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Some lattice details

Highly improved Staggered Quark (HISQ) action and tree-level improved gauge action

HotQCD gauge configurations : 2+1 flavor QCD
physical m_, m=my20: my=504 MeV, m_=161 MeV

Bazavov et al, PRD90 (2014) 094503

Lattice spacing set by the r; scale

(7“2 dEO(T)) 1
dr e

r,=0.3106(14)(8)(4) fm (pion decay constant)

Temperature is varied by the lattice spacing a
T = (1/N;a)

Many lattice spacings available, a_ . =0.041fm

min

Additional gauge configurations for
m;=my/5 on 647 lattices with a=0.035 fm,
0.029 fm and 0.025 fm to obtain the static

quark potential at shorter distances
Bazavov, PP, Weber, arXiv:1710:05024
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Moments of charm current correlators

We use moments method pioneered by HPQCD and Karlsruhe group:
G(t) = a®mZ, Z(JS(X, t)75(0,0)), Js = eys5¢e
Gn =) (t/a)" G(t)

t

Calculated continuum perturbation theory to order o’

G, = gn(oz;(nu)izv:;(u)), In = Zgnj(mc,u)&i(u)

1/(n—4)
To cancel lattice effects consider the reduced moments R, = (%)

n

and similarly on the weak coupling side:

Ty = Z T (Me, M)O“g(ﬂ)

Effects of charm loop are 0.7% for R,and 0.1% for R 1in perturbation theory
This information can be used to correct for charm loops in for in 2+1 flavor simulations

Allison et al, PRD78 (2008) 054513



Moment of charm current correlators and coupling constant
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p=m. ™» No large logs in 74 =)

as(1.5GeV,ny = 3) = 0.3316(69)
as(Mz,ny =5) =0.11622(84)
also agrees with 2008 HPQCD value:
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R, = 1.2799(53)
x“/Nye = 0.20
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R, = 1.2743(40)
%Ny = 0.06

a* [GeV™]

0

0.1 0.2 0.3 04

Moments:

In the continuum limit the results
for the 4 moment agree with
HPQCD:; our central value

1s slightly smaller

HPQCD 2008: Allison et al,
PRD78 (2008) 054513

HPQCD 2014: Chakraborty et al,
PRD 91 (2015) 054508

Determination
at the lowest scale !

Stat. cont. pert.

as(me) = 0.3697 (5‘51) (‘54) (1%)

Static energy, Brambilla et al, PRD90 (‘14) 074038
as(1.5GeV,ny = 3) = 0.336(+12)(—08)
as(Mz,ny =5) =0.1166(+12)(—08)

as(Mz,ny =5) =0.1174(12)



Moment of charm current correlators and charm mass

1.03 : :
a*+a’ Rg¢/myy —o—

R¢/m = 1.0196(61)
%Ny = 0.10

Use 6" moment to determine

1.02 |
the charm quark mass

101 |
Re/meo = 1.0191(27)
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stat. pert. o, scale

20 2 R

me(p = me,ny = 3) = 1.2668(33)(34)(79)(73) GeV

HPQCD 2014: Chakraborty et al, PRD 91 (2015) 054508  m.(m.) = 1.2733(76)GeV



Static quark anti-quark energy in perturbation theory

Potential from pNRQCD, ultrasoft logs, renormalon

| | |

Eo(r) = Vi(r,v, 1) + dus(r, v, 1) + RS(p)

Problem : Either we have a large log(vr) or r-dependent renormalon term (large uncertainty)

Solution: First take the derivative in » (RS term is gone) the re-sum the large logarithm v=1/r
=> calculate the force

E(r, %) = %&s(l/r)[l + %E;T/T) <5L1 - 250) + &(34(;)/5) <5L2 —4ay 5o — 251)

ag(Lr) .
(47)? (Cl3 — 6azfo — 4a1 P51 — 252)
az(l/r) agy as(p)  az(l/r) 405
B (47)2 2501 ozs(l/r) (477)2 AS (as(p) — as(1/7))

+

o (1/r) S, o) a2(1/nou() p Cans(1/r)
(am)p AT (2 60)1 (/) T amE BT oy

see Garcia 1 Tormo, MPLA 28 133028
for a review

+0(a?, o In as)]

Ey(r) = / dr'F(r'") + const



Static quark anti-quark energy on the lattice
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Static quark anti-quark energy on the lattice (cont’d)

E (r)/E " (r) at tree level (free theory)
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Use the lattice data at the highest beta and for »/a>2.6 to provide a continuum estimate

for the static

energy E,°" (r)

The cutoff effects in the free theory and QCD are quite similar

No cutoff effects visible in the data for »/a>2.6 within statistical errors

Very little cutoff dependence even for 7/a<2.6 if tree level improvement is used » =2r,=C,, "’
Use the values of E (r)/E " (r) to correct for the residual cutoff effects



Fitting the lattice results on the static energy

Example: g = 7.825

One can fit the data with tree-level
1-loop, 2-loop or 3-loop expressions
for »<(0.5 r, up to an additive constant
specified by matching the perturnative

potential to the lattice one at (7/a)’=N,,,

15+

10+

. r<0.75r1

O r<0.5r1
0 r<0.45r,

oL B = = I
tree level 1 loop 2 loop 3 loop
0.068 0.068
1 from the fit
. = -0.064 .
0.064 ] Perturbative errors
, , (from scale variations
0.062 - 10062 = [1/(\/%,)7 \/§/7“] or
. 4 /.2
7 | higher orders +a’ /r?)
0.060 |- 10.060 dominate:
0.028
! ] 3-loop: r1A-—= = 0.486™"
0.058 ‘ ‘ ‘ ‘ 0.058 b+ T1A%7s —0.018
r<0.6r; r<0.55r; r<0.5r; r<0.45r,

115

110



Fitting the lattice results on the static energy (cont’d)

For the final result we also included the leading ultra-soft log with y=1.26/r, ~

Results at different lattice spacings ( £ ) are similar :

0.8 GeV

alsrg; Niet = 7 | algrg; Nt =9 || alg75; range r1A37g; range
B=1.373] 0.095779-00%0 0.095770-055% || 0.095770009% | 0.4949750739 4 0.0086 & 0.0025
+0.0017 +0.0017 +0.0017 — 0.494979-0256
B =159 | 0.078179:90%0 0.07857 00559 || 0.078370005% | 0.496175 050570 832? + 0.0044
40.0007 40.0007 40.0010 = 0.4961700513
B=7.825] 0.06447500%2 0.0643 755032 11 0.064370-00%% [ 0.4944 750958 + 0.0065 + 0.0037
40.0006 40.0008 +0.0008 = (.4944 7195701
Average r1Ayrg = 0. 495+8 8?2

@

Ajpe = 31457175 £ 1.7 MeV = 31575 MeV

043(1.5 GeV, ny

as(Mz,ny =05)

3) = 0.336

+0.012
—0.008

0.0012




Cross-checks using the new very fine lattices

p=8.40-—3loop a=0.025fm

0.51" 10.51
0.50 . 10.50
0.49| 10.49
j | )| j
< 048) 410.48
L [ ]
. . i
0.47" 10.47
0.46 10.46
0.45 10.45

1<0.75r1 r<0.7r; r<0.65r; r<0.6r; r<0.55r r<0.5r; r<0.45r; r<0.4r; r<0.35r1 r<0.3n;

The new very fine lattices give results for that are comparable with the 2014 results but
with significantly reduced uncertainty.



Summary

The strong coupling constant has been determined using 2+1 flavor HISQ lattices
provided by HotQCD Collaboration from:

Moments of the pseudo-scalar Static quark anti-quark energy
charmonium correlators

as(Mz) = 0.11622(84) as(Mz) = 0.11667 5000z

The two results are consistent but lower than many lattice determinations and the FLAG
average

New results on the static quark anti-quark energy on a=0.035, 0.029 and 0.025 fm lattices
confirm the previous results and the preliminary analysis indicates that the errors are down

by factor 1.5



Back-up slides:

13 In the continuum limit

the results for the 4" moment
agree; our central
value 1s slightly smaller
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Correction from condensate:

Using the force:

B=7.825 —— Nref=7 —— 3 loop | r* term

*
L * |
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| x x |
L x ]
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S — i { |
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Using only 1<(r/a)*<7:

Using only (7/a)*>6:
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