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V . and CKM unitarity




Unitarity test of CKM:G_ universality

Universality of Weak
IV P+IV P+ =1 =g coupling- G.=(g, /M)’
G|:ZE GCKM2 = (Ivudl2 + Ivuslz) G|:2

, G. = 1.166371(6)x10° GeV?2
W

" V, . at0.5%

G, = 1.16xx(4)x10° GeV-

Sensitivity to new physics :
naively

G.,=G.[1+a(M /M )]

Tree level a~1 M ~10 TeV

loops a~gW2/(1671;2) MM~1 TeV



Kaon high precision observables

Short distance
physics

Kez: K—>2fv

Experimental

processes
Vector transition protected Small uncertainties in f, /f,
against SO(3) corrections: [ademolloc  from lattice [Mariciano]
Gatto]

[(Ky) o GAVE £ T(Kypp)  Vul 52
1_‘(7‘:;12(7/)) |Vud|2




the KLOE's role

BRO(K,— mev) = 0.4049(21)
BRO(K,— muv) = 0.2726(16) K,
HVCRPGIN T, = 50.92(30) ns

PLB 632 (2006)

PLB 636 (2006) A, x 103 A", x 103 Ao x 103

f (t
256 + 1.8 1.5+ 0.8 154 + 2.1 +()
BR(K, — mev) = 7.046(91) x 10+ K,

BR(K* — p+v(y)) = 0.6366(17)
+ - +
I=STTSNTrl | BR(K:— mev) = 0.04965(52) K

BR(K*— wuv) = 0.03233(39)
T ,=12.347(30) ns

JHEP0801:073




v from KLOE K, data

% err

— T T T T T
0) |V K.e3 0.2155(7) 0.3
f—|—( ) | (1 | —_— L j/us J;(O)
Ku3 0.2167(9) 0.4
—e— & KLOE Avg:
0.2157(6)
° Kse3 0.2152(14) 0.7 v2ndf = 7/4 (13%)
World Avg:
¢ K:e3 0.2152(13) 0.6 0.2166(5)
&
Kqu3  0.2132(15) 0.7
|

0.213 0.215 0.217

0 V,_ = 0.2237(13)

f,(0)=0.964(5) RBC/UKQCD

V., =0.97418(26)  arXiv:0710.3181 1-V 2V 2=9(8)x 10



Vi 0804:059

no constraint:

0.052
: V, 2= 0.9490(5)
0.051 V., 2=0.0506(4)
yv?/ndf = 2.3/1 (13%)
0.050 agreement with
unitarity:
0.049 E1o_contour 1-V 2-V 2=4(7)x 10"
“0.018  0.949 0950 v/ |2
V| V| @0.60

|\Vud| = 0.97418(26) [Towner & Hardy arXiv:0710.3181]

f (0) = 0.964(5) UKQCD/RBC NF=2+1, DWF
f /f.= 1.189(7) HPQCD-UKQCD(MILC) NF=2+1, Stag



sensitivity to NP: Z'oology

1 4 2 In(m_/m
) =G,,,[1-0.007Q_ (Q,-Q,) (mnz(/mz 2_1W))
Z' W

SO(10) Zy Boson: Q,=Q  =-3Q, =1 [Marciano]
m, > 750 GeV 95%CL

]

s.d

2) S | 95%CL lower limit
[K.Y. Lee] 8 o
Tree level breaking of @ f
unitarity in models CEU 3000 |-
with non-universal y 2500 |-
gauge interaction 2000 |-
U sin2o

0 0.1 02 03 04 05 06 07 08 09 1



sensitivity to NP: charged Higgs

Pseudoscalar currents, e.g. due to H%, affect the K width: JHEP
- 0804:059

(M —tv) _ [1 tanQ,B( Mg d ) mi;{} for M = K, Tt

FSM(M%EI/) mqumS,d ™My

Hou, Isidori-Paradisi

The observable

Vm(ffﬂg) 1[/1?_,;,9;(0Jr o 0+)
Ryog = — X

Vis (K y3) Via(m2)
we get:

* R, =1.008(8)

(unitarity for K; and B-decays is used)

R, sensitivity to H* exchange

. -m.%ﬁ (1 B -mfr+ ) tan’ (3

2 2
my, My 1+ €p tan 3

Charged Higgs mass (GeV)

100 200 300 400 500

Rypos =




sensitivity to NP: MSSM

Scan over MSSM parameters space:
sensitive to squark slepton mass difference

1- (V 24V 2"
10¢

1.5

450

400 1

350

*> Need a factor 2

iImprovement to

enter the game
[R. Barbieri '85,

K.Hagiwara et al
‘95, A. Kurylov

100 200 300 400 500 600 700 500 900 1000 et al 'OO]

wGeV) [code by

direct and indirect limits included Mescia, 10
Paradisi]

300
0]

250

-0.5
200




Evaluations of f (0) and £ /f_

RBC
CP=PACS Q.

cP-PACS yPT ™=

N f:2+1

HPQCD-FNAL

RBC-UKQCD 07*]
i

| 1 | 1 I | I

a9 (195 (96

=
%

- £,(0)

Nfﬂ
L ! 1.192(30) Wilson
1 =] I [t &
| 0.961(8) Quark M. e i
| v=y JMecD - 1148~ Wilson
: } I |
U | A | LI7S(1L) DWE
OCDSF_07+ i i il.219{2{ii Wilson
ETMO-07* : : Il.!l'-leliTMQCD
! ! I
| :
0.960(5) (7) Wilson MILC-04 i | | L210(14) Stag.
0.957(5)  T. Wilson ... 11197, stag
cuemamom | P e 1218, bwsiag
0.967(6 : = |
Wilson ;
PACS-CS-07* | 1.218(26) Wi
0.952(6) : : ; I 263 Wilson
REC-UKOCD-074 | | 11.208(14) DWE
0.962(11) Staggered bipaaba ! :
o 9s1iS) DWF HPQCD-UKQCD-CE'?  # 1 il Stag.
L I : I : :
|

AV AR 12870 16
[F. Mescia] > * ¥ > ° 32 f/f

Lattice results continuously improving

11



Callan-Treiman relation

Check from measurement of scalar UKQCD/RBC .
ff slopes in ku3 and use of - | la}(%g
dispersive parametrization _ K"OE fffffff J'_I
[Stern et al] [Pich et al] (further info Preliminary |
from T) ISTRA+|
1.25
1.2 — fo(t) fK/f”+ ACT
1.15
-
1.05
BRAC T 19,
095 - 3 0.9 0.95 1 1.05
£(0) = (F/f,+ A )/C

f/f=1.189(7) from HPQCD-UKQCD 12



R¢=T(K)T(K )



The special role of I'(K_,)/T(K ,)

SM: very well known no hadronic uncertainties (no f,)

In MSSM, LFV can give up to % deviations: Masiero, Paradisi,

NP dominated by contribution of ev_final state: Petronzic]

['(K—ev, ) +I'(K—ev )

R ~
K [(K—pv) vy
e U v
SM mK4 m.’ 31[2 +a 6
R ~R M 1+ m.¢ m2 |A%]* tan®] oHE & mr &%1 tan23
© V2 My
1% effect (A%, ~5x10*, tanp~40, m ~500GeV) = FH
not unnatural 3 @R

Present accuracy on R, @ 6% Need for /[/\B/\\
precise measurements



K./K,, : SM prediction

SM prediction made in terms of IB ' |

process only (unobservable) 0

R, = 2.477(1) x 10° [Cirigliano, o4
Rosell] =

Radiative corrections: IB + DE
amplitudes in MC generator

Signal: K—ev(y), E< 20 MeV

DE is negligible in this range - . * /”é‘}%’

.

E (MeV)



Key issues for a ~1% measurement

Perform direct search for K_, without tag: gain x 4 of statistics

~ 25K of reconstructed Ke2
expected in the entire KLOE
data set (2.2 fb™)

K, kinematics:

m ~0 get M?

Rule of the game:

Reject background by 4 order o]

of magnitudes with
~ 50% signal efficiency

10°E

102 E_ ........ . ..................
- ; L AR, ; ; ;

e

an
9
-50064006:30006:2000-1000 0 10002000 300040005000

%MH
M?,, (MeV?)




Background rejection

Drift Chamber inner
wall radiography A (um)

-80

Use ¢ decay kinematics for a
redundant determination of K

momentum 5(])
but... B, ~0.2 =% precise :

knowledge of material budget
mandatory

-60
-40

-20

no redundant measurement |
for secondary = select

well reconstructed tracks
2 2
v? + expected error on M g

. — o i 1 | e o ol
p 40 -30 =20 -10 0 10 20 30 40

Z(cm)



Particle Identification g ey

140

particle ID exploits EmC
granularity: energy deposits

into 5 layers in depth o
‘ 60
e\eO\/ .
Combine infos with a neural ?
network :

use pure sample of K e3 to

correct cell response in MC
and for NN training

&7 ‘

4.4 cm




Particle Ildentification

particle ID exploits EmC
granularity: energy deposits
iInto 5 layers in depth

Combine infos with a neural
network

use pure sample of K e3 to

correct cell response in MC
and for NN training

oo |
1200 |
oo |
8000 -

6000 -

K e3 control sample

||I

MC
DATA

-04 -0.2 0 02 04 06 08 1 12 1.4

NN output




Counting K_, events

NN output

1.1

09

0.8 r

06 | I L I

-6000  -4000 -2000 0

2000

M?,, (MeV?)

Data

4000

700

600

500

400

300

200

100

2000 —
1750 —
1500 —
1250 —
1000 —
750 —

500 |

Hﬁ\w\\\\\\\\\\\\\\\\\

250

- N. Evts/700 MeV>
2250 -

e Data

XY Background
Signal

n

] ;

e

-3000 -2000 -1000

1000 2000 3000 4000

Iep (MeVZ)

Two-dimensional binned likelihood fit in the plane
count 7060 + 6750 Ke2 events

NN output - M?__




Counting K_, events

NN output
1.1 r .
700 50000 L N.Evts/700 MeV?
Data : Data
L Background
1 F 600 F [ Signal
40000 |-
500 §
09 ~r 30000 |
400 :
0.8 I 300 20000 _
i 200 [ \
07 L 10000 |-
i o L - 2
06 L | 0 -2000 0 2000 4000 6000
-6000 -4000 -2000 0 2000 4000 9 9
2 ( 2) M2 (MeV?)
M Iep MeV Iep

Two-dimensional binned likelihood fit in the plane
NN output - M?_  count 7060 + 6750 Ke2 events



Efficiencies

7000 [ Mean -1.259

6000

Reconstruction efficiencies

form MC with corrections from
Ke3 and Ku2 decays control
samples
CS selected in tagged events
with addltlonall criteria based " e from Ke3
only on EMC infos

C=0.921+ 0.004%= 0.004

TN Il L
20 40 60 80 100

(MeV)

0 : e e S AN AN
-100 -80 -60 -40 -20 0

P

EXPECTED PREC.



Systematics and checks

Reconstruction 0.006  Control Sample

Trigger 0.004 downscaled evts
Fit 0.003 range variation
DE 0.001 measure on data

CLUSTERING 0.003 K Control samples

Check: Use same algorithms to measure
B(Ke3)/B(Ku3)

1.507 £ 0.005 for K*
1.510 = 0.006 for K-
1.506 + 0.003 SM (FlaviaNet inputs)



Result

R.=(2.493 £ 0.025 £ 0.019) x10~

SM prediction:
R.=(2.477 £ 0.001 ) x10~

The systematic uncertainty has significant contribution from
statistics of CS (0.015x107)

results for K* and K- (uncorrelated errors only)
K= R.:=1(2.496 = 0.037) x10~

“K: R .= (2.490 = 0.038) x10°



R, world average

95%-CL excluded regions in the
Uncertainty @ 1% tanf - M, plane, for
=103 -3 -4
RK=( 246810.025)x 10_5 E A13 10 y 0.5x 10 ,10
NA48/2 04
NA48/2 03
KLOE ‘09 I
. ‘5‘13=."r‘t
SM Prediction . B A,=510"
. A13=10'3
......................................... R, = (2.468 + 0.025) 10°
2.2 2.25 23 2.35 2.4 245 25 2.55 2.6 10_5 v 260. - 7460 — ,660. — 360 — .1000
R
K

charged Higgs mass (GeV/c?)



CONCLUSIONS

V.= 0.2237(13) agreement with

unitarity:

1-V, 2V 2= 4(7)x 10*

V.V, = 0.2323(15) 007
@ 0.6 6 (0.07 %

Important constraints for physics BSM

R.=(2.493 £ 0.025 £ 0.019) x10~



Check Ke2y (DE)

Require vy cluster (E>20 meV), enhance DE fraction:
from 0.1(no y) to ~ 0.6 (with v)
Check N(Ke2) variation with respect to standard analysis

450 F

400 —
Expectation from theory 350 |
well matched, :
difference is zero within 3%stat

300 |
250 |

Vary DE contribution in the 0}
standard fit by 3% |
result variation 0.1%

150 [
100

50 F

N

-2000 l 0 2000 4000 6000 8000

(MeV?)

Iep



counting Ku2

_ _ | Backgrotnd | .
Slgndl .........................

M (MV)

T L LUSIERALL

- | Backgroand




RESULTS FROM 0*— 0" DECAY IN 2008

K

1) G, constant (7t

T 2G, (1+A,)

2) Scalar current zero

3) Precise value determined for V

v’ verified to £+ 0.013%

v limit, C,/C, = 0.0011 (14)

=G
Vud - v Gl,l

V,,=0.97425 + 0.00023

Compare:

neutron V = 0.9746 £ 0.0019
pion V,.=0.9749 £ 0.0026

0975 Vud -

0973

']
1990 2000

. S. Towner
@ CKMO08




OPPORTUNITIES FOR IMPROVEMENT

e Goal remains to tighten the window for new physics
by reducing the uncertainty on V.

¢ Uncertainty on calculated rad- .
iative correction A; is the Nuclear 0—0

dominant contribution to the V.e= 0.97425:0.00023
error budget.

W
=
T
1

e Nuclear-structure-dependent
corrections, 6. and 9, can be

tested by experiment; this has
already led to improvements,
but more are still possible.

N
o
02
(@]
>
o
[ 1

Uncertainty x 10°

-
=

Data on “well known” trans-
itions can be made more

precise, and new cases can
be measured. f
. S. Towner

@ CKMO8




WORLD DATA FOR 0"—0* DECAY, 2008

op H?FH‘

20

NUMBER OF PROTONS, Z

10 O

Hardy & Towner

10 20 30

- New survey (2008)

NUMBER OF NEUTRONS, N

® 10 cases with ft-values measured

to ~0.1% precision; 3 more cases

with <0.3% precision.

® ~150 individual measurements

with compatible precision

Ft=1ft(1+ E’R)[1 - (8 - 6”5)] - 2G," (1+Ay)

K

3080 |
3070/
ft 3060/
3050

3040

3030

3140

31301

3120

ft (1+5,)

3100

3090

3080k
3100

3090 -
7[‘ 3080 -
3070 |

3060

3090

“Ar “Rb
“0*Mg *K" *V *Co
“C o A" *Cl*Sc *Mn *“Ga

Z of daughter

. S. Towner @ CKMOS8
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Dominant K, branching ratios

Absolute BR mmts to 0.5-1% using K, beam tagged by K, — TU *TT -
328 pb~1°01 + ’02 data

3500 F
13 x 108 K,'s for counting (25%) ., Data
75% used to evaluate efficiencies 3000 f 7% of sample
| T eV
BR’stoTtev ,m L V ,and 2500 t |
1 | S | L TRV |
K. vertex reconstructed in DC~ 2°™ [ !
AT =M MmO i
* PID using decay kinematics 1500 o
- Fit with MC spectra including | anen \
radiative processes and | \ %
optimized EmC response to 500 | ; %
| NG
TR, I — ///////ﬂ
BR to Tt °TT 7T ©: 150 -100 -50 0 50 100 150
- vertex by EmC TOF (> 3 Lesserofp . . —FE . inTU YU or i T hyp. (Me
clusters)

e €. = 99%, background < 1%



K, e3 form factor slopes

K, decays tagged by K. —mr *i1 - and loose cuts on kinematics

background rejection and PID using TOF (from tracks associated to clusters)
form factor slopes measured using kinematical variables in Kaon rest frame
Binned log-L fit of t/m?_ distribution, accounts for statistical fluctuation of

efficiency corrections
Analysis by charge

L1 I Data/Fit il
2x10°¢ Ke3 events ég T
1% Ku 3 baCkground 4 wentries/lOS — Fit

3 -

KLOE A, x 103 A", x 103 2|
PLB 636 (2006) 1

. 25518 14=x=08
Correlation 0 |

-0.95

Agreement between results from quadratic and pole parametrization
and between different experiments

quadratic




Unique to KLOE: BR(K. — Tt ev)

Ks tagged by KL interacting in EMC

K _T* eV, mev: 1000
extrapolate tracks from IP to EMC 200
p/e discrimination from TOF
signal count from fit of distribution 600

of multiple kinetic variables
« K, - Tt * 1T extrapolate tracks to the IP 4

accept events with two tracks
Normalize K, - Tm* e v, Tt "e* v to K, — 1 200

Correct for selection efficiencies by charge

Using tagged K, beam

KLOE
PLB 636 (20086)

KLOE
EPJC 48 (2006)

40 20 0

N. Evts. (1MeV bins)

+ DATA
— MC fit

e

20

40 60 80
A E, . (MeV)

BR(K, - wev)/BR(K > 7*n~) = 10.19(13) X 10

410 pb!, averaged with KLOE '02 result (17 pb)
BR(K, - 7 )/IBR(K, - 7'n') = 2.2549(54)

These two measurements completely determine main K; BRs
BR(K ¢~ J’IE'V) = 7.046(91) X 104 (total error dominated by statistics)



BR(K, —mevy)

» [ (Fit-Data)o . Improved test of X PT O(p®)
0_.0 - ° o.....'o. . ’ .."' .t C\l2 1
L X
2 , , C 098 |
entrjes/20 MeV

103} = |

0.96
2

10 - KLOE —*

0.94 xPT constraint <« KLOE

wp ft 8 % R TR _
{I:E T N 092
(| 20°-40° | ! 60°-80° | ! 100°-120°% ! 140°-160°, i

1 é_ | | ; 4I0°-6I0° i | | ; 80:‘-1 0IOo i | | i ! 2|0°-1|40°; | | i1 60I0 Al
0 180/0 180/0 180/0 180/0 180/0 180/0 180/0 180 0 90

EY*(MeV)

BR(K, —»mev

r=2RK Y)=(924J_r235ta;_r1essyst)><10-5 os8f
BR(KL %TCeV) -10 5 0

<X>=-23+13_+14

syst

_ Effective strength parameter describing direct emission |
e Ey*>30 MeV 6_>20°




Evaluations of f (0)

Chiral extrapolation seen for the first time [Ademolio, Gatto]

1.00 — CVC o<(m_-m )
0
o UKQCDRBQ
Zanotti] 0) =1+ 1, + {1,
0,98 : H
f,=0.0277
N 1 O(p*-xPTno CT
0.96 [/ e o N —2-1 1
| ’ _;.,}Zé : LATTICE
B E | | | - - %+f2 B
0-9.0 0.1 0. 0.3 0.1 0.5

2
m [(J(\- ]

m,*(GeV?) o<A(u) + CT(u)?

encouraging results from UKQCD/RBC NF=2+1, DWF, mn>=300Me3>/:
f.(0) = 0.964(5)



Absolute BR for K* ,

4 independent tag samples: K* - pv ,K* - 1T*MM 0

 Number of signal events
from a fit of distribution of

known from TOF

 Perform measurement of

absolute BR on each tag 10,000

sample separately, check
consistency

JHEP0802:098

BR(K*,,) = 4.965(52) %
BR(K* , ;) = 3.233(39) %

- Counts

(14 MeV?2
lepton mass squared (M?) 20,000

: A Data
A Ke?&

i
A

~10,000

0

10 OOO 20 OOO 30 000

att ,=12.385 ns, with 40
dBR/BR =-0.5dt /1 , o 1%



Absolute BR for K+ STT 1T ©

* Needed to perform a global fit
to K* BRs
« K. /K, , measured by NA48 and
ISTRA
 Available measurement dates back
to 72
(no radiative corrections)
 Normalization given by K- - 4 v
tag
 Number of K* - 11 *11 © events from
a fit of the distribution of the
momentum of the secondary particle
in K rest frame, p* 1

Events/MeV

180 200 220 240 260 280 300
p(MeV/c)

= (20.65 £ 0.05_,,, + 0.08_,_)% 0 .~0.5%
-1.3% respect to PDG’06 ArXiv: 0707.4631



Absolute BR for K* ->1t *11 ©

* Needed to perform a global fit 573 -
to K* BRs
K, /K ,measured by NAdB8and —— 52 .
ISTRA -
e Available measurement dates back 51 -
to 72
(no radiative corrections) 50 _

 Normalization given by K- - 4 v

tag 3.5 -

e Number of Kt = 1T *11 © events from

a fit of the distribution of the 34 _

momentum of the secondary particle
in K rest frame, p*

3.3 1
BR = (20.65 + 0.05_,, + 0.08_ )%

-1.3% respect to PDG’'06

BR(Kn2) from PDG
BR(Kr2) from KLOE

+

t BR(K:,,
+ )

ISTRA+
' OBR(K:,,
NA48 )

o ,,~0.5%

ArXiv: 0707.4631



K* lifetime

70k§ﬂwentsms * Tag e_vents with K* - u v decay
60K s e data * Identify a kaon decay on the
- R fit opposite side
S0k e
- -
40K = '..
30k e,
- %o,
fzt; ....'.l
o : i TP
o Lo TILIande _ “Steesesessee
10 20 30 40 /= (ns) 50
2 different methods:
from the K decay length from the K decay time
T . =12.364(31)(31) ns T ,=12.337(30)(20) ns

JHEP0801:073 [

T ,=12.347(30) ns o ..~0.4%



K., ; form factor slopes

Standard method: fit t- spectrum
t (pK_pT[)

Tt /) separation at low energies
s difficult

at the end of the spectrum, +1%
in signal counts - +13% in A |

Fit E, spectrum, sensitivity
loss: x 2-30n0 (A )

0.04 ~ Data-Fit

-Ll‘I'._L| 1+, + by +.41 + -L

O T
0021
004

BTN RN '|'-|-T|

Events

80000

60000

40000

20000

0 |

O 20 40 60 80 100 120 140 160 180 200

. x 1.3 with a combined fit with K__,

A, x 103 A, x 103
25.6 + 1.8 1.5+ 0.8

Ao x 103
154 + 2.1

JHEPO0712:105




K, form-factor slopes

« Knowledge of 7,(f) important to teéﬁa”an'

* Fractional partial width difference by
varying slopes values :

AT dI7dt) (DRI 5 100

0.005 |

00l |

0.015

eiman] * |
QCD parameters: f(A, =m-m?2) =/ ©F

25 |-

f Linear parametrization not a good physics . |
approximation: hints for A", ? s |

AX103

1/ dI7dt
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K, form-factor slopes

« Knowledge of 7,(f) important to teéﬁa”an'

* Fractional partial width difference by
varying slopes values :

A(1/TdI7dt) (PR ) A 10°
NG/l =14.7, 16]

eiman] * |
QCD parameters: f(A, =m-m?2) =/ ©F

25 |-

f Linear parametrization not a good physics . |
approximation: hints for A", ? s |

1/ dI7dt

AX103
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K, form-factor slopes
Ax10°

« Knowledge of 7,(f) important to teéﬁgilﬁz;]- : A, =25

QCD parameters: fy(A,_=m,>m2) =f/ ot
¢ Linear parametrization not a good physics
approximation: hints for A7y ? s |
 Fractional partial width difference by
varying slopes values :

A(1/TdI7dt) (PR )

1/ dI7dt

Ax103 oot
A(1/I" dI7dlt) oous |
« Almost exact cancellation ol
NIl [\ ,=14.7, 16: .”,=0.4,0] [
» Correlation matrix from Ideal oot |-

t-spectrum experiment:
A, 1 -0.9996 -0.97 [Franzini]

0015 L

A7, 0.91 Simultaneous A, A",
/R 1 0.98 measurement not
A7, -0.92 possible »



K., ; form factor slopes

Preliminary results with ~1fb-"

5.8 x 10° Ku 3 decays selected

Sensitivity to all FF’s parameters

AL =(25.7+5.1+2.5)x 103
»=(2.9+25+1.3)x 107
A =(143£29+24)x 107

0.97 0.90
-0.80

0.04
X Ydof=36.5/31
0.02
0 |JfIJr-I-.J, + et 4o+t 4 14
T+ F TR C o T
0.02f
0,04}
300000F ==
2500001 B -
200000~ R N
150000~ _B n
100000}~ B i
so000F = E, (MeV) .
G="20 40 60 80 100 120 140 160 180 200

Results obtained with dispersive relations for f, (t)

averaged with published results

AL=(260£05 o)X 103
A o=(151214 o)X 107

log C =0.217 £ 0.016
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Beyond quadratic parametrization

[Stern et al]
Dispersion relation for In f,(f) subtracted at t = 0 and t = m,2 — m_2, giving:

! (InC — G(t))} G(f) evaluated using Kn
scattering data

J%(t) = exp [ 5

—m2
my. — ms

1 fit parameter:

log C log € =0.204£0.023 WSSy APRIE

1.25

Very precise relation between f (0)

and f/f, : (1) flfet Mg

1.2

1.15 |
1.1

f(A)=FT/f+ A,

1.05 |-

F(0)f(A,)=F/+ A, aRA(

0.95
0.9
AK;;= sz - mn2 , ACT= 3.5x103 SM) 0 2 4 6 8 10 t/n;zz




Evaluations of f (0) and £ /f_

QOCDSE~07*
ETMC=07T*

MILC-04

MILC-07*

NEZHL s oy

PACS-CS=07#*
I

RBC-~UKQCD-074
I
HP OCD~UKQCD-( 7

[F. Mescia] ,,, i y

|i|||||'|| fK/fn'

11926300 Wilson
|

1148 Wilson
|
| L17S(11) DWE

11.219(26) Wilson

il.-zu:zumczcm
|

{12100 145 Stag.
| b
:1.19?14 StaJ

24
1218, DWEStag.
| 1.218(26) Wilson
|
| 1.208(14) DWF

[ 1.18%(7) Stag.
|

1.\} xﬁ”‘ 1_{1 AW 1_1,’5 kj'b

updated result from HPQCD-UKQCD(MILC) NF=2+1, Stag, m ~240 MeV!
continuum limit:  f./f,= 1.189(7)

No symmetry protection
o<m_-m

f/f, =1+ loops(n) + CT(p)
|
yPT CT already at NLO

Only LATTICE

delicate:
large chiral extrapolatior

no need of g? extrapolatio
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Evaluations of 1 (0)

|

|

|

i
Bijnens & Talavera

I

I

|

I

|

I

1

i

I

i

* i
Jamin et al 1
I

Cirigliano et al

i
1
i
1 1
i
i i
L i
| I
N } ¥
i
SPQcdR }*r
* i
I I
1 I
i
1
I
i
1
i
i

0.961(8) Quark M.

0.971(9) .p

0.974(11) -+ disp.
gl 0. 984 (12) 4 1/Nc

0.960(5) (7) Wilson

968 (9) (6) DWF

967(6)  wilson
952 (6)
962 (11) Staggered

0.961(5) DWF

|
|
9P

Nz=2 | :
£ mBC W; 0.
CB-PACS Q. i]—.-!q } g
ce-pacs yPT M@= | G
Nf=2+1 i i E i
HPQCD-FNAL EI—-H | o
REC-UKQCD 07+ il | i
1 | 1 | | ] | I | I ] II ] [I ] ]I | |
[F. Mescia] a9 092090 a9 9% o9 A

f.(0)

[Ademollo,Gatto]
CV o<(m_-m )?

%
f(0) =1+ f, + f,
H

f,=—0.0277
O(p*)-xPT no CT

LATTICE

<A(L) + CT()?

encouraging results from UKQCD/RBC NF=2+1, DWF, m >=300MeV:

f.(0) = 0.964(5)
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v IV from K, ,

Marciano '04
DK+ — ptu(y)) B Vi) fe iy (1 — 'mi/'m%{)Q
D(r® — ptv()  [Vadl® f2me (1 —m /m2)?
Uncertainty from SD virtual corrections 41

x 0.9930(35)

HP/UKQCD 07 f./f.= 1.189(7)
arXiv:0706.1726 Nf _ (2+1 )stag

Cancellation of lattice-scale uncertainties
PLB 636 (2006) BR(K*— p*v(y)) = 0.6366(17)

Uses K- — uv to tag 2-body K decays
Counts K* — utv from decay-momentum spectrum

V. JV,, = 0.2323(15)



K,, decays
[Ademollo

Vector transition protected against §U\(3) corrections:g
C2 Mz -
F(Ke3(y)) = ——= Sew GVl | 7‘:+K07E (0)]* x

19273
lo({Aip) (1 4+ 24,59 + 2A,,FM)
with K e {K*, K%; € € {e, u}, and:
C.2 1/2 for K+, 1 for K°
Sy, Universal SD EW correction (1.0232)

Inputs from theory: Inputs from experiment:

prom Hadronic matrix element K Rates with well-determined
f7(0) (form factor) at zero I( 93(7)) treatment of radiative decays:

momentum transfer (t = 0)  Branching ratios
» Kaon lifetimes

A SU@) Form-factor correction for
K SU(2) breaking L, (A} ) Integral of dalitz density
K ke ;
A EM Form-factor correction for ¢ (includes ff) over phase
Ke long-distance EM effects space.

« K_,: Only A, (or A/, A.”")
* K;: Need A, and A,



K,, decays

[Mariciano]

Small uncertainties in f /f from lattice — determine V /V
Reduced uncertainty from e.m. Structure Dependence corrections J

F(Kow) _ Vel £

M,(1-m ?IM,2)?

X
1-‘(ﬂ:uz(\()) |Vud|2 f 7r2

Inputs from theory:

f K/fjr Ratio of pseudoscalar
decay constants

Radiative inclusive
electroweak corrections

1+0/(C,- C_)= 0.9930(35)

C.C

K==

Reduced uncertainty
from SD virtual
corrections

m (1-m ’Im 2)? X T+a(Cy-C,)
V4 1) T

Inputs from experiment:

(K Rates with well-determined
treatment of radiative decays:

I'(m e Branching ratios

e lifetimes

u2(Y))

uZ(Y))
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