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Hadrons

d, =V 4 d+Vys

Only lepton massive enough to decay into hadrons

F(r‘ —> v, + Hadrons) 1-B,-B,
~ N¢ ; R, = =3.639+0.011

F(z’ —> Vv, e 178) Be

R

T
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=127 ImII_ (S)
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o(e"e”—had)
oee >u u)

=127 ImII_ (S)

() = i [d*x e (0T[40 350]]0) = (-9’ +7"q") Tm(a’)

I'(z"— v, +had)
['(z > v.e V)

R =

T

m;
= 127 dX[l—
0

° j H n‘:’z j Im 17 (s) + Im H(O)(s)}

2
mT

IV(s) = Nyg| [T (8) + TIRA8) | + V| [TIR () + TIu(S) |

5 (@) =i[d*x e (O[T[3500 3(0)'1[0) = (-9 0"+ aq") I (a") + ¢"q” TT(a")

Vs from 1 decays A. Pich - CKM2008



Braaten-Narison-Pich
_I'(z_ > v, +had)

=
['(z > v.e V)

T

= 127 [ dx (1= %) [(1 +2%) Im[I(xm3) + Im 1 (xm2) |

Im(s)

R, = 67 4) dx (1-x)° [(1 +2x) [P (xm2) — 2x H(O)(xmﬁ)}

X|=1
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1
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Braaten-Narison-Pich
_I'(z' > v,+had)
['(z > v.e V)

R

T

= 127 [ dx (1= %) [(1 +2%) Im[I(xm3) + Im 1 (xm2) |

Im(s)

. R = 67i qimzl dx (1)’ [ (1+2x) T (xm?) — 2x 1 (xm) |
R : .Re(s) ;
i ) (s) = Z CH (s, 1) <OD (,U)> OPE

D/2
D=2n (=S)
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R

T

_I'(z_ > v, +had)

Braaten-Narison-Pich

) ['(z > v.e V)

Im(s)

= 127 [ dx (1= %) [(1 +2%) Im[I(xm3) + Im 1 (xm2) |

. R = 67i qimzl dx (1)’ [ (1+2x) T (xm?) — 2x 1 (xm) |
i .Re(s) ;
i ) (s) = Z CH (s, 1) <OD (,U)> OPE

D/2
D=2n (=S)

R, = NgSpy (14, +6p) = Ry +R. A+ R g

S,,, =1.0201 (3) : Sy =—0.0059+0.0014
Marciano-Sirlin, Braaten-Li, Erler Fitted from data
S,=a +520a +26a +..~ 20% ; a_=a,(m.)/x
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Perturbative: (my=0)

K, =49.07570  (Baikov-Chetyrkin-Kuhn ‘08)

d | a.(=s) )"
—s = 117(s) = WEO: K (#} . Ky=K, =1 , K,=163982 , K,=637101
n=

Op = Z K, AV(a) = a_+520a’+26a’ + 127a’ + ---

n=1
Le Diberder- Pich ‘92

n
—S
A () = L d—x(1—2x+2x3—x4) LG LI : a_=ag(m)/x
27i =L X i ‘ ‘ ‘
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Perturbative: (m,=0)

K, =49.07570  (Baikov-Chetyrkin-Kuhn ‘08)

d | a.(—=s))"
—s - TI°(s) = WEO: K (#} . K,=K,=1 , K,=163982 , K,=6.37101
nN=

- Op = Z K, AV(a) = a_+520a’+26a’ + 127a’ + ---

Le Diberder- Pich ‘92

() I dx a,(-9))' _
A (as)—z— ’X’I—(1—2X+2X — X ) =a, + ‘- ; a, =a,(m.)/z
| X

. . 1 C, (O
Power Corrections: & () = —5 D, n §”>
d7° = (-9)

Braaten-Narison-Pich

w [0)

Con(0sn)  , Ce(Os)  Cs(Os)
S ® 5 <_|5|X|1dx (1-3x2 +2x)é o = -3 m -2 =

Suppressed by m§ [additional chiral suppression in C, (O,
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Similar predictions for R_,, , R 5 , R, andthe moments

k I
s dR
RMGs,) = [Pds 1= |2 r
r (5) -[0 ( soj [mzj ds

T

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:

5NP = —0.00594+0.0014 Davier et al. (ALEPH data)
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R,y =1.783£0.011 ; R _,=1695£0.011 ; R_,,,=3478£0.010  Davieretal
ALEPH

as(Mm?) = 0.344 +0.009

> e'e” (jet & event-shape)
(Ohaa)

e'e” (jet & event-shape)

.
e e

a,(M7)=0.1212+0.0011

AN
, =
&=

'°' e’e (jet & event-shape)

as(M3), . =0.1191%0.0027

ﬁ
DIS (/i Fo)
ai(M3)—af(M3) =

0.0021+£0.0011, £0.0027,

uscale (GeV)
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RM N S, {(Md PNl ) [1+69O] + 3 [ Mol 85 + Mool 555'“”]}

D>2

ki ki
§Rk| _ RT,V-i—A RT,S — N. S 5k|(D) 5kI(D)
C YEW DZ>:2[ ud — Cus ]

o Nud ‘2 [VUS‘2 )
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(0,0)
(1,0)
(2,0)
(3,0)
(4,0)

e T 58V,
[ Kn
m K21
g K3m + K (MC)
= K4rn (MC)
1 K5n (MC)

0.39+0.14
0.38 + 0.08
0.37 £ 0.05
0.40 + 0.04
0.40 + 0.04

)

0.26 £0.12
0.28 + 0.09
0.30 £ 0.07
0.33 £ 0.05
0.34 + 0.04

Vs from 1 decays

ALEPH

kI _

r =

Kl

4
RZ',V +A RT,S

2
[Vud |

2
M|

OPAL

(K) from PDG
(KT+Kn)~
(Knn+Knm)™
(Knnm)™

-- naive parton model

2

~ 24 Ms(M:)

2
T

m

2
T

s (GeV?

) Ay (as)

V,s and QCD uncertainties
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CoNal MG T

Rkl Rkl 2 2
V+A S Mg (M
I _ TeveA - Tos oy ms(Mz) Ay () Known to O(a)

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 (m—puv)
e (Km);-0 (S-wave Kr scattering)

Smaller uncertainties

Phenom: | —0.135 + 0.003  —0.028 +0.004 —(7.774+0.08) - 1073

7.th .

SRY = 0.1544 (37) + 0.062 (15) = 0.216 (16)
/U J
Y

e
J=0 mg(m_) = 0.100 (10)
Vs from T decays A. Pich - CKM2008



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 05]

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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Gamiz-Jamin-Pich-Prades-Schwab

Vs from 1 decays

T data:

PDG 06:

RYs = 0.1686 (47)
RY, . 4 = 3.471 (11)

TV +

V| = 0.97377 (27)
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Gamiz-Jamin-Pich-Prades-Schwab

Vs from 1 decays

T data: RYs = 0.1686 (47)
R¥ a4 = 3471 (11)
PDG 06: ’\/ud‘ = 0.97377 (27)

SR =0 == Vys[=0215(3)

A. Pich - CKM2008



R T data: RS?S = 0.1686 (47)

R(z)'(jV+A _5R00h R(z)'(,)V—I—A — 3471 (1 1)
2 7t
M| PDG 06 V4| = 0.97377 (27)
Géamiz-Jamin-Pich-Prades-Schwab
SRy, =0 Vys|=0.215 (3)

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

SRy = 0.216 (16) Mus| = 0.2212 4 0.003 1, , +0.0005,
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R T data: R‘;‘fs = 0.1686 (47)

i 00
RT,V+A _5R00h R(Z)'(,)V—I—A — 3471 (1 1)
2 7t
M| PDG 06 V4| = 0.97377 (27)
Gamiz-Jamin-Pich-Prades-Schwab
SR, =0 Vus|=0.215 (3)

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

OR)y, = 0.216 (16) Mus| = 0.2212+0.0031,,, % 0.0005,,
Kig:  Mus|=0.2233£0.0024 [f.(0)=0.97 £ 0.01]
The T could give the most precise determination

Vs from 1 decays A. Pich - CKM2008



Mode P(1073)[15]  Updated %(103) with results from [20-22

K 6.81£0.23 [Replace with 7.15 £ 0.03]
K- n¥ 4.5440.30 Average with4.164+0.18 = 4.26+0.16 (S=1.0)
Kz 8.7840.38 Average with 8.0840.26 = 8.314+0.28 (§=1.3)
K mx0 0.58+0.24 S Banerjee
K'rn—n® 3.60+0.40
K nrm 3.304+0.28 Average with 2.734+0.09 = 2.8040.16 (S=1.9) KAON’07
K™n 0.27£0.06
{1\ urJ_ {estlm lted} 0.744+0.30
2 (12 0.67+0.21
““n 0.40+0.12

20.69+0.86  Updated Estimate: 28.44 +0.74 [28.78 £ 0.71]

Smaller =K branching ratios smaller R g smaller Vg

RYS 0.1686 (47) —>

OLD

Vysy,, = 02212 £0.003 1y, £0.0005,, Mus o = 0.2165%0.0026,,, +0.0005,,

2 exp —

Much more data coming. Precise measurement expected soon
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A simultaneous m¢ & V| fit could be possible

However:

O Perturbative QCD corrections need to be better understood (CIPT)

Ago(atg)-*T = 0.753 + 0.214 + 0.065 — 0.063 + ...
A1o(a)T = 0.912 + 0.334 + 0.192 + 0.069 + ...
Asp(o)-*T =1.055 + 0.451 + 0.330 + 0.232 + ...
Azp(og)-"T=1.190 + 0.571 + 0.484 + 0.432 + ...
Ayo(o)-*T=1.324 + 0.697 + 0.657 + 0.676 + ...

Sizeable theoretical uncertainties

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

 Not enough sensitivity with present data

Large correlations. Low statistics. Missing decay modes ...
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Recent Fit to ALEPH Spectrum  (Br's re-scaled)

(Maltman et al.)
[ Pinched weights ro reduce perturbative QCD corrections

O Similar results: Vus|=(0.2144-0.2156) +0.0031,,, +0.0022,,

( Total decay rare not used

(weighted spectrum only)

Larger Uncertainties

New Data Needed

Vs from 1 decays A. Pich - CKM2008



Huge number of t*t~ events at the B Factories

1 12 14 16
s, GeVic

Jamin-Pich-Portolés — Total spectrum
I(" contribution

- K (1410) contribution
Scalar contribution

-
o

T IIHII| T IIIH[II

ar

- K plus Scalar contr.

Events/0.02 GeV/c? (x10°%)

-
e

T II]IIIII T III]I"]

(=]
:h T
o [T

-
<
¥

M, .. (GeV/c?)




Ry T Description of BELLE data

Shape fit:

My = 895.3+ 0.2 MeV

Ty»=47.5+0.4 MeV

1.2

Vs [GeV]

RxT normalization fixed Br(t—— K¢t~ v)y, = (0.427 £ 0.024) %

Br(t =Kt V) g = (0.404 £ 0.002¢0¢ £ 0.0134ys) %

' " m

A, =(2520+033)10° ; A, =(12.85£031)10* ; A, =(9.56+0.28)107

'

(Flavianet Kaon WG) A, =(252+09)10° ; A, =(16+4)107*

Vs from T decays A. Pich - CKM2008



The T could give the most precise V| determination

= From present T data one gets:

Vys| = 0.2165 £ 0.0026,,, £ 0.0005,

= Accuracy similar already to Kj5:

Vys|=0.2233£0.0024  [£,(0)=0.97+0.01]

Interesting challenge for the B Factories & BESIII

Vs from 1 decays A. Pich - CKM2008



arXiv:0801.1817 [hep-ph]

"l Kaon WG

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

| |
Leutwyler & Roos 44 + 0.961(8) Quark M. O (p4)

|
]
I
(¥

Bijnens & Talavera 0.971(9) (PT+LR

|
]
|
|
i f
Jamin et al i 0.974(11) yPT +disp. O (p6)
l
I
I
|

Cirigliano et al 0.984(12) 3 PT + 1/Nc

-"‘"_,--20 SPQcdR 0.960(5) (7) Wilson

'\ir:‘? RBC ' 0.968(9) (6) DWF

IP—PACS Q. - - 967 (6) _
S g o9eme) |, (0) Vys| = 0.2166 +0.0005
QCDSF* 0.9647(15) ,

|
I
.-\"'r.=2+l i
HPQCD-FNAL i ! 0.962(11) Staggered
l
1

RBC-UKQCD 07 0.9644(49) DWE

“_q-& “96 “96 “9'\ \\_9“5 “})q \.\‘“

f, (0)=0.97+0.01
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0 0.025 0.05 0.075 0.1 0.125 0.15 0.175 0.2

my(m?)  (GeV)

Taking V¢ =0.2225 (21):

Chen et al '01 , J=0 included

(k,1) ms (MeV) ]

(0,0)
(1,0)
(2,0)

(3,0)
(4,0)

>XP.

26
13
10
9

7

Omy ( ! hI e\, )

|Vus| s (ms8s) trunc. R-scale th.

13
9

7
8
5

W N W W N

9
11
14
16
19

my(m,) = (120134 ) MeV

ms(2GeV) = (116735 ) MeV

Vs from T decays

Davier-Hocker-Zhang ‘05

0 0.025 0.05 0.075 0.1 0.125 0.15 0.175 0.2

m(m?)  (GeV)

Géamiz et al '03 , J=0 excluded

Moment  my(m.) [MeV]

(0,0) 192 + 72
(1,0) 164 + 31
o) 137 + 20
(3,0) 115 + 17
(4,0) 100 + 17

mg(m,) = (122 £17) MeV
ms(2GeV) = (117+17) MeV

A. Pich - CKM2008



d Strong k dependence with ALEPH data (m¢ decreases with increasing k)

Spectral function underestimated at large invariant masses

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

 Much better behaviour with OPAL data: Gamiz et al '05 , J=0 excluded
Moment | my(m,) [MeV]
3 Xo) 89 + 39
(oK) Vs = 0.2208 (34) 3.0 84 + 27
(4,0) 78 + 22
ms(m,) = (84 £23) MeV : ms(2GeV) = (81+£22) MeV
0 1> Kv from K — pv + OPAL: Vs = 0.2220 (33)

Vs from T decays A. Pich - CKM2008
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