in SM

_ valid for
.Adecoy = Z <QZ> VCZKM Fi(high energy porome‘rers) B,D,K -Decoys

0

F; . Loop Functions (SD) . different in BSM
Vit CKM factors . change in MFV
(Q:) + Matrix elements of operators (LD)

Additional operators can be generated by NP
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Master-Amplitude in SM
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Master-Amplitude in SM

_ valid for
.Adecoy = Z <Qz> VCZKM Fi(high energy porome‘rers) B,D,K —Decoys
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F; . Loop Functions (SD) . different in BSM
Vit CKM factors . change in MFV
(Q;) : Matrix elements of operators (LD)
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Master-Amplitude in SM

_ valid for
.Adecoy = Z <QZ> VCZKM Fi(high energy porome‘rers) B,.D K —Decoys

0

NP may hide everywhere

tower of EFTs
essential for the NP
distillation

Lattice 5-quark /
EY
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Motivations for K-Physics

Master-Amplitude

Adeccy = Z <QZ> VCiKM FZ

i

B-Physics: b — s x A2
b—d ox A3

K-Physics: s —d ox A° (top)

Extreme Suppression

|

High Sensitivity to
deviations from MFV
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Ky — wOl*l~ DCPV

1. Contribution: |  direct C# DCPV J

HE =52 [ (rd) D) + WA (57 d) (B asl) | + hee.

Yrv,Yra
) w . o effective coupling for vector- and
axial-vector operators
u,c,t vy . .
o perturbative calculation
d W iz o + ~v-Penguin — logarithmic GIM

— NLO QCD (Buras, Lautenbacher, Misiak, Minz 94)
~ +5% uncertainty
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Ky — wOl*l~ DCPV

1. Contribution: |  direct C# DCPV J

HE == | yrv End) D) + vra (Grud)Easl) | + hec.

Matrix Elements

5 7 o (mYete™|Qa|K°(P)) suppressed by m.

o extracted from K — wlv (K;3) decays
d W Iz including isospin breaking effects

few %, uncertainty
(Mescia, Smith 07)
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Ky — wOl*l~ ICPV

2. Contribution: |  indirect C# ICPV J

o

extract with yPT
K, — EKKl[—) 7TOZ+17]
2 relevant parameters

— £ (see talk by J. Brod)
— |a5| (main theory error, only absolute value known

from K, — 1T17)

o

o

~ 20% uncertainty

(Buchalla, D’Ambrosio, Isidori 03; Friot, Greynat, De Rafael 04)
possible to extract sign from lepton asymmetry
(Mescia, Smith, Trine 06)

o
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K; — ’ o

3. Contribution: |  CP conserving CPC J

o

NOT divergent asin K, — utpu~
NO amplitude saturation

o

[¢]

helicity suppressed (0 for e-mode)

[¢]

30% uncertainty
(Isidori, Smith, Unterdorfer 04)
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K; — w0t~ Numbers

DCPV : ICPV : CPC compete

Bri"e° (K — nlete™) = 3.5419%8  (1.56702) x10~ M

B0 (K — nOutuT) = 14IH3  (0.9570%) x107M

(Mescia, Smith, Trine, 06)

Bre*P (K, — nlete™) < 2.8 x 10710 [KTeV 04]
Bre*P (K, — nutp™) < 3.8 x 10710 [KTeV 04]

What can we do with K; — #%T1=?
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K; — ’ o

B(Kr —m°utun=)/B(Kr —nlete) -pICIne

ideal for discriminating NP models

(Isidori, Smith, Unterdorfer 04; Mescia, Smith,Trine 06)

Model Independent Analysis J
1. Scenario
o NP changes only y7 4, y7v

Enhanced EW p
- (SD Wilson Coefficients)

1 o No new operators
oete” VS putu~
‘ ‘ ‘ ‘ ‘ — different phase-space

? 43(,(%?5%7)‘%0“ 0o — K — ~~ contribution

(Mescia, Smith,Trine 06)
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K; — ’ o

B(KL —>n°utp=)/B(KL —nete ) -plane

ideal for discriminating NP models

(Isidori, Smith, Unterdorfer 04; Mescia, Smith,Trine 06)

Model Independent Analysis J

8
B(K,~ ere™) 10"

(Mescia, Smith,Trine 06)
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2. Scenario

o New Operators generated

o Scalar- Pseudoscalar Operators
(3a)(1)
(5d)(ls0)

o Tensor- Pseudotensor- Operators

(50,,d)(lo""1)

(50, d) (Lo vsl)
o With & Without Helicity Suppression
N~ N—_——

919 rmmmmmmm



K; — ’ o

B(KL —>n°utp=)/B(KL —nete ) -plane

ideal for discriminating NP models

(Isidori, Smith, Unterdorfer 04; Mescia, Smith,Trine 06)

Model Independent Analysis J

2. Scenario
Pick your favourite Model:
o MSSM large tan 3
o SUSY without R-parity
o leptoquarks

ensors O ...
(helicity-allowed) .
0 S R T disentangled on the
B(K,~ ere™) 10" B(Kr, — nutu”) B(KL — nlete™)

(Mescia, Smith,Trine 06)
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Heff— \/5 QWSIHQGW Z )\ X(l‘q) (EL’YudL)(DZL’Y#VlL) + h.c.

q=u,c,t

4 5
2 modes: K™ = nvw some charm pollution

o

0 —
KL v only top contribution

u et oF
one dominant dim-6 operator

o

o

no v Penguin
no vy contribution

o
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Heff— \/5 QWSIHQGW Z )\ X(Z‘q) (ELVHdL)(ﬁlL’Y”VlL) + h.c.

q=u,c,t

Matrix Elements

o extracted from K3 decays

isospin breaking effects included
(Mescia, Smith 07)

@]

u, et

@]

k} and kE
only 8% and 21% of total theory error!

o

NLO perturbative calculations relevant
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K — wvo arXiv:1009.0947 EW corrections
Why EW corrections on X;?

2
Heﬁ:7GFs1n29W Ay Xt(MﬂQ;)+...chorm... + h.c. J
(0) (1) 2 (2) 3
X, =X =X ——X X3
£ \TS/JF 4 + (47r) +(4,‘)'

NLOQCD  NNLOQ@CD  NNNLO @CD

LO EW parameters still NOT fixed J

o ambiguity from EW renormalisation scheme  (on-shell VS M S)

_ v | Y (EW)
X, =X +47TX +

LO ———
NLO EW

o only fixed after calculating X (W)
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K — v arXiv:1009.0947 EW correctio

Why EW corrections on X;?

2

Hett = —2= Gpsngw At Xi( 575 )+...charm... + h.c. J

w

X(2) X6 L
(47r) +<4“>'

NLOQCD  NNLOQ@CD  NNNLO @CD

X, = X(O) + x4
A
LO

' Table 10.2: Notatlonb used to indicate the various schemes discussed in the text.
Each definition of sin? Ay leads to values that differ by small factors depending oy
m¢ and M. Approximate values are also given for illustration.
Scheme Notation Value
o ambi On-shell sy 0.2233 ) ]\45)
NOV 53 0.2311
Mz
s 52 0.2313
MS ND s%p 0.2315
Effective angle :; 0.2316
o only fixed after calculating X (W) (PDG 10)
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K — wvo arXiv:1009.0947 EW corrections
Why EW corrections on X;?

2
Heﬁ:7GFs1n29W Ay Xt(MﬂQ;)+...chorm... + h.c. J
(0) (1) 2 (2) 3
X, =X =X ——X X3
£ \TS/JF 4 + (47r) +(4,‘)'

NLOQCD  NNLOQ@CD  NNNLO @CD
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o ambiguity from EW renormalisation scheme  (on-shell VS M S)

_ v | Y (EW)
X, =X +47TX +

LO ———
NLO EW

o only fixed after calculating X (W)
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K — oo arXiv:1009.0947 EW corrections

0s —

g,fififi . on-shell

Xt
-
n
N

My [GeV]

o XEW) known for large-m; limit

o large-m; known to be a bad approximation
(Buchalla, Buras 98)

o 2% uncertainty in X; scales to 4% uncertainty in
Branching Ratios
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K — oo arXiv:1009.0947 EW corrections

L on-shell

Xt
-
n
N

My [GeV]

o XEW) known for large-m; limit
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K — oo arXiv:1009.0947 EW corrections

b on-shell

My [GeV]

o XEW) known for large-m; limit

o large-m; known to be a bad approximation
(Buchalla, Buras 98)

o 2% uncertainty in X; scales to 4% uncertainty in
Branching Ratios
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K — oo arXiv:1009.0947 EW corrections

s > d s d s

v 14 14 14 v

o full two-loop calculation ©(1000) diagrams
o matching on 5-quark effective theory at u,
o M S renormalisation for calculation

o HV-scheme for diagrams with anomalies

o 2 independent calculations (rorm, MATHEMATICA)
o reproduced large-m, limit

Technischa Universtit Manchen m
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K — oo arXiv:1009.0947 EW corrections

t t
S d S d d S
w w
b b W w Z
Z
v v v v v
Y4 v

Error Estimation

3 schemes
on-shell: Gr, Mz, M;, My, and «
MS: g1, 92, v, A\, and y;

one-loop running and fit for initial conditions
— infroduces residual My dependence

mix: on-shell masses, but M S couplings
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K — wvv

arXiv:1009.0947 EW corrections

on-shell

a5

My [GeV]

completely fixes the renormalisation scheme

dependence
+2% — 4+0.3%

Emmanuel Stamou: Rare K Decays

(arXiv:1009.0947v1 (hep-ph))

S———( 1]
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K — v arXiv:1009.0947 EW corrections

] on-shell

Xt
-
n
N

My [GeV]

completely fixes the renormalisation scheme
dependence
+2% — 4+0.3%

(arXiv:1009.0947v1 (hep-ph))
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K — oo arXiv:1009.0947 EW corrections

1.51
LO
NLO
1.5
‘ removed the
X149 remaining scale
dependence
1.48
1.47
80 120 160 200 240 280 320
mu [GeV]
Loop-functions are universal: Correction applies also to:
B — Xd7sul7
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Kt — ntvi Branching Ratios

Br (K™ — ntvi) = &

M Xe +Re (P + 0Py ))2 J

Long Distance

X
8%
P,

c
6%

o k- with isospin corrections

QED radiative corrections
(Mescia, Smith 07)

o dP,, : dim-8 operators below g,

(Falk, Lewandowski, Petrov 01)

0P, : light quark contributions
(Isidori, Mescia, Smith 05)
et

i ible!
2% Improvement by lattice possible!

13%t . (Isidori, Martinelli, Turchetti 06)
parametric

o

o

]
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KT — ntvp

Br (K™ — ntvi) = &

Branching Ratios

2% +Rex. (B + o, )| J

X
8%

[¢]

[¢]

c
6%

kT
2%

13%

parametric
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Short Distance

P.: NNLO QCD

(Buras, Gorbahn, Haisch, Nierste 05)

Pe o p . NLOEW

(Brod, Gorbahn 08)

o X;: NLO QCD
(Misiak, Urban; Buchalla, Buras 99)
o X;:NLOEW

(Brod, Gorbahn, ES 10)

Tchnischa Universtit Manchen m



Branching Ratios

Br (K™ — ntvi) = &

M X, +Rex: (P + o )| J

Numbers

x, © 7 events at E787/949
t

8%
P,

c
6%

Bre™? = (1.73%1g2) x 1071

Brfee — (7.8173:39 + 0.29) x 10~

wt

139 27°

parametric

(Brod, Gorbahn, ES 10)
o NA62@CERN aims at O(100) events!
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K; — nviv Branching Ratios

_ 2%, ImA 2
BI’(KL—HTOZ/V) = kLl (1—\/§|6K|1+PC(X)4A X p) ( )\5t Xt)

o CPC contribution negligible
(Buchalla, Isidori 98)
o small 1% effect from ICPV

(Buchalla, Buras 96)

o CF: only top contribution

‘ o very clean and sensitive to
SD

oL
my 2%
5%
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K; — nviv Branching Ratios

Im 2
Br (KL N 7701/5) = F&,]j (1 _ \/E‘GK|1+Pc(X)n/A2Xt—p) ( )\S)\t X, )

Numbers

o upper bound from E391a

Bre"? < 6.7 x 1078

‘ Brfeo — (2.437549 + 0.06) x 10~

kL ’
(Brod, Gorbahn, ES 10)

Tt 2% - KOTO@JPARC O(100) events ?
0
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K — wvv

The B(Kr — n°vir)/ B(KT — nTvi)-plane J

[34] [78d [#55]
By, 1.8'x B, 3.0x By,
114.8
103.6 Excluded area 36 x Bgy,
Grossman-Nir bound
_ 92.4
o
= 812 28x B,
sm
) MSSM-Alj
~—~ 170.0
>
°> 58.8
e 38
A
o 47.6 ZGen.]
& 364
252 7
11 331-Z° L
‘85t ) MEV-MSSH L
Dy SM|
29|~ 4};,&?4’?%@ Bsu

58 80 102 12.4 14.6 16.8 19.0 21.2 23.4 25.6 27.8
+ + 11
B(K ->m vv) x 10

(http://www.Inf.infn.it/wg/vus/content/Krare.html)
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Conclusions

Even after 60 years of intensive Kaon studies (and 2 Nobel prices)

Kaons are still exciting! J

Together with ek, rare K decays:
o probe high energy regimes
o provide stringent bounds on NP models
o discriminate between models BSM (e.g. Kp — 1)

o can measure NP parameters (e.g. K — wwvw)

Interesting times are ahead!
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