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|—_av_A From 2006...

net Kaon WG

Introduction

IR ecent kaon physics results came from many
Experimental (ISTRA+,KTeV,KLOE,NA48...)
and Theoretical (Latticegroups, CHPT groups...) efforts
A KAON WG to
Officially combine results including preliminaries, suggest new measurements,
compare parametrizations, compare M C generators, update theoretical inputs
I ncomplete list
semi-leptonic related: V us, Yus/V ud, Form Factor slopes, universality of

lepton coupling, test of r.h. Currents...
CP,CPT related: g, Bell-Steinberger Test, ...

Others: §,-3.,..

A WG on Precise SM tests in K decays M Antonelli LNF-INFN - FLAVIANET meeting Barcelona
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lavi
nete—d (the players)

» Review of leptonic and semileptonic kaon decay data including recent results
(determined by experiments with very different techniques):

E865@BNL: rare K™ decays in flight; ®¥ Dalitz decay in final states.
KLOE@Da®ne: pure K beams, lifetimes, absolute BR

NA48@CERN: intense K°, K+ beams from SPS proton beam, ratio of BR’s
KTeV@FermiLab: intense K; beam from Tevatron proton beam, ratio of BR’s
ISTRA+@IHEP (Protvino): ratio of K*13 BR’s

 Substantial progress made in lattice calculations of the hadronic matrix elements
* Precise analytic calculations (ChPT) of radiative correction and isospin-breaking
effects.

* Very precise determination of Vus
* Stringent tests of the Standard Model

* First outcome: FlaviaNet Kaon WG note (0801.1817[hep-ph]).
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o V_A Legtonic and semilegtonic K decazs
Kaon WG

» Within the SM leptonic and semileptonic K decays can used to obtain
the most accurate determination of the element Vus of the CKM matrix

i G4.m} o _ : 2
F(-ﬁfﬂ ]) — ISZJ.R C I{'Scm-' |I’Jt¢5|zj+{0)z IE{)\_FU) (1 + 5,?[,-1:2:] + "}-iinf)
I _ . . 2
thgi ]) | Vs 2 famg (1 — mﬁfmi—) (14 bum)
['(m [J*:E:an,-‘;} Vaa| Pz \ 11— m% fm2 o

 Test unitarity of the quark mixing matrix (V u):

|1E Ld|3 + H t.',':|‘E =1+ ENP ENP ™ *111%1?;*1?41:'

U decay K, 7 and nuclear £ decays

_ 2
— GCKM

(.2.) /M =G — @) (ul +7
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neltaw NP test from (semi)leptonic K decays
Kaon WG

Study within a model-independent effective theory approach the implications of
precise measurements of K12 and K13 decays for SM extension [Cirigliano,
Gonzalez-Alonso, and Jenkins, arXiv:0908.1754 hep-ph]

Phenomenology in U(3)° flavor symmetry limit
 Taking into account all the Precision Electroweak constraints, the maximal
deviation of |A x| allowed is:
-9.5 x 1073 < Ay £ 0.1 x 1073;
— deviation from CKM unitarity at —1% level not ruled out by PEW tests.

* Even a % level test of CKM unitarity would provide information not available
through other precision tests at low- and high-energy.

* 0Vus=0.5% combined with 6Vud=0.02% (nuclear beta decays) allow to probe NP
effective scales of the order of 10 TeV.
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neltaw NP test from (semi)leptonic K decays
Kaon WG

Study within a model-independent effective theory approach the implications of
precise measurements of K12 and K13 decays for SM extension [Cirigliano,
Gonzalez-Alonso, and Jenkins, arXiv:0908.1754 hep-ph]

Beyond U(3)’ limit.

- Corrections to the U(3)° limit can be introduce within MFV and via generic flavor
structures (pseudoscalar and tensor structures).

- A high sensitive probe of U(3)’ violating structures is provided by comparing the

Vus value extracted by the helicity suppressed Ku2 decays and the helicity allowed
K13 modes, using the ratio

i/ fx )-1 (
R =
H (f++fm

Within SM, R ,;=1; the inclusion of Higgs-mediated scalar currents leads to

2
My,  tan®f
¥
My I + egtan 3

¥
LH.E‘

I[ffu.:?‘

fx ) Vil o (minimize impact of i,

fr ) w2 [Vas| f+ ()] and e.m. corrections)
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neltaw Determination of V., from K12 decays
Kaon WG

Within SM, the ratio of photon inclusive K,, to &, decay rates is:

2 2 - 2 2)\2
F(Kéég(ﬂ) — IVusl |fK| X 1\/IK(1 m},; /Mlz( 2) X (1+8em)
L(7,50) V> 15 my(l-m,*/mg?)

Obtain |V, | from:

- measurements of the inclusive K, and 7, decay widths;
- |V, 4=0.97425(22) from super-allowed 0*—0* nuclear beta decays
[Hardy and Towner, Phys. Rev. C79(2009) 055502]

Use precise evaluation of long-distance e.m. corrections o,,, = —0.0070(18).

f«/f. not protected by the Ademollo-Gatto theorem: only lattice.

(lattice calculation of fi/f, and radiative corrections benefit of cancellations).
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IE_G&IV—A Theoretical estimate of {/f
Kaon wG

. l LI ! LI ‘ LIL| ' LI | LIL| | I
Summary of lattice ven I .: I it et e e iy
QCD determinations i o
CP-PACS-03 - | I : 1192030y Clever  a=0.11fm m,_ =550MecV
()ffK/ - g JLOCD-03 | : : I I 1148115 Clover m_>550MeV
"7 mBE-03 | | 1 Dumsan owr m_>550MeV
QCDSF=-0T I I —|-.—|— : 121 26) Clover m_ =M ey
I | 1 | .
o N . g -
EEE'E# I: I —i._i i H;ggr#} gtt:ﬂ o= 0% MMV
— 5 ] I | | g g
MILC-09% i | | | L1982y Stag a=0.045fm m_=>177MeV
N=2+1 MPLOCD-07 E i .i—..i i 1.2187]  DWF/Stag
RBC/URGED 00+ |1 Tm— | LBSI2N14) DWF & kb
PACS-C3-08 : :—.-.I— I I I.I8¥20y  Thin Clover o, > 156MeV
JLQCD/TWQCD-09 | +@=| | 121012, Overlap
HFQC’D;’U’EEC’D*G'E‘E i +: : : 1187y HIBO/Stag a=0.0%m m_=2dhiey
ALVAW-09 E : : i i 1.192(12)16) DWHStag
BMW-03 =& | L1927p6}  Faf Clover a=0.6657m m_>1%Hn%eV
|||i||l||i|||||l -

RATRURREY PR

J«!f, (our choice): average (stat. error only + smallest syst. error) of results with
analysis of all systematics [BMW, MILC09, HPQCD/UKQCD]: 1.193(6)
- consistent with other choices, e.g.: 1.196(10) [LAT2009] and 1.190(10) [FLAG].
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neltaﬂA Determination of 'V, from KI3 decays
Kaon WG

_CKZGFZMK5S V. ELE (O I (N) (1+8 SV +5  EM Y2

19273
(with K=K, K% /=e,un and C,2 =1/2 for K*, 1 for K)
Theory Experiment
Decay Rate I'(Ky;,,) BR and lifetimes

Form Factor f+(0) hadronic matrix element at | I, (A) Phase space: A param.

zero momentum transfer form factor dependence on t
Sew 5, SU® Si EM
Corrections short strong long \ Mode Sgn (%)
distance SU(2) distance :
EW breaking\| EM K3 0.495+0.110
K= 0.050 £ 0.125
K" 0.700 £0.110
= j,tj

O5y=0.029(4) K* 0.008 +0.125

PJC 04, 006 (2008) =

E THEP 11, 006(2008)
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IT,,_eaV_A Theoretical estimate o
Kaon wG

LI 1T 1 I | 1 1 ;I I ' LI | 1 L 1 I 17T 1T T 71 1
I | | | :
Present determinations Liiinler & Rovi ‘i‘—-—i || 0.961(8) Quark M.
of £.(0)=fX"(0) from I
) ) Bijnens & Talavera | et | 0.976(10) XPT+LR
analytical or semi- e e o
i Jamin et al : | ———— 0.974(11) XPT +disp.
1 ] I
analytical approaches, Cirigliano etal | | El—i-q-i— 0.984(12) YPT + I/Ne
and lattice QCD it )
QCD, N0 SPQcdR |meefmmmi | | 0.9560(5)(7) Clover
1 1 I | |
Nz=2 I
i RBC | *I | 0.568(3%) (6) DWF
-.TLQCD*: :* I i 0.96716) Clover
QCDSF* 1 | @} | | 0.9647(15).... Clover
ETMC-09 -i—.-i—- I 1 1 0.9560(84) TWMF
1 ] 1 I I
Nf=2+f | i E i i
HPQCD-FHAL | =it | | 0962 (11) Stag
1 (] I | |
REC-UKQCD-07 | ! | | 0.9644(49) DWE
RBC-UKQCD-10 | weiffe | | | 0.9599(37)%}
lIIIlIIlIlIllllllllllllllllll

9% 092 990 91 9% 9 | 0

£.(0) (our choice): 0.959(5), our error symmetrization of RBC/UKQCD-10
- fairly representative of results and spread of values
- consistent with N=2 and N=2+1 average: 0.962(5) [PoS LAT2009, 013(2009)].
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IZ_G&I’X—IAVV\G Note on BR and lifetime data set
aon

Careful reading of the original papers — definition
of different data set and/or parameters wrt to PDG

BR(K,;) [%] BR(K, ) [%] BR(3n") [%] BR(n'T) [%]
| | | | | | | L | [ | | L | | | | [ | L |
KL PDG '04 —— —_ — —
PDG 09 . . . .
This fit - . - -
| 1 1 | | 1 | | 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 | | | 1 1 1 |
38 40 27 27.5 20 21 2 2.1
BR(K_,) [%] BR(K, ;) [%]
K*
PDG "04 —— PDG '04 —
PDG "06 —— PDG '06 ——
PDG 09 —— PDG "09 ——
This fit —— This fit ——
| | | | | | | | | |
0.045 0.05 0.03 0.035

Wrt to PDGO09: minor differences on the fit results
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F av_A Parameterization of form factors
net Kaon WG

|V,/-(0)| extraction needs calculation of the phase space integrals:

ta 2 2 2 3 a0

1 m m Im=A .
It :f dt —— \3/2 (1+—f) (1——‘?) ( £ K ?*r-)
K m2 mH 2t 2t f3(t) + (2t +m§;|.lfj \)

* Class II: based on a systematic mathematical expansion (e.g. Taylor, “z-par.”)

- freedom to determine high-order terms from data

- strong par. correlation — no sensitivity to high order terms (A,"") [PoS 2008(KAON)002]
- accurate description in physical region needs at least 2" Taylor exp. [PLB638(2009)480]
- test of low-energy dynamics involving Callan-Treiman th. needs orders>2"9,

e Class I: to reduce the number of parameters, impose additional physical constraints
- pole: dominance of single resonance My, g (one free parameter)
vector: K*(892) ok; scalar: no obvious dominance.
- dispersive: ff analytic (except real t>(my+m,)?) functions in the complex t-plane.
vector: numerically similar to pole (K*(892) dominance);

scalar: necessary without dominant one-particle intermediate state.

.=
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lavi

n eZ‘Kaon wG

Results from B YA LY NIECVLCEE This fit —l

In C

0.2 -

0.15

Dashed lines show NA48* and
reliminary KLOE data not in fit

- KTeV
- KLOE
- NA48
- ISTRA+

Form factors: dispersive approach

A, X103 = 25.66 % 0.41

InC = 0.2004(91)
o(A,InC) = —0.33

2ndf = 5.6/5 (34%)

Integrals

Mode Quad-lin Disp

K, 0.15457(20) 0.15476(18)
K" 0.15894(21) 0.15922(18)

e

K, 0.10266(20) 0.10253(16)
K" 0.10564(20) 0.10559(17)

u3

Maximum change 0.2% if same

Y data used as for ﬂuad-lin fits
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neltavi Ku3 scalar ff: test of yPT
Kaon WG

a

Dispersive parameterization for f,(t) plus Callan-

Jo®

]

1 f0)
% f+(0) aer
- Assuming a f, /f. value, obtain a value for f.(0).
- Consistency test between scalar ff measurement
and lattice calculations: WA for In C (0.2004(91)) Iottice a0

gives: £,(0) = 0.974(12) |
KLOE  0.970(25)

Treiman relation

C = folAgn) =

1
|
|
Ky ;
1

»

mg2  (mgmy)? e =(m?—m?)

KTeV  0.982(15)
- NA48 value is inconsistent with theoretical NAGS  1.039(17)
expectations: f,(0)<l — exclude NA48 Ku3 ff

STRA+ 0.966(16
from averages used for V.. : (16)

0,93 1 1,05

WA exp. data on In C alone gives f./f /f.(0) =1.225(14) R
completely independent of any information from lattice estimates
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IaM |V, [f.(0) from K,, data
M Kaon WG e e e e

WV, f+(0) Approx. contrib. to % err from:
0213 Iulfm 0215 02160247 % err BR T A Int
K_ e3 K,e3 0.2163(6) 0.26 0.09 0.20 0.11 0.06

K, u3 —— K,p3 0.2166(6) 0.29 0.15 0.18 0.11 0.08
K, ed . Ke3 0.2155(13) 0.61 0.60 0.03 0.11 0.06
K*e3

K*e3  0.2160(11) 052 0.31 0.09 0.40 0.06

K*u3

K*u3  0.2158(14) 0.63 047 0.08 0.39 0.08

PR AR AN TN AN T (NN T |
0213 0H4 M3 0ME o7

Average: |V, | £,(0)=0.2163(5)  x2/ndf = 0.77/4 (94%)

EEE———
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I ItaﬂAlccuch of SU(2)-breaking corrections
ne Kaon WG

Fit 5 modes with separate values of |V, | f,(0) for K* and K; ¢ modes; K* modes

modes are corrected for the isospin-breaking using 0°Y®y .. = 2.9(4)%.

When fit performed without SU(2) corrections for K* modes; from ratio of
neutral- charged-modes, obtains an experimental estimate of 6°V®:

VD, =2.7(4)%

* Check of the %Y@ estimate from ¥ PT; the uncertainty on ¢°V® contributes

significantly on the overall uncertainty of |V |f.(0) from charged modes.

theory

« Since 0°Y@ can be expressed in terms of the quark mass ratio (at LO):

+0 31 _ e — Tl
-:'ié"u-g- -~ _—  with R= —
Lt 1R M4 — My

its phenomenological determination can be used to derive constraints
on the ratio of quark masses.

- =
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neltaﬂA K,. data and lepton universali

Kaon WG
For each state of kaon charge, evaluate:

_ [lvu.5'|f+{{n]ilexp _ g Il —I—EEE‘E]&}
He — ; 5 —
[lyus|f+{ﬂ}]531ﬂp Ik e3 fﬂ_ﬂl +25§£}

Modes 2004 BRs* World data
K 1.040(13) 1.003(5)
Kt 1.013 (1 2) 0.998 (9) * Assuming current values

for form-factor parameters

Avg  1.034(10)  1.002(5) T Kemotinduded

As statement on lepton universality As statement on calculation of 6*M
- compare to results from world data: - highly successful
T—lv (r,) = 1.0042(33) - results confirmed at per-mil level

Ramsey-Musolf, Su & Tulin *07

T lvv (r,) =1.0004)
Davier, Hoecker & Zhang 06
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neltavi Test of CKM unitari
Kaon WG

Determine |V (| and |V 4| from a fit

to the results:

Vs £:(0)[=0.2163(5), £,(0)=0.959(5);

IV uol/IVual ! f:=0.2738(5), fk/f,=1

.193(6)

S 0.228

|Vis| = 0.2254(13) [K;3 only],

|Vis/ Vual =0.2312(13)  [K 2 only]

>

Adding |V 4=0.97425(22), obtains 0.226
(x>mdf=0.014/1, P=91%, negligible
correlation between V  and V ):

Vg = 0.97425(22), 0.224

| Vs | = 0.2253(9) [Kfj.. K, 07— II]"‘]

Including in the fit the unitairty constraint,

obtains (y?/ndf=0.024/2, P=99%):

|Vis| = sinfle = 4 =0.2254(6)

[with unitarity]

—V_ (0° 0

i vul {“:IITI
fit— fit with
unitarity
i K2
RYAL g
- B
! | I ! E I l !
0,972 0.974 0.976
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neltavi Test of CKM unitari
Kaon WG

Using the current WA value
|V ,,[=0.00393(36), the first-row unitarity
sum is Aqi=0.0001(6), in striking

agreement with unitarity hypothesis. >

Allow to set bounds on the effective scale
of the operators that parametrize NP

contributions to A iy
A>11TeV (90% C.L.).

For three operators (11, ¢1, ¢q), constraint at
the same level as Z-pole measurements;
for the 4-fermion operator (lq), improves

LEP2 bounds by one order of magnitude.

S 0.228

0.226

0.224

—V_ (0° 0

i vul {“:IITI
fit— fit with
unitarity
i K2
RYAL g
- B
! | I ! E I l !
0,972 0.974 0.976
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I neaV_émmds on non helicity-suppressed amps

Kaon wG

With a 3-parameter fit (V ¢ from K13, V /V 4 from Ku2, V ) with 1 constraint:
V (KD, d(O*%O*)]2+[V =1, obtains (x*/ndf=0.0003/1 P=99%, p=—0.55):

IV,o| = 0.2254(8)
R,23 =0.999(7)

[K 3,07 — 07, unitarity],

[Kp2l. <« |

o
c :
o F lavi A
+ m netKaon wG
60
40
20

Excluded by R .,
W 95% CL
| 67.28% CL

400
my, (GeV)

100

___— this excludes the region at low m;,

and large tg B favoured by B—1v.

120 s UT 5
Sy flt
§ B Tr
R 7 Bo D
ER B Xao
:§"|""I""I""I""I""I""I""I""
100 200 300 400 500 600 700 800 900 1000
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'aﬂA t.(0) and t, /1 : straight calculation

netKaon waG
(IVis | f1(0))? 1 fi

X g
Ir

From decay rates From nucl. From KI3
and rad. corr. B-decay

ey = N .
4""\ Va2 \Qfor

Straight calculation from Ku2/mu2 relation and assuming SM:

'rffi 1
cUse (Upy — — 2t — =0.07604(26)
'r"':l: ':1 + ':""mn :'

T Ea(y)
* Obtain f/f./ f.(0) =1.242(4)
depends on decay rate data, radiative corrections; unitarity not
assumed, although V  equality in Ku2 and Kil3 decays is.

-using f.(0) = 0.959(5) obtain f/f,=1.192(8)
- using fi./f,= 1.193(6) obtain f+(0) = 0.960(6)

- =
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I—_ltaﬂA f,(0) and t,/1 : fit assuming unitarity

ne Kaon WG
(| Vius | £ (0))2 1 [z
QEZ _ | |f+ % K A

Ve NGO Assuning gy,
From decay rates  From nucl. From K13 122
and rad. corr. B-decay

* fx!f, and £,(0) values from a fit.

* 5 parameters: V 4, V,J/f.(0), Qp, fk/fr
and f£,(0).

- 3 inputs: V4, V. f.(0), Qp

- 2 constraints:

I'(Ku2)/T'(mu2) relation and Unitarity 118

* Obtain (correlation p=0.84) :
F4(0) =0.959(5), 0.4 0.96 | 0.98

frx/fr=1.192(6) [with unitarity] Lattice estimations
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I—_ltaﬂA f,(0) and t,/1 : fit assuming unitarity

ne Kaon WG
V5| fi(0))? 1 2
Qf2= (l |f+( )) < f};

Vi (027 72 Assuming g
From decay rates  From nucl. From K13 122
and rad. corr. B-decay

With either of reference values of fi/f, or
f:(0) as an additional input:

1.2

- with input £,(0)=0.959(5), obtain
£.,(0)=0.9594(34) and f/f, = 1.192(5)
1,18
- with input f /f. = 1.193(6), obtain
£.(0)=0.960(4) and f,/f, = 1.192(4).

0.94 0.96 0.98

Reference values are a near-perfect match
with experimental data and SM assumptions

Lattice estimations
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Conclusions

4 Experimental precision on Kleptonic and semileptonic decays
»nicely matched below per cent{evel by theoretical precision
- perform very precise measurements of SM'parameters
- results: [V, £.(0)|=0.2163(5) and |Vus|/|Vud|fK/Z=0'.2 )
~ *'set strlngent bounds on beyond-SM physics
J (1005.2323fhep-ph|) updated analysis of:

]

o With 1m£291nm eniarity

., -test of lepton universality igfK£3 decays

K '):'c'on}i(amts ot deviation from V—A structure

Moreover: Y

- CKM matrix unitarity tested at 0.06%: O(10TeV) bound on NP-scale
represents one of the most stringent constraints on beyond-SM physics.
- cross-checks of SSU(2) and f.(0) theoretical results (within'SM

Kaons can push fundamental principles at severe-test,
continuing to shed light on physics on and beyond SM




