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TAU DECAY
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CHARGED-CURRENT UNIVERSALITY

|9,u/ge|
BT—),U,/BT—)G 1.0009 + 0.0022

Brse/Brosy | 1.0017 £ 0.0015
0By _,u. (pp)| 0.98+0.03
By /. (LEP2) | 1.002+0.016

197/ gl
Br e Tu/Tr 0.9993 4+ 0.0023
Cror/T sy 1.005 4+ 0.005
rT—)K/I_K—),U, 0.981 £ 0.018
BW—)T/,U, (LEP2) 1.008 £ 0.019

|97/ ge|
Broy mu/7r 1.0002 + 0.0023

0 By .7 (pp) | 0.987 +0.025
By _,,/. (LEP2) | 1.010+0.019




05/07/1999
Tampere 99 - Preliminary - [161-189] GeV

W Leptonic Branching Ratios

ALEPH e 11.34 + 0.49
L3 _A_ 10.31 + 0.47
OPAL s 10.52 + 0.45
LEP W ev _._ 10.61 = 0.25
ALEPH . 11.29 + 0.46
L3 R 9.95 + 0.49
OPAL | 10.47 + 0.42
LEP W pv _o 10.65 + 0.24
ALEPH _.__ 10.48 + 0.60
L3 1 11.20 + 0.68
OPAL i 10.69 + 0.56
LEP W 1v + 10.82 £ 0.32
LEP W Iv e 1068+ 0.13
e

10 11 12

Br(W - Iv) [%]

CDF + DO: B(W = ev) = (10.43+0.17)%



LORENTZ STRUCTURE

= =yl "oy (p—e, T—pu, T—e)
Gy 0 [T -n e
H =4 /2 Z Yew [ler (Vl/)o'] [(Vl))\ rnlw]
n,€,W
S =17 ; I_V:fy“ ; I_TZO'“V/\/E . e, w,0,\= L, R

10 complex couplings g/, for each decay
3 x 19 real parameters (1 arbitrary phase)

Normalization:

1 S S S S 2 T |2
X Z <|9RR|2 + |9RL|2 + |9LR|2 + |gLL|2> + 3 <|9£L| + |9LR| )
+ <|9gR|2 + |9gL|2 + |9);/R|2 + |9):/L|2>

= 1 = Qrr+ Qrr+ Qrr + Qrr
Standard Model: Gnu=Grp ; g/, =1
! Spectrum: Michel Parameters  (§,1,&,0)

QZREQRR+QLR:%[1+%_19_6§5]



MICHEL PARAMETERS

World Averages

(I. Boyko)

0.035 + 0.031
x°=3.9/5

0 —o 0.746 + 0.011
¢ Xx°=16/5
0 0.752 + 0.009
x°=22/6
: 0.995 + 0.042
e 2 _
Xx°=06/5
: i 0.978 + 0.031
2 _
X°=6.2/6

£, —o—|

0  —s

0.733 + 0.029
x*=3.1/5

0.745 + 0.021
x°=3.1/6




Upper Limits on g7, = g2, /N"

N™ = max(g{,)

(I. Boyko)

[NS=2, NV =1, NT =1/V3]

S V

& ®
RR 0.34RR 0.17
S V T

& - -
LR 0.36 LR 0.17/ LR 0.1
RL 2 |RL 0.51/RL 0.58
(90% CL) Red circles = u—decay limits

Q- < 0.032 Q7% < 0.054; Q7" < 0.047



T = vl

(Ey > 10 MeV)

Data MC

B,y (x1073)|3.614+0.164+0.35|3.68+ 0.02

Bey (x1072) [1.75+£0.06+£0.17 | 1.86 +0.01
Bevy /By 4.85+ 0.27 £ 0.57 | 5.05 + 0.04

Good agreement with Standard Model predictions

First direct measurement of Br(r— — vre vey)

For E, > 20 MeV:
B,y =(3.0+£0440.5)x 1073

B,y = (3.044+0.14+£0.30) x 1073

No useful limits on ¢’ [Qr—ip, = 5(1-¢N]



NEUTRAL CURRENTS

2U1 a
o |vr]2 a2 A = L2
[ | l| +| l| [ |Ul|2‘|‘|al|2
[ — 3 [ [ — 3
App =23 Ac Al Apy = A1 Apppy =7 Ae
A A Al =34
LR — 4fle ' FB,LR — 4 “

Ab, o and Al . only available for the 7

A7 (14-cos?6) +2 Ac cosd
(14-cos?0) +2 A Ac cosb

0.1 .0.15

ALEPH Prdliminery “,.[ DELPHIP, (prelim)

03 L —— Universality — =t
i ~ Non-Universality
_04 -
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0.1483 £ 0.0051

Ae:

Prelimi

0.23107 + 0.00053
0.23210 + 0.00056

0

iminary

23136 + 0.00065

0.23236 + 0.00036
0.23258 + 0.00086

0.2321 + 0.0010
0.23195 + 0.00023

x/d.o.f.

5.2/5

10.6/6

0.23161 + 0.00018

x°/d.o.f.

Aa, = 0.02804 + 0.00065

[ o= 0.119 + 0.002
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NEUTRAL-CURRENT UNIVERSALITY
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THE vr

MASS

my,. from 2D likelihood fits of Eyxy and My
distributions in 7 — v+ X near the end-point

X ALEPH | CLEO DELPHI  OPAL
37 25.7 28 * 35.3
3770 28
57 23.1 30 43.2
Combined | 18.2 28 * 28 * 27.6

If my, /My ~ (mr/me)?

my. < 38 MeV

0.02 eV < my, < 0.08 eV

(Dova-Swain-Taylor)

-

(95% CL)

(Assuming v, — vy, m,. > my,)

(90% CL)




LEPTON NUMBER VIOLATION

(CLEO)
X- uL, 10-° X uL, 10°
ey 2.7 Uy 3.0
e"etTe 2.9 ,u_,u+,u 1.9
e e"',u_ 1.7 ,u_,u'l'e_ 1.8
e‘,u"'e_ 1.5 ,u_e'l',u_ 1.5
e~ 70 3.7 ,u_7ro 4.0
e 8.2 uw-mn 9.6
e_po 2.0 ,u_po 6.3
e~ K*0 5.1 u~ K*0 7.5
e~ K*0 7.4 u— K*0 7.5
e~ @ 6.9 [T 7.0
et~ 2.2 7 atn 8.2
e~nmtK 6.4 u T K 7.5
e~ Ktr 3.8 u~KTr 7.4
e KtTK— 6.0 uKTK- 15
et n 1.9 ,u+7r_7r 3.4
etn K~ 2.1 ptn K 7.0
et KK~ 3.8 utTK K~ 6.0
e~ 970 6.5 ,u_7ro7ro 14
e~ 24 p—mOn 22
e nmn 35 pnm 60




HADRONIC DECAYS

Only lepton massive enough to decay into hadrons

T —vrH™

T —UVUrT T

0.

probes the hadronic V — A current

(H™|dgv*(1 — 75)u|0)

Pion Form Factor

(m=m0) dyFu]0) = V2 Fr(s) (0 — Do)

» o
*ﬁ%ﬁ X ﬁ ! |
¢ *RNE 0f o m% ]
10" { K + He
; ;K %» - a ’ﬁ
NI: } ‘LL*‘%;*%‘ ?ﬁ%}* | O\Z [Ge(\);]so 0.85
- “H fﬁ++%ﬁ%+J‘
i i W |
I,
10-1 3 \ \ \ \ \ +
0.3 0.5 | 0.7 0.9 1.1 1.3 | 1.5
Vs [GeV]

(10° selected events)

[ Br higher than CVC prediction by (3.2 +1.4)% ]



T — Us 7270

4 Form Factors:  Fq- , F3 , Fa

1~ and 0T forbidden by G-Parity  ;  FJ ~ mg

F1,, == 4 Structure Functions
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Non Axial Contribution < 16.6% (95% CL)

hy, = —1.02 4 0.13 = 0.03,m0de1 [ |hy,| = 1.0000 4 0.0057]



QCD TESTS

r(r— v 4+ hadrons)
M(r—>vreve)

Rr =

The inclusive 7 decay width can be accurately
predicted in QCD (Braaten—Narison—Pich)

R. = 127 /1 dz (1 —z)* [(1 4+ 2z) ImN"(s) + ImMN*(s)]
0

6mi ]{ dz (1 —z)? [(1 4 2z) N7 (s) — 22N (s)]
|lz|=1

(z = s/m3)

N9(s) = V21 [M0() + M, 4(0)] + V2L N0 () + N2, 4 (5)

j / d*z & (O|T (J(z) T5(0)1) [0) =

(=9"¢* +q*q") N, ,(¢°) + ¢*¢" N ;(q7)



Ry = N¢ Spw {1 + 0y + 6p + }
Spw = 1.0194 ;  §,, = 0.0010 ; ar =as(m,)/7
Sp=ar+520a2+26a3+---~ 20%

= Yp»2 Cop/m3" ~ Ceg/m?
Similar predictions for Ry, R; 4, R; g and
R = [ds (1 — S/'m%)k (S/mg)l dd%

Non-Perturbative contributions fitted from data

ALEPH OPAL
Sp 0.202 + 0.013
SN p —0.003 + 0.004 | —0.0024 + 0.0025
as(mr) 0.345 + 0.018 0.348 + 0.021
0.322 + 0.020 0.324 + 0.014
as(My) 0.1212 4 0.0021 | 0.1219 + 0.0020
0.1186 4 0.0024 | 0.1191 + 0.0015
Rrvia 3.492 + 0.016 3.484 + 0.024
R,y 1.775 4+ 0.017 1.764 + 0.016
R, 4 1.717 +0.018 1.720 £ 0.017
R, s 0.155 + 0.008

as(Mz) = 0.119 & 0.002




MEASUREMENTS OF as(Q)

[
Data

Deep Inelastic Scattering
ete Annihilation
Hadron Collisions
Heavy Quarkonia

Theory

Lattice

e » |NNLO

0o o > |NLO

/\(,\?T)s as(My)
275 MeV --- 0.123
220 MevV — 0.119
175 MeV — - 0.115




MEASUREMENTS OF as(My) (5. Bethke)

DIS [pol. strct. fctn.] —

ev. shapes 133 GeV [LEP] ——o0L—

ev. shapes 161 GeV [LEP] l—o—:—u

ev. shapes 172 GeV [LEP] —o0—

|
DIS[Bj-SR] —le—
DIS[GLS-SR] : >
T-decays [LEP] He-
Fy, F3 [V -DIS] H:H
F, [u-DIS] —O0—,
Jets [HERA] — g
F,[HERA] -
ev. shapes [HERA] o

|
QQ + lattice QCD Ok
Y decays —Q—
€" e [Ohag] —e
e e [ev. shapes 22 GeV] —=—0—
e*e-[ohad] = : O
e" e [ev. shapes 35 GeV] ——O—
ete[ev. shapes 44 GeV] H-O——i
et e [ev. shapes 58 GeV] Ot
pp — bb X : O E |
Pp, pp =y X —O——
o(pp-> jets) —o—
(20 - had.) [LEP] ro—
Z%%v. shapes —rOo—

ev. shapes 183 GeV [LEP] —O—
ev. shapes 189 GeV [LEP] —Oo—

008 010

012

“014
as(Mz)




SPECTRAL FUNCTIONS

v(s) = 27 Im ﬂgj‘%(s)

v, +ta |
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I
&l w

v(s) +a(s)

v(s)

' ALEPH -
L ) ) ]
N . T (VA ISy,
o parton model prediction B
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ettty ey ‘
L e e, atUJIIIIL.‘_H.W ...... -
el b b b b b i
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=
()]
—

[N

05

+ OPAL |
— perturbative QCD (massless) |
- naive parton model

= CVC ,

7

a(s) = 27 Im I_Igj_j(s)

V- & EH

25}

15}

v(s) - a(s)

v(s) — a(s) * fr, m2.—m?2,,

Chiral Sum Rules

» ALEPH |
. < T - (VA ISV, ]
—— parton model/perturbative QCD

.

,WMH%

4*#

o _

o5 1 15 2 25 3 35
Mass? (GeV/c?)?

4 - OPAL 1
s — perturbative QCD (massless) |

a1 (Mz) =128.933 +0.021
a’? = (692.4 +6.2) x 10710 (Davier et al), ...

Fa/(rz),



SCALE DEPENDENCE (m2 — sg)

2

50 d
R,(sg) = 127 / @ (12
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In agreement with OPE prediction



CHIRAL SUM RULES

_ T+L T+L
p(s) = 5= {Im rluc;fv(s) — Im I'IUCZ'A (s)}

When sg — oo

= o r(s) = fZ :

= [ L o(s) = 245 - Fa

= [ sp(s)=0; L=[ (s) p(s) = —*3= (m2. — m2,)
—fo sp(s) = 0 ; = Jo dss In(s) p(s) = 3= (M — my,
< 002 ¢ 2 04—
© 0018 | -
o : 0.035 OPAL
0.016 [
Z’Z [ 0.03 ©
— 0014 [
002 0.025 |
0.01 F 0.02 |
0.008 | 0015 |
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L cl 1 [ B | L 1 [ B |
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< 0.025 <
[«] L [«]
8 0.02E 8
50015 | >
< g =
— 001 -
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001 F
001 3 -0.06 |
-002 F j
: -0.08 |-
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KAONS IN 7 DECAY

Many results (ALEPH, CLEO, DELPHI, OPAL)

World Averages

X~ Br (% ) X~ Br (% )

K~ 0.690 + 0.025 (Km)~ 1.30 + 0.07
KOr— 70 | 035640041 K nwtm~ | 0.310+0.058
K—nt7r 7% 0.070+0.025 KOK~— 0.159 4+ 0.017
K-Ktr~ o0.156+0018 KOK97~ | 0.024+0.005
KOK—70 | 014840021 | K- Kt7 7% | 0.044+0.018

Strange Spectral Function (ALEPH)

T ol ALEPH
b ORn -
: K
M3 K3m+Kn (MC)|  pk
b [ K4t (MC) T
2 -

05 1 15 2 25 3
M ass’ (GeV/cz)2




RT,S = 7Mg (Prades—Pich)

RFI RFl

kl TV—I—A s

SRE VAA 2_3§j[5
Vil | Vaus| D

('m,T)

7_

kl(D) 5l<:l (D)]
ud

2 504

24

Q

Akl(aT) — 487

004 = (O|msss — 'm,dcid| ) R fx (’m, + %(i)

Agolar) = 2.0+ 0.5 (Bad perturbative behaviour)

(k,1) | 6REL (ALEPH) | ms(ms) (MeV)

(0,0) | 0.39440.137 | 1434 31¢yp + 18y,
(1,0) | 0.3834+0.078 | 121 + 17cyp &+ 18y,
(2,0) | 0.3734+0.054 | 106 & 12¢4p + 21y,

ms(1GeV) = 1644+ 31 ; my(2GeV)= 1144 23

Subtracting the known K/m poles (J=0) one gets
an upper (lower) bound on Im NETT(s) [Im ME(s)]
= m(m;) <202 MeV (in agreement with ALEPH)



SUMMARY

The 7 is an ideal tool to test the Standard Model

e Lepton Universality tested to rather
good accuracy

e V- A Structure verified in ,
but not yet in . Good limits
on

e Wonderful QCD Laboratory to study
the hadronic V, A currents
— Exclusive: Chiral Dynamics, Res-
onances, ...
— Inclusive: «s , ms , (0|G2|0) , ...

e New Physics could also show up (I, CP,
mVTv ar, dl,Zv .o )

A remarkable progress has been already achieved

Large room for future improvements






