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, Br(t »> n), Br(t > e) ~ 0.3% precision

BABAR , BELLE , KEDR , BESIII , SuperB ,
sm_~0.023 MeV (12.7 ppm) BESII|

= 1776.99 *03 Mev (PDG06)
g T—>3nv, (BELLE)
S My seudomass
E w+#++#+ +#+ MI:I# \+‘ | 3 \ (KEDR)
: i

T cross section near the threshold, PRELIMINARY
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free b’lCl\ 1ound DepOIarization T+T- Cross
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o= 0" pb Method

M.*—M."=0.054+0.23 MeV W(2s) W(3770)

+0.14 m, = 1776.8072 1 0.15 MeV
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T UYERALITY

T—>e T,u/z-r
T—)ﬂ/rﬂ—)ﬂ

T—)K/FK—)/J

> = 1 ™

W—)Z'/BW—>,U

1.0006 + 0.0022
0.996 + 0.005
0.979£0.017
1.039 £0.013

GlARGED GURRE
JJ_rJ 1
B,,,/B.. | 1.00000.0020
B,,,/B.,. | 1.0021£0.0016
By, /Bk e | 1.004%0.007
By s/ Bisme| 1.002 £0.002
By, /Bye | 0.997+0.010
B,,,7,/t, |1.0005%0.0023

BW—)T/BW—w

1.036 £ 0.014
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90% CL Upper Limits on Br(l~ [BABAR / BELLE]
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Br ~10"3
Impact of ;3 on LFV processes (n—ey) (:8
(All plotted points lead to 'viable BAU' and respect EDM bounds) Pr(u_)e) ~ 10-
(—m/4 < arghy < «w/4, 0 < arghy S w/4)
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Arganda-Herrero-Portolés 08
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Hadrons

Only lepton massive enough to decay into hadrons

F(r‘ — v, + Hadrons) 1-B,-B
R, = ~ N. R, = £ =3.639+0.011
T(r > v, e, B,
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o(e’e —had)

— —— =127 ImII_ (s)
o(ee >u )

[1(q) = i [d*x €% (0|T[J4(x) I 0][0) = (-g"'¢*+4"q") en(q’)
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o(e’e —had)

———— =127 ImII_ (s)
ole'e >u u)

N N v.ev,) m; m;

2
- E m?
g = LFovthad) o0 " dx Llsj Kuz‘:j ImH(l)(s)JrImH(O)(S)}

Y (s) =

Vud

: |:H%’?V(S) + H%’?A(S)] T ‘Vus‘z [H%,)V(S) + H%,)A(S)}

157 (q) = if d*x ™ (0T[50 J5(0)1]0) = (~¢"'¢* + 44" ) T, (¢") + ¢"q" TI)(q")
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Braaten-Narison-Pich

R = I'(z"—> v, +had)

= 127 jol dx (1-x)*| (1+2x) ImOP (xm?) + Im I (xm}) |

T T > v,e )

R. = 6 9S|x|:1 dx (1-x)’[(1+2x) T (xm?) - 2x TI (xm) |
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Braaten-Narison-Pich

R = I'(z"—> v, +had)

= 127 jol dx (1-x)*| (1+2x) ImOP (xm?) + Im I (xm}) |

T T > v,e )

R. = 6 9S|x|:1 dx (1-x)’[(1+2x) T (xm?) - 2x TI (xm) |

H(J)(S) _ Z CI(DJ)(SMU) <0D(:u)> OPE

D/2
D=2n (—s)
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Braaten-Narison-Pich

_I'(z_ > v, +had)

R = 127 [ dx (1= x) [(1+22) In 0 (om?) + Im T (xm2) |

T T > v,e )

R. = 6 <'f>|x|:1 dx (1-x)’[(1+2x) T (xm?) - 2x TI (xm) |

H(J)(S) _ Z CI(DJ)(SMU) <0D(:u)> OPE

D/2
D=2n (—s)

R, = N. Sy (146, +8) = Ry +R. (+R_

Sew = 1.0201 (3) X Oxp = 0.0001£0.0017
Marciano-Sirlin, Braaten-Li, Erler Fitted from data
S, =a, +520 a: +26a’ +... ~ 20% ; a, =a,(m;.)/r
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Perturbative: (mqZO)

K, =49.076 Baikov-Chetyrkin-Kiihn

n
—S % H(0+1)(S) :—4711-2 ZO Kn (as(_s)j : KO = Kl =1 , K2 =1.63982 ) K3 = 6.37101
n=

m) 5 =) K, A(a,) = a,+520 a2 +26a} + 127 a} + ---
n=l

1 B n
A(”)(aq) = — @(1—2x+2x3 —x4)(M) =a; + - ; a, =a,(m,)/
: 27i TREL x T ‘
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Perturbative: (mq=0)

K, =49.076 Baikov-Chetyrkin-Kiihn

) 1 a (=)
s - 1D (s) :WZ‘) K, ( s )j ;  K,=K,=1, K,=1.63982 , K,=6.37101
n=

m) 5 =) K, A(a,) = a,+520 a2 +26a} + 127 a} + ---

1 dx a,(—s)Y'
A(”)(a)=— —(1—2x+2x —x) =a; + - ; a, =a,(m,)/
27 THEL x

Power Corrections: TI%)(s) =

472' n>2 (_S)n

w |0)

C2n <O2n>
S ™ 5 <j>|x| dx (1-3%" +2x°) —

n=2 (_xmzz' )n mz6' i

Suppressed by mg [additional chiral suppression in C, (O,
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Similar predictions for K., , R, , R_ g andthe moments

k /
s dR
Rf(sY = | "ds 1—i > a
T ( O) j.O [ SO] (mz dS

(3

Different sensitivity to power corrections through k, |

The non-perturbative contribution to R_ can be obtained
from the invariant-mass distribution of the final hadrons:

Oyp = 0.0001x0.0017 Davier et al. (ALEPH data)
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R._,=1783+0011 ; R ,=1695+0.011 ; R_, ,=3.478%£0.010 Davier et al
ALEPH

>
pd
—
(@)

a,(m>) =0.344 £ 0.009

+ —
ee (Ghad)

decays
Q states (lattice)

(Ghad)

/.

/ ¢
e'e”

e’e (jet & event-shape)

a,(M3)=0.1212+0.0011

>

4 e'e” (jet & event-shape)

¢

j
l.

Z e’e” (Z width)

o, (M2), . =0.1191£0.0027

S

(GeV) 0.0021£0.0011, £0.0027,

u scale
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Rzl'd :NC SEW {( Vud i + Vus 2) |:1+5kl(0):| T Z |:Vud 2 55611’(D) T VuS 2 55£(D):| }
D>2
kl kil
T T 2 2 © AYC YMEW ud us
v V. D32
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e T >SSV, ALEPH
1 Kn
m K2n
== K3m + Km (MC)
= K4n (MC)
=1 K51 (MC)

OPAL
(K) from PDG
Kn+Kn)
Knan+Knmn)~
(K7nnm)~

-- naive parton model

s (GeVA

)

ki ki 2. %

(0,0) | 0.39+0.14 | 0.26 +0.12 OR; = R;’VJEA - ;}’F ~ 24 % Ay ()
(1,0) | 0.38 £0.08 | 0.28 + 0.09 u ° i

(2,0) | 0.37 £0.05 | 0.30 + 0.07

(3,0) | 0.40 £0.04 | 0.33 % 0.05

(4,0) | 0.40 +£0.04 | 0.34 £ 0.04 V, and QCD uncertainties
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R RM me:(m?)

kl 9V A ’S

Moo —obid oS og MsWU) & (ay) Known to O(c))
Vud V m

us T

A (o) gets longitudinal (J=0) and transverse (J=0+1) contributions

Divergent QCD series for J=0

Longitudinal contribution determined through data:
* Kaon pole (K—puv) (dominant J=0 contribution)
* Pion pole (n—uv)

* (Kn),o (S-wave Kr scattering)

Smaller uncertainties

SR, = 0.1544 (37) + 0.062 (15) = 0.216 (16)

Y Y
J=0 mg(m_) = 0.100 (10)
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Scalar SR [Jamin 06]

Pseudoscalar SR [Jamin 06]

e'e” SR [Narison 05]
OPAL T data T SR [Gamiz 05]

Lattice [MILC/HPQCD 06]

Lattice [CP-PACS/JLQCD 06]

Lattice [QCDSF/UKQCD 05]

Lattice [SPQ,R 053]

Lattice [Alpha 05]

Average

60 70 80 90 100 110 120 130 140
m (2 GeV) MeV

Large uncertainty from V

Strong sensitivity to V
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00
Vult = o
us i 1300
T,V+A 5R00
p) 7.th
V 9
ud

Gamiz-damin-Pich-Prades-Schwab

T Physics

T data:

PDG 06:

RYs = 0.1686 (47)
RYy.q = 3471 (11)
V.| = 097377 (27)
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00
A —
us I Roo
T,V+A 5R00
p) 7.,th
V 9
ud

Gamiz-damin-Pich-Prades-Schwab

T Physics

T data: R, = 0.1686 (47)

b

RYy.q = 3471 (11)
PDGO6:  |V,,| = 0.97377 (27)

SRy =0 == |7,|=0.215(3)
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RS‘?S T data: RS‘?S = 0.1686 (47)

ROT?V+A _ SR™ Rg(?V+A = 3.471 (11)

V PDGO6: |V, | = 0.97377 (27)
Gamiz-Jamin-Pich-Prades-Schwab
SRy, =0 Vs = 0.215(3)

Taking as input  (from non t sources) m (m,)=100£10 MeV :

SRy = 0216 (16) V,s|=0.22124£0.0031,,, +0.0005,,

exXp —

T Physics A. Pich - PhiPsi08



RQ‘?S T data: Rg?S = 0.1686 (47)

R(Z)'(jV-i-A _ SR" Rg(?V+A = 3.471 (11)

V PDGO6: |V, | = 0.97377 (27)
Gamiz-Jamin-Pich-Prades-Schwab
SRy, =0 V5| =0.215 (3)

Taking as input  (from non t sources) m (m,)=100£10 MeV :

OR)y, = 0.216 (16) V5| =0.2212 £ 0.0031,, +0.0005,,
Kig:  [Vus|=02233£0.0024 [/+(0)=0.97 £ 0.01]
The T could give the most precise determination
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B(1073) [15] Updated Z(1073) with results from [20-22]

6.814+0.23 [Replace with 7.1540.03]
K" 4.54+0.30 Average with4.16+0.18 = 4.26+0.16 (S=1.0)
Kor~ 8.78+0.38  Average with 8.08 £0.26 = 8.31+0.28 (S=1.3)
K- n'n? 0.58+0.24 S. Banerjee
K n° 3.60+0.40
K ntn 3.30+0.28 Average with 2.73+£0.09 = 2.80+0.16 (S = 1.9) KAON'07
K™ 0.27+£0.06
(K3m)~ (estimated) 0.74+0.30
K1 (1270 = K~ 0.67+0.21
(K4r)~ (estimated) and K*~ 11 0.40+0.12

Sum 29.69+0.86  Updated Estimate: 28.444+0.74 [28.78 £0.71]

Smaller t—K branching ratios smaller R_ g smaller Vg

ROO

Ol =0.1686 (47)  —>

OLD

Vitslorp = 0-2212+0.0031,, , £0.0005,, Vits [y = 02165+ 0.0026,, +0.0005,,

Much more data coming. Precise measurement expected soon
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Huge number of t*1~ events at the B Factories

[y
o
N

-
o

T 1.2 12:4 1.6 ) 1.2 14
\s, GeVlc \s, GeVic?

Jamin-Pich-Portolés [ ol spectrum

*
~~~ K contribution

---- K (1410) contribution
Scalar contribution

-
o

K* plus Scalar contr.

Events/0.02 GeV/c? (x10%)
o

-
<
N
T II\III\‘
T IIIIIII| T IIIIIII’

T T \IIJIIl

-

Q
«

IIH|

1 »”T
1.2

Vs [GeV]

= /:HIM f{.IIHHd 1 Hluﬂ |||||ui

o

H

=]

o\ [T




RyT Description of BELLE data

Shape fit:

M- =895.3 £ 0.2 MeV

Ty.=47.5+0.4 MeV

RyT normalization fixed Br(t—— K v)),, = (0.427 £ 0.024) %

Br(t oKt v = (0.404 % 0,002+ 0.0134y50) %

" m

A, =(2520+0.33)10°° - A, =(12.85+0.31)107* - A, =(9.56+0.28)107°
+ + +

'

(Flavianet Kaon WG) A, =(252+09)10° ; A, =(16=4)107*
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The T is a clean laboratory to test the Standard Model

= Precision physics

= QCD tests

= Open questions: (g-2)M

= Hints of new physics: v's

= Future facilities: tcF, SuperB
= Tool for NP searches: LHC

T Physics A. Pich - PhiPsi08



The T could give the most precise V - determination

* From present T data one gets:

Vius| = 0.2165 £0.0026,,, +0.0005,,

= Accuracy similar already to Kys:

Vis| =0.2234£0.0023  [£,(0)=0.97 £0.01]

Interesting challenge for the B Factories & BESIII

T Physics A. Pich - PhiPsi08



A simultaneous mg & V . fit could be possible

However:

 Perturbative QCD corrections need to be better understood (CIPT)

Ago(ag)-*T = 0.753 + 0.214 + 0.065 — 0.063 + ...
Ayo(og)=T = 0.912 +0.334 + 0.192 + 0.069 + ...
Ajo(ag)-*T = 1.055 + 0.451 + 0.330 + 0.232 + ...
Ago (o)== 1.190 + 0.571 + 0.484 + 0.432 + ...
Ayoog)=*T = 1.324 + 0.697 + 0.657 + 0.676 + ...

Sizeable theoretical uncertainties

Resummations, pinched weights (Maltman & Wolfe), ...

(J Not enough sensitivity with present data

Large correlations. Low statistics. Missing decay modes ...

T Physics A. Pich - PhiPsi08



Davier-Hocker-Zhang ‘05

0.025 0.05 0.075 0.1 0.125 0.15 0.175 0.2 0 0.025 0.05 0.075 0.1 0.125 0.15 0.175 0.2

my(m?)  (GeV)

my(m2)  (GeV)

S

Taking Vg = 0.2225 (21) :

Gamiz et al '03 , J=0 excluded

Chen et al '01 , J=0 included Moment | mg(m_) [MeV]
Omg (MeV) (0,0) 192 +72
exp. |Vus| as (msSs) trunc. R-scale th.
(1,0) 164 + 31
132 26 4 9 9 14
120 13 10 11 16 (2,0) 137 + 20
117 10 14 14 21 (3.0) 115 + 17
117 9 19 16 27
103 7 20 19 29 (4,0) 100 £ 17
my(m,) = (12034 ) MeV mg(m,) = (122 £17) MeV
m (2GeV) = (11632) MeV my(2GeV) = (117£17) MeV
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d Strong k dependence with ALEPH data (mg decreases with increasing k)

Spectral function underestimated at large invariant masses

Missing events / modes (Knn, Knrx, ...)

[ Much better behaviour with OPAL data: Gamiz et al ‘05, J=0 excluded
Moment | mg(m_) [MeV]
_ (2,0) 89 + 39
(0,0) Vs = 0.2208 (34) 3.0) 84 + 27
(4,0) 78 + 22
my(m,) = (84 i23) Y , m,(2GeV) = (81i22) MeV
O t—>Kv from K- pv +OPAL: Vs = 0.2220 (33)

T Physics A. Pich - PhiPsi08



arXiv:0801.1817 [hep-ph]

Flavi A

" Kaon WG

Large O(p®) ChPT correction (Binens-Talavera)

Quark M.

\ |
Leutwyler & Roos 5‘4 l—n—

|

|

1
Bijnens & Talavera
Jamin et al

0:871(9) ¥PTH+LR
0974 (1LY PT +disp.
e 0 984:(12) 0 PTE INe

Cirigliano ef al

Wilson

.968(9) (6) DWF

.967(6) |f_|_ (O) VMS| = 02166 i OOOOS

+952:(6) Wilson
.9647 (15)35‘:at

REC
CP-PACS Q-

|
|
1
1
|
|
|
I
|
|
CP-PACS yPT =em i
I
I
I
|
I
I
|
I
I
|
|
|

|
I
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
QCDSF#* i
N=2+1 |
f |
|

|

|

|

HPQCD-FNAL
RBC-UKQCD 07

0.962(11) Staggered
0.9644 (49) DWE

a9 o 9° Q90 RARAR AR

£.(0)=0.97 £ 0.01
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