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2. K, decays: Lepton Universality and Ry
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4. K; & K, decays: T violation

5. Conclusion and outlook

See the excellent review by Cirigliano, Ecker, Neufeld, Pich, Portoles’12



1. Introduction and Motivation




1.1 (Semi)-leptonic decays

— Lepton Universality /

— Cabibbo Universality:

Studying semileptonic decays: Mediated by W exchange in the SM

— Only V-A structure Negligible (B decays)

14
Vil + IVl HVal =1+ AL,

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

4 ~. I
-
gV, < = F ~ SUSY,Z,
charged
T + o Higgs.
> w X —_—— Ieptoiiark,
d v . -
(G = V2 g | (Cn)iy N >"< J
F 8 1‘7\.[‘217 Y A2
2
BSM effects : C—’; Ai;" < 107%-10"7 — A~1-10 TeV
8
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1.1 (Semi)-leptonic decays

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

— Only V-A structure
— Lepton Universality
— Cabibbo Universality:

Negligible (B decays)

/

14
Vil + IVl HVal =1+ AL,

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

U; e,
z \'"/ij g
> W
d; v

(GF)ij =

V2
8 .\.[121[' Y 1/\2

(. )
! /::'"'
+>< 7
s | | >

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: Ry




2.1 K,, decays

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

Only the axial current contributes in the SM

« The branching ratio in the SM: see S. Descotes-Genon’s talk

21V |2 2\ 2 M
B(K — tv) = GFlB—W“S'f,%meg (1 - %) (1 +2%10g VZ)
K p
(8%
(1+ S F(me/my) ) (1 + O())
n Marciano & Sirlin’93,

Finkemeier’96,

— Short distance effects (universal) 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 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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ics in Ry

2.3 Test of New Phys

Girrbach & Nierste’12

I WI,In.n. e

e

w, |—|l—|*| - ==

S N s
|H|.WII!

j g N

|.—-|—II—|-—.|—|I-|

..".I._.H__lu._-l...ll.lll
- — |‘-|—II-"II/
-—IHI-Il—I.-. z S

o g e e

-
| JESN i S g g sy e e oy o e = -
T e T .

© < Al

guey

| o e e e s e v T
i e P

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

If 0.05% effect on Ry found at NA62 (blue constraint):

b i
mwuuu.“..ur:..l
e e s
T |rL|+|hL|;|*|TJu41H
2 s - oo g s ot o e fnffm

| [ .
o o o
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Juey
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2.3 Test of New Physics in Ry

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

2

1-|U,,
1-]U,.

Lacker & Menzel’10

‘2
* R 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.’12
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3. CKM Unitarity and Callan-Treiman relation




3.1 PathstoV yand 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 yand 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 g
=) V,4(0.02 %) and V (0.5 %)
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3.1 PathstoV yand 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

Marciano’04, Knecht et al.’99
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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

What role for NA62?

Emilie Passemar 18



3.2 V_ from K,

« Master formula for K — Trlv;:

Gz 5 0 - 2
I‘(K _)7;[1/[}/]) — 19FZIZ.I§ CIZ(SEW V. 2 f+K P (())‘ I;( (1+5]§\l4 +JSI§J7€2))2

» Experimental inputs from FlaviaNet review Antonelli et al.’10,
=) Update by M. Moulson at CKM2014

Emilie Passemar
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3.2 V_ from K,

« Master formula for K — Trlv;:

2
(K - ziv[y])= £ O 1 (1488 + 85, )
* Theoretical inputs :
> S, : Short distance electroweak correction + ? + ...
S, — 142914+ % log 2 +0 aogs
/4 4z m, /4

|:> SEW

Emilie Passemar

=1.0232

Sirlin”’ 82
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3.2 V_ from K,

« Master formula for K — Trlv;:

G’ZT M Ccis*
1927°

K~ EW

2

e o) 1 (14 8%, + 857, )

I'(K - ziv[y])=

* Theoretical inputs :
> S, : Short distance electroweak correction =) |§  =1.0232

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

<7L'(p,,)‘ §7’ﬂu ‘K(pK)>=|:(pK +p7r)ﬂ -

Aﬂ'
= (n=n), |1

| |
vector scalar

AKﬂ'
;(Pe=p), 10

U

£.(0)

In chiral limit £, (0)=1, calculation of SU(3) breaking crucial
:> ChPT with resonances or /attice

Emilie Passemar 21
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3.2 V_ from K,

« Master formula for K — Trlv;:

G :m> - 2 z \2
F(K —>n'lv[7/])= 1;2”;_1; C,iSfW V. i f+K (0)‘ I;( (1"'51;(1\[4 +§SI§J(2))

* Theoretical inputs :
> S, : Short distance electroweak correction =) |§  =1.0232

» f,(0) : vector form factor at zero momentum transfer
:> ChPT with resonances or /attice

> |, Phase space integral :> need a parametrization for the normalized
form factors to fit the experimental distributions
Taylor expansion :

2
= ' S 1 .. S
f+’0(S)=1+ﬂ+’0 2 +_ﬂ+,0( 2 ) + ...
m 2 m

2 T

=) Dispersive parametrization

Emilie Passemar



Dispersive representation for the form factors

« Take the K11 rescattering into account Bernard, Oertel, E.P, Stern’06, ‘09

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

1.3

| T | ' -
: [ty =y —m,)"] CT\E’O'"t [Agy=m—m.]
1.25F =

- Physical Region

0 0.05 0.1 t, 0.15 0.2 Agr 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



Dispersive representation for the form factors

Bernard, Oertel, E.P,, Stern’06, ‘09

:> .7‘+,0(S)=3Xp|:ijoo ds’ ¢+,0(S') ]

9% §' s'—s—I&

\ ¢, o (s): phase of the form factor
—

 Omnés representation:

$<58, ¢ @,0(5)=04,(s)

~
KT1r scattering phase

ETRR NG

= 0.0()=0,0, () =L (£,,(5)>1/5)
[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 24



Dispersive representation for the form factors

Bernard, Oertel, E.P, Stern’06, ‘09
e Scalar form factor:

* Vector form factor:

Emilie Passemar 25



Dispersive representation for the form factors

_ _ Moulson@CKM2014
Dispersive parameters for K,, form-factors

K., +K,; averages from [ KTev [ KLOE | 1sTRA+ | NA4s [[20107it
For NA48, only K, data included in 2010 fit ]

; = A, x10% = 2561 + 0.41
| Tnef = M InC = 0.2004(91)
L 2010 Review p(A,,InC) = -0.328

0.2 |- 1o contours 2Indf = 5.6/5 (34%)

- Integrals

Mode  Quad-lin Disp
K%, 0.15457(20) 0.15476(18)

0.15 -

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

- K'; 0.10564(20) 0.10559(17)
24 26 Maximum change 0.2% if same
A, X 108 data used as for quad-lin fits

Emilie Passemar 26



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 27
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3.2 V_ from K,

« Master formula for K — Trlv;:

G :m> - 2 z \2
F(K —>7clv[7])= 1;2”;_1; C,iSfW V. i f+K (0)‘ I;( (1"'51«5(1\[4 +§SI§J(2))

* Theoretical inputs :
> S, : Short distance electroweak correction =) |§  =1.0232

» f,(0) : vector form factor at zero momentum transfer
=) ChPT with resonances or /attice

> |, Phase space integral :> Dispersive parametrization for the FFs

> 0. : Long-distance electromagnetic corrections
- ChPT to O(p2e?)

7 N\
¢ & o é% - Fully inclusive prescription
TN KT T ‘ for real photons

/ R / - Uncertainties: LECs (100%)

\ Y, 28




3.2 V_ from K,

« Master formula for K — Trlv;:

2
I'(K - ziv[y])= G;fzﬂ" C.S!

2

£E= o 1 (1488 )+ 857, )

* Theoretical inputs :
> S, : Short distance electroweak correction =) |§  =1.0232

» f,(0) : vector form factor at zero momentum transfer
=) ChPT with resonances or /attice

> |, Phase space integral :> Dispersive parametrization for the FFs

> 0. : 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 08

Emilie Passemar
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3.2 V_ from K,

« Master formula for K — Trlv;:

GZ 5 0 - 2
I‘(K —)EIV[}’]) = 19172”;;; CIZ(SII;W Vus 2 f+K T (0)‘ I;( (1+§}§\l4 + é‘s’gzz))z

* Theoretical inputs :
> S, : Short distance electroweak correction =) |§  =1.0232

» f,(0) : vector form factor at zero momentum transfer
=) ChPT with resonances or /attice

> |, Phase space integral :> Dispersive parametrization for the FFs

> 0, : Long-distance electromagnetic corrections

K7’
> 581%) zisospin breaking corrections |gxz _ f. (0)_1
SUQ@) fKon' (0)

K~ + IB in one loop graphs + CT

Emilie Passemar 30



Isospin breaking corrections

Gasser&Leutwyler’'85

Krn K+0 0 2 4
. 5sm>- G EO; In ChPT at O(p?) : |62 —ii["’—;fﬁp (1+”lsﬂ
m

 Orequivalently using R

+ .0 31 _ms—lfi
5§U(2) AR (1 + Xpt + An + O(m )) k=

Emilie Passemar 31



Isospin breaking corrections

Gasser & Leutwyler’85
K+ 0 (0) )
Kz _ 31| m X m
. |9 = K° (0) In ChPT at O(p?) : |04, = ZEl:—’z‘+ 2” (1+ ASJ:I
m” m
m*—m? ~ m +m
n— 3w QZEmSZ—mZ |:m5—2 di|
° YPT O(p*) (Gasser,Leutwyler) a4
®  XPT O(") (Bijnens,Ghorbani) Q on the higher side
—e— dispersive (Anisovich et al.)
——e— dispersive (Kambor et al.) :> 681;7’(:2) = (2.36 + 0.22)%
—eo— dispersive (Kampf et al.)
—eo— dispersive (Colangelo et al. prel.) InpUtS from H. Leutwy/er ‘96
—e—i JPAC M. Walker

Q on the lower side

kaon mass splitting

o  Weinberg '77 :> 6K7l' — (2.9 i 0.4)%

® | Kastner,Neufeld S

Knecht et al.’99, Kastner&Neufeld’08

——e—— lattice (FLAG 2015)
TR TR SR R Inputs from Dashen’s corrections
Anantharayan&Moussalam’04
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Q and Leutwyler’s Ellipse

H. Leutwyler

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
R lattice %
o5 \ — _—— o5
: \\\ >//I/ ]
N —\-\\ / ® Weinberg 1977
m, 20 — ~_ T —* =27.5(4) FLAG 2013
m, i — ‘\T\\\\ —— Q=243
15[ ,/ intersection BN 115
= % ‘\\ i
; / :
. 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
md

Emilie Passemar
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Isospin breaking corrections

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

- ]'—‘I\"'.' .[I\Ul' A’II-’O > 1 A K+ A KO
st g (3) <3[R o8] — @7 s 00

L¢3
~0.15% from TH

« 8%  driven by the value of Q

SUQ)
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Isospin breaking corrections

n— 3T
° XPT O(p*
° xPT O(p°

Gasser,Leutwyler)

Bijnens,Ghorbani)

[ ® | dispersive (Kambor et al.)

)
)

—e— dispersive (Anisovich et al.)
(

—e— dispersive (Kampf et al.)

(

—e— dispersive (Colangelo et al. prel.)

—e— JPAC

kaon mass splitting

° Weinberg 77

F . | Kastner,Neufeld

K3

I ® | Flavianet kaon WG

[ ° | lattice (FLAG 2015)

Emilie Passemar Q



Isospin breaking corrections

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

o T I Mo L g ke
Ay () = r},j K+ (*Ml'w‘) 9 [ EM — 4 11522\1] — (2.7 £ 3.4)%

L¢3
~0.15% from TH

£-

« 8%  driven by the value of Q

SUQ)

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

— On the theory side: we use only one loop ChPT in FlaviaNet Kaon WG'10
:> need to assess chiral higher order corrections, see talk by J. Bijnens

Bijnens&Ghorbani’07

— On the experimental side: reduce the uncertainties :> NA62
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3.2 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

0.08

0.06

0.06

0.08
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3.2 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

Moulson@CKM2014
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3.3 GlobalfittoV_& V_,

V,

us

Moulson@CKM2014

" 16 contours

0.226 [~

0.224

0.222 -

See also talk by

[ ] [ ]
0975 V,,
Emilie Passematr

S. Descotes-Genon
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3.4 Looking for New Physics with K, and K,

* Effective Theory approach: =) see talk by J. Camelich

(3)
c=c,+5 0%
A

SM

« Acyy @ constraining quantity: ==) S. Jaeger’s talk

Emilie Passemar 41



3.4 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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3.4 Looking for New Physics with K, and K,

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

» F F 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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3.4 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 {
Ly = Y2 i Ve MyPr— MV P, d e
Y v Ulsd Vokm™d PR = SulMly Ve L@ N\ 1
+ ¢ (7 M, Pr /)} + h.c.
s,d %
Update: Courtesy of M. Jung
0.15 rrTTTTm T T VAU
i M—lv+B—D1v+ | I
Z—bb+t—pv t\ll
0.1 F . >
] [} i
M—lv+B—Dtv | ¢ o005
0.05 - - ~— I
g & '
5. e =D BT
2 [ ] L (+D->HV)
E ~~ _
_-0.05 :— i LF |
“? -005F
-0.1 — S
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
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4. 'T violation in semileptonic kaon decays




4.1 T-odd polarization asymmetry in Kmu3 decays

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

p O (De X Dy)
T = B ‘
p” p‘u ’K+ decay in its rest frame
Strauch@Kaon2013
* Violates T in the absence of FSI D’Ambrosio & Isidori’98

« Case of Kl —» 1ty v,: FSl large (PT>FSI ~ 10_3
Okun & Khriplovich’68

« Case of K*— 11%u*v,: FSI does not exceed 1075

_ _ Zhitnitsky’80, Efrosinin et al.’00
—=) good probe of T violating effect
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4.1 T-odd polarization asymmetry in Kmu3 decays

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

p _Ou (P, XD,)
T — —
) ,
pﬂ p‘u K+ decay in its rest frame
Strauch@Kaon2013
» In the SM: CP-violating contribution to P; very small : ~107  C/1€ng'83

Bigi & Sanda’00

« Sensitive probe for physics beyond the SM :  Koh/'10: Paton et al.’06
— Multi-Higgs u A
— SUSY with squarks mixing I
— SUSY with R-parity breaking /777

— Leptoquark model etc...
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4.1 T-odd polarization asymmetry in Kmu3 decays

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

o N | R |+ | &

SIS 2009

S| SRR S|

3 (I I O O N O R | S

+ + I w
Operator SIS B B in MSSM?

on) | (Dey*Sp)(LivuLe) Vivivie|—|--]-1| - v
O | (Diy*o'Sy)(Liv,o'Ly) Viv v m|bs|vIiv]-] - v
Oge (DS (lry,ulR) — | = |V |hs| |-} -|-] - small
Oq4 (dry*sgr)(Ly YuLr) ViV ivihs| —||-1—-1]—-| — small
Oed (CZR7M5R>(Z_R7/LZR) — — vV | hs| — — — — — small
Oqu (”L_LRSL> : (l_RLL) — — — — v v v - — til’ly
(O},)" | (@rowSL) - (Iro* Ly) === 1=V - tiny
que (JRSL)(ELZR) - - \/ \/ - - - - - tiny
Ol (Drsr)(IgLy) — =l vI|vivivIiv]|-]| - large tan 3
0% | (Dpy"Sp)(H'D,H) VIV vibs|—||-1-|v () v
0¥ | (Dpy"o'Sp)(HD,o' H) VIiv|vibs|hs|v|v]|v | v
O (dry*sp)(H'D, H) VIiVv v ibhs| = |- -1V | (V)] large tan g (non-MFV)
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4.1 T-odd polarization asymmetry in Kmu3 decays

« Study of direct CP violation

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

P o, ;(137; >jl3u)
B, X B,

K+ decay in its rest frame

Strauch@Kaon2013

* Current experimental bound:

IPr] < 0.0050 at 90% C.L. KEK E-246
Abe et al.’06

« Aim of TREK experiment: improvement by a factor of 20
NAG62?
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4.2 T-odd asymmetry using Kl4

The K, decay rate:

Retico’02

dl

Go|Vis|*N (55, 81) J5 (51, 51, 0, 01, ) ds xds;d(cos 0 )d(cos ;) do

J5

= 2(1 — )1 + I5cos 20, + I3sin? 0; cos 2¢ + 1, sin 26, cos ¢ + I sin 0; cos ¢ +

+ Igcos b, + I sin 6, sin ¢ + Ig sin 26, sin ¢ + Io sin® 6 sin 29| ,

Measuring K* and K- -

I7(Kyy) + I:(Kyy)

1

my A2 (m3%, s, S¢)

mrg (1 —2)

x Re(HS*) |CY|?

’y\/s_g\/sw — 4m?2 sin 0,

CS
I
(&)

(7"
(m™

(P+)

(p)m

T (p
“(p-

WsysulK ¥ (pk)) = iS

5 ul K Hpr)) = i

h/ - (1 _A(m%{? Sms Sg)/(m%(—Sg—f—STr

v o
e,uypaL PPQ
m
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4.2 T-odd asymmetry using Kl4

Retico’02

The K, decay rate:

AT = GV "N (5, 81) J5 (55, 51, 0, 0y, 0)dsdsd(cos 0 )d(cos ;) d

Js = 2(1 — )1} + Iy cos 20, + I3sin® 6 cos 2¢ + 1, sin 26, cos ¢ + I5 sin 0; cos ¢ +
+ Igcos b, + I sin 6, sin ¢ + Ig sin 26, sin ¢ + Io sin® 6 sin 2¢] ,

Measuring K* and K- -
1

B me A2 (m2%, 5., s ,
I;(K}) + I;(K,) = mj{ ((1K_ ) e)’y\/S_g\/Sw — 4m2 sin 0,
CS

x Re(HS*) |CY > Im <—V>
Cy

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

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




Conclusion and Outlook

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

— 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

— 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:
— Push measurement of Ke2 to 0.1% =™ improve Ry
— Improve the K%, measurements, =) our knowledge of isospin breaking
— Give a better constrain on T-violating new physics
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5. Back-up




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

100 Mg ggppnini

100 Fyggnnniis
1
; ]
80 } 80 }
| |
i i
HI HI
60 *}. 60 *}.
2| =
= ,J. 1 2 ’J'
LiF W11
I 1 B
20+ 1 20+
O = S S S S S IS S S 0 = HE S S S S IS ST S
0 200 400 600 800 1000 0 200 400 600 800 1000
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3.3 Different recent analyses

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

2. Kampf, Knecht, Novotny, Zdrahal 2011: Analytic dispersive approach
- Amplitudes involve 6 parameters (subtraction constants)
- Fit to Dalitz plot distribution (KLOE 2008: N — 1+11—110)
- Predict Dalitz plot parameter a (neutral decay mode)

— Match to absorptive part of NNLO chiral amplitude where differences
between NLO and NNLO are small =) R (Q)

Problem: do not reproduce the Adler’s zero



3.3 Different recent analyses

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

- Madrid/Cracow 11T phase shifts, 3 subtraction constants

— Fit experimental Dalitz plot (WASA/COSY 2014: n — m*r110)
) predict Dalitz plot parameter a

- Match to NLO ChPT near Adler zero =) Q

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

- Electromagnetic effects to NLO fully taken into account (Ditsche, Kubis,
Meil3ner’09)

- Dispersive amplitudes: Bern 11T phase shifts, 6 subtraction constants

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

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



