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How is o, determined?

Strong interaction|ZB8{& L fzobservable 0% & Z %

Oobs.(E)
|| Matching
Opert.(E) = coos (1) + c1(E, p)as(n)® + ...

Calculated
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a,Dblowing up scale Aqcp ~ 0.3GeV =
Accurate predictionat E > Aqcp
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Difficult to find a region where both are accurate.
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OPE for the QCD potential (Small r expansion) 1999 Brambilla, et al.
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OPE for the QCD potential (Small r expansion) 1999 Brambilla, et al.

VQCD("“) — VS(”“) + 5Eus(’l°) -+ ... Q r Q
O/r) O(r?)

Vs(r) : BB TR (’)(A%CDrZ) renormalon

1 1999 Brambilla, et al.

dEus(r) : IROIEEFNFS renormalonZ 8%
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Our study

OPE+renormalon subtraction@DFiEZFHLYS 2005 V. Sumino

(Generalization within a certain approximation
2016 Mishima, Sumino, Takaura )
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Our determination
0.5 GeV S E <2 GeV (thiitiaZE%+5H-7T)
OPE+renormalon sub. Lattice QCD (JLQCD collaboration)
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IR subtraction

VQCD(T) = VS(T) + 0 FEys (’I“) + ...

% d’q zrov(q)
Vs(rspy) = —47TCF/ e' "
iq q1>uy (270)° q?

a>U;: IR cutoff ay(q) : O(a.*) perturbative calculation

2009 Anzai, Kiyo, Sumino
Sumirnov, Sumirnov, Steinhauser

JL R N = [Lcutoff[ TIKBELN...

Cutoff dependent part «<— Renormalon uncertainty

Cutoff independent part <> Renormalon free
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OPE prediction

IR cutoff UV cutoff
Vqep(r) = Vs(rslug) + dEus(rsjpug)) + ..

Renormalon separation
Vs(rspg) = V5 (r) + O(u3r?)

1999 Brambilla, et al.
Vacp(r) = VI (r) + 6EZE (r) + ... 2017 Takaura

We use the following form

Vacp (1) = Vgh (r) + Azr? + ...
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JLQCD T.Kaneko
BFHARX  323x64,483x96,643x128

Fermion 2(u,d)+1(s) Domain-wall fermion
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O(a)-improved action: Discretization error is O(a?)

M, ~ 300MeV (140MeV)
Mg ~ 550MeV (500MeV)
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Consistency check

EEFE D v.s. IFQCDDEHTABE (Assuming PDG value)

Vacp(r) = V5 (r) + O(r?)

3
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(i) lattice data M E #5E 4B R (a->0)ZFEX 5 -
t
(i) OPEEmatchingZ4TLY, a ZiRTE — Globa

I"D
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Visott (1) = Viatt,,i (1) — Ka,i <r — [—] ) + fa— — Co,4,i
d,i

1 =1,2,3 : lattice setup
| | Matching d=1,2: direction

Vore(r) = z[VSRF/A s|(z7T) + Aar? (2 = Ajz5 [GeV])

Fitting parameters: {z = Agxgg, A2, Kd,is fd» Co,d,i }
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Azis = 334 £ 10(stat) MeV

l

as(M2z) = 0.1179 & 0.0007 (stat)

V [GeV]

r[GeV™"]

Including systematic errors

a,(M2) = 0.1179 4 0.0007 (stat) T o oors (sys)

Table of systematic error (in 107-4 units)

finite a h.o. US Mass range fact. scheme
: 12 (t=—1) +2 (3Mhyg MSmass —3 (0.5
Obtamed Va'lue -2 il(] g—l ) =0 §4J\:;q; _O(i\liobnstituent mass) —4 Eo,gg +3
Assigned error +2 T +2 +0 +4 +3
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Higher order uncertainty

T 5VSRF (’l“) with 5V§{F('r) = VSBFlNSLL — VSRF|N2LL




o = Analysis (I)

o «Analysis (Il)

o « FLAG

0114 0116 0118 0120  0.122
as(MZZ)
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Our determination 0.5 GeV S E S 2 GeV
OPE+renormalon sub. Lattice QCD
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Finer lattice simulation can reduce.




