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See also: S. Alekhin et al., arXiv:1512.05194 [hep-ph]
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Inclusive Observables: Rcc(s)

Ree(s) = 127 ImMem(s)

N (q) = i [ d*x ™ (0] T [JE, (x) I, (0)][0) = (—g""¢* + ¢"q") Mem(q?)

em em em

R.. = M(e"e™ — hadrons) _ ZQS Ne 1"‘2 F, |:O[5(M§):|n +O<m_37/\_4)

Mete™ — ete™) T s s?

Perturbative series known to O(a?): (o =5 Baikov-Chetyrkin-Kiihn-Rittinger
S

Fi=1 ,  F,=1.9857 — 0.1153 nf = 1.4092
F3 = —6.63694 — 1.20013 nf — 0.00518 n? — 1.23957 = —12.805
FNS = —156.608+18.7748 ng — 0.7974 n? +0.0215 n} —14.952 1) = —80.434

n = (Zq Qq)z/ (Nc > Qﬁ) Singlet contributions
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Z Hadronic Width

[

%Hadmns Vector 4 Axial

adrons o . 2177 2 pa
R, = [(Z — hadrons) _ REW N, {1"’_2 £ [as(Mz)} }+ O(ﬂ /\_)

MNZ — ete™)

. . 4 2 M2
Perturbative series known to O(a?) |:+O <a§ Do 02T o372
mi

Baikov-Chetyrkin-Kiihn-Rittinger

Z-pole data (EW fit) ~ == o (M2)=0.1196 =+ 0.0030

Gfitter 2014

Assumes validity of the EW Standard Model
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7 Hadronic Width: R,

T
rr—>v,+had ~Im

n(s)

Va2 (5] (5) + 150 4(9)) + 1Vas2 M), 4(5)

Braaten-Narison-Pich '92

[[7~ — v + hadrons|
R= = NcS 1+6 )
Mr= — vre 7, c Sew (1+9p +dne)

= 6mi §,_,dx (1- x)? [(1 +2x) N (m2x) — 2x I'I(O)(mix)]

Sp=a, +520a2 +26a3 +127a% +--- ~ 20%

Baikov-Chetyrkin-Kiihn '08
ar = O[S(mg)/ﬂ' s SEW =1.0201 (3) Marciano-Sirlin, Braaten-Li, Erler
dnp = —0.0064 + 0.0013 (fitted from data)

A. Pich

Davier et al '14
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Rodriguez-Sanchez, Pich, arXiv:1605.06830

Comprehensive analysis of ALEPH data

Method (V + A)

as(m?)

CIPT

FOPT

Average

ALEPH moments?

Mod. ALEPH moments?

AR:m) moments3

0.339 + g)z‘é?
.014
0.336 75918

0.319 " %‘ég

0.319 79913
0.01

0.317 9213

0.020
0.329 F 3078
0.016
0.329 * ¢014
0.018
0.326 0016

so dependence? 0.3354+0.014 | 0.323£0.012 0.329 +0.013
Borel transform® 0.328 79914 0.318 75913 0.323 79913
Combined value || 0.335+0.013 | 0.320 +0.012 || 0.328 +0.013
—- as(M2) = 0.1197 4+ 0.0015

-

wir(x) = (142x) (1 — x)>Hhx! (k. 1) = (0,0), (1,0), (1,1), (1,2), (1,3)
p(x) = (1= x)>Hh! (k. 1) = (0,0), (1,0), (1,1), (1,2), (1,3)
WM (x) = (1= x2S ok + 1) xK =1 — (m+2) x™ 4 (m + 1)x™+2

s e

1<m<5
4 W(Z,m)(x) 0< m<2 , 1single moment in each fit
5 w(al,m)(x) —(1— xm+1)e7'ax 0<m<6
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Inclusive Status

4 3
O(ay) accuracy (N°LO)
® R..: Too large experimental uncertainties

® Rz: Small theoretical errors & high experimental precision
Possible improvements with more precise data

Sensitive to new-physics contributions

e R, : High sensitivity to s (low scale m.)
Improved control of dyp with more precise data

Uncertainty dominated by perturbative errors
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o at N3LO from 7 and Z

as(m?) = 0.328 +0.013

as(M2) = 0.1197 £ 0.0015

04p

(},’S(Mg)z width = 0.1196 4+ 0.0030

as(E)

03

Very precise test of
Asymptotic Freedom

02

al(M3) —af(M3) =
! 2 ° o 0w 20 0.0001 4+ 0.0015.- +=0.00307
E (GeV)
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Non-Perturbative Contribution

AZ(s0) = /50 o w(s) Im I'If;)(s) = i}{‘ ds w(s) ﬂg)(s)

S0

(J)

Z( sD/2

n(j)(s) ~ n(j)(s)OPE

o),
D S0
e Strong power suppression at s = m2:  ~ (Agen/m,)” , D >4

Osv/a =41 { 3= (asGG) + (my + my) (Gq)} ~ [(6.7£3.2) —0.6] - 10> x m

O6via 5 Osvia

e R:: wkx)=1- 3x2+2x3 = Spp = -3 ; 3
m® m?

Additional chiral suppression in Og v4a

e Sensitivity to Op with different w(x) == Measure dyp
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R, suitable for a precise as determination

R, = 67ri?{ (L= x)? [(1420) MO () — 2x 1O (2 x)]
|x|=1

) %) o5y
~ OPE __ s
7e) ~ N7 =2 o

® Known to O(al). Sizeable dp ~ 20%. Strong sensitivity to o

* m. large enough to safely use the OPE. Flat V + A distribution

2

e OPE only valid away from real axis: (1 —x)?> pinched at s = m?

® mug=0 = sNO =0 = R, = 67ri7|f| 1(1—3x2+2x3) N, a(m2x)
=

=>  Jyp ~ 1/mé Strong suppression of non-perturbative effects

D = 6 OPE contributions have opposite sign for V & A. Cancellation

Onp can be determined from data: dnp = —0.0064 - 0.013  pavieret al
Ry == as(mi) =0.331+0.013 Pich 2014
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ALEPH Spectral Functions Davier et al. 2014
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