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Outline

1.!Introduction and Motivation

2.1K, decays: Lepton Universality and Ry
3.1K; decays: CKM Unitarity and Callan-Treiman

4.1K; & K, decays: T violation

5.1 Conclusion and outlook

See the excellent review by Cirigliano, Ecker, Neufeld, Pich, PortolesO12



1! Introduction and Motivation




1.1 (Semi)eptonic decays

¥ Studying semileptonic decays: Mediated by W exchange in the SM
Bl Only V-A structure
Bl Lepton Universality

Pl Cabibbo Universality:

Negligible (B decays)

/

4
|\/ud|2 +|Vu5|2 +|\/ub|2 =1+!

CKM

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

u, e,
gV g e
W —
d] v 1.

¥ BSM effects :
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1.1 (Semi)eptonic decays

¥ Studying semileptonic decays: Mediated by W exchange in the SM

Bl Only V-A structure
Bl Lepton Universality
Pl Cabibbo Universality:

Negligible (B decays)

/

4
|\/ud|2 +|Vu5|2 +|\/ub|2 =1+!

CKM

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

U; e,
g\"/ij * /
Pl
w —_—
d] v 1.

, NS 2
(), — V2.0

ERV-ACIEE

(Crz)i.j

SUSY, Z',
charged
Higgs,
leptoquark,

¥ Look for new physics by comparing different processes: helicity
suppressed K,, helicity allowed K; etc..
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2. Lepton Universality: R




2.1 K, decays

S e S ut
¥ K, decays e W
K )= <G K+ )-=-<0,
u ! u 'y

Only the axial current contributes in the SM

¥ The branching ratio in the SM: see S. Descotes-GenonOdalk

| ' |
G2 |Vys|? ' m2 ° M
B(K! I") %fmemf 1# M—'Z 1+ 2§|ogM—f
# $ K

1+ §F(m!/mK) (1+ O(9))
# . .o Marciana & Sirlin093,
Finkemeier096,

Pl Short distance effects (universal) Cirigliano & Rosell®07

Bl Long distance effects (universal)

Pl Structure dependent effects (process dependent)
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2.2 R

S e S U’
¥ K, decays e W
K )= <G K+ )-=-<0,
u ! u 'y

¥ Define the RK ratio to reduce the theoretical uncertainties: most of the
hadronic and radiative contributions cancel

Cirigliano, RosellO07

(KT e #[8]) P & o)
M= 2P T T A L (14, Ry ) = 2.477(0) - 10°

S
R =, (K*" ,u*#u[$])_m5(m§ %me ¥

/ Experimental result:

g./9,=1 NAG2-R,:
in the standard model Rq¢=(2.488 +0.007 g, +0.007 o) ! 10 %
R, = (2.488 + 0.010) ! 10%

¥ Compatible with SM but experimental uncertainty one order of magnitude
higher than theory =) NA62
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2.3 Test of NewPhysicsin Ry,

¥ R, sensitive to lepton flavour violating effects, IR/R " O(1%)

: e} ut
» L H*
¥ 2HDM D tree level: :> additional contribution K ><
due to charged Higgs, does not contribute to Ry u o
e’ u
- , _ = A, et
¥ Possibility to constrain LFV at one loop in 2 gt O
MSSM K+ (;ig_gs_)__(: (Sle£on) (§)
Masiero, Paradisi, Petronzio006,008 = ;; -
(Sneutrino) V

¥ Update and extension by Girrbach & NiersteO12
pLFv: R RM(1+0.013

Pl Can become negative if interference with LFC effects:
RFV 1 RM(1" 0.032
Ex: tan =40, My =500 GeV, 63 r=5! 10%.
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2.3 Test of NewPhysicsin Ry

¥ Ry sensitive to lepton flavour violating effects, 'R/R " O(1%)

~

Girrbach & NiersteO12

If 0.05% effect on R, found at NA62 (blue constraint):
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2.3 Test of NewPhysicsin Ry,

¥ Ry sensitive to neutrino mixing parameters within SM extensions
involving a fourth generation of quarks and leptons

1! |uU,,
11 |U,,

2
| Lacker & MenzelO10

‘2
¥ Ry sensitive to neutrino mixing parameters within SM extensions

involving sterile neutrinos. Depends on on masses, hierarchy, and

mixings of new neutrino states Abada et al 312
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3. CKM Unitarity and Callan-Treiman relation




3.1 Pathsto V 4 and V.

¥ From kaon, pion, baryon and nuclear decays

Vud

0" o OF
So SeqQ

no peQ

So"lQ

Vv

us

Ko 3Q

/ opeq

Ko"1Q
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3.1 PathstoV 4 and V.

¥ From kaon, pion, baryon and nuclear decays

Vv o0 no pe So " ) gV g > F
(o) ! ij
W 8o Geq MNOPEW| S0t
| W
V. Ko SQ| /ope@ | Kol@| v
\ y ]

N > 4

¥ These are the golden modes to extract V 4 and V .
I 1Only the vector current contributes

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

| 1 Corrections start at 2" order in SU(2) [SU(3)] breaking
Ademollo & Gato, Berhands & Sirlin

¥ Currently the most precise determination of V yand V
=) V 4(0.02 %) and V(0.5 %)
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3.1 Pathsto V4 and V.

¥ From kaon, pion, baryon and nuclear decays

V i So "l gV g > F
ud So SeQ no peQ o "IQ u___
. W
Vi Ko SQ| /opeQ [[Ko"Q 5 v
]

Ne—

¥ Ky,
I 10Only the axial current contributes

I 'Need to know the decay constants F, F,

=) Lattice QCD

I ' Probe different BSM operators than from the vector case

¥ InputonF.J/F, =)V, /\V,, very precisely
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3.2 \|J V,from K./ @f

¥ From K, /# ,:

) Inputs needed :
Experimental BRs from FlaviaNet kaon WG review Antonelli et al.010

F./ F, Lattice calculations

Electromagnetic and isospin breaking corrections
MarcianoO04Knecht et al.099
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F/F grfrom lattice QCD

N, = 2+1+11

ETM 13F!
HPQCD 13A!
MILC 13A!
MILC 11!
ETM 10E!

FLAG Q3!
|

SU(2) limit f,/f,!

N, = 2+1!

RBC/UKQCD 12!
Laiho 11!

BMW 10!
JLQCD/TWQCD 10!
RBC/UKQCD 10A! |

PACS-CS 09!

BMW 10!
JLQCD/TWQCD 09A!
MILC 09A!

MILC 09!

il

-Hv
HH
—i =

Aubin 08!

PACS-CS 08/A! F
RBC/UKOCH-08!

NPLQCD 06!

N, = 2!
ALPHA 13!
BGR 11!

H {
il I
HPQCD/UKQCD 07!
MILC 04!

ETM 10D!
ETM 09!

[ 1
Ll

.

QCDSF/UKQCD 07!}
l ]

1
| l

1.14!

1.18!

1.22! 1.26!

Corrections for IB taken into
account in FLAG averages

N=2+1

I;—=1 192+ 0.005

N=2+1+1

F
F—K =1.194+ 0.005

!

FLAGALB
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3.2 \[JV 4 from K,/ @R

¥ From K /#,:

2

! (K . /J#%'() — mKt (1* mfl/mli*) sz Vus
D gy my (1 mp ) O

ud

71+

Fem )

Emilie Passemar
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| Choiceof fifl  VuMa
G

What role for NAG2?
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3.2 \ from K

¥ Master formulafor K$ ! 1%

(k& /T f)=

Gf my
190/ ®

C2SE, |vus|

0y %

(0)\ (1

Yl ‘gt(z))

¥ Experimental inputs from FlaviaNet review Antonelli et al.010,

) Update by M. Moulson at CKM2014

Emilie Passemar
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3.2 \ from K

¥ Master formulafor K$ ! 1%

0y %

r 2 |
(k& srE])= ,3C .|\/us| (0)‘ | 1+ +.g<u(2))
¥ Theoretical inputs :
1'1S,_, : Short distance electroweak correction + ? + ...
n n 0 1/
Sew=1+2 $+ S'@ M, +0O $2SII
# f‘l m, (g# )
—) |S,,=1.023: Sirlin 8P

Emilie Passemar
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3.2 \ from K,

¥ Master formulafor K$ ! 1%

(ke r ] =Sy, [

0, %

o)

2
Kl /
1+, + 25,

92/3

¥ Theoretical inputs :
1'1S,_, : Short distance electroweak correction :> S, =1.023:

I 1f,(0) : vector form factor at zero momentum transfer:
Hadronic matrix element:

(1(p)] ¥, u[KB) = pc+ p),

#K! % #K/
) &—-(n &p)y (o +—(n &p), ()

=

a=(p,+n,) =(R#p), fo.0)=

*
| |
vector scalar

f0,+(t)
f.(0)

In chiral limit f, (O) = ], calculation of SU(3) breaking crucial
:> ChPT with resonances or lattice

Emilie Passemar
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3.2\,

from K,

¥ Master formulafor K$ ! 1%

(k& rr])=SM crgr

92/3

us

o[ arss +25,)

¥ Theoretical inputs :
1'1S,_, : Short distance electroweak correction :> S, =1.023:

I 11,(0) : vector form factor at zero momentum transfer
:> ChPT with resonances or lattice

« - Phase space integral

need a parametrization for the normalized

form factors to fit the experimental distributions
Taylor expansion :

fo(8)=1+",,

=) Dispersive parametrization

Emilie Passemar
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Dispersiverepresentationfor the form factors

¥ Take the K! rescattering into account Bernard, Oertel, E.P., SternO06, OO

¥ Allow to determine the slope and curvature of the scalar form factor

13 T T | II |

S}p = (mK $m/ )2# CT pOInt l;@K! = miz( O/(fnz#

- Physical Region

0 0.05 0.1 t, 0.15 0.2 Ay, 025
t[GeV]

¥ Use the CT theorem for the scalar FF =) Write a twice substracted
dispersion relation for In f(t) at t=0 and at the CT point for the scalar FF

Emilie Passemar 23



Dispersiverepresentationfor the form factors

¥ Omnes representation:

A

—

s " (m+ m)

=

—

Bernard, Oertel, E.P., SternO06, O0

f, o(S) =exp

*" I S' ' S) 9 #(+

(y(S $ ds 'I+,0(S.) ,

&, o (s): phase of the form factor

S< Sn : II+

o(9=#, (3

N
K# scattering phase

s" g, : 1,9
=D L9 o9 £ (0! 1/9)

[Brodsky&Lepage]

¥ Subtract dispersion relation to weaken the high energy contribution of the
phase. Improve the convergence but sum rules to be satisfied.

Emilie Passemar
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Dispersiverepresentationfor the form factors

Bernard, Oertel, E.P., Stern006, OO

¥ Scalar form factor:
_ " ot # :
K7

¥ Vector form factor:

™ 1)
2 to m2 m2
lc» = = %2 1+ _— 11
« 3 |\/|8 2t 2t
@ SLE @
2 (1 t)
( () + (2t+m2)¢o()
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Dispersiverepresentationfor the form factors

Moulson@CKM2014

Dispersive parameters for K, ; form-factors!

Kyt K s averages from!| KTeV!f KLOE!} ISTRA+!§ NA48!| 2010 bt!
e3 b3 ]

For NA48, only K data included in 2010 Pt

© 1 3 = + !
=t FlaviA 1,1 108 = 2561+ 0.41

"t Kaon WG In C = 02004(91)I

L 2010 Review! “0 ,,InC) = " 0.328!
1! !

0.2 |- 1! contours #indft = 5.6/5 (34%)!

- Integrals !
i Mode! Quad-lin! Disp!
KO,  0.15457(20)! 0.15476(18)!

B K*, 0.15894(21)! 0.15922(18)!
! K%  0.10266(20)! 0.10253(16)!
[ | [ | I L [ | [ | I L

0.15

K*s  0.10564(20)! 0.10559(17)!

24 26 Maximum change 0.2% if same
1 1 103 data used as for quad-lin ptd

ags - + L]
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Dispersiverepresentationfor the form factors

Moulson@CKM2014

Dispersive parameters for K, ; form-factors!
NA48/2 O1prell

K,3 avgs from! KTeV!“ KLOE !I ISTRA+!

For NA48, only K data included in ptd
0.25

O | Preliminary ! 1! contours !
i 2014 update!

Integrals !
Mode!  Update! 2010!
KO,  0.15481(14)! 0.15476(18)!
K*es 0.15927(14)! 0.15922(18)!
K%  0.10253(13)! 0.10253(16)!
L NB: NA48/2 does not provide ! , and In C!!
Estimates from NA48/2 quad- lin data plotted ! K*s  0.10558(14)! 0.10559(17)!

0.2 -

25 26 27 Only tiny changes in central values!
Emilie Passemar 1.1 10° 27



3.2 \ from K

¥ Master formulafor K$ ! 1%

(ke rf])= S ey,

Ko 1L (aHss )+ 20,

us

¥ Theoretical inputs :
1'1S,_, : Short distance electroweak correction :> S, =1.0237

I 11,(0) : vector form factor at zero momentum transfer
) ChPT with resonances or lattice

I 11, : Phase space integral :> Dispersive parametrization for the FFs

Ly K' . Long-distance electromagnetic corrections

- . " ChPT to O(p2e?)
!
¢ ;rf“w r + . /{ " Fully inclusive prescription
N, TN TN ‘ for real photons
/ R / " Uncertainties: LECs (100%)
\ y 28




3.2 \ from K

¥ Master formulafor K$ ! 1%

(k& r k)= Gg;‘;cst V[

’ "(0)‘ 1 (1+s )+ .g;(z))

¥ Theoretical inputs :
1'1S,_, : Short distance electroweak correction :> S, =1.0237

I 11,(0) : vector form factor at zero momentum transfer
) ChPT with resonances or lattice

I 11, : Phase space integral :> Dispersive parametrization for the FFs

Ly K' . Long-distance electromagnetic corrections

=) Mode Spvt (%)
KJs  0.495 + 0.110

K& 0.050 & 0.125

K, 0.700 + 0.110
0.008 + 0.125 Cirigliano, Giannotti, Neufeld AiB
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3.2 \ from K

¥ Master

formula for K $ ! 19

(ke s E]) =S ez, S

) 1 (18 4 8)

192/ °

¥ Theoretical inputs :
1'1S,_, : Short distance electroweak correction :> S, =1.0237

I 11,(0) : vector form factor at zero momentum transfer
) ChPT with resonances or lattice

I

A
Ly

| lllK./
* SU

n’

Emilie Passema
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Phase space integral =) Dispersive parametrization for the FFs

' : Long-distance electromagnetic corrections

K*70
(2 -IsOspin breaking corrections  [«k/ f. (O)#l
SU(2) f KOs # (O)

+ IB in one loop graphs + CT

30



Isospin breaking corrections

Gasser&LeutwylerO85
fK"',IO (O) N ) # o
nK/ o T+ " 3 1 m 4$ m
¥ |"svoT T F InChPTatO(p4) : |15, ===, K+ 1+ =/
" (9) (P s 4?2 2 &R
ory ML L m +m, Y
S mitm? 2 g
¥ Or equivalently using R
+|0_31| 2|| Imsllrﬁ
#JS<U(2) - Zﬁ 1+ $p4 + %M + O(mq) R md " mu
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Isospin breaking corrections

Gasser & LeutwylerO85

K +y0 (O) * o
mK/ . 31 m # 4 $ m'-
¥ ["sioT @y 7 InChPTatO(p?) - |15, === —K+ P14y
fK (0) (p ) SUQ) 4Q2 *mf 2 %‘ }n /
" ,w M1 @ " : m, +m, %
b3 Q 21 m2 : '
m; ! m 2 &
° I PT O(p*) (Gasser,Leutwyler)
e !PT O(p°) (Biinens,Ghorbani) Q on the higher side
—e— dispersive (Anisovich et al.)
—e—— dispersive (Kambor et al.) :> SU(2) — (2 36_ O 23%
—e— dispersive (Kampf et al.)
—e— dispersive (Colangelo et al.prel.) Inputs from H. LeutwylerO96
—e—i IPAC M. Walker
- Q on the lower side
kaon mass splitting
Weinberg 077
e Weinberg :> SU(2) — (2 9+ 0. 4)%
° Kastner,Neufeld
Knecht et al.099, Kastner&NeufeldO(
—— lattice (FLAG 2015)
—— 1 - Inputs from DashenO<orrections
202 (232 23 Anantharayan&MoussalamO04

Emilie Passemar
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Q and LeutwylerO£llipse

H. Leutwyler
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
i lattice %
o5 \ — _—— o5
: \\\ >//|/ i
N \-\\ / ® Weinberg 1977
m, 20 — — s = 27.5(4) FLAG 2013
m, N NN o
d [ __— T >N — Q=243
15[ ,/ intersection BN 115
— % ‘\\ ]
- ) :
: n decay (preliminary) \ i
10 N 10
5F 15
ok 1o
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
_u
rnd

Emilie Passemar
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Isospin breaking corrections

¥ Other way round: use the difference between K* and K° —) Q

S ]‘—‘I\"; .[ Kot A[ K© g 1 A K+ A KO
ASy() = 1—1_2 R (f\-[h—+) — 5 [4\%;1\1 - Aﬁm] — (2.7 = /0.4) %
\e3 - =

~0.15% from TH

¥ 13, drivenby the value of Q
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Isospin breaking corrections

"1 3#
° I PT O(p*) (Gasser,Leutwyler)
° I PT O(p®) (Bijnens,Ghorbani)

b——e—H dispersive (Anisovich et al.)

[ ° | dispersive (Kambor et al.)
—e— dispersive (Kampf et al.)
—e— dispersive (Colangelo et al.prel.)
—eo— JPAC

kaon mass splitting
e Weinberg O77

} ® | Kastner,Neufeld

Kiz

I ® | Flavianet kaon WG

[ ° | lattice (FLAG 2015)
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Isospin breaking corrections

¥ Other way round: use the difference between K* and K° —) Q

¢ Pre IT5C (Mpo\® 1 [oper ano
Aﬁ'r'.;zj. = 1"1—; ' JE (MI'+) 5 [Aﬁzn — ¢ 113.\1] — (2.7 £ /0.4)0/

\r3 ~
~0.15% from TH

£-

¥ 13, drivenby the value of Q

¥ At the moment the uncertainties are large :> need improvement

Bl On the theory side: we use only one loop ChPT in FlaviaNet Kaon WGO10
) need to assess chiral higher order corrections, see talk by J. Bijnens

Bijnens&GhorbaniO07

Bl On the experimental side: reduce the uncertainties =) NAG2
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3.2 \ from K,

Moulson@CKM2014

IV, J f.(0) from world data: 2010!

Vel 14(0)
0'214. . .0'216. . .0'218
| N K u3
. Ke3
—— K* e3!
. K* 3

I L L ' I il ' L I
0.214 0.216 0.218

0.2163(6)!

0.2166(6)!

0.2155(13)!

0.2160(11)!

0.2158(14)!

Approx. contrib. to % err from:!

% err! BR! " ! Int!
0.26! 0.09! 0.20! 0.11! 0.06!
0.29! 0.15! 0.18! 0.11! 0.08!
0.61! 0.60! 0.03! 0.11! 0.06!
0.52! 0.31! 0.09! 0.40! 0.06!
0.63! 0.47! 0.08! 0.39! 0.08!

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

12/ndf = 0.77/4 (94%)!

Emilie Passemar
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32 \/US frOm K|3 Moulson@CKM2014

V. d f.(0) from world data: Update!

IVl f(0) Approx. contrib. to % err from:!

0.214 0.216 0.218 % errl BR! ! ! Int!

K, e3! 0.2163(6)! 0.26! 0.09! 0.20! 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! 0.60! 0.02! 0.11! 0.05!
K*e3! 0.2172(8)! 0.36! 0.27! 0.06! 0.23! 0.05!

K*p3d 0.2170(11)! 0.51! 0.45! 0.06! 0.23! 0.06!
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32 Vus frOm K|3 Moulson@CKM2014

N; = 2+1+1!
FLAG a3l ™ EnaumiLc 131
1310.8555v2! - N, = 2+1!
h RBC/UKQCD 13!
;:4 FNAL/MILC 12!
H—{ 1+ JLQCD 12!
JLQCD 11!
RBC/UKQCD 10!
RBC/UKQCD 07!
—— N; = 2!
—{ ETM 10D!
——l— ETM 09A!
[ ] QCDSF 07!
H—t{ —H RBC 06!
H-{— JLQCD 05!
{1+ JLQCD 05!
Kastner 08! H—@——
Cirigliano 05! : @ i
Jamin 04! } 7Y i
Bijnens 03! ——
L&R 84! —@— ChPT, etc.!

0.94! 0.96! 0.98! 1.00!
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3.3 Global fitto . & V4

Moulson@CKM2014
Vis [ 1# contours

|V ui
0.226 -

0.224

0.222 -

See also talk by
S. Descotes-Genon
. I

0.97 0.975 Vud
Emilie Passemar
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3.4 Looking for New Physicswith K, and K

¥ Effective Theory approach: —) see talk by J. Camelich

¥ ! . @ constraining quantity: ==) S. JaegerOs talk
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3.4 Looking for New Physicswith K, and K
i:_ from: SJ, talk at
ol ®| g | o NA62 Handbook workshop
S|z | % | 2009
S| — |2 |2 | & | ® -
- e Bl el I 0 A
Operator O|l¥|¥Y | ¥|¥Y |x¥|a|_|&| & in MSSM?
Oy (9, %S, )(2. %L, ) BN EEEE !
OF | (BLW& S )(BL%e&L,) L | v |t |hs|hs|t |t || !
Oge (. S, )(%%lR) "l fhs| ot ] small
Oug (B %s)(2. %L ) NN T I TN R N N A small
Ocg (e %sR)(B%lR) "l fhs| ot ] small
o}, (BrSL) &R L) A R T L tiny |
(Ol)' | (Br&uSL)&RR&H LY " [ | " | | 2 2] | tiny
que (d?? SL )( IgL IR) " " I ! " " ! " "’ tiny
O/ e (B, sr)(FL,) A T L ? large tan
o'y (B S, )(HD,H) Ll fhs ot () !
O | (BLW&S )(HD,&H) L{r |t fhslhs|t | () !
O g (B W sr)(HTD,H) Lyt dhsy " " " |t () | large tan' (non-MFV)
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3.4 Looking for New Physicswith K, and K

¥ Callan-Treiman theorem: Bernard, Oertel, E.P., SternO06, O0

— F Fy|V*® 1 .
C=Jollu) =g gy T her = FKV”d £.0)|ve A+ B
L, e
K b4 —_
=) |B,, =1.244441)

Very precisely known
from Br(KI2/zl2), [(Ke3) and |V |

¥ Inthe Standard Model: |r =1 (In Coy, =O.2141(73) "= (3% 8).10°

rl1 NLO value + large
- error bars in

¥ In presence of new physics, new couplings :

_ agreement with
Experiment Kes+Kys nC Bijnens&Ghorbani®07
NA48007K,, alone) 0.144(14) Kastner & NeufeldO08

KLOEOO0S8 0.204(25)

KTevO10 0.192(12)

NA48 (preliminary ) ?
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3.4 Looking for New Physicswith K, and K

Jung, Pich, Tuzon®10
Pich@HQLO12

~ I n
2 ' #
Ly = ! —=H" 8 Vo MaPr! 1MV, P d | H*
$ .
+ 1 (bM| PR|) + h.c.

Update: Courtesy of M. Jung

¥ Ex: Constraints on the aligned 2-Higgs-doublet model:

0.15 T VAU
I M" #+B" D%# | [
Z" bb+%" p# t\ll
0.1+ _ >
] D i
M" I#+B" D%# | ¢ oosf
0.05 - ] ~—— I
N’EE o 1
1 +1
'k\ 4 N r p
3 oL BY%# | = S ool BoTv
g | : (+D-> V),
e F ~ |
005 - : LF
° i
w005
-0.1 - S
; E
L | paclktatge i 010 I
O 0.0 01 0.2 ~0.10 -0.05 0.00 0.05 0.10
. Re(&&/M7) “ 1 pn2 -2
Emilie rassema Re ( &y El / MH! )/GeV 44



41 T violation in semileptonic kaon decays




4.1 T-odd polarization asymmetryin Kmu3 decays

¥ Study of direct CP violation
possibly due to non-standard
mechanisms, with the help of
T-odd correlation variables

P:'FIJ (p#$p/,l) ,O
©psh, '
p# p” ’K+ decay in its rest frame
Strauch@Kaon2013
¥ Violates T in the absence of FSI DOAmbrosio & IsidoriO98

¥ Caseof K$ ! *# 9%: FSl large {PT>FSI ~ 1_(_)—3
Okun & KhriplovichO68

¥ Case of K*'$ ! %%*9p: FSI does not exceed 10°

o ZhitnitskyO80Efrosinin et al.000
—) good probe of T violating effect
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4.1 T-odd polarization asymmetryin Kmu3 decays

¥ Study of direct CP violation
possibly due to non-standard
mechanisms, with the help of 4
T-odd correlation variables

r(p,$p,)
— - p \FEF 0
" hs ) "
# H IK+ decay in its rest frame
Strauch@Kaon2013
¥ Inthe SM: CP-violating contribution to P, very small : ~107 ~ Chengoss

Bigi & Sanda000

¥ Sensitive probe for physics beyond the SM :  kohi©10pPaton et al.006
Bl Multi-Higgs u
Bl SUSY with squarks mixing e+
Bl SUSY with R-parity breaking B G

Bl Leptoquark model etc(

L—pezCastro et al.009 .



4.1 T-odd polarization asymmetryin Kmu3 decays

ij_ from: SJ, talk at
ol B g | o NA62 Handbook worksk
Sli s | |=: 2009
S| — |2 |2 || ® o
-3 B I el Bl =1 IR
Operator Ol || X |¥ | ¥|la|- |e|& in MSSM?
ol (BL%S.)(EL%LL) NI E R !
O | (BLWE&S.)(BL%EL,) L |1 |t |hs|hs|! |! !
Oge (B %S )(R%IR) """ |l |hs S small
Oy (BR%s)(B.%L.) l |1 |1 |hs small
Oeg (B %Wsr)(R%IRr) " " |! |hs small
o}, (BrS.) AL ,) A tiny |
(O)" | (Br&uSL) &(R&" L) | el e tiny
Ogde (B SL)(BLIR) Lo I tiny
O/ ge (¥, sr)(&LL) I N ? large tan
o' | (BLWS.)(HD.H) Lofr o fhs| ot bt () !
Of) | (B W& S, )(HD,&H) Lol | fhsths|t fr | () !
O g (Bk%Wsg)(HTD,H) L1t ! | hs 1" ! [ (1) |large tan' (non-MFV)

0p
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4.1 T-odd polarization asymmetryin Kmu3 decays

¥ Study of direct CP violation

possibly due to non-standard
mechanisms, with the help of
T-odd correlation variables

K+ decay in its rest frame

Strauch@Kaon2013

¥ Current experimental bound:

IPrl < 0.0050 at 90% C.L. KEKE-246
Abe et al.006

¥ Aim of TREK experiment: improvement by a factor of 20
NAG27?
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4.2 T-odd asymmetryusing Kl4

ReticoO02
¥ The K,, decay rate:

d' = Gf|Vus|’N(s+,5) Js(s, 51, !+, 1, )ds dsid(cos! - )d(cos! ) d"

2(1! z)[l1+ 1,c082,+ I3sin’!,cos2 + 1,sin2, cos" + Issin!, cos" +
+ lgcos!, + I7sin!;sin" + Igsin2,sin" + lgsin’!,sin2'],

Js

¥ Measuring K* and K- -

|
$ S| s | 4m?sin!.

m, #2(m2,s,s)

17(K %) + 17(K )

Mg (1' Z|)
CS#
# Re(HS") |CY|? Im CV
(P! (p)IS"sulK " (pk )" = IS [$=(1! #(m%,s,5)/ (X! 5 +5)?) .
! + H |
% (p)# (p )[S$ UK (P )& = # g s L P*Q®
K
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4.2 T-odd asymmetryusing Kl4

ReticoO02
¥ The K,, decay rate:

d' = Gf|Vus|’N(s+,5) Js(s, 51, !+, 1, )ds dsid(cos! - )d(cos! ) d"

Js

2(1! z)[l1+ 1,c082,+ I3sin’!,cos2 + 1,sin2, cos" + Issin!, cos" +
+ lgcos!, + I7sin!;sin" + Igsin2,sin" + lgsin’!,sin2'],

¥ Measuring K* and K- -
|
$ S| s | 4m2 sin!-
! #

m, #2(m2,s,s)

17(K %) + 17(K ) m¢ (1! 2z)

C?>

# Re(HS") |CY|? Im v

¥ Suppressed by lepton mass =) only possible to study in muon case

¥ New form factors should be determined from Lattice
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5.I Conclusion and Outlook




Conclusion and Outlook

¥ K, K3 and K, decays offer excellent probes of the SM and its extensions

Bl On the theory side: the progress in Chiral EFT & Lattice QCD have
allowed to reach a very good precision for the SM prediction:

—)» EM and isospin breaking are included

Bl On the experimental side: a lot of new measurements in the years
2000 by ISTRA (K+), KLOE, KTeV and NA48 (KL)

¥ Tests of lepton and Cabibbo universality at a level that competes with /
complements collider physics

¥ NAG2 could allow:
Pl Push measurement of Ke2 to 0.1% =) improve Ry
Bl Improve the K*; measurements, =) our knowledge of isospin breaking
Bl Give a better constrain on T-violating new physics
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5. Back-up




2.3 Test of NewPhysicsin Ry

¥

¥

R sensitive to lepton flavour violating effects, IR/R " N104)

S
" - H*
2HDM b 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+ (Higgs) __: (S|e£on)
Masiero, Paradisi, Petronzio006,008 m ,\.;

(Sneutrino)

Update and extension by Girrbach & Nierste612:> ‘consider other constraints

100 My pgansins

100 [y gapnniis 1

ﬁ} 11

H H

801 801

L L

2l 2l

60—}. 60—}.

5 T

- ol

40K 40

o -

| ] | H

20t . 20+
Oﬂ P S S S IS M S Oﬂ P S S S S IS M S |
200 400 600 800 1000 0 200 400 600 800 1000

0
Emilie Passemar My !Gev” My !GeV"
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3.3 Different recentanalyses

1.! Schneider, Kubis, Ditsche 2011: 2-loop NREFT approach
- I allows investigation of isospin-violating corrections
- I relations between charged and neutral Dalitz plots

2.!' Kampf, Knecht, Novotny, Zdrahal 2011: Analytic dispersive approach
- I Amplitudes involve 6 parameters (subtraction constants)
- | Fit to Dalitz plot distribution (KLOE 2008:) $ #+#'#0)
- I Predict Dalitz plot parameter * ( neutral decay mode)

- I Match to absorptive part of NNLO chiral amplitude where di$ erences
between NLO and NNLO are small =) R (Q)

Problem: do not reproduce the AdlerOsero



3.3 Different recentanalyses

3.!Guo et al. 2015: JPAC analysis, Khuri Treiman equations solved
numerically using Pasquier inversion techniques

- I Madrid/Cracow ## phase shifts, 3 subtraction constants

- I Fit experimental Dalitz plot (WASA/COSY 2014:) $# *# #9)
) predict Dalitz plot parameter *

-1 Match to NLO ChPT near Adler zero =) Q

4.!Colangelo, Lanz, Leutwyler, E.P. in progress: dispersive approach following
Anisovich, Leutwyler

- Electromagnetic e$ ects to NLO fully taken into account (Ditsche, Kubis,
Mei8nerO09Y

- I Dispersive amplitudes: Bern ## phase shifts, 6 subtraction constants

- I Fit similtanously Charged (WASA, KLOE) and Neutral Dalitz plots
(MAMI)

- I Matching to one loop ChPT :Taylor expand the partial wave around s=0



