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1. Introduction and Motivation




1.1 Why Kaon physics is interesting?

Goals:

« Test of the Standard Model:
— Extraction of the Cabibbo-Kobayashi-Maskawa matrix element V.
— Test of lepton universality

* Probe QCD at low energy

» Indirect searches of new physics, several possible high-precision tests

Tools: ChPT, OPE, ... & Lattice

Data: KLOE, KTeV, NA48 =) KLOE2, NA62, KOTO, ORKA, TREK
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1.2 Theoretical framework

» Multi scale theoretical description

My

A

Emilie Passemar

W,Z,v, g
T, 1, €,V
t.b,c,s,d,u

l OPE

Y, 8 K, €,V
s,d,u

\

YoM, €V
T, K, n

Pich@NA62 handbook workshop’16

Standard Model

+ New Physics?

(nf=3) ,HAS=12
‘CQ(fJD ’[’eﬂ?

YPT



1.2 Theoretical framework

» Multi scale theoretical description
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2. Leptonic decays




2.1 K,, decays

S e’ s u
« K, decays W W
K" iaiali @-f" K* === S
u V, U Vu

Only the axial current contributes in the SM

« The branching ratio in the SM:
2

AL 2 m; a Mz
— ZFTusl _ 2% 1og 22
B(K — (v) g femym; (1 M,%) (1 + — log Mp>
(1+ ZF(my/mp)) (1 + O(a))
& Marciano & Sirlin’93,
— Short distance effects (universal) Finkemeier’96,

Cirigliano & Rosell’07
— Long distance effects (universal)

— Structure dependent effects (process dependent)

Emilie Passemar



2.2 Ry

S e’ 5 u
« K, decays W W
K" iaiali @-f" K* === S
u V, U V.U

 Define the RK ratio to reduce the theoretical uncertainties: most of the
hadronic and radiative contributions cancel
Cirigliano, Rosell’07

2
2
¢ ) (1+0R,,)=2477(1)x107
u

v
w DK > evIyD) | m?( ml—m
2| 2 —m

YOTE vy m

/ Experimental result:

g.18,=1 NA62-Ry:
in the standard model RK = (2.488 = - 0°007stat . - 0'007syst) x 10 -3
Ry = (2.488 £ 0.010) x 105

« Compatible with SM but experimental uncertainty one order of magnitude
higher than theory =) NA62
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2.3 Test of Lepton Universality

(P) _ I'(P— Sy e_De)

« Compare to other measurements:

R =
e/ (P~ — =)

(1.0021 £+ 0.0016 = ./e

|gﬁb‘ 09978 + 00024 K—pu/e

|8e| 1.0010 £ 0.0025  k—srpi/e

| 1.0018 +0.0014  + ./
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2.3 Test of New Physics in Ry

* Ry sensitive to lepton flavour violating effects, AR/R = O(1%)

. et ut
. N H*
« 2HDM - tree level: :> additional contribution K" ><
due to charged Higgs, does not contribute to Ry u o
e’ u
5 A e’
* Possibility to constrain LFV at one loop in ° yt O~
MSSM K+ (;ig'gs_)__(: (Sle£on) (§)
Masiero, Paradisi, Petronzio’06,’08 - v -
(Sneutrino) V

« Update and extension by Girrbach & Nierste’12
- LFv: RSV =RM(1+0.013)

— Can become negative if interference with LFC effects:
R =R (1-0.032)
Ex: tan B =40, My = 500 GeV, A3 = 5x104.
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2.3 Test of New Physics in Ry

* R sensitive to lepton flavour violating effects, AR/R = O(1%)

« 1f 0.05% effect on Ry found at NA62 (b

100

sk

E:t-

80

=IZC

60

-|-—|-|—.|.—|-|—.I.

tang
4

401

20+

-r-
L

~f=t3

E

200

400

600

MH* [GeV]

800

1000

100

80

60

tang

40

20

lu

ecC

ons

traint):

Girrbach & Nierste’12

T T —
o At Sl sl sl el ] s il el

=s

e

=l
-

-+
r—
T
o
7

S
s
L
e

=
|

Lt
- :':

L=

1
=

=== ===
ST
SN

-r-
XK

PR

L
]
+
|
+
1
T

Fa-
—r,m
R

1
T
4

1
-+

e )
\\\.-f-
-

el
R

S

<

200

400

600 800 1000

MH* [GeV]

* R sensitive to neutrino mixing parameters within SM extensions
involving sterile neutrinos. Depends on masses, hierarchy, and mixings

of new neutrino states
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3. CKM Unitarity from (semi)-leptonic decays




3.1 PathstoV and V _

 From kaon, pion, baryon and nuclear decays

V 0" >0 n— pe 1
— pev

ud Tt - 7oev, PeVe | >t

Vs Komw, | A>pev, | K>ty

Emilie Passemar
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3.1 PathstoV and V _

 From kaon, pion, baryon and nuclear decays

0+ — 0* i y e, u
V4 1t > ey, n—>pev, | T o1y, g Vi 9
W
V,q Ko7, || A->pev, | Koty 4 v
\ / J

N > 4

* These are the golden modes to extract V 4 and V
» Only the vector current contributes

» Normalization known in SU(2) [SU(3)] symmetry limit

» Corrections start at 2" order in SU(2) [SU(3)] breaking
Ademollo & Gato, Berhands & Sirlin

» Currently the most precise determination of V jand V
=) V,4(0.02 %) and V(0.5 %)
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3.1 PathstoV and V _

 From kaon, pion, baryon and nuclear decays

0* - 0* Y e, |
V n— pev 4 g Vi g
ud ni 9 Tcoeve p e Tc 9 vf o
W
Ve Ko, | A>pev, || K>y, 4 v
N —— .
« K/,

» Only the axial current contributes

> Need to know the decay constants F, F_.
=) Lattice QCD

> Probe different BSM operators than from the vector case

* InputonF,/F_ =)V, /V, , very precisely
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32V /V  fromK,/ T,

* From K,/TT,:

2

C(kopv[y]) m, (1-m}/m) 2|y

us

T(r—>pv[r]) m, (1-m; /mii) vl

(1+35,,)

) Inputs needed :

- Experimental BRs from FlaviaNet kaon WG review Antonelli et al.”10

- F«/ F., Lattice calculations

—> Electromagnetic and isospin breaking corrections

Emilie Passemar
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F./F

from lattice QCD

Nf =2+1+1
ETM 13F
HPQCD 13A
MILC 13A

MILC 11
ETM 10E

FLAG '13

Hil SUQ2) limit £, /f,

Nf = 2+1
RBC/UKQCD 12

Laiho 11
BMW 10
JLQCD/TWQCD 10
RBC/UKQCD 10A |

PACS-CS 09

BMW 10 HHElH

JLQCD/TWQCD 09A
MILC 09A
MILC 09

-

Aubin 08

PACS-CS 08/A -

RBC/UKQGD-08

MILC 04

Lo

i_l
HPQCD/UKQCD 07
NPLQCD 06 H

Nf= 2
ALPHA 13
BGR 11

T

ETM 10D
ETM 09

[ 1
Ll

.

QCDSF/UKQCD 07 ¢
l

1.14 1.18

1.22 1.26

Corrections for IB taken into
account in FLAG averages

N=2+1

F
—£ =1.192 £ 0.005
F

T

N=2+1+1

F
—£ =1.194 £ 0.005
F

/3

FLAG 13
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32V, /V  fromK,/ T,

From K/,

(K- po[y]) _m, (1-m/m) g2 |V, (
F(n—>uv[y]) m_, (l—mz/m;i) 1 v, ?

Moulson@CKM2014

19

Emilie Passemar



K(P) 7(p)

3.3 V_ from K;; decays
- t=(P-p)
v
« Master formula for K — Trlv: K = {K*,K%, I={e,u} ?
T(K->xiv[y])=8 “1=C, Gymy s vl e o) 1 1+6"’ +84 )2
mlv|y |)=Br(K,,) K 19278 SUQ)
Experimental inputs: Inputs from theory:
r(K,) Rates with well-determined Sty Universal short distance
"/ treatment of radiative decays EW corrections
« Branching ratios
« Kaon lifetimes f“ (0) Hadronic matrix element
(form factor) at zero
1,(A,) Integral of form factor over momentum transfer (t=0)
" phase space: is parametrize
evolution in t=q?2 5;‘;4 Form-factor correction for

long-distance EM effects

) san Form-factor correction for
e SU(2) breaking

Emilie Passemar 20



K,; form-factor parameterizations

Parameterizations based on systematic expansions

Taylor expansion: Notes:
= - [ Many parameters: 1./, 1,", 4y, 4"
Fro(t) =T+4A (m2+ ) Large correlations, unstable fits
T
2
-+, — +0\ o7 +0\ 2
2, 2.
Parameterizations incorporating physical constraints
M? .
. = . V.S Notes.
Pole dominance: [, (1) = M‘2/S — ¢ What does M, correspond to?
Dispersion relations: Notes:
- B Allows tests of ChPT & low-
fi(t) =exp s (Ay —H(t)) energy dynamics
=T H(?), G(z) evaluated from K=
- [ t scattering data and given as
Jo(t) = exp | — > (InC—G(1)) polynomials
| My — Mg

Bernard et al., PRD 80 (2009)

Emilie Passemar 21



Fits to K ; + K ; form-factor slopes: Update
[kTev [KLOE] IsTRA+ [ETNEPRPTI 0 2010 fit [Update]

Moulson@CKMZ2014
S S
4 —
- ¢ Preliminary A
X 2014 update X
-+t r _t
< 2F <
-~ 1o contours 25 -
o [ I 1 L I L L L
20 25
A% 103
S
4 —
™ " | Preliminary 10 contours
X | 2014 update
+ F 20 .
< 2} Preliminary
s . 2014 update
X 16 contours
o I L 1 I L 1 L I I
10 15 10 15
29 X 103

Emilie Passemar
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Dispersive representation for the form factors

Moulson@CKM2014

Dispersive parameters for K,, form-factors

K., avgs from [KTeV [KLOE[isTRA+ [T R RN 2010 it
For NA48, only K, data included in fits
0.25
O | Preliminary 10 contours
= 2014 update
] Integrals
0.2 Mode Update 2010
i K°, 0.15481(14) 0.15476(18)
i K*, 0.15927(14) 0.15922(18)
K%,  0.10253(13) 0.10253(16)
. NB: NA48/2 does not provide A, and In C!
Estimates from NA48/2 quad-lin data plotted K5  0.10558(14) 0.10559(17)
1 1 I 1L 1 1 I 1 1L 1L

25 26 27 Only tiny changes in central values
A, X 103 23
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3.3 V_ from K,

Vsl £(0)

0.214 0.216 0.218

—_——

0.214 0.216 0.218

K,e3

K, u3

Ke3

K*e3

43

0.2163(6)

0.2166(6)

0.2155(13)

0.2160(11)

0.2158(14)

% err

0.26

0.29

0.61

0.52

0.63

BR

Moulson@CKMZ2014

1V | £.(0) from world data: 2010

Approx. contrib. to % err from:

T

A

0.09 0.20 0.1

0.15

0.60

0.31

0.47

0.18

0.03

0.09

0.08

0.11

0.11

0.40

0.39

Average: |V, | f.(0) = 0.2163(5)

2ndf = 0.77/4 (94%)

Emilie Passemar
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0.06

0.06
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3.3 V from K; Moulson@CKM2014

V.| £.(0) from world data: Update

|Visl S(0) Approx. contrib. to % err from:

0.214 0.216 0.218 % err BR T A Int

K,e3 0.2163(6) 0.26 0.09 020 0.11 0.05
K,u3 0.2166(6) 0.28 0.15 0.18 0.11 0.06
K3 0.2155(13) 0.61 060 0.02 0.11 0.05
K*e3 0.2172(8) 0.36 0.27 0.06 0.23 0.05

*u3 0.2170(11) 0.51 0.45 0.06 0.23 0.06
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3.2 V__from K,

| FLAG "13

Nf =2+1+1
FNAL/MILC 13

1310.8555v2

o

i?“i

H—{ 1

Nf = 2+1
RBC/UKQCD 13
FNAL/MILC 12
JLQCD 12
JLQCD 11
RBC/UKQCD 10
RBC/UKQCD 07

— -
=
| ——

L]

H={
o i |

Nf= 2
ETM 10D

ETM 09A
QCDSF 07

H—t{ —H RBC 06

JLQCD 05
JLQCD 05

Kastner 08
Cirigliano 05

——

Jamin 04 F @

L&R 84 +—@—

Bijnens 03 l—.—l
ChPT, etc.

094 _ 0.96

Emilie Passemar

0.98 1.00
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3.4 Global fit to Vus & Vud Moulson@CKM2014

Vis T 1o contours
B Vus
0.226

0.224

0.222

Emilie Passemar 27



0.21 0.22 0.23 0.24 0.25
I ' I ' I ' I
Kaon and hyperon decays
K decays (+1,(0))
o] K, /m, decays (+ f /f )
| ® I Hyperon decays
T decays
—a— T-> s inclusive
—0—] T -> Kv absolute (+ f,)
—a—] T branching fraction ratio
T->Kv/t->7v (+f/f)
F—a— Our result from Belle BR
©->Knv_decays (+ f, (0), FLAG)
| N | N | N |
0.21 0.22 0.23 0.24 0.25
us

Emilie Passemar

More precise determination of V , from kaon decays!
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3.5 Looking for New Physics with K, and K,

« Effective Theory approach:

* Agkv @ constraining quantity:

|Vud|2 +|VuS|2 -I-|I/ub|2
N

Negligible (B decays)

=1+A_.,

Emilie Passemar
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3.5 Looking for New Physics with K, and K,

+2 from: SJ, talk at
N L < NA62 Handbook workshop

o S| £ | &

- S Bl 2009

© El k| | | = n

sl T T x|z

+ SHENSHENSE T R el R
Operator Sl ||| S |F5] & in MSSM?

Oy | (Diy*Sp)(Liy,Ly) vivivies|-]=-1-|-1] - v
O | (Diy*o'Sy)(Livuo'Ly) VIivi v hslhs| v |v]-] - v
Oge (D" SL)(IrYulr) —| = |V |hs| = =1—-|-1] - small
Oq (dry*sr)(Lry,L1) VIV I IVihs | -] —1—-|—-| — small
Oed (CZR’Y'LLSR>(_R’YMZR> — — v | hs — — — — — small
o (rSL) - (IgLy) e N I VA VAN V4N [ tiny
(()?q)Jr (IHJRO-;U/SL) (RO'/WLL) — — — — — ? ? — — tiny
que (CZRSL)(E ) - - v v - - — - — tiny
Ol (Dysg)(IgLy) — |V v v v]|v|-| - large tan 3
ob) | (Duy"S.)(H'D,H) vivivie|-|=-|-|v]) v
0% | (DpytoiSL)(HID,o'H) VIiv|vibs|hs| v |v]|v|K) v
Oy (dry*sg)(H'D, H) Vv |vi|ibhs|—| = |—|Vv | (V)] large tan 8 (non-MFV)
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3.5 Looking for New Physics with K, and K,

« Callan-Treiman theorem: Bernard, Oertel, E.P., Stern’06, ‘08

- F Fi|V* 1 .
C=fyAg)=—E—+A, = 3 = V| r+ A
2 Ff.0 {,,\V £,V 5
2 2
m, —m, —
Y =) | B, =1.2446(41)

Very precisely known
from Br(KI2/=l2), [(Ke3) and |V |

* In the Standard Model : |p=1 (ln C,, = 0.2141(73)) A =(-3.518).107

NLO value + large
error bars in

 In presence of new physics, new couplings : |I' # 1

: agreement with
Experiment Kes*+Kys InC Bijnens&Ghorbani’07
NA48°07 (K ;3 alone) 0.144(14) Kastner & Neufeld’08

KLOE’08 0.204(25)

KTeV’10 0.192(12)

NA48 (preliminary) ?
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3.5 Looking for New Physics with K, and K,

: . _ Jung, Pich, Tuzon’10
* Ex: Constraints on the aligned 2-Higgs-doublet model:

Pich@HQL’12
u {
by = Y2 Ve MPr— o MV Py d H
Y v u gd CKM d"R Q—u u ¥ CKM L e D N
+ g (5 M Pr /)} + he
s,d y
Update: Courtesy of M. Jung
015 VAL
i M—lv+B—D1v+ | I
Z—bb+t—pv t\ll
01 . >
i [+}) I
M—lv+B—Dtv | ¢ o005
0.05 - - ~~ I
H .t |
“Fol Bow ] — = ool = B
2L | ] L (+D->HV)
E ~~ _
_-0.05 :— 7 LF |
“? -005F
0.1 |- . ~—
fitt E
015 L Ll .W.Cka.ge. ] _0.10-
-0.1 0.0 - 0.1 0.2 -0.10 -0.05 0.00 0.05 0.10
R /M . 2 -2
Emilie rassemar e(GaS/M Re( Ed El / MH! )/GeV 32



3.6 Test of Low-Energy QCD with K, Decays




3.6 Test of low energy QCD with K, decays

« Main interest:
— access to 1 threshold region ) 17T scattering lengths
— form factors, LECs, . . .

K+ mt
- Standard problem of the NNLO treatment i g
) strong final state rescattering .
4 NP2
Amoros, Bijnens, Talavera’00
AH T

« Use dispersion relations:
=) matching to CHPT at both one- and two-loop levels: LECs

=YL, ,L, = (p"),ps{q,mq} p<<A, =4zF, ~1GeV

d=2

* Isospin breaking and radiative corrections have been computed

Emilie Passemar 34



Chiral expansion

Cc.,..= L, + L, + L + ...
S TG
LO: (’)(pz) NLO: (’)(p4) NNLO : O(p6)

The structure of the lagrangian is fixed by chiral symmetry but not the
coupling constants - LECs appearing at each order

The method has been rigorously established and can be formulated as a
set of calculational rules:

LO: tree level diagrams with L, L, : F,B,
10
NLO: tree level diagrams with £ _ i
1-loop diagrams with £ ! L, = ;L" et

90

NNLO: tree level diagrams with _ i

. J . with £, L= ZC,- O,
2-loop diagrams with [:2 i=1
1-loop diagrams with one vertex from L4

Renormalizable and unitary order by order in the expansion 35



Fs (37 Sl)

3.6 Test of low energy QCD with K, decays

6.4

6.2

5.8

5.6

5.4

S-wave of F

Dispersive fit to NA48/2 and E865 ————
Projection of the (s, s¢)-phase space

NA48/2 data ——e——

E865 data +——=—

Colangelo, E.P,, Stoffer’'15

Contrary to ChPT, the dispersive
measurement allows to take

into account for the curvature

in the form factor

0.09 0.1 0.11 0.12 0.13 0.14 0.15
5/GeV?
NLO NNLO Bijnens, Ecker (2014)
103 - LT 0.51(2)(6) 0.69(16)(8) 0.53(6)
103 - L% 0.89(5)(7) 0.63(9)(10) 0.81(4)
103 - L% —2.82(10)(7) —2.63(39)(24) —3.07(20)
x?2 /dof 141/116 = 1.2 124/122 = 1.0

36



4. Non-leptonic Decays: €’/ €




41 €’/ €

Octet Enh . AR =TTz o
. ctet Enhancement: AK = 7)1 R~
B - L . v
— Short-distance: gluonic SKU N s
corrections, penguins G- oW G 7Y
d T B N q q

— Long-distance: large ChPT corrections (FSI) : 11T rescattering large

— On-going lattice effort =) very recent result from RBC-UKQCD!

Emilie Passemar
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41 €’/ €

AK = 7m)i=0 _
* QOctet Enhancement: AK S am)m 22
B - L . v
— Short-distance: gluonic ‘Ku N s
corrections, penguins G- oW G 7Y
d T B N q q

— Long-distance: large ChPT corrections (FSI) : 11T rescattering large

— On-going lattice effort =) very recent result from RBC-UKQCD!

A(KL—>7ri7rj)
A(K5—>7ri7rj)

 Direct CP Violation: nj =

Re(€'/e) = 3 (1 -~

oo
N, _

) — (16.8+1.4)-10~*

. Lattice result: Re(e'/e) = (1.38+£5.15+4.43)-10"* RBC-UKQCD'15

Emilie Passemar 39



41 €’/ €

« Important discrepancy! 2.90

* Analytical result: Normalise to K* decay (w,, a) and g, expand in A,/A, and
CP violation:

Re (e_’) € _ o wy ImAj A 1 ImA,
€] € V2 ek |

1 — Q) — —
ReAy ( A ") a ReAs

Adjusted to keep electroweak
penguins in Im A, Cirigliano, et.al."11

- Challenge: compute : A7 = (7)1 |Hogr | K)

/

2
€ l 105 MeV 1 {Bél/z)(l Q) — 0.4 B§3/2)}

g Pich@NA62 handbook workshop’16
. Ex ms(2 GeV)

Based on
Pallante, Pich, Scimemi’02

=) | Re(e/e) = (192,75 +6y,)x 10"

Emilie Passemar 40



41 €’/ €

- Analytical result: | Re(<'/e) = (19 +2,75, * 61/NC> x 107

— O(p*) xPT Loops: Large correction (FSI) Pallante, Pich, Scimemi02

— O(p*) LECs fixed at N — «: Small correction
— Isospin Breaking O[(mu — md ) p?, e?p?]: Sizeable corrections
— O(p*) LECs [Re(gg), Re(g,,)] and phase-shifts fitted to data

— my(2 GeV) = 110 £ 20 MeV
) To be updated

« Challenge: Control of subleading 1/N. corrections to xPT couplings

«  Work from Buras & Gerard’15, Buras et al.’16 relying on 1/N; arguments

) supports lattice result
New physics?

Emilie Passemar 41



4.2 Comparison

« RBC/UKQCD results in isospin limit:

Pich@NA62 handbook workshop’16

\/gRe Ao
\/gImAz
\/%Re Ao
\/gIon

Re (¢'/¢)

do

02

(1.50 4+ 0.04 + 0.14) - 10~° GeV

—(6.99 + 0.20 £ 0.84) - 107" GeV
. . . . e

(4.66 =£1.00 £1.21) - 10" " GeV

—(1.90 £1.23 £1.04) - 10~ ™ GeV

(1.38+5.15 +4.43) - 107"
(23.8+4.9+1.2)°

—(11.6 £25+1.2)°

exp : 1.482 (2) - 107° GeV

exp : 3.112(1) - 10~ " GeV

exp: (16.8 +£1.4)-10"
exp : (39.2 £1.5)°

exp: — (8.5+1.5)°

Emilie Passemar

42



4.2 Comparison

« 11T phase shift:

Colangelo@NA62 handbook workshop’16

80 —
B e Hyamsetal.

m  Protopopescu et al.
RBC/UKQCD

(o)
=

0
8, (degrees)
&

20

0.7

N

0.8

03 04

0.6

E(GeV)

0.5

RBC/UKQCD result in
diasgreement with
experimental results

and Roy Steiner solutions

« Result from the fit in isospin limit: [00 — 02|k _r = (52.5 £ 0.8exp 4= 2.844)°

- Result from Roy-Steiner : 0y — 0o = (47.7 +1.5)"

Emilie Passemar
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5. Rare and Radiative Decays




5.1 LFV in Rare kaon decays

Crivellin, D’Ambrosio, Hoferichter, Tunstall’16

T o K
K — B
0T A
I I
« Anomalies in the B physics sector
e 2-30fromSMin \B — K*u*pu~ Descotes-Genon et al.’13

« 2.60 evidence of LFUV

BT[E ; ‘Z(/“t 2 ] -+0.090
= = 0.745" + 0.036 LHCh.14
Br[B — Kete™] 0.074

Rsnm(K) = 1.003 + 0.0001 Bobeth, Hiller, Piranishvili’07

R(K)

e Combined 3.90 evidence of LFUV in

R(D)exp = 0.391 +0.041 £ 0.028 Rsm (D) = 0.297 +0.017

R(D*)exp = 0.322 +0.018 £ 0.012 Rsnm(D™) = 0.252 £ 0.003
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5.1 LFV in Rare kaon decays

Crivellin, D’Ambrosio, Hoferichter, Tunstall’16

« Analogous process for kaon decays: K+ — gEy¢ty-

« Translate bounds of B physics in K physics assuming MFV
) Prediction for LFV modes because of correlations

Kr — ptet Kt s atpeT K — nuFe™ KT — ot pTeT (NA62 projection)

(jCLe 2 + |CHe2)? <1.3x107% <22x107° <5.1%107°
(s |2 + lyta ) < 0.040
(jC8re? 4 1CB ) <ot <12 < 35 <27

« 3 possibilities:

— New Physics explanations for B-anomalies + MFV
) signal at NA62 sensitivies

— Negative searches at NA62 ) rule out MFV solutions

— signal seen near current sensitivities =) also rule out MFV

Emilie Passemar 46



5.2 K—mvv

d S
m2 w d w v
i I ~ F (Vu's V"d’ @;) (DLW“UL> {7.’ §L"1“dL K,) —(VWWWW—=<—
u, ¢ty Y e
* Very clean prediction in the SM: 2, — ANV

negligible long-distance contribution

« SM prediction very small:

Br(Kt = mtp) = (7.8408)-1071 ~ A 12+ (14— p)?]
r( T ) ( ) -+ ) Buras et al.’15

Br(K, — 7%vp) = (24£04)-1071" ~ A*y7

« Clear signature of BSM physics =) direct CPV

few events! wmd» Br(K* — ntvi) = (1.737742) - 10710
Br(K, — m°vp) < 2.6-10~8 (90% CL)

« On going experiment: NA62, KOTO

Emilie Passemar 47



5.2 K—mvv

« Stringent test of BSM scenarios

Emilie Passemar

1148

103.6

B(K, ->m vv) x 10"

924

81.2

3
S
=)

o
x
%

I
3
=N

364

25.2

14.1

29

[2o]  [Ed [456]

BSM 1.8xBSM 3.0xBSM

V)
%’ %

Excluded area
Grossman-Nir bound

MSSM-A

/ ///

/i %
331-Z° / o
i
,/‘ d CMFV I/ A

58 8.0 10.2 124 14.6 16.8 19.0 21.2 234 25.6 27.8
+ + 11
B(K ->m' vv) x 10

Mescia, Smith’08

36 x BSM

28 x B,

20 x Bg,,

13 x B,

9XBSM

5xBSM

SM

48



6. Conclusion and Outlook




Conclusion and Outlook

« Kaon decays very interesting to study: very rich phenomenology
— Excellent testing ground of chiral dynamics
— Interesting interplay of short and long-distances
— Probe of flavour dynamics and violation of CP
— Allow for tests of New Physics

« We have entered an era of precision:
— Very impressive experimental sensitivities (K — ©tvv)

— Theoretical challenge: Precise control of QCD effects

) Impressive progress in lattice QCD

Emilie Passemar
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7. Back-up




53 K, — '«

« Experimental results:

Br(K, — n%ete”) < 2.8-1010 o — !

Br(K, — n%utpu~) < 3.8-10719

e 3 contributions:
— Direct CP violation
— Indirect CP violation
— CP conserving (2y)

« CP violation dominates for e+e-

Br(K, — m%ete™) = 3.1(0.9)-10~1
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51 K’ — vy
- Prediction at LO for Kg: Finite loop

Br,, =2.0- 10~° |

* Measurement: %
Br(Ks — v7v) = (2.634+0.17) - 107°

 Understood because of FSI: C> agreement at O(p®)

Emilie Passemar
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51 K’ — vyy

- Prediction at LO for Kg: Finite loop

Br,, =2.0-107°

« Measurement: —@M
6

Br(Ks — vy) = (2.634+0.17) - 10~
- Understood because of FSI: =) agreement at O(p®)

* For K : WZW anomaly

« Measurement : BI‘(K[_ — ’7”)/) (5 47 + 0. 04 .10~4

«  T,o=0: At O(p*) GMO cancellation

O(p®): SU(3) breaking, n—n' mixing well understood

Emilie Passemar
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5.1 K; = &

« Very usefull source of information on the structure of AS =1, FCNC

transitions
» Both long distance and short distance components: Isidori, Unterdorfer’03

u S W s L oos u

b AU u,c,t

K, Z Z
u,c,t Vy u,c,t W

Y ] W

u d W w d pod u

« K| transition measured: Br(K, — p"p~) = (6.844+0.11)-10°
Br(K, — efe”)=(91%)-10712

« Theoretically saturated by absorptive part, prediction in agreement with
measurement:
— Long distance extracted from 7%, 17 — (70~  Gomez-Dumm & Pich

— Short distance contribution fitted
55
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5.1 K; = &

Ks not measured yet only an upper bound

Br(Ks — ete™),  <9-107° 4&@ Om
exp AVAVAV

Br(Ks = pp7 ), <3.2:107" | HCb'13

Very interesting process
) constrain the CP-violating part of the FCNC s — dI*I-

B(Ks = 1 17 )hore = 107 | Im(Vs Veg) [ O(207F)

short —

Measurement of this mode :
— New Physics
— Bounds on CP-violating phase of s — dI*I~

Standard Model prediction: LO in ChPT is 2 loop diagram, finite
Br(Ks — ete™),, =2.1-10"14 Ecker & Pich

Br(Ks — ptp~),, =5.1-10712

Emilie Passemar
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5.1 K; = &

- Higher order in ChPT =) lots of unknown LECs

« Dispersive calculation in progress allows to take into account FSI

Colangelo, Stucki, Tunstall in progress

k : : 1 * 2 2
~ @ @ /Ch 8 ImA,, = E/dﬁbz As—(s) W (s, a1, 3)
PP ~ A, = (mT77|Hu|Ks)

H . v e'e’Wy = (Y yfrtr)

Emilie Passemar 57



52 K=+«

 Computed in ChPT

K—l-

« Chiral Dynamics contained in the electromagnetic vector FF
Vi(z) = ap +by2+VI™(2),  z=q*/mg
dI’
— X
dz

« Estimates using VMD  Coluccio Leskow et al.’16

Vi (2)f°

 Probe LECs in a, and b, via spectrum:

Emilie Passemar
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52 K=+«

« Experimental results:
Br(K* — ntete™) =3.14 (10)- 10~
Br(K* — 7#tutu=) =9.62 (25)-10-8

6 | | | | |
] 3 I [ B | | |
L e - + -
) o] o ==y Ty
- o o
o I
~— 4 — ~ ©
x % 2
> S
V3 - ]
o g
N N
2,7 - 2 1] . p)
= * NA48/2 = NA4g/2
o . . ] — Linear + Chiral
— Linear + Chiral 059 |
- Linear -
0 T T T ™ T T T
o+—+—r—+—r+7r— """ T T T[T T T T 0.2 0.25 03 0.35 0.4 0.45 0.5
0 0.1 0.2 0.3 0.4 0.5
z

Br[Ks — n’eTe™] =3.0715 x 107°

Br[Kg — m'utp~] =295 x107?
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2.3 Test of New Physics in Ry

« R sensitive to lepton flavour violating effects, AR/R = (Y192

S
. - H*
»  2HDM - tree level: =) additional contribution K
due to charged Higgs, does not contribute to Ry u
s Ay
- Possibility to constrain LFV at one loop in S e
MSSM K™ han ek
Masiero, Paradisi, Petronzio’06,’08 m ,\.;

(Sneutrino)

« Update and extension by Girrbach & Nierste’12 :> consider other constraints
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100 Fyggnnniis
1
; ]
80 } 80 }
| |
i i
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