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B,,,/B. e | 0.9999+0.0020
B,,./B,,e | 1.0017£0.0015

By, . /Byse | 0.997+0.011

riAiioeD GURRENT UnNIVERMALITY

B,,,7,/7, |1.00020.0022
By./Bye| 1.036+0.013

BT—)G T,u/z-r

r—);z/ Fﬂ—),u

1_‘2'—>K/1_‘K—>,u

B\/V—)Z'/B\N—>,u
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0.979£0.017
1.039+0.012
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£ — My ) 1+0R E

2 2 3 - =
m_ —m 'K —>v 1+0R
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LGHENTZ SINUOTUNE O il CRbMCED CURGENT

I /VI =4— > o [ET"0M), ]| (M), Tl, |
> |- J2 v

\17| I°=1 ; TV=¢* ; FT=%0“ g,0,0,A=LR

i(lgRR +|oa +|gER|2+|gEL|2)+3(Ig£L

G,=G. ; g/ =1 ; allother g =0
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\gg‘w\/Nn (N, =2,N, =1, N, =1/4/3)

=-0.026+0.037
(90% CL)

= 0.017+0.027
(90% CL)

= 0.002+0.020
(90% CL)

(90% CL)

(Vy e — v, e‘)

(90% CL) er—e
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Only lepton massive enough
to decay into hadrons

probes the
hadronic V—A current

Hadrons

. 3¢0s* 6 | ;
Isospin : = S, | dx(1-x)*(1+2) X
o
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FORM FACTOR

F 1T 3 I T
— Fittdata {Mp =0.776 GeV)
. — . Guerrero and Pich (MP =0.776 GeV)

0 o0 CLEO-II data

O O ALEPH data

— Ourfit

— - Guerrero and Pich (Mp =0.776 GeV)

| | I ; L |
0.5 0.75 1 25 3 0.5

Vs (GeV) si(Is)  (GeV)

Th: Analyticity, Unitarity, Chiral Symmetry (xPT, RxT), QC

= Mj M2 Mg
Fr(s) = Mg—s—q:}(w,,r,,(s) exp{ 967 2f2 i [A (T*M—g)”

A(z,y) =logy+ 8z — 2 —|—cr3 log (" +1) , Oz 1—4x ; T ,(s)=06(s—4M?)o3 9—‘:;;2
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(1) { A+2-5) ay,

S3dgx (, 2 2\2
2 - (m K — -'m.ﬁ) }

— Total spectrum Jamin-Pich-Portolés

K contribution

---- K'(1410) contribution hep-ph/0605096

- Scalar contribution
== K plus Scalar contr.

B[r — v+ K*(892)]
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o(e'e —had)
oe'e >u )

=127 ImII_ (S)
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=i [d*x e (0T[40 35 0][0) = (-g""d" +a"q") Tu(a)
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o(e’e"—had)
oe'e >u )

=127 ImII_ (S)

~ Im

r—Vv,+had
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o(e’e"—had)
oe'e >u )

=127 ImII_ (S)

_ 127 Jom;dx (1 >
m

’
IV (s) = Vo [Ty () +TIQu(5) | + M| [ TR () + TIDu(S) |

I () =i [ d*x % (0[T[34() 35(0)'1]0) = (—9*"a’ + g“q” ) IT{,(a%) + a“q” TI", (o)
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Braaten-Narison-Pich

= 127 [ dx (1-x)*[ (1+2x) T ]
= 67i <f>x|:1dx(1—x)2 | (1+2X) —2X
(9)
H(J)(S) _ Z CD (Suu)égD(/u» OPE
D=2n &)

R, =N¢ Sy (14 6L, + 6 + S

S.w=10194 ; 5.,=00010 ; &, =-0.004%0.002
(fitted from data)

S,=a_+520a’+26a +... ; a_=a,(m)/x
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Similar predictions for and the moments

Different sensitivity to power corrections through

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

ALEPH, CLEO, OPAL
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(ALEPH 2005)

Davier, Hocker, Zhang (2005)
compilation Bethke (2004) -

a(m2) =0.345+0.010

e'e” (Gp,q)
(jet & event-shape)

Y decays

y

<Ghad)
e'e (jet & event-shape)

as(M2)=0.1215+£0.0012

©
Q.
(1]
L
P
=
o
>
o
o
—
2
[

a,(M2), . =0.1186+0.0027

=
DIS (e/i: F,)
[1.9-15.2]

as(M;) —as(My) =
10
uscale (GeV) 0.0029£0.0010, £0.0027,
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ALEPH 91-95 < T (A =1y, ALEPH 91-95

L RE — Perturbative QCD (massless)
T (V' I=1)v,
: ; - Parton model prediction
— Perturbative QCD (massless)
" - TEEH-O,C‘]JT
Parton model prediction
= TI:4II-O,3J'I-2'J'I:G,5'T[

mm 7KK-bar(M(

0
n

nS-nﬂ,Sn-nn,B-n(MC)
. on,n nnU,KKO(MC}
mm KK-bar(MC)

2
Mass? (GeV/c?)? Mass? (GeV/c?)?

Important information:

CvC, ahd = ol(M,)=128.95+0.05 , ...
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ALEPH 91-95

+ OPAL

— perturbative QCD (massless) P e rt u I b at | \V} e

— Perturbative QCD (massless) I = naive parton model

[ ] — 2
Parton model prediction at S m T

T(V,A I=1)v,

v(s) + a(s)

ALEPH 91-95
+ OPAL

T (VA =1y, ' ':I — perturbative QCD (massless) N O n - P e rt u r b at I V e

— Perturbative QCD/Parton model

Chiral Sum Rules:

T

FA/<I’7§> , &€

f . m>—-m’
T T

2
Mass? (Ge\a’!cz)2
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e T SV,
=1 Kn
m K2n
== K3n + K1 (MC)
1 K4n (MC)
1 K5n (MC)

+ (K) from PDG
(Kn+Kn)~
(Knre+Knm)~
(Knm)™

-- mnaive parton model

kl
(k,)) | ALEPH OPAL SR _ RTV+A R;s .y m:(m?)
i

(0,0) | 0.39+0.14 | 0.26 £0.12 Vol Mol m;
(1,0) | 0.38 £ 0.08 | 0.28 + 0.09

(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
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1 SR [this work] T OPAL data
SR [Gamiz 03] T ALEPH data

Scalar SR [Jamin 02]
S/P SR Jamin 06

PScalar [Maltman 02] Strong SenSItIVity tO Vus

Phi SR [Narison 99]

Lattice [Wittig 02]
Lattice [Aubin 04]

Lattice [Schierholz 04] R ( 0 .‘,D)
I; 2 __ Ty
Average | " US | - [D.D)
RvEa B (iR(D‘D)
60 70 80 90 100 1;1(}21?308\};32”;30 150 W "r..th
s - LLL

Taking as Input  (from non t sources) m.(2Gev) =95+20 MeV

(k=0,1=0)
(Musly,, =0-2233+0.0028)

(k=0,1=0)

Simultaneous m¢ & V . fit possible with better data

The T could give the most precise determination
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my, from 2D likelihood fits of Fy and My

distributions in 7 — v+ X near the end-point Mainz’'05:
m, <23eV
e
X | ALEPH | CLEO | DELPHI | OPAL | (95% CL)
25.7 28 35.3
370 28
5 23,1 30 482
Combined | 18.2 28 27.6 m,, < 0.19 MeV
(90% CL)

If my./my, ~ (ms/me )< +

DONUT: First Direct Observation !
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IIIIII
0.25

{sin°0

IIII'III|III!
0.5 0.75

"
sin"0,,}

12°

M. Maltoni

parameter
Am3, [10°eV?]| 7. 7.3-85 | 7.1-8.9
Am3, [107%eV?] | 2. 1.7-29 | 1.4-3.3
sin® 015 0.25-0.34|0.23-0.38
sin” 0,3 0.35-0.61/0.31-0.65
sin® 013 < 0.031 | < 0.051

dcp, hier, my, ¢; undetermined

NORMAL INVERTED
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m, # O NEW PHYSICS

Sterile v

New Interactions ?

1 SU(2), ® U(1), Invariant Operator with d=5 ( =iz, ¢*
7 ~'[LC h 1 = C h .
X j +he —5 ViclM;jv5. + hee. ;
Small Majorana Mass: m,, >0.05 eV Alc; < 107 GeV

Lepton Number Violation. Lepton Mixing. /
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Lepton Flavour Violation

Mixing Structure U=V .

(M.C. Gonzalez-Garcia)

1 1
Ny G B

~ _%(1_,”5) %(H,l_g) A~02 ; £<0.2

- 1=

1 1
—(1-A-¢) ——(1+1+
2( £) 2( £)

Open Questions: v Masses (Dirac, Majorana). Leptonic /

Leptogenesis (Baryon Asymmetry)
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90% CL Upper Limits on Br(I — X") [BABAR / BELLE]

w—ey 12-10" poeete 1.0-107 p—oey 72-10"
t—oey | 1.1-107 | t—oeee  20-107 | t—oeepu 19107
Touy | 68-10° | toeptp | 20-107 vt pep  1.3-107
t—eep”  1.1-107 t—oppup | 19-107 0 t—oen® 19107
topun® | 41-107 | toen 10-107 | —>pum’ | 4.7-107
Toemn  23-107 topum | 15107 | t—>eK |3.0-107
T—oeKs  56:-10° | touKs | 49-10° | t—opp®  2.0-107
e KK 14-107 | e Kt | 1.6-107  t—oenwK- 3.2-107
Tou KK 25107  topuKn | 32-107  tounK 26107
e 1.2:-107 | top | 29-107 | toAm | 0.7-107
—etKK- 1.5-107  t>eKn | 1.8:107 | t>etnn | 201077
TowKK | 44107  topKn | 22-107  toptmn | 0.7-107
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u:

T.

Jhy -

Z .

L = Loy + D % Tl | T

Br~ 10" A/C/2~ 175 TeV

Br~ 10" A/ C~

Br(Jly—>pe)<1.1-107°
Br(Jly >te) <83-10°

Br(Z—>pe)<1.7-107°
Br(Z—>71e)<9.8-10°

Tau Physics

> TeV

: Br(Jhy > pt) <2.0-107°
BES (90% CL)

; Br(Z—>pt)<12-107
LEP (95% CL)

A. Pich - Charm 2006



P)

2 3 4
A = APZ L A® (ﬁj Yy (ﬁj +A§*)£ﬁj s oo
7T 7T 7T T

ae = (115965 218.59+0.38) x 107" o' =137.035998 83 + 0.000 000 51

Atom Interferometry + Cesium D1 Line: o' '=137.0360003 + 0.0000010
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2m,
a;” = (11659208.0+6.0)x10™" (BNL-ES821)

116584704 + 1.5 QED Kinoshita-Nio

+ 154 + 0.2 EW Czarnecki-Marciano-Vainshtein

+703.1 £ 88 hvp (711.0+5.8)_,(693.4 £6.4),+,- Davieretal

- 98+ 01 hvpNLO Krause, Hagiwara et al

+ 12.0 £ 3.5 light-by-light Melnikov-Vainshtein, Knech et al

(11 659 199.0 + 6.9)_ , (11 659 181.4 + 7.5) -

aP-ah = 150 1.0c 280

Tau Physics

A. Pich - Charm 2006



—r —
DEHZ 03 (e*e -based)
180.9+8.0

DEHZ 03 (t-based)
195.6+6.8

HMNT 03 (e*e -based)
176.3+7.4

J 03 (e"e -based)
179.4+9.3 (preliminary) Y

TY 04 (e'e -based)
180.6+5.9 (preliminary) —_{—

DEHZ 04 (e'e -based)
182.8+7.2 (preliminary) —6e—

BNL-E821 04
208+5.8 —— F

T—v,+had

140 150I:I160 170 180 190 éOOIIl
a,—11659000 (107°)

0.0 GeV, Contributing E regions
and associated errors
(grey) scaled up by 10

Ooep(My)

1.0 GeV : x 12.GeV
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The 7T is an ideal laboratory to test the Standard Model

® [epton Universality tested to rather good accuracy

® V-A Structure verified in u—e , but notyetin t—e,u

Good limits on 1, —e,u

® Wonderful QCD laboratory to study the hadronic V, A currents

- Exclusive: yPT , Resonance structure, ...
- Inclusive: ag, mg, V,,, <ag G*>, ...
(CKM, CP, ...)

® Open guestions in g-2

® First hints of New Physics: Non-zero v masses and mixings
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CLEO
OPAL

B ALEPH
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[21,/*31/ (121,141 - (e8] " 41)
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]_

I

v KLOE

+ SND

* CMD-2

°© CMD

o OLYA
|

OPAL
T Average

M ALEPH
i CLEO
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(21,141 / ([eBrisane-2] I*4] - [2] I*4I) [21,*41/ ([21,°4] - [e2] *5])




