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7 Hadronic Width: R,

Davier et al, 1312.1501

T a5 B ,* - Parion model prediction
*
b,
) , , , b
M) = Vil (M2 () + MZD(E)) + Vsl M0 a(6) i
N
v :27\'[m|‘|§11d)‘v(5) , a1 :27"[mn§11d),A(5)
7~ — v-hadrons]
R, = - T — =R v+Ra+Res
Mr= — vre 7]
mf_ s s 2 5 S
- (1‘—2) [<1+2—2> Im MC*D(s) — 2> Im 1O)(s)
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A. Pich as from 7 data 2



i [ dx e O T [0 77 O] o) = (et a"a) N () + a"a” N (07)

S (J) - I]{ dS (J)
w(s) ImM;/(s) = = — w(s) M (s
(s) 7 (s) 2 (s) M7'(s)
() () O(DJ)J
- OPE __ )
HJ (S) ~ rlj (5) - ; (—S)D/2

A. Pich as from 7 data



i [ dx e O T [0 77 O] o) = (et a"a) N () + a"a” N (07)

% ds J i ds J
[ ZaemnPs) = 5§ ZuEnd)
Sth |s|=s0

S0

oV
) ~ MY (\OPE _ D,.J
N7'(s) = N7(s) =2 (—s)D/2
D
R-,— — NC SEW (1 + 6P + 6NP) Braaten-Narison-Pich '92

= 6ri 7{”—1(1 — x)? [(1 +2x) NO(m2x) — 2x I_I(O)(mix)}

op = a, +5.20 ai + 26 373_ + 127 a4T 4~ 20% Baikov-Chetyrkin-Kiihn '08
ar = Oés(m,zr)/ﬂ' y SEW =1.0201 (3) Marciano-Sirlin, Braaten-Li, Erler
6NP = —0.0064 4+ 0.0013 (Fltted from data) Davier et al '14

A. Pich as from 7 data 3




Perturbative Contribution (m, = 0)

0+1
()_471.2 ZK as

n=0

1 dx
AM(q) = — 7{
(a ) 2w Ix|=1 X

A. Pich

m—-

ar = =2

ZK A ag) = ryal

CIPT :FOPT

(1-2x+2¢ =) (as(%’ix))n:apr...

as from 7 data




Perturbative Contribution (m, = 0)

ZK A (o

n 1
A () = 5 7‘{

x\lX

0+1
()_471.2 ZK as

n=0

m—-

CIPT

g al

FOPT

(1-20+23 = x*) (M) g

s

1) The dominant corrections come from the contour integration

Large running of as along the circle s = m2 /¢ |

n 1 2 3 4 5

K, 1| 1.6398 | 6.37101 | 49.0757 7

'n 1] 5.2023 | 26.3659 | 127.079 | 307.78 + K5
rn—HK, || 0] 3.5625 | 19.9949 | 78.0029 307.78

A. Pich

s from 7 data

(b S [_777 7T]

Baikov-Chetyrkin-Kiihn '08

Le Diberder-Pich '92



Perturbative Contribution (m, = 0) a, = o)

= 2 KA s) = D 3

CIPT FOPT

1 dx as(—mzx) !
(n) —_— 77— —_— n e
A (as) = i ﬁ‘ X =~ (1 2x + 2x° ) ( = a, +

2) CIPT gives rise to a well-behaved perturbative series

o, =011 | A9 AP A¥(a) A9(a.) | op
Bro1 = 0 0.14828 001925 0.00225 0.00024 | 0.20578
Broz =0 015103 001905 0.00209 0.00020 | 0.20537
Bros =0 015093 0.01882 0.00202 0.00019 | 0.20389
Bros =0 015058 0.01865 0.00198 0.00018 | 0.20273
Baos — 0 0.15041 0.01859 0.00197 0.00018 | 0.20232
O(a) FOPT || 0.16115 002431 0.00290 0.00015 | 0.22665

FOPT overestimates dp by 11%

A. Pich as from 7 data



Non-Perturbative Contribution

§ a, DXn}D/2

0 ds ) i% ds
AY (s E/—wslml'l s) = = — w(s
G = [Tt mne) = 54wl
J) J) Og)J
~ OPE __ 5
My (s) = Nz (s) = Z —5)D/2
D
()
OD.
=T E a—1,D D/2 s sox
D 0

n(s)

A. Pich

as from 7 data




Non-Perturbative Contribution

AZ(s0) = /SO % o(s) Im nY(s) éjlf 9 o(s) nY(s)

So s|=sp SO

) ) 05y
~ OPE _ >
n.7 (s) = n.7 (s) - Z (—s)Db/2

D

oy,
:7'1'2:271’DD—)2 s Sox Za DXn}D/2
D S0
e Strong power suppression at sy = m.2r ~ (Aqep/m-)? , D>4

Ouv/a =41 {72 (asGG) + (mu + my) (Gq) } ~ [(6.7 £3.2) —0.6] - 107> x m?

A. Pich as from 7 data 6



Non-Perturbative Contribution

AZ(s0) = /SO % o(s) Im nY(s) éjlf 9 o(s) nY(s)

S0 s|=sp SO

()
o

Dis) ~ NW(s)OPE _— D.J
NY(s) ~ NB(s)OFE = ; (o)o72

o
=T Zafl‘p D—/2 , —s0x) Za D x"MtP/2
D S0
e Strong power suppression at sg = m_2r ~ (Aacp/m-)? . D >4

Ouv/a =41 {72 (asGG) + (mu + my) (Gq) } ~ [(6.7 £3.2) —0.6] - 107> x m?
(@) (@)

e Rrt w()=1-3+23 md Gyp= -3 oA o VA

m? m?2

Additional chiral suppression in |Og via| < |Osv_a|~ (1.1£0.3)-107* x m®

A. Pich as from 7 data 6



Non-Perturbative Contribution

AZ(s0) = /SO % o(s) Im nY(s) éjlf 9 o(s) nY(s)

So s|=sp SO

) ) 05y
~ OPE _ 5
nP(s) ~ N (s)°F® = ; I

oy,
:7'1'2:271’DD—)2 s Sox Za DXn}D/2
D S0
e Strong power suppression at sy = m.2r ~ (Aqep/m-)? , D>4

Ouv/a =41 {72 (asGG) + (mu + my) (Gq) } ~ [(6.7 £3.2) —0.6] - 107> x m?
(@) (@)

e Rt wx)=1-32+23 = &yp=-3 6’\/6+A -2 8’VS+A

m? m?2

Additional chiral suppression in |Og vya| < |Osv-a|l ~ (1.140.3)-107* x m®

e Sensitivity to Op with different w(x) == Measure Jyp

A. Pich as from 7 data 6




R suitable for a precise o determination

= 6mi — x)? x) MO+ —X()mx
merif 0 [ 2000 ~ 26O i)

o)

(J)(\OPE _ DT
I'IJ (5) - % (—S)D/2

-
S
O
Q

* Known to O(a?). Sizeable 6p ~ 20%. Strong sensitivity to o

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

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

® m,g=0 = sNO =0 = R, ,= 67ri7|{| 1(1—3>< +2x9) I_Iu%+\1/)+A(mf_x)
X

= Syp ~ 1/mS 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 + 0.0013  Davier et al

Ry =i as(m ) = 0.331 £0.013 Pich 2014

A. Pich as from 7 data 7
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A. Pich

.
ALEPH Spectral Functions Davier e al. 2014
T T T T T T 0.06 ; . . .
3 V oy A
3 i
N V pert 0.05 - A pert g
T Tree 1 0.04 | Tree 1
£ T
Is 1 F T
0.03 B T ,
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= % 0.02 J B
= I | +
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Iz g E:
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0.18 : T T T T
VHA ey
0.16 - |
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- 3
i
0.12 + I Tree i
: — as(m?) =0.329
01 E. ]
<
s o008 z q — Parton Model
0.06 = I E 4
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coal o = |
002} I ]
o= 1
0.02 . . . . . .
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as from 7 data 8



Detailed analysis of ALEPH data

Rodriguez-Sanchez, Pich, arXiv:1605.06830

Method (V + A)

o (m?)

CIPT

FOPT

|| Average

ALEPH moments!
Mod. ALEPH moments?
Am) moments3

so dependence®

Borel transform®

0.339 7993
0.338 £ 5913
0.336 79912
0.335+0.014
0.328 * 5013

0.319 £ 5015
0.319 * G010
0.317 5033
0.323 +0.012
0.318 ' 0013

0.020
0.329 £ 3378
0.016
0.329 5014
0.018
0.326 0016
0.329 £0.013
0.015
0.323 ¥ 0013

Combined value || 0.335+0.013 | 0.320 +0.012 || 0.328 £ 0.013

—

as(M2) = 0.1197 £ 0.0015

-

wig(x) = (1 4 2x) (1 — x)2Tkx!
Sri(x) = (1= x)2Hexd

N

s8N E

w(z’m)(x)

WM () = (1 — xM ) em

ol

A. Pich

as from 7 data

(k, Iy = (0,0), (1,0), (1,1), (1,2), (1,3)
(k, Iy = (0,0), (1,0), (1,1), (1,2), (1,3)
w@M () = (1= x)2 P otk + 1) xK =1 — (m+2) x™ 4 (m 4+ 1)x™+2 .

0<m<2

1<m<5

, 1 single moment in each fit

0<m<6



as determination with ALEPH-like fit

wa(x) = @=x)** X (142x)  ,  x=s/m> (k, 1) = (0,0), (1,0), (1,1), (1,2), (1,3)
Channel as(m?) (3= GG) Os Og

(1073 Gev?) | (1073 GevO) | 1073 Gev?)

V (FOPT) 0.328 1492, 8+, -3.219% 5.07%%

V (CIPT) 0.352 7493 -877% -3.5193 49154

A (FOPT) 0.304 “§%0 -15%% 44795 | —5.81%3

A (CIPT) 0.320 T4 %% —25T% 437935 -5.81%3

V+A (FOPT) || 0.319 5% -379, 13744 | —0.8t%%

V+A (CIPT) || 0.3397%% —16 75 097%3 | —-1.079%

Rodriguez-Sanchez, A.P.

A. Pich

® High sensitivity to o;. Bad sensitivity to power corrections
Cancellation in Og,v1a confirmed. V + A more reliable

Ks = 275 4 400, 1* = (0.5,2) m?

® Best values taken from V + A. Errors increased with sensitivity to O1o

2\CIPT +0.019
as(m?) = 03397 5417 5

. +0.020
as(m2) = 0.3297 5015

m—-

2\FOPT 0.017
as(m3) = 0.319 %%

with Davier et al.: a,(m2) = 0.332 £ 0.012

as from T data 10

Good agreement (arXiv:1312.1501)



Experiment vs. (pinched) Perturbation Theory (only)

Rodriguez-Sanchez, A.P.

(n,0),_ __ _ n 2y +0.020
w(s = sox) = (L=x)" =B Opcr(ni ) as(m?) = 03297 ¢y
012 — T T T T 0.06 T T T T
v
n=1 Ar——
VHA i
0.055 TREE 1
FOPT
) Pt
i SN
_ ~ 005f & Bl 1
S S xxx & § q
g g j"gwln,ﬂ TIEE s g H
< < o.045 - 1
0.04 | 1
0.035 - - - -
1 3 35
0.035 T
v
A——
VAA i
TREE
0.03 FOPT 1
Pt
5 5 0025 f - ] 1
= = o
0.02 1
0.028 1
0.026 1
- - - 0.015 -
1 15 2 25 3 35 25 3 35
so (GeV?) so (GeV?)

A. Pich as from 7 data 11



. Pich

Non-Perturbative Contributions Neglected

M) = 1-x™1 e 054

Rodriguez-Sénchez, A.P

WM (x) = (1= x2S g(k+ 1) x5 = 1= (m+2)x™ 4 (m+1)x™2 > Ozpmiaomic

Amazi
Moment as(m?) Moment as(m?) s::;ﬁ::yg
(n, m) FopT | aPT (n, m) FopT | Pt
(1,0) 03157492 | 0.327 %935 (2,0) 0.311 7495 | 0.314 753
(1,1) 0.319 %% | 0.340 %% (2,1) 0.311 1% | 0.333 1%
(1,2) 0.322 7495 | 0.3437%9% (2,2) 0.316 7450 | 0.336 7% %5,
(1,3) 0.324 7900 1 0.345 7993 (2,3) 0.318 7495 | 0.339 %%,
(1,4) 0.326 140 | 0.347 %93 (2,4) 0.319 150 | 0.340 1% %,
(1,5) 0.327 7495 | 0.348 745 (2,5) 0.320 7495 | 0.3417%%,
AP (s) , FOPT 1 ARm () | CIPT 1 V+A
0.4 - 3 - 1 0.4 3 ° 4
4 - 4 -
5 5
& ok Exp.
£ (13133 i &z errors
s 0§ 8 &8 ¢ gyt . only
@er corrections
. don’t show up . . . -
1 15 2 25 e~ — T 15 2 25 3
sp (GeV?) 50 (GeV?)
as from 7 data 12



Models of Duality Violation

A. Pich

i d: oo d
s = o f L@ g -ns @) = o [T 2w a5V

as from 7 data

13



Models of Duality Violation

i d: oo d:
an% (%) = fH 2 w(@) {Ng () =ng (="} = =« [ ;fw(s) INEMO)

=sg 0 50

Ansatz:  ApYV(s) = e Cst5 9 sin(a, +8,5) s> %

1) Boito et al.: S ~ 155 GeV? | w(x)=1 (no OPE corrections)

* Fit 5 dependence: = {A®) (), p(so+ Aso), -+, p(so+ (n—1)Asp)}
® Direct fit of p(s)** above & = 7,3 OPE not valid

A. Pich as from T data 13



Models of Duality Violation

d: oo d!
AAG () = & f‘s‘:so g w(s) {N7(s) = N7 ()°PF} = = /50 ;fw(s) INEMO)

Ansatz:  ApYV(s) = e Cst5 9 sin(a, +8,5) s> %

1) Boito et al.: S ~ 155 GeV? | w(x)=1 (no OPE corrections)

* Fit 5 dependence: = {A®) (), p(so+ Aso), -+, p(so+ (n—1)Asp)}
® Direct fit of p(s)**P above & = 7,3 OPE not valid
A1/2

® o5 determined at §,’° ~ 1.2 GeV < m, =% Large theory uncertainties

A. Pich as from T data

13



Models of Duality Violation

i d: oo d
sz = 5 f T w9 M@ g} = o [T 405V

s|=sp S0 0

Ansatz:  ApYV(s) = e Cst5 9 sin(a, +8,5) s> %

1) Boito et al.: S ~ 155 GeV? | w(x)=1 (no OPE corrections)

* Fit 5 dependence: = {A®) (), p(so+ Aso), -+, p(so+ (n—1)Asp)}
Direct fit of p(s)®P above & = 7,3 OPE not valid

® o determined at §é/2

~ 1.2 GeV < m, = |arge theory uncertainties
Taking additional weights: AV 4(%0) = Oy,

A. Pich as from T data 13



Models of Duality Violation

1)

as(m?)

i d: oo d!
A0 (%) = fH ;fw(s) {ns@-ns°"} = - [ ;fw(s) INEMO)
s|=sp S0
Ansatz:  ApYV(s) = e Cst5 9 sin(a, +8,5) s> %
Boito et al.: S ~ 155 GeV? | w(x)=1 (no OPE corrections)

* Fit 5 dependence: = {A®) (), p(so+ Aso), -+, p(so+ (n—1)Asp)}
® Direct fit of p(s)**P above & = v, OPE not valid
® «; determined at §é/2 ~ 1.2 GeV < m, = |arge theory uncertainties

® Taking additional weights: AV a(%) = O

Number of points fitted Number of points fitted

ogp 0B 025 20 15 10 os 40 3 30 25 20 15 10 Rodriguez-Sanchez, A.P.
037 | T 4 5| \ N
0.36 f7_ Hf } T 4 a5l | O 4 FOPT ’ \"
035+ | t T4 4l [ I \ .
ol J | H’: 7 1, YA ] (larger errors in A)
033 l 1. 1 s Sl | |\ A A
032 - It - I H N [ [ _r
o | [J 12 es) ANV L[\ /5 Bad fit (instabilities)
1 {1 N ) v [V

03 4 / |
heti cl' | \ 1] 1N | i Model dependence?
028 1 B 1t \

L L L L I L L L L L m L L L 1 i N L
O 1 12 13 14 15 16 17 18 1s 11 12 13 14 15 16 17 18 19 Boito et al. value

50 (Gev?) 50 (Gev?)

A. Pich as from 7 data 13



Ansatz: ApDY,(s) = M4 e Cviatvias) sin(ay a + Byyas)

s> 5

)

2) A >0: % ~155GeV? | w(x)=1 Rodriguez-Sanchez, AP
Av as(m2)FOPT % v ay By p-value
Boio| o {1 0.20840.010 3.6+05 06+03 —23+09 43+05 |(53%)
1 || 0300+0012 [ 33+£05 11403 —22+1.0 42+05| 57%
2 [/ 0302+0011 | 20+£05 1.6+03 -22+09 42405 6.0%
4 [ 0306+0013 | 23+£05 26+03 —19+09 41+05]| 66%
8 |[ 031440015 [ 10405 46+03 —15+11 39406 | 7.7%

Pv

T T T

Fitted region

A. Pich

s (Gev?)

® Fitted @ is model dependent

° A

= 0 (Boito) gives the worse fit

as from T data

® Fit quality & a increase with A
=» closer to data at s < §

e A§ =» 3 times larger errors

s Not competitive & unreliable

14




Ansatz: ApB\/A(s) = shv/a = Ov/atrv/as) sin(avy/a+Bv/as) , s> 35

A Z 0 s §0 ~ 155 GeV2 y additional Welghts Rodriguez-Sanchez, A.P.
Ay Op,v Og,v  Oiv O1,v
Boito et al —> 0 —0.0082 0.014 —0.019 0.023 .
GeV units
4 —0.0064 0.010 —0.012 0.014

8 —0.0037 0.004 0.001  —0.0099

Fitted condensates are model dependent

The size of Oy, v decreases when a; (& fit quality) increases

Huge condensates claimed by Boito et al (OPE breakdown), but:
* Osvyal < [Osv-al = [(~3.5%0.9) x 103 GeV®

OFM = +0.008 , OFM =-0.03

® Opposite signs found with et e~ data:
(1805.08176)

A. Pich as from T data 15



Experiment vs. (pinched) Perturbation Theory (only)

Rodriguez-Sanchez, A.P.

(n0)(o _ _ n 2y +0.020
W s =sx) = (1—x)" =B Opspi as(m) = 0.329 7 01s
012 — T T T T 0.06 T T T T
V- v
0.115 n=0 A H—— Ar——i
i i VAHA it VAHA it
011 - Boito's weight TREE i 0.055 TREE -+
FOPT FOPT ]
cIPT cIPT
= — 005 ]
Z 1 Z :
g I g o
< I i < 0045 1
1] 1
1 0.04 ]
. 0.035 . . . .
3 35 1 15 2 25 3 35
sp (GeV?)
. 0.035 T T
v v
A==l n=3 A
V+A i 7 V4+A i
TREE TREE
FOPT ] 0.03 FOPT 1
cIPT B cIPT
3 | AN Lo
- T 1 5 0025 = % = 8 1
= = o
0.02 g
. o015 12 \ \ . .
3 35 15 2 25 3 35
so (GeV?) so (GeV?)
A. Pich as from T data 16



Creative Plotting

Boito et al, 1611.03457

Miraculous DV ansatz “Truncated OPE pitfalls”

B0 G000
g £ 0001
& oo =
& &
00015
i + %5 5 55 s
5, [6ev)

5, Gev)

0.00015]

2 oo ﬂ 2 e
[ £ seos £ oo
£ £ e
oo oo
5,1Gev] 5,1Gev] 5,[GeV]

A. Pich as from T data 17



Creative Plotting

Miraculous DV ansatz

@ What is being plotted?

@ Why 5o € [1.5,3] GeV? only?

© Where are the theoretical errors?
@ Why the vertical scale is so tiny?

»

“Truncated OPE pitfalls”

A. Pich

o0 Z oo
H H
o) o) i)

o001

&
“0.00015]
15

6V

5, [GeV]

5,16V

OPE, spectral integrals

as from T data 17



2
1) [A“’(m_,_) - A“"(so)] /m @ What is being plotted?
Determined by A“($y) and fitted p(s) ~ @ Why s € [1.5,3] GeV2 only?
S
2) Only the fitted region is plotted! © Where are the theoretical errors?
Left plots don’t test aPV @ Why the vertical scale is so tiny?

Miraculous DV ansatz “Truncated OPE pitfalls” BAD )

-0.0005]

7 0001

sV

5, Gev)

05|

£ ool

ol

5,[GeV]

5 1Gev]

A. Pich as from T data 17



2
1) [A“’(m_,_) - A“"(so)] /m @ What is being plotted?
Determined by A“($y) and fitted p(s) ~ @ Why s € [1.5,3] GeV2 only?
S
2) Only the fitted region is plotted! © Where are the theoretical errors?
Left plots don’t test aPV @ Why the vertical scale is so tiny?

Miraculous DV ansatz “Truncated OPE pitfalls” BAD )

-0.0005]

7 0001

5, Gev)

0.00015]

& oo ﬂ

2 ses|

£ ool
! Muy ol
£

" siGevi : : 5.1GeV] : 5,[GeV] B "y lGev

3,4) Theory:

Huge errors
with

these scales

05|

1 § Og error only

A. Pich as from T data 17



2
1) [A“"(m_,_) - A“"(so)] /m @ What is being plotted?
Determined by A“($y) and fitted p(s) ~ @ Why s € [1.5,3] GeV2 only?
S
2) Only the fitted region is plotted! © Where are the theoretical errors?
Left plots don’t test aPV @ Why the vertical scale is so tiny?

Miraculous DV ansatz “Truncated OPE pitfalls” BAD )

-0.0005]

7 0001

\§ o
Q H***H
&
|

.7 1 B R
5,[Gev?] 5,1Gev?]

3,4) Theory:
Huge errors
with
these scales

1 § Og error only

A. Pich as from 7 data 17



1 wkl 2 wk!
Ik[(SO) ==1A (m ) — A (50) WO, W0 W W2 Wt
T T
Standard OPE Approach Rodriguez-Sénchez, A.P.
0.003 0.002
0.002 | 0.0015 ]
0.001 1
> o0 ] ~ 0.0005 | 1
2 0 - 2 0 —
= o = L e 1
-0.001 s x ] -0.0005 o
o -0.001 - T B
0,002 [ | S
- -0.0015 i b
0,003 . . . . 0,002 22 . . . |
1 15 2 25 3 1 15 2 25 3
sp (GeV?) sp (GeV?)
i
00004 -y \ B 0.0004 1
T\
0.0002 IIInHI\ B 0.0002 - 1
~ i ~
g 0 LT S & 0 -
El = i fpnan
-0.0002 B 20,0002 |- M ]
-0.0004 g -0.0004 1
. . . . . . . .
1 15 2 25 3 1 15 2 2.5 3
sp (GeV?) sp (GeV?)
0.0003
0.0002 - g
0.0001 i } Experimental data
)
% 0 e OPE prediction
ES L it . ]
0.0001 L x/,, No theory errors
-0.0002 ™ R
-0.0003 — L L L
1 15 2 25 3
50 (GeV?)

A. Pich as from T data 18



la(so) = L | A" (m2) — A" (sp) WO W10 Wt 7

Standard OPE Approach Rodriguez-Sénchez, A.P.
0.002
0.0015 1
0.001 1
~ ~  0.0005 | 1
) S
g g
8 2 ]
.
3
sp (GeV?)
i
00004 Ty B 0.0004 1
1
0.0002 -\ Iy B 0.0002 - 1
s 3
< 0 — < 0
= Ral I
-0.0002 - g -0.0002 1
-0.0004 - g -0.0004 1
. . . . . . . .
1 15 2 25 3 1 15 2 2.5 3
so (GeV?) so (GeV?)
0.0003
0.0002 -
0.0001 F } Experimental data
3
% 0 OPE prediction
~ -0.0001 [ with 1o parametric
-0.0002 far error band
-0.0003 - : : L
1 15 2 25 3
50 (GeV?)

A. Pich as from T data 19



1 okl o Wkl
Ik[(SO) = L A (mT) — A (50) WO, W0 W W2 Wt
Standard OPE Approach Rodriguez-Sénchez, A.P.
0.003 0.002
0.002 - | 0.0015 - 1
0.001 - 1
0.001 B
2 3 00005 1
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Summary

Precise determination of as(m2): Rodriguez-Sénchez, Pich, 1605.06830
o (m?)
Method (V + A)
CPT |  FOPT [ Average
ALEPH moments? 0.339 739 | 03197 %% || 0.329 7992
Mod. ALEPH moments? || 0.338 79914 | 031973933 0.329 ©991¢
A@m) moments3 0.336 73918 | 0.317 78213 0.326 73918
so dependence? 0.335+0.014 | 0.323+£0.012 || 0.329+0.013
Borel transform® 0.328 73914 | 0.318 741 0.323 73918
Combined value || 0.335+0.013 | 0.32040.012 | 0.328 +0.013
Good agreement with other analyses:
oy 0.332 +0.012 (0.341c1pT s 0~324FOPT) Davier et al, 1312.1501
as(mz2) { 0.327 + 0.024 (0.330pv , 0.349cipT , 0.313r0PT) Ayala et al, 2112.01992
A. Pich
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as at N3LO from 7 and Z

as(m?) = 0.328 +0.013

as(M2) = 0.1197 4 0.0015

04fF

as(M2)7 wigsn = 0.1199 4 0.0029

as(BE)

A very precise test of
Asymptotic Freedom
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