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probes the hadronic electromagnetic current
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probes the hadronic electromagnetic current

probes the adrons

hadronic V—A current

. ~ 3cos’6, | ,
Isospin : = S [ X (1-07(1+2%) X
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Only lepton massive enough to decay into hadrons

F(r‘ —> v, + Hadrons)

0
If

[(r > v, e i) = Ne

A. Pich QCD Phenomenology 7



Confinement

Hadrons

oe'e —>qq +qqG +9ggGG + qqqQ + ---)
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Confinement
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o(e'e”"—had)
oe'e >u u)

=127 ImII_ (S)

() = i [d*x e (0[T[34,0032,0]/0) = (-9’ +"q") ()

A. Pich QCD Phenomenology 11



o(e’e"—had)
o(e'e >u )

=127 ImII_ (S)

~ Im

r—v,+had
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o(e’e"—had)
o(e'e >u )

=127 ImII_ (S)

I ~ Im

r—v,+had

2
=127 dx|1-—5 | || 1+2 "
v m_ m;

I(s) = V| [T (8) + TR u(8) | + V| [T () + T u(S) |

Iy (@) =i d*x e (0T340 I5(0)1]0) = (-9 ¢ + g“a”) TT,(a) + g“q” Ty (d°)
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Braaten-Narison-Pich

= 127 [ dx (1= x)*[(1+2x) i ]
= 67 <JSX|:1dx(1—x)2 [(1+2%) —2x
(J)
H(J)(S) _ Z CD (Saﬂ)égD(/u» OPE
D=2n (—S)

R, =N¢ S,y (14 6L, + 6 + Sy

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

S,=a_+520a’+26a +... ; a_=a,(m)/x
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Perturbative: (my=0)

d o 1 o (—s) )
_g % qo(g) = 1 s
> ds (5) 47 r;) [ )

T

a_+520a>+26a + -

E%Qﬁxlld%(l 2X+2x° — )(%_S)j =a'+ - ; a, =as(M,)/z
| ) C, (O
Power Corrections: &%) ~ > Y

4z’ n>2 (_S)n

" 2a qg|><| (S 3% +2x7) ), — ConOmn) _ =-3 M_z Cs (Os)

= (—=xm2)" m; m;

Suppressed by m§ [additional chiral suppression in ]
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Braaten-Narison-Pich

= 127 [ dx (1= x)*[(1+2x) i ]
= 67 <JSX|:1dx(1—x)2 [(1+2%) —2x
(J)
H(J)(S) _ Z CD (Saﬂ)égD(/u» OPE
D=2n (—S)

R, =N¢ Sy (14 6L, + 6 + )

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)

ag(M?) =0.345+0.010

DIS (Bj-SR)
e'e” <Ghad)

a,(M2)=0.1215+0.0012

(jet & event-shape)

> e'e (jet & event-shape)

e‘e” (Z width)

e'e

=0.1186+0.0027
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as(M>)

Z width

—
I~
DIS (e/; F,)
[1.9-15.2)

@ (M2) = (M3) =
10
uscale (GeV) 0.0029£0.0010, +£0.0027,
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as(M3) = 0.1182+0.0027

April 2004

Theo
Data ”

Deep Inelastic Scattering
e¢*¢” Annihilation
Hadron Collisions

Heavy Quarkonia 0

ALk ag(Mp))
245 MeV ---- 0.1209
210 MeV 0.1182
180 MeV — —(0.1155

5
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S. Bethke

jets & shapes 206 GeV

DIS [pol. stret. fetn. ] '
DIS [Bj-SR]

DIS [GLS-SR]

t-decays [LEP]

xFy [v -DIS]

sz[c—, u-DIS]

DIS [ep — jets]

QQ + lattice QCD

Y decays

c'e 1*‘5
¢"¢ [Opad]
€T ¢ [jets & shapes 14 GeV]
e e [jets & shapes 22 GeV]
ete [jets & shapes 35 GeV]
cre [Opaql
> [jets & shapes 44 GeV]
et e [jets & shapes 58 GeV]
pp --> bb X
pp. pp >y X
o(pp --> jets)
['(Z9--> had.) [LEP]
ete [scaling. viol.]
et e [4-jet rate] +OH
. I
jets & shapes 91.2 GeV —O—
jets & shapes 133 GeV —lo—
jets & shapes 161 GeV —0—
jets & shapes 172 GeV o
jets & shapes 183 GeV —Lo—
jets & shapes 189 GeV ':—O—'
—O—
e
—0—

jets & shapes 195 GeV
jets & shapes 201 GeV
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« TSV, ALEPH
1 Krn
mm K2n
== K3n + K1 (MC)
1 K4n (MC)
1 K5n (MC)

0.39+0.14 | 0.26 £ 0.12
0.38 £0.08 | 0.28 £ 0.09
0.37+0.05 | 0.30 £ 0.07
0.40 £ 0.04 | 0.33 £ 0.05
0.40 £0.04 | 0.34 £ 0.04

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

-- mnaive parton model

Kl
RT,S

kl
§Rkl _ RT,V-l—A _

T = 2
[Vud|
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© SR [this work] T OPAL data
© SR [Gamiz 03] T ALEPH data
Scalar SR [Jamin 02]

PScalar [Maltman 02]

Phi SR [Narison 99]

Lattice [Wittig 02]

Lattice [Aubin 04]

Lattice [Schierholz 04] Strong SenSItIVIty to VUS

Average

60 70 80 90 100 110 120 130 140 150
m (2 GeV) MeV

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

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

(k0,1=0)

Simultaneous m¢ & V . fit possible with better data

The T could give the most precise determination
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