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What can we learn from Kaons?

S ——

= Determination of fundamental parameters
*CKM unitarity
*Lepton universality
*Mass determination

= Test suppression of top-dominated FCNCs
*Rare decays

*CP violation

Many more interesting things — only 30 minutes



Leptonic and Semileptonic

Observables: K(t) = 1lvi & K—mlvg

[Cirigliano, Giannotti,
Neufeld 08]

v

Isospin breaking effects: Flavianet " 10

=

: Lattlce mput Talk b)’VIttOI’IO Lublcz

Talk on measurement of semileptonic form factors: Hita Hochgesand
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CKM Unitarity

— - — —— —

I T(Ky3) Vuslf4(0) =0.2163
[RALSE) Vsl _ ) 9758(5)
(7'[12) VudH:Tc

—_—

and nuclear B decay

Via = 0.97425(22)

[Hardy, Towner 08]

| Ackm = Vil + Vil -
| — (0.14+£0.6) x 1

4 relations 4 parameters

()

- FRuA »

netKaon waG

| £,(0) = 0.9644(49)
| f/f,=1.189(7)

0970 0975 V.



CKM Unitarity (Model Independent)

[Cirigliano et.al. 09]

My
ANP

Anp > My Neglect @( ) corrections

~ Use SUQ)®U(I) invariant OPEerators [suchmillerWyler 06 |

(plus U(3)°flavour symmetry)

\ O{z) = (ly*o*1)(qyuo®q) Oﬁ)’) =5 1

— - — B e e — __

Constrained from EVV precision data [Han, skiba *05]

Gr(n — evv) — Gp(1 —2&)))) —> G
Redefine

Gr(d — uev) — G(l —20;) —> Gt



CKM Unitarity (Model Independent)

PDG __
VLL di

B - (v oy @v.oa)

from HEP
HEP + CKM _
CKM -7
e
Anp > 10TeV —(ly*o"1)(ly,0"1)




Leptonic and Semileptonic
K(T[)Hl{/[ & K—>7Tl\_/1

Observables

—_ = —_— = - - — _— —_—

(K — eV)

Rk = =+ - RgM =2.477(1) x 107 f
2 (K — uv) K (1) [Cirigliano, Rosell "07] |
See aIso[Maraano Slrlln 93]
— R — I

RRA02 =2.486(11)(7) x 10 [NA62 June " 10]
RELOE —2.493(25)(19) x 107°  [EP) Cé4 (2009) 627]

| Test of lepton unlversallty V|olat|on

Experlmental talks by Antoni Sergl and Barbara Sciascia



Lepton Unlversallty in the MSSM

LF Conservmg ~ Iepton mass

Lepton Flavour Violation: A3l ~ 9226
| [Masiero, Paradisi, Petronzio "08] 1ot

BLFV _ 'sm(K—eve) +Tsm(K—evy)]

Vr €ER sm (K — LV
My Mr, 310
T |
Arg ~ ———|Ay'[*tan; —> can reach 1072
md . M

But: finetuning of m. necessary [Girrbach et.al.'09]

Model independent MLFV and GUT analysis  [isidori et.al."09]



Light-Quark Masses from Lattice QCD

R ——
M Mk

Extract myqd & ms from f—&M— using Lattice QCD

— Connect lattice and MS renormalization scheme: \
sood for lattice & loops: RI/SMOM (swrm ec.al. 097

-

Find a scheme

. 0 0.2 0.4 0.6 0.8 1
[O 1
off-shell NLO 085
3-point NNLO 109
renormalization 0.85
condition | 08
) " "“NNNLO [Chetyrkin, et al.] 1 0-75
p p RI/SMOM: w=1 | A T o ¥
2 /2 2 | 0 0.2 0.4 0.6 0.8 1
p-=p = —HU - 7 W 7
) — RI/MOM RI/SMOM




Rare Kaon Decays ‘%

e —
FCNCs which are dominated by top-quark loops:
b—s: b—d: s—d:
‘Vfbvts‘ x A? ‘Vfbvtd‘ x A? ‘Vfgvtd‘ X

CKM suppression: enhanced sensitivity to NP

VisVia + ViiVea = =V Vud
p) p)

how can we suppress the
light quark contribution!?

2
Quadratic GIM: A

mC
CP violation: Im(V* V,4)

) (E949 10

10" x BR(K, — 70D

My

[Straub@CKM ' 10] 10'° x BR(K+ — 7t wi)



GIMnastics
R e —— T ——————NN
Quadratic GIM suppresses Iight quark contribution

, —) _
d - v m m2
W 2
m. G
> w=c H NNLo M

[MG, Haisch "07]

No quadratic suppression for K| — vy

d— > 0% d \VAYA A\

h W; C — Uy ) Gr log —2=P
| mc

| s —= = S

Y




No couplings to ¥s: K — vy

S

S

u,c,ty

® Dominant Operator: Qv = (syyudy)(viy"ve)




K — 1 vv:Effective Hamiltonian

T

u,c,ty

R
\
\

4~ : :
d including
Y NLO EW
CP VIOIa—tIng [Bord, Gorbahn, Stamou " 10]

. AGF a V* Viqy @0
| rk contributes:H.g = LS é N
Only top qua T V2 2nsin? Ow 0

Use isospin symmetry and normalise to: K™ — m'e™v

. Im(VEV :
Br(K{ — mvv) = kg < ™ ;; td)->
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K; — mvu:Theoretical Status

from Kisdecays. N2LO xPT

[Mesua Smlth "07; Bljnens Ghorbanl 07]

electroweak corrections
[Brod, Gorbahn, Stamou "1 0]

Reduce theory uncertainty

Bri, = 2.57(37)(4) x 1071 by factor of 2

Experiment: < 6.7 x 107° [E391a08]
=> KO0TO

Matrix element extracted x:

X(x, ): Full NLO
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K" -t vv andKL o WO\_/V

leferent from KL — vy

* CP conserving: .&-contrlbute

- Br (KT = 't vv(y)) = ki (1 + Apm)

| Ve Ve SR + 'R Ve, Ve (PEIREINEISRED) |
A° |
| >
mC . . mC
‘2 suppression lifted by log(
w

1

—_——— = e

(Thenk v
' Only Q.,: Quadratic GIM & Isospin symmetry

® Top quark contribution like in Ki — 7i° v

\
R ——— — = = = = - —
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K" - ntvv charm contribution

d; qj’%ﬁ(l _ 75)d75 |
57" (1 = 75)a 47u(1 — y5)d;

P. at NNLO: +2.5% (theory)|

[Buras, Gorbahn, Haisch, Nierste "06] 1}

) NLO EW [Brod, Gorbahn 08] ]
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Long Distance Contribution

No GIM below the charm quark mass scale

¢°/m. higher dimensional operators
UV scale dependent

One loop CHPT calculation approximately
cancels this scale dependence fsidori, Mescia, smith “05]

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

6Pc,u — 004 1 002 [Isidori, Mescia, Smith "05]
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One Current & One Operator

(7). (¢*) = —i / d'z e 7 (77 (p)

Current and operator insertion

[Isidori, Martinelli, Turchetti "06]

o < 1 ) divergence mass independent:

a2 cancelled by GIM
O (1) appear— maximally 2 p
a twisted fermions

+:|

also: no semileptonic operators discussed
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K* — n"vv Error Budget

Theory error budget By + = 0.822(69)(29) x 10~

’ Experiment [e787,e949 ‘0g] |
| 93 (1 73+1 15) x 10 a

Tk+ — 1.05

delta Pcu

14 %
Talk by Giuseppe Ruggiero
T on NA62 => 0%
7% M
Parametric i:“Uncertainty reduced by a factor 2 by

18 % .
kappa NLO e.w. CaICUIathn[Brod, Gorbahn, Stamou "10]
2%

’\Uncertainty reduced by a factor 7 by
(N)NLO XPT CaICUIation[Mescia, Smith "07]
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Ki — 7’171 : Three Contributions

_— — —_ — — —_— = —— —— —

Qrv = (spypdr)(WW*l) — 17

Q7a = (srypdy)(ly*ysl)
- _ 1++7 O—+

€+

T d 4 (-

Direct CPViolating  Wilson Coefficients: y7v, yrza|
at NLO [Buchalia et al. "96]
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Ki — 1"l : Three Contributions

Counterterm |as| = 1.2 -
[D Ambrosio et. al. "98, Mescia et. al. ‘06]

-0.2  from
Ksg — 1M1~

For1l interference with Q-

[Buchalla et. al. ‘03, Friot et al. "04]

Estimate from K — 7'yy
[Isidori et. al. "04]

e (4.62 £ 0.24)(y% +y3) (11.3 £+

.S)yv 14

D= 0.9

88 (1.09:

0
m 0.05)(1}% + 2.32y§\) (2.63 +£0.06)yy | 3.3

6 = 0.20
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KL%TE

()

: Improvements

® Measure both Bre+.— and Br+ - : [Mescia et al. 06]
Disentangle short distance contribution (y7v, yza)

® Dominant theory error in as:

Forward backward asymmetry. [Mescia, Smith, Trine "06]
Better measurement of Kg — 7’171~

2.5t

175E
15¢F
1.25F

0.75E

||||||||||||||||||||||||||||||||

[Mescia et. al. "06]

Talk on radiative decays by Monica Pepe

Lattice:X — mt(y/Z) contribution
similar to K — v~ calculation

[KTEV '04] [KTEV "00]

Bre+ e— BI‘H+ The

<28 x 107t <38 x 10~
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€x:Indirect CP Violation

((7t71) 1=0

Talk by Cecilia Tarantino: -1.7 ¢ Pull

Ko )

K ((7r7t) 1=0

® |n almost all old analysis: ¢ = 45°

EK = e'®e gin O (

S Ag

KA

Im/( M]1<2) l
AMy £>

and & =0

Ks)

[ In reality: '# 0 . # 450 [Nierste; Andriyash; Buras, Guadagnoli]

ex™| = @lex(de = 45°,& =0)

+ similar contribution asdP. ,, in €x

. — 094 T 002 [Buras, Guadagnoli, Isidori " 10]
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Calculation of M%, = (K325 1K)

Box diagram

= =
Wi
w,c,ty AU, CT
W:I:
< <
AIA) A(X1’ X) )
Ai = Vi Via
plus GIM:

8 8-

Gives three different
contributions for

MY, = (K995 2K)

Caveat: first only SD

H [}\%nts(xt) .
+2A¢ }\tT’IctS(Xth) -
A1, } 1Q  (Char

~

Q = (srypdr)(scy™dr)

24




charm top
log x

top
lOg Xt

(o¢g log xc )™ log %

LO
NLO

(ots log x,

s (0t logxe )™ (s logxc )™

75%
|.8%

37%
| 6%

€K

scale

KO|FHEG2K?)

charm

(logxc)” x

hard GIM

(0t log Xc )"

|

ots (s log Xc)n

-12%
17.7%




nct :Charm Top at LO

d ® The Leading Order result
W (s logxc )™ log xc
starts with a log x.
® T[ree level matching

® One-loop Renormalistion
Group Equation
LU C, U mC

m2Ac(Ae —Au) log

) c, U m(QJ\C p MW
& ~
— M2AA:Q log xc
! e S
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Net :Charm Top beyond LO

S—»—’\/\V/Vy\/—>—d e NLO [Herrlich, Nierste]
A e NNLO: RGE and matching
. for d=6 operators Rrae: Mg,
S ’ d

Haisch "04], Matching: [Bobeth, et. al. '00]

e O(10000) diagrams were
c.u calculated [erod Gorbahn *10]

NLO

03 F e

0_2'....|....|....|....
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Long Distance Contribution

€k the matrix element Bk is known precisely
[D.J.Antonio et al ‘07;Aubin, Laiho, de Water "09]

S C,U q B
/d4$ <KO‘ H'AS|:1(Z) H|AS|:1(O) |KO>
dispersive absorptive
part part
d s

N Im(MX,) >
_ ,lde 12) |
€Exk = € S111 (I)e ( | E,
AM
A T

estimated forme’

dispersive part estimated in CHPT

no higher dimensional operators and scale cancellation

PUt everything IN: K. = 0.94 £+ 0.02 [Buras, Isidori, Guadgnoli " 10]
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[

New input [PDG "10]

e | = 1.90(26) x 1077

parametric
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Conclusions

Reer—— e

High precision in experiment and theory:
extraction of fundamental parameters =>
CKM unitarity, lepton universality & quark masses

- Rare kaon decays:
K — 7t'vv :very clean and sensitive to short distances

€k: CP-violation in kaon mixing
Improvement from lattice => discrepancy with SM

slightly lifted by new long distance & NNLO contribution
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