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Status of a

oMch et al

as(M2)
Alekhin [2001] | 0.1143 £0.013 DIS [4]
BBG [2004] (118 5 7 et valence analysis, NNLO [Snﬁ]
GRS 0.112 valence ana]ys;s NNLO (7]
ABKM 0.1135 + 0.0014 HQ: FFNS N; = 1{8[1 """
JR14 0.1136 £ 0.0004 dynamical approach ||9|I
JR14 0.1162 4+ 0.0006 including NLO-jets | [ﬁ‘]
MSTW 0.1171 +0.0014 (2009) [10]
Thorne 0.1136 [DIS+DY, HT*] (2014) [11]
ABM11, 0.1134 — 0.1149 + 0.0012 | Tevatron jets (NLO) incl. |ji'3]
ABM13 0.1133 +0.0011 ([13]
ABMI3 0.1132 = 0.0011 {mthoutjem I'I_']
CTEQ 0.1159...0.1162 [14] -
CTEQ 0.1140 (without jets) [14]
NN21 0.1174 £ 0.0006 + 0.0001 f15'|
Gehrmannetal. | 0.1131 7 J050 e thrust [16]
Abbate et al. 0.1140 £ 0.0015 T e thrust [E[l
CMS 0.1151 + 0.0033 tf ﬂjl_E-J
NLO Jets ATLAS | 0.111 500" [19]
NLO Jets CMS | 0.1148 + 0.0055 il?ﬂl
BBG [2004] 1143 PR valence analysis, N’LO [5]6]
3-jet rate 0.1175 + 0.0025 Dissertori et al. 2009 lp_og

Z-decay rate

0.1189 = 0.0026

BCK 2008/12 (N°LO) [2 l""'z_'ii|

T-decay rate
T-decay rate

0.1212 = 0.0019
0.1204 & 0.0016

BCK 2008 (N?LO) ﬂ”l 22
Pich 2011 | [l]

T-decay rate 0.325 = 0.018 (atm.) FOTP: !Fa[l
T-decay rate 0.374 +0.025 (at m;) CIPT: ||-’2—'|
Lattice 0.1205 +0.0010 PACS-CS 2009 (2+1 i) r'l'4i|
Lattice 0.1184 =+ 0.0006 HPQCD 2010 125]
Lattice 0.1200 & 0.0014 ETMC 2012 (2+1+1 fi.) [26]
Lattice 0.1156 + 0.0022 Bazavov etal. (2+1 fl.) fz?u
0.1130 £ 0.0010( stat) R_BC UKQCD {prehmman'r 2014) |2 ll_'

Lattice

ar Xi v: 1405. 4781




PDG average

Current uncertainties of ag are not fully reflected in the PDG average.
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Theory



Static energy

Eo(r) = lim v In ¢ > — exp {ig%dz“AM}

T—oo T

Perturbation theory describes Ey(r) in the short range (rA < 1, ag(1/r) < 1):

C(F Og

Eo(r) = As— (1+H#as+#a2 +#a +#a lnozs—l—#ozgL In? ozs—l—#a;l Inas+...)

r

Eo(r) is known at three loops.
oAnzai Kiyo Sum no PRL 104 (2010) 112003
A. Smrnov V.Sm rnov Steinhauser PRL 104 (2010) 112002

In ag signals the cancellation of contributions coming from different energy scales:

Inag = In ol + In os/T
1/r L

oBranbilla Pineda Soto Vairo PRD 60 (1999) 091502



Energy scales

In the short range the static Wilson loop is characterized by a hierarchy of energy scales:
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Effective Field Theories

It is convenient to factorize the contributions from the different scales with EFTSs:

QSGGmb\ﬁ
- s D
QCD pPNRQCD

2 oo '
Eo(r) = As + vs<r,u)—7;9ﬁvj/0 dte VoVl (Tre . B(t)r - E0)) (1) + .. .

res. mass potential ultrasoft contribution

oBranmbilla Pineda Soto Vairo NPB 566 (2000) 275

The 1 dependence cancels between
Ve ~Inru, In?ruy, ...
ultrasoft contribution ~ In(Vy, — Vi) /p, In?(V, — Vi) /p, ... Inrp, In? vy, ...



Static singlet potential and energy at N°LL

Vs(r,p) = Vs(r,1/7) =

CrC3 a3(1/r) 3 as(1/r) as(1/r)
650 T {<1 - 4 7 al) . as ()

(57 _60) [aSm) ) asu/r)]}
4830 s s

Summed to the ultrasoft contribution at two loops, it provides the static energy at N°LL.




M ass renormalon

The perturbative expansion of V; is affected by a renormalon ambiguity of order A.
This ambiguity does not affect the slope of the potential (and the extraction of ay).

It may be eliminated from the perturbative series

either by subtracting a (constant) series in as to Vs and reabsorb it in a redefinition
of the residual mass,

or by considering the force:
d

F(r,as(v)) = %EO(T’ as(v))

e The force F(r,as(1/r)) could be directly compared with lattice,
e or integrated and compared with the static energy

Eo(r) = /7‘ dr’ F(r', as(1/r"))

*

up to an irrelevant constant fixed by the overall normalization of the lattice data.
Note that there are no In vr (v = renormalization scale).



Analysis



L attice

We use 2+1-flavor lattice QCD obtained from tree-level improved gauge action and
Highly-Improved Staggered Quark (HISQ) action by the HotQCD collaboration.

ms was fixed to its physical value, while m; = ms/20.

This corresponds to a pion mass of about 160 MeV in the continuum limit.

B 7.373 7.596 7.825
r1/a 5.172(34) 6.336(56) 7.690(58)
Volume | 483 x 64 644 644

The largest gauge coupling, 5 = 7.825, corresponds to lattice spacings of a = 0.041 fm.
o Bazakov et al PRD 90 (2014) 094503

dFEo(r)

The lattice spacing was fixed using the r; scale defined as 2 . = 1.0;
Tr

r1 = 0.3106 £ 0.0017 fm from the pion decay constant f.
o Bazakov et al PoS LATTICE 2010 (2010) 074



Procedure

We use data for each value of the lattice spacing separately, and at the end perform an
average of the different obtained values of as with the following procedure.

Perform fits to the lattice data for the static energy Eq(r) at different orders of
perturbative accuracy. The parameter of the fits is Agrs.

Repeat the above fits for each of the following distance ranges: r < 0.75r1,
r <0.7r1,r < 0.65r1, r < 0.6r1, r < 0.557r1, r < 0.571, and r < 0.457r1.

Use ranges where the reduced x? either decreases or does not increase by more
than one unit when increasing the perturbative order, or is smaller than 1.

To estimate the perturbative uncertainty of the result, repeat the fits

e by varying the scale in the perturbative expansion, fromv = 1/rto v = /2/r
and v = 1/(v/2r),

e by adding/subtracting a term i((;*p/rQ)o/'s'“r2 to the expression at n loops.

Take the largest uncertainty.



Data ranges
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y2/d.o.f. for B = 7.825

B=7.825—— Ng=7
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Fits for » < 0.671 are acceptable. In the final result we will use only fits for » < 0.57.
The fitting curve has been normalized on the 7th, 8th and 9th lattice point respectively.



a5 at different orders of perturbative accuracy for 5 = 7.825
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r \jg @ three-loop accuracy

3loop —— N=7 3loop —— Ng=8
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The band shows the determination of 2012.



Statistical error vs perturbative error
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The statistical error is estimated by taking values of Ay at one x2 unit above minimum.



Short-distance points vs long-distance points
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The band shows the determination of 2012.
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L ooking for condensates

B=7.825 —— Nref=7 —— 3loop | rdterm
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By repeating the fits adding a monomial term proportional to »3 and r2, which could be
associated with gluon and quark local condensates, and also a term proportional to r,
we do not find evidence for a significant non-perturbative term at short distances and the
value of Ag;s remains unchanged.



Results



MS

Results at three-loop plus leading-ultrasoft resummation for the » < 0.5 fit range.
The final result is the weighted average of different 3s with linearly added errors.

aAsgs; Nret = 7|alj55; Neer = 8|aAgg: Neer = 9| aAgs; range spanned r1Ay5g; range spanned

B =17.373| 0.0957%g s | 0.0957+570058 | 0.09577G 50o 0.0957%9:9048  10.49495-021% =+ 0.0086 + 0.0025
+0.0017 +0.0017 +0.0017 +0.0017 - []_49491%_‘3?_5?3

B =1.596| 0.0781%5 500 | 0.0784%570057 | 0.078520 00xd 0.078370 0948 0.496175 339300066 4 00044
+0.0007 +0.0010 +0.0007 +0.0010 = []_49{311%_‘33}?

B =17.825| 0.064470 001 | 0.064270003% | 0.064370 0050 0.064350:0037  0.49447 50725 + 0.0065 + 0.0037
+0.0006 +0.0008 +0.0008 +0.0008 = 0_4944J_Fg-_g?§é

Average riAss = U.495fg:gfg

+0.028
—0.018

which converts to  Ags = 315115 MeV




Static energy vs lattice data
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Note the agreement between perturbation theory and lattice data up to about 0.2 fm.



Static energy at different perturbative orders vs lattice data
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Lattice data with 3 from 6.664 to 7.825 are displayed.
The red error bars correspond to the errors of the lattice data (include normalization).



as(1.5 GeV,ny = 3) = 0.3367_L8:8(1)§
which corresponds to
as(Mz,ny =5) = 0.1166 1) 0003

from four-loop running, m., = 1.6 GeV and m; = 4.7 GeV.



Comparison with other determinations
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0.110 0112 0114 0116 0118 0120 0122 0124
as(Mz)

For ~ decays (ALEPH + OPAL) see also

as(Mz,n; = 5) = 0.116520.0012 (FOPT),  as(Mz,ns = 5) = 0.118540.0015 (CIPT)

oBoito et al

ar Xi v: 1410. 3528
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