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Kaons and Fundamental Phys
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| Determination of fundamental parameters
¥epton universality
YCKM unitarity
¥mass determination
| Test suppression of top-dominated FCNCs
¥Yare decays
¥CP violation
| Interplay between SD & LD is essential



Leptonic and Semileptonic
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CKM Unitarity
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CKM Unitarity (Model Independen

[Cirigliano et. al. 09]
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CKM Unitarity (Model Independen
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Leptonic and Semileptonic
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Lepton Umversallty In the MSc
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% | attice & Continuum: Masses

How do lattice results correspond to the continuum?
M attice perturbation theory

¥Non-perturbative renormalisation
Transform to MS scheme using perturbation theory
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momentum conbPguration plus 2 point function:
Px mass and Peld renormalisation



Conversion RI/SMOM MS

| 2 — K2 — | 2 [Martinelli et. al. "93-"95]
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' g =0 corresponds to: RI/MOM scheme
matching@NNLO: poor convergence
IDnd a scheme good for lattice & loops
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off shell! ?/¢*suppression and good convergence
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Rare Kaon Decays
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FCNCs which are dominated by top-quark loops:
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CKM suppression: enhanced sensitivity to NP
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how can we suppress the light quark contribution?
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GlIMnastics
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Quadratic GIM suppresses light quark contribution
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K. ! 199 Effective Hamiltonie
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| 9"y Theoretical Status
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by factor of 2

Experiment: < 6.7 x 10" 8 [E391a «0g]
=> KOTO

Matrix element extracted

X(x¢): Full NLO
electroweak corrections |

'Reduce theory uncertaint
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K1 1Ty andKL 1 10y

leferent from KL | !Oraf

- ¥CP conservin@@8p & charm contribute
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K*1 1Yy charm contribution

ﬁ!“!5C [%| H(1' !5)"

(87" (11 15)q @11 9s)l |
S CORILNCE L)‘EJ

M
M w

P. at NNLO: £2.5% (theor

[Buras, Gorbahn, Haisch, Nierste «06] 1]

) NLO EW [Brod,Gorbahn‘OS]-

¥Resum/log iNP.

17



Long Distance Contribution

No GIM below the charm quark mass sc

a’/m ¢ higher dimensional operators
UV scale dependent

One loop CHPT calculation approximate
cancels this scale dependengai vescia, smit o

Also: box-type diagrams considered
(from two semileptonic operator insertions)
cancelation is more complicated

!PC,U = 0.04+ 0.0z [Isidori, Mescia, Smith "05]



One Current & One Operator
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Current and operator insertion
[Isidori, Martinelli, Turchetti "06]

. 1 divergence mass independent:

a2 cancelled by GIM
o 1 appeal maximally 2 d
a twisted fermions
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also: no semileptonic operators discussed




K1 1ty Long distance

1Yy is KT 1T " B(#)
QED radiative corrections included:

Aem (E, < 20MeV) = ! 0.003 |

-

- ¥Below charm scale: Dimension 8 operatora

[Falk et. al. «01]

- ¥Together with light quark$Ps y = 0.04+ 0.02

[Isidori, Mescia, Smith «05]
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K*1 1w Error Budget

Theory error budget By - =0.822(69)(29)! 10 *°

’ Experlmenl'[E787 E949 «08] |
Brie = (1.73155)! 10 7

delta Pcu Mk 1.05
141% - -
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Xt 6!%
1%
Parametric
181% .
Talk by Goadzovski

on NA62 => 10%
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Direct CP Violating Wilson Coefbcientsyv, y7al
at NLO (Buchalla et al. «96]




K.! 1171 : Three Contributions

Counterterm |ag|= 1.2+ 0.2 from
[D«Ambrosio et. al. «<98, Mescia et. aI.«O6]KS || O|+ I!

Forl” Interference withQ,y
[Buchalla et. al. «03, Friot et al. «04]

Estimate fronk, ! ! °™
[Isidori et. al. «04]

Br(k 1) = (G (Eillas) - Cnilasl - @ 10

e | (4.62% 0.24)(y2 + ,i) (11.3+ 0.3)yy | 145+ 0.5
& | (1.09% 0.05)(y2 +2.32) | (2.63% 0.06)yy | 3.36% 0.20
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Kot P11 Improvements”

¥ Measure both Bre: o« andBry: ' esciaet.al. <06
Disentangle short distance contribution;, yza

¥ Dominant theory error in a

Forward backward asymmetryvescia, Smith, Trine «06]
Better measurement oKg ! 7°1* 1" [Smith «07]
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One Current & One Operator
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Current and operator insertion
[Isidori, Martinelli, Turchetti "06]

. 1 divergence mass independent:

a2 cancelled by GIM
1 vector current S d
a debPne conserved curreqt

/)]
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What about the two photon contribution?



' ¢ :Indirect CP Violation
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¥inreality: @0 @kt 45  (andrvashet.alSos

PRM 1= @I« |(#: = 45°,% = 0)
+ similar contribution asP. .. Imk
. = 0.94+ 0.0z [Buras, Guadagnoli, Isidori “10]




Calculation o, = 1K°j3¢,F= 2R

Box diagram
with internalfUféit

plus GIM:

®0-u

Gives three different
contributions for

M, = KO3 2R

Caveat: brst only SL

FH1 12", S(x) top
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Calculatlon oK, =

S > > d ——
Wi Wi
t t ty C
g W S W s|
top charm top
log x; log X,
| O (! s logXxc)" (! s logxc)" logXc
NLO ! (! <logxc)" (! s logxc)"
: K /5% 37%
scale 1.8% 16% |

0 1 S=2/0n -
K |J—Ceff ‘Q .

Wi

Cy 1 C
W= S
<

<

charm

(IOQXC)O X
hard GIM

(! slogxc)" |
s(! s logxe)"

-12%
17.7%




‘CharmTop at LO

s « ¥ The Leading Order result
W (! slogxc)" logXc
starts with alog X.

¥ Tree level matching

¥ One-loop Renormalistion
Group Equation
U c,u Ml

Mm2A:(lc! 1y) log

c, u mgAC 9 I\/IW
S & 2
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Charm Top beyond LO
+«/\V/va ¥ One-loop matching at
;W@VWL >®<>®< ¥ One-loop matching ac

>®@®< ¥ Two-loop RG running
d s ¥ Plus d=6 operators NLO

[Herrlich, Nierste]

. L w .. = .  MNNLO:RGE and matchin
W @“@ for d=6 operatorsrce: e

Haisch "04], MatchinfBobeth, et. al. "00]

¥ 0(10000) diagrams were
| CaICUIatedBrod, Gorbahn "10]
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Long Distance Contributio

#« LD of the matrix element is known precisely

c,u
S d

d4X | K O‘ H |I! S|=1 (X) H I! S|=1 (O) “@On

dispersive absorptive
part part
d S
. u - . Im (M £,)
lx =€ sin". 12
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estimated form’

dispersive part estimated in CHPT

no higher dimensional operators and scale cancellati

pUt everything int! = 0.94+ 0.0z [Buras, Isidori, Guadgnoli *10]



[#«| and Error Budget

New input [PDG 10]

parametric
101%

1% 10!%

Experiment [PDG 10]:

_ | 4
Veol =406(13)+ 10 k| = 2.229(12)! 1073

33



New Physics & New Operator

(M é’AB )i

So far we mostly discussed % 775 * £ T ®
the SM background

8 S}
New operators are R NSV N
generated by your BE

favourite NP model Qi = (8 %P.d )(s %P.d),

LR (8! ,P.d )(g !"Prd),

Talks by Petrov and JSger Q*

(8 P.d )(g Prd),

L = (8" PLd ) (8 PLd),

4 more operators
= (8 " wPLd )(8 " MPLd)

N
|
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Conclusion:

”.- el

KT 1" @:very clean and sensitive to short distanc
Lattice could clarify the long distance contribution to K

the same fortk (thanks to the improvement by Lattice)
Matrix elements for NP?

Closer contact of the ; :
perturbative and lattice L {0910

community could be = ° “ &
benepcial (quark masses)

x RScC
Many more exciting things.'
in kaon physics: i L
I, unitarity, lepton univ. ' } \
1 2 3 4

[Straub@CKM 10]101° x BR(Kt — 7t vp)
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