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Determination of the strong coupling constant from the energy of static  
quark anti-quark pair (2012-2018)    
 
Determination of the strong coupling constant from the moments of  quarkonium 
correlators  ( 2008-2018 ) 

Methodology: perform LQCD calculations in the continuum limit and compare to 
The perturbative results in MSbar scheme; This is very similar to non-lattice methods,  
especially for moments of quarkonium correlators. In the case of static energy  multiple 
energy scales are involved => EFT 



Static quark anti-quark energy in perturbation theory   

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

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

Potential from pNRQCD,    ultrasoft logs,  renormalon               

E0(r) = Vs(r, ⌫, µ) + �US(r, ⌫, µ) +RS(⇢)

E0(r) =

Z r

r⇤
dr

0
F (r0) + const

Necco, Sommer, PLB 523 (2001) 135, Sumino, PRD 65 (2002) 054003 

Alternatively use renormalon subtraction scheme:       => Less precise 
Set ⌫ = const ) RS(⇢) is constant

that is subtracted
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↵s(MZ) = 0.1156(22)
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Brambilla et al, PRD86 (2012) 11403 

see e.g. Garcia i Tormo, MPLA 28 133028 for a review 
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Static quark anti-quark energy on the lattice    

Cutoff effects in the potential are small  
even at short distances    
 
Lattic spacing is determined 
from the r1 scale  
 
 
 
Bazavov et al (MILC), PoS (Lattice 2010) 074  
 

Set-up: 2+1 flavor HISQ (highly improved staggered quarks), mπ=161 MeV, 10 lattice spacings  
in the range a=0.04-0.11 fm used  for calculating Tc and equation of state 
Bazavov et al (HotQCD), PRD85 (2012) 054503 
Bazavov et al (HotQCD),  D90 (2014) 094503  

-2.5

-2

-1.5

-1

-0.5

 0

 0.5

 0  0.2  0.4  0.6  0.8  1  1.2

r1 V(r)

r/r1

β=6.740
β=6.880
β=6.950
β=7.030
β=7.150
β=7.280
β=7.373
β=7.596
β=7.825

r2
dV

dr

����
r=r1

= 1
<latexit sha1_base64="Nbkmf+nTtZbky26wqIEPU4Oo1rg=">AAACFXicbVA9SwNBEJ3zM8avqKXNoggWEu5ioU0gYGMZwUQhF4+9zV6yZO+D3TkhnAf+Bhv/io2FIraCnbX4P9wkImp8MMPjvRl25/mJFBpt+82amp6ZnZsvLBQXl5ZXVktr600dp4rxBotlrM59qrkUEW+gQMnPE8Vp6Et+5vePhv7ZJVdaxNEpDhLeDmk3EoFgFI3klfZcyQMsE3VRIW6gKMs6pJmbpnJXiW4PyZWXqarynLzqeKVtu2yPQL6J85ds1/bfP64BoO6VXt1OzNKQR8gk1brl2Am2M6pQMMnzoptqnlDWp13eMjSiIdftbHRVTnaM0iFBrExFSEbqz42MhloPQt9MhhR7+q83FP/zWikGh+1MREmKPGLjh4JUEozJMCLSEYozlANDKFPC/JWwHjXZoAmyaEKYOHmSNCtlxy47JyaNCoxRgE3Ygl1w4ABqcAx1aACDG7iDB3i0bq1768l6Ho9OWV87G/AL1ssnuaagxg==</latexit><latexit sha1_base64="+fPxpQNh3CFKKbeTzx2TaHiyu6c="></latexit><latexit sha1_base64="+fPxpQNh3CFKKbeTzx2TaHiyu6c="></latexit><latexit sha1_base64="lV4UTwBB3XEYjl1ysFbkd97Ju3c=">AAACFXicbVDLSsNAFJ3UV62vqks3g0VwISHpRjeFghuXFewDmhgmk0k7dPJg5kYoMT/hxl9x40IRt4I7/8bpA9HWA/dyOOdeZu7xU8EVWNaXUVpZXVvfKG9WtrZ3dveq+wcdlWSSsjZNRCJ7PlFM8Ji1gYNgvVQyEvmCdf3R5cTv3jGpeBLfwDhlbkQGMQ85JaAlr3rmCBaCieVtHTuhJDQPcKfQTRaO5IMh4Hsvlw3p2UXD9qo1y7SmwD/EXiQ1NEfLq346QUKziMVABVGqb1spuDmRwKlgRcXJFEsJHZEB62sak4gpN59eVeATrQQ4TKSuGPBU/b2Rk0ipceTryYjAUC16E/E/r59BeOHmPE4zYDGdPRRmAkOCJxHhgEtGQYw1IVRy/VdMh0RnAzrIig5h6eRl0qmbtmXa11atWZ/HUUZH6BidIhudoya6Qi3URhQ9oCf0gl6NR+PZeDPeZ6MlY75ziP7A+PgGCe2eCw==</latexit>

r1 = 0.3106(18) fm
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2018: additional 3 lattice spacings  
a=0.025, 0.03 and 0.035 fm from  
equation of state calculations at very high 
temperatures: 
Bazavov, PP, Weber, PRD97 (2018) 014510  
 



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

Use the lattice data at the highest beta and for r/a>2.6 to provide a continuum estimate  
for the static energy E0

cont
 (r) 

The cutoff effects in the free theory and QCD are quite similar 
No cutoff effects visible in the data for r/a>2.6 within statistical errors 
Very little cutoff dependence even for r/a<2.6 if tree level improvement is used  r  è rI=Clatt

-1 

Use the values of  E0(r)/E0
cont

 (r) to correct for the residual cutoff effects 

 0.96

 0.98

 1

 1.02

 1.04

 1.06

 2  2.2  2.4  2.6  2.8  3  3.2  3.4

β=7.596

r/a

E0(r)/E0
cont(r)

no impr.
impr. 1
impr. 2

� = 7.596

 0.96

 0.98

 1

 1.02

 1.04

 1.06

 1.08

 1  1.5  2  2.5  3  3.5  4  4.5  5

Vla
t (r)

/V
co

nt
(r)

r/a

LW, all
LW, on-axis

Wilson, all
Wilson, on-axis

E0(r)/E0
cont

 (r) at tree level (free theory) 



Fitting the lattice results on the static energy    
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b=7.825 -- Nref=7 -- 3 loop

One can fit the data with tree-level  
1-loop, 2-loop or 3-loop expressions 
for r<0.5 r1  up to an additive constant 
specified by matching the perturnative 
potential to the lattice one  at (r/a)2=Nref 
 

Obtain a⇤MS or r1⇤MS
from the fit

Perturbative errors
(from scale variations
⌫ = [1/(

p
2r),

p
2/r] or

higher orders ±↵4
s/r

2)
dominate:

Example: � = 7.825

3-loop: r1⇤MS = 0.486+0.028
�0.018

↵s(MZ) = 0.1166+0.0012
�0.0008

Example: � = 7.825

Bazavov, Brambilla, Gacia i Tormo, PP,  
Soto, Vairo, PRD 90 (2014) 074038  



Going to shorter distances with the static energy    
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2014: smallest distance available 0.04 fm , dominant errors from perturbation theory  

2018: additional 3 lattice spacings  a=0.025, 0.03 and 0.035 fm  for the static energy 
Bazavov, PP, Weber, PRD97 (2018) 014510  
Singlet free energy of quark anti-quark pair approaches the static energy at short 
distances, Bazavov et al (TUMQCD), arXiV:1804.10600 
 
=> use the singlet free energy for rT<0.25 as proxy for the static energy => 
access to very short distance down to a=0.01fm 

T=0 result at rmax=0.05 fm: ↵s(MZ , nf = 5) = 0.1167± 0.008
<latexit sha1_base64="2ZpKk4eixBMmuZe5zXzUTO7pD7s=">AAACDHicdVDLSgMxFL1TX7W+6mPnZlCEClJmCtpuCgU3boQK9oGdMmTSTBuayQxJRiil4NaNv+JGQRG3foA7P8S9mVahFT0QcjjnXG5yvIhRqSzrw0jNzS8sLqWXMyura+sb2c2tugxjgUkNhywUTQ9JwignNUUVI81IEBR4jDS8/mniN66JkDTkl2oQkXaAupz6FCOlJTe77yAW9ZArc+fu1RF3/fLxYdnK2/ZJ0YkC08pbVkmnbH0nGAuz5Mfar+x8Pt4AQNXNvjudEMcB4QozJGXLtiLVHiKhKGZklHFiSSKE+6hLWppyFBDZHo4/MzIPtNIx/VDow5U5VqcnhiiQchB4Ohkg1ZO/vUT8y2vFyi+1h5RHsSIcTxb5MTNVaCbNmB0qCFZsoAnCguq3mriHBMJK95eZLuF/Ui/kbd3ehW6jABOkYRf2IAc2FKECZ1CFGmC4hXt4gmfjzngwXozXSTRlfM9swwyMty/3J5qJ</latexit><latexit sha1_base64="vB9kqqTjwYAEcIStP+pztfvIywM=">AAACDHicdVDLSsNAFJ3UV62v+ti5CRahgpSkoO2mUHDjRqhgH9iEMJlOmqGTSZiZCCX0A9z4Ky5UUMStH+DOX3Dv3kmr0IoeGOZwzrncmeNGlAhpGO9aZm5+YXEpu5xbWV1b38hvbrVEGHOEmyikIe+4UGBKGG5KIinuRBzDwKW47Q5OUr99hbkgIbuQwwjbAewz4hEEpZKcfMGCNPKhI4pnzuUhc7za0UHNKJnmccWKAt0oGUZVpUx1pxgLs+THKtR3Ph/Ex53fcPJvVi9EcYCZRBQK0TWNSNoJ5JIgikc5KxY4gmgA+7irKIMBFnYy/sxI31dKT/dCrg6T+lidnkhgIMQwcFUygNIXv71U/MvrxtKr2glhUSwxQ5NFXkx1GeppM3qPcIwkHSoCESfqrTryIYdIqv5y0yX8T1rlkqnaO1dtlMEEWbAL9kARmKAC6uAUNEATIHANbsEjeNJutHvtWXuZRDPa98w2mIH2+gWZDJyB</latexit><latexit sha1_base64="vB9kqqTjwYAEcIStP+pztfvIywM=">AAACDHicdVDLSsNAFJ3UV62v+ti5CRahgpSkoO2mUHDjRqhgH9iEMJlOmqGTSZiZCCX0A9z4Ky5UUMStH+DOX3Dv3kmr0IoeGOZwzrncmeNGlAhpGO9aZm5+YXEpu5xbWV1b38hvbrVEGHOEmyikIe+4UGBKGG5KIinuRBzDwKW47Q5OUr99hbkgIbuQwwjbAewz4hEEpZKcfMGCNPKhI4pnzuUhc7za0UHNKJnmccWKAt0oGUZVpUx1pxgLs+THKtR3Ph/Ex53fcPJvVi9EcYCZRBQK0TWNSNoJ5JIgikc5KxY4gmgA+7irKIMBFnYy/sxI31dKT/dCrg6T+lidnkhgIMQwcFUygNIXv71U/MvrxtKr2glhUSwxQ5NFXkx1GeppM3qPcIwkHSoCESfqrTryIYdIqv5y0yX8T1rlkqnaO1dtlMEEWbAL9kARmKAC6uAUNEATIHANbsEjeNJutHvtWXuZRDPa98w2mIH2+gWZDJyB</latexit><latexit sha1_base64="qTvPFEvTiXlQ2reK2hZ6516+wG4=">AAACDHicdVDNSgMxGMzWv1r/qh69LBahgpRsQdtLoeDFi1DB/mB3WbJptg1NskuSFUrpA3jxVbx4UMSrD+DNtzHbVmhFB0KGmfn4kgliRpWG8MvKrKyurW9kN3Nb2zu7e/n9g5aKEolJE0cskp0AKcKoIE1NNSOdWBLEA0bawfAy9dv3RCoaiVs9ionHUV/QkGKkjeTnCy5i8QD5qnjt350JP6ydn9ZgyXEuKm7MbViCsGpSjrlTTIVl8mMVwBwNP//p9iKccCI0ZkiprgNj7Y2R1BQzMsm5iSIxwkPUJ11DBeJEeePpZyb2iVF6dhhJc4S2p+rixBhxpUY8MEmO9ED99lLxL6+b6LDqjamIE00Eni0KE2bryE6bsXtUEqzZyBCEJTVvtfEASYS16S+3WML/pFUuOaa9G1iol+d1ZMEROAZF4IAKqIMr0ABNgMEDeAIv4NV6tJ6tN+t9Fs1Y85lDsATr4xuZz5gL</latexit>



 Moments of charmonium correlators 

We use moments method pioneered by HPQCD and Karlsruhe group:  

G(t) = a6m2
c0

X

x

hj5(x, t)j5(0, 0)i, j5 =  ̄c�5 c

Gn =
X

t

(t/a)n G(t)

Calculated continuum perturbation theory to order αs
3 

Gn =
gn(↵s(µ),mc(µ))

mn�4
c (µ)

, gn =
X

j

gnj(mc, µ)↵
j
s(µ)

To cancel lattice effects consider the reduced moments Rn =

✓
Gn

G0
n

◆1/(n�4)

and similarly on the weak coupling side:   
rn =

X

j

rnj(mc, µ)↵
j
s(µ)

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



Summary of lattice results on the moments 
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HPQCD 2014: Chakraborty et al, PRD 91 (2015) 054508 
MP2016: Maezawa, PP, PRD 94 (2016)  034507 
JLQCD 2016: Nakayama et al, PRD 94 (2016)  054507  

New 2018: Weber, PP, preliminary results from R4 and R6 



 Moment of quarkonoium and coupling constant  

µ = mc No large logs in  r4

mc : R4 = 1.272(2)
<latexit sha1_base64="cbG+y0uiDzPyiiFeJLONKO+Hubg=">AAAB+nicbVDLSgNBEOyNrxhfm3j0MhiE5BJ2FyEiCAEvHqOYByTLMjuZTYbMPpiZVcKaT/HiQRGvfok3/8ZJIqKJBQ1FVTfdXX7CmVSW9Wnk1tY3Nrfy24Wd3b39A7NYass4FYS2SMxj0fWxpJxFtKWY4rSbCIpDn9OOP76c+Z07KiSLo1s1Sagb4mHEAkaw0pJnFkOPnKMb7/TCrjl1p+JUPbNs1aw50A+xl0m5UepXQaPpmR/9QUzSkEaKcCxlz7YS5WZYKEY4nRb6qaQJJmM8pD1NIxxS6Wbz06foRCsDFMRCV6TQXP09keFQykno684Qq5Fc9mbif14vVcGZm7EoSRWNyGJRkHKkYjTLAQ2YoETxiSaYCKZvRWSEBSZKp1XQIay8vEraTs22ava1TsOBBfJwBMdQARvq0IAraEILCNzDIzzDi/FgPBmvxtuiNWd8zxzCHxjvX4mdkkE=</latexit><latexit sha1_base64="Uo/Gd3AkbnlOdK2bdENAiOrAjtQ=">AAAB+nicbVDLSsNAFJ3UV62vtC7dDBahbkIShIogFNy4rGIf0JQwmU7aoTNJmJkoJfYb/AI3LhRx6xf4Ce78EPdOWxFtPXDhcM693HtPkDAqlW1/GLml5ZXVtfx6YWNza3vHLJaaMk4FJg0cs1i0AyQJoxFpKKoYaSeCIB4w0gqGZxO/dU2EpHF0pUYJ6XLUj2hIMVJa8s0i9/EJvPSPTh3LrboV99A3y7ZlTwF/iDNPyrWSV/l8u/Pqvvnu9WKcchIpzJCUHcdOVDdDQlHMyLjgpZIkCA9Rn3Q0jRAnsptNTx/DA630YBgLXZGCU/X3RIa4lCMe6E6O1EDOexPxP6+TqvC4m9EoSRWJ8GxRmDKoYjjJAfaoIFixkSYIC6pvhXiABMJKp1XQISy8vEiaruXYlnOh03DBDHmwB/ZBBTigCmrgHNRBA2BwA+7BI3gybo0H49l4mbXmjO+ZXfAHxusXDzyU4g==</latexit><latexit sha1_base64="Uo/Gd3AkbnlOdK2bdENAiOrAjtQ=">AAAB+nicbVDLSsNAFJ3UV62vtC7dDBahbkIShIogFNy4rGIf0JQwmU7aoTNJmJkoJfYb/AI3LhRx6xf4Ce78EPdOWxFtPXDhcM693HtPkDAqlW1/GLml5ZXVtfx6YWNza3vHLJaaMk4FJg0cs1i0AyQJoxFpKKoYaSeCIB4w0gqGZxO/dU2EpHF0pUYJ6XLUj2hIMVJa8s0i9/EJvPSPTh3LrboV99A3y7ZlTwF/iDNPyrWSV/l8u/Pqvvnu9WKcchIpzJCUHcdOVDdDQlHMyLjgpZIkCA9Rn3Q0jRAnsptNTx/DA630YBgLXZGCU/X3RIa4lCMe6E6O1EDOexPxP6+TqvC4m9EoSRWJ8GxRmDKoYjjJAfaoIFixkSYIC6pvhXiABMJKp1XQISy8vEiaruXYlnOh03DBDHmwB/ZBBTigCmrgHNRBA2BwA+7BI3gybo0H49l4mbXmjO+ZXfAHxusXDzyU4g==</latexit><latexit sha1_base64="feYzCSbqj61LrrcowietRi1DSP8=">AAAB5HicbVDLSgNBEOz1GddX9OplMAiewq4XPQpePEYwD0hCmJ3tTYbMzi4zvUJY8gMevIh49Zu8+TdOHqAmFjQUVd10d0W5kpaC4Mvb2Nza3tmt7Pn7B/7h0XH1pGWzwghsikxlphNxi0pqbJIkhZ3cIE8jhe1ofDfz209orMz0I01y7Kd8qGUiBScnNQbVWlAP5mDrJFySGiwxqH724kwUKWoSilvbDYOc+iU3JIXCqd8rLOZcjPkQu45qnqLtl/Mzp+zCKTFLMuNKE5urvydKnlo7SSPXmXIa2VVvJv7ndQtKbvql1HlBqMViUVIoRhmb/cxiaVCQmjjChZHuViZG3HBBLhnfZRCufrxOWlf1MKiHDz9hQAXO4BwuIYRruIV7aEATBMTwDK/eyHvx3rz3ReOGt5w4hT/wPr4BGDqLAg==</latexit><latexit sha1_base64="8Ee7nA7nhH4puDF0LFT3fg0r2jY=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkIShIogCG5cVrEPaEOYTCft0MmDmYlSYj/FjQtF3Pol7vwbpw9QWw9cOJxzL/feE6ScSWXbX0ZhZXVtfaO4Wdra3tndM8v7TZlkgtAGSXgi2gGWlLOYNhRTnLZTQXEUcNoKhlcTv3VPhWRJfKdGKfUi3I9ZyAhWWvLNcuSTc3Trn144lltzq+6Jb1Zsy54CLRNnTiowR903P7u9hGQRjRXhWMqOY6fKy7FQjHA6LnUzSVNMhrhPO5rGOKLSy6enj9GxVnooTISuWKGp+nsix5GUoyjQnRFWA7noTcT/vE6mwjMvZ3GaKRqT2aIw40glaJID6jFBieIjTTARTN+KyAALTJROq6RDcBZfXiZN13Jsy7n5SQOKcAhHUAUHanAJ11CHBhB4gCd4gVfj0Xg23oz3WWvBmM8cwB8YH99Cl5D3</latexit><latexit sha1_base64="KL9PtriB14Bp3fATHTHP+CVDSfE=">AAAB+nicbVDJSgNBEK2JW4zbRI9eGoMQL8PMIEQEQfDiMYpZIA5DT6cnadKz0N2jhDGf4sWDIl79Em/+jZ0Fl8QHBY/3qqiqF6ScSWXbn0ZhaXllda24XtrY3NreMcu7TZlkgtAGSXgi2gGWlLOYNhRTnLZTQXEUcNoKBhdjv3VHhWRJfKOGKfUi3ItZyAhWWvLNcuSTU3TtH585lltzq+6Rb1Zsy54AfRNnnlRghrpvftx2E5JFNFaEYyk7jp0qL8dCMcLpqHSbSZpiMsA92tE0xhGVXj45fYQOtdJFYSJ0xQpN1N8TOY6kHEaB7oyw6st5byz+53UyFZ54OYvTTNGYTBeFGUcqQeMcUJcJShQfaoKJYPpWRPpYYKJ0WiUdwsLLi6TpWo5tOVc/aUAR9uEAquBADc7hEurQAAL38AjP8GI8GE/Gq/E2bS0Ys5k9+APj/QtEBZD4</latexit><latexit sha1_base64="/x5dVCMlBLuxuiiv0bGVKvoj3nw=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBHqJiRBqAhCwY3LKvYBbQiT6aQdOjMJMxOlxH6KGxeKuPVL3Pk3Th+Ith64cDjnXu69J0oZVdp1v6yV1bX1jc3CVnF7Z3dv3y4dNFWSSUwaOGGJbEdIEUYFaWiqGWmnkiAeMdKKhlcTv3VPpKKJuNOjlAQc9QWNKUbaSKFd4iG+gLfh2aXn+FW/4p+Gdtl13CngD/EWSRnMUQ/tz24vwRknQmOGlOp4bqqDHElNMSPjYjdTJEV4iPqkY6hAnKggn54+hidG6cE4kaaEhlP190SOuFIjHplOjvRALXoT8T+vk+n4PMipSDNNBJ4tijMGdQInOcAelQRrNjIEYUnNrRAPkERYm7SKJoSll5dJ03c81/Fu3HLNn8dRAEfgGFSAB6qgBq5BHTQABg/gCbyAV+vRerberPdZ64o1nzkEf2B9fANmj5Fq</latexit><latexit sha1_base64="/x5dVCMlBLuxuiiv0bGVKvoj3nw=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBHqJiRBqAhCwY3LKvYBbQiT6aQdOjMJMxOlxH6KGxeKuPVL3Pk3Th+Ith64cDjnXu69J0oZVdp1v6yV1bX1jc3CVnF7Z3dv3y4dNFWSSUwaOGGJbEdIEUYFaWiqGWmnkiAeMdKKhlcTv3VPpKKJuNOjlAQc9QWNKUbaSKFd4iG+gLfh2aXn+FW/4p+Gdtl13CngD/EWSRnMUQ/tz24vwRknQmOGlOp4bqqDHElNMSPjYjdTJEV4iPqkY6hAnKggn54+hidG6cE4kaaEhlP190SOuFIjHplOjvRALXoT8T+vk+n4PMipSDNNBJ4tijMGdQInOcAelQRrNjIEYUnNrRAPkERYm7SKJoSll5dJ03c81/Fu3HLNn8dRAEfgGFSAB6qgBq5BHTQABg/gCbyAV+vRerberPdZ64o1nzkEf2B9fANmj5Fq</latexit><latexit sha1_base64="Uo/Gd3AkbnlOdK2bdENAiOrAjtQ=">AAAB+nicbVDLSsNAFJ3UV62vtC7dDBahbkIShIogFNy4rGIf0JQwmU7aoTNJmJkoJfYb/AI3LhRx6xf4Ce78EPdOWxFtPXDhcM693HtPkDAqlW1/GLml5ZXVtfx6YWNza3vHLJaaMk4FJg0cs1i0AyQJoxFpKKoYaSeCIB4w0gqGZxO/dU2EpHF0pUYJ6XLUj2hIMVJa8s0i9/EJvPSPTh3LrboV99A3y7ZlTwF/iDNPyrWSV/l8u/Pqvvnu9WKcchIpzJCUHcdOVDdDQlHMyLjgpZIkCA9Rn3Q0jRAnsptNTx/DA630YBgLXZGCU/X3RIa4lCMe6E6O1EDOexPxP6+TqvC4m9EoSRWJ8GxRmDKoYjjJAfaoIFixkSYIC6pvhXiABMJKp1XQISy8vEiaruXYlnOh03DBDHmwB/ZBBTigCmrgHNRBA2BwA+7BI3gybo0H49l4mbXmjO+ZXfAHxusXDzyU4g==</latexit><latexit sha1_base64="Uo/Gd3AkbnlOdK2bdENAiOrAjtQ=">AAAB+nicbVDLSsNAFJ3UV62vtC7dDBahbkIShIogFNy4rGIf0JQwmU7aoTNJmJkoJfYb/AI3LhRx6xf4Ce78EPdOWxFtPXDhcM693HtPkDAqlW1/GLml5ZXVtfx6YWNza3vHLJaaMk4FJg0cs1i0AyQJoxFpKKoYaSeCIB4w0gqGZxO/dU2EpHF0pUYJ6XLUj2hIMVJa8s0i9/EJvPSPTh3LrboV99A3y7ZlTwF/iDNPyrWSV/l8u/Pqvvnu9WKcchIpzJCUHcdOVDdDQlHMyLjgpZIkCA9Rn3Q0jRAnsptNTx/DA630YBgLXZGCU/X3RIa4lCMe6E6O1EDOexPxP6+TqvC4m9EoSRWJ8GxRmDKoYjjJAfaoIFixkSYIC6pvhXiABMJKp1XQISy8vEiaruXYlnOh03DBDHmwB/ZBBTigCmrgHNRBA2BwA+7BI3gybo0H49l4mbXmjO+ZXfAHxusXDzyU4g==</latexit><latexit sha1_base64="Uo/Gd3AkbnlOdK2bdENAiOrAjtQ=">AAAB+nicbVDLSsNAFJ3UV62vtC7dDBahbkIShIogFNy4rGIf0JQwmU7aoTNJmJkoJfYb/AI3LhRx6xf4Ce78EPdOWxFtPXDhcM693HtPkDAqlW1/GLml5ZXVtfx6YWNza3vHLJaaMk4FJg0cs1i0AyQJoxFpKKoYaSeCIB4w0gqGZxO/dU2EpHF0pUYJ6XLUj2hIMVJa8s0i9/EJvPSPTh3LrboV99A3y7ZlTwF/iDNPyrWSV/l8u/Pqvvnu9WKcchIpzJCUHcdOVDdDQlHMyLjgpZIkCA9Rn3Q0jRAnsptNTx/DA630YBgLXZGCU/X3RIa4lCMe6E6O1EDOexPxP6+TqvC4m9EoSRWJ8GxRmDKoYjjJAfaoIFixkSYIC6pvhXiABMJKp1XQISy8vEiaruXYlnOh03DBDHmwB/ZBBTigCmrgHNRBA2BwA+7BI3gybo0H49l4mbXmjO+ZXfAHxusXDzyU4g==</latexit><latexit sha1_base64="Uo/Gd3AkbnlOdK2bdENAiOrAjtQ=">AAAB+nicbVDLSsNAFJ3UV62vtC7dDBahbkIShIogFNy4rGIf0JQwmU7aoTNJmJkoJfYb/AI3LhRx6xf4Ce78EPdOWxFtPXDhcM693HtPkDAqlW1/GLml5ZXVtfx6YWNza3vHLJaaMk4FJg0cs1i0AyQJoxFpKKoYaSeCIB4w0gqGZxO/dU2EpHF0pUYJ6XLUj2hIMVJa8s0i9/EJvPSPTh3LrboV99A3y7ZlTwF/iDNPyrWSV/l8u/Pqvvnu9WKcchIpzJCUHcdOVDdDQlHMyLjgpZIkCA9Rn3Q0jRAnsptNTx/DA630YBgLXZGCU/X3RIa4lCMe6E6O1EDOexPxP6+TqvC4m9EoSRWJ8GxRmDKoYjjJAfaoIFixkSYIC6pvhXiABMJKp1XQISy8vEiaruXYlnOh03DBDHmwB/ZBBTigCmrgHNRBA2BwA+7BI3gybo0H49l4mbXmjO+ZXfAHxusXDzyU4g==</latexit><latexit sha1_base64="/x5dVCMlBLuxuiiv0bGVKvoj3nw=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBHqJiRBqAhCwY3LKvYBbQiT6aQdOjMJMxOlxH6KGxeKuPVL3Pk3Th+Ith64cDjnXu69J0oZVdp1v6yV1bX1jc3CVnF7Z3dv3y4dNFWSSUwaOGGJbEdIEUYFaWiqGWmnkiAeMdKKhlcTv3VPpKKJuNOjlAQc9QWNKUbaSKFd4iG+gLfh2aXn+FW/4p+Gdtl13CngD/EWSRnMUQ/tz24vwRknQmOGlOp4bqqDHElNMSPjYjdTJEV4iPqkY6hAnKggn54+hidG6cE4kaaEhlP190SOuFIjHplOjvRALXoT8T+vk+n4PMipSDNNBJ4tijMGdQInOcAelQRrNjIEYUnNrRAPkERYm7SKJoSll5dJ03c81/Fu3HLNn8dRAEfgGFSAB6qgBq5BHTQABg/gCbyAV+vRerberPdZ64o1nzkEf2B9fANmj5Fq</latexit>

1.5mc : R4 = 1.213(3)
<latexit sha1_base64="ZYMGu46SPNMtSogV8tfMqMktSvw=">AAAB/nicbVBNS8NAEJ3Ur1q/YsWTl8UitJeQtIoiCAUvHqvYWmhD2Gw37dLNB7sboYSCf8WLB0W8+ju8+W/ctiLa+mDg8d4MM/P8hDOpbPvTyC0tr6yu5dcLG5tb2zvmbrEl41QQ2iQxj0Xbx5JyFtGmYorTdiIoDn1O7/zh5cS/u6dCsji6VaOEuiHuRyxgBCsteea+Y52g0CPn6MY7vnCsqlMr1yqeWbItewr0Q5x5UqoXuxXQaHjmR7cXkzSkkSIcS9lx7ES5GRaKEU7HhW4qaYLJEPdpR9MIh1S62fT8MTrSSg8FsdAVKTRVf09kOJRyFPq6M8RqIOe9ifif10lVcOZmLEpSRSMyWxSkHKkYTbJAPSYoUXykCSaC6VsRGWCBidKJFXQICy8vklbVcmzLudZpVGGGPBzAIZTBgVOowxU0oAkEMniEZ3gxHown49V4m7XmjO+ZPfgD4/0LNheTGQ==</latexit><latexit sha1_base64="Dvz2mha34X7tRgm/KGwih6IV7Ac=">AAAB/nicbVDLSsNAFJ34rPUVK67cDBahbkLSKoogFNy4rGIf0IQwmU7aoZNJmJkIJRT8A7/BjQtF3Lr2E9z5Ie6dtiLaeuDC4Zx7ufeeIGFUKtv+MObmFxaXlnMr+dW19Y1Nc6vQkHEqMKnjmMWiFSBJGOWkrqhipJUIgqKAkWbQPx/5zRsiJI35tRokxItQl9OQYqS05Js7jnUEIx+fwiv/8Myxyk6lVDnwzaJt2WPAH+JMk2K14JY+3+7cmm++u50YpxHhCjMkZduxE+VlSCiKGRnm3VSSBOE+6pK2phxFRHrZ+Pwh3NdKB4ax0MUVHKu/JzIUSTmIAt0ZIdWT095I/M9rpyo88TLKk1QRjieLwpRBFcNRFrBDBcGKDTRBWFB9K8Q9JBBWOrG8DmHm5VnSKFuObTmXOo0ymCAHdsEeKAEHHIMquAA1UAcYZOAePIIn49Z4MJ6Nl0nrnPE9sw3+wHj9Arunlbo=</latexit><latexit sha1_base64="Dvz2mha34X7tRgm/KGwih6IV7Ac=">AAAB/nicbVDLSsNAFJ34rPUVK67cDBahbkLSKoogFNy4rGIf0IQwmU7aoZNJmJkIJRT8A7/BjQtF3Lr2E9z5Ie6dtiLaeuDC4Zx7ufeeIGFUKtv+MObmFxaXlnMr+dW19Y1Nc6vQkHEqMKnjmMWiFSBJGOWkrqhipJUIgqKAkWbQPx/5zRsiJI35tRokxItQl9OQYqS05Js7jnUEIx+fwiv/8Myxyk6lVDnwzaJt2WPAH+JMk2K14JY+3+7cmm++u50YpxHhCjMkZduxE+VlSCiKGRnm3VSSBOE+6pK2phxFRHrZ+Pwh3NdKB4ax0MUVHKu/JzIUSTmIAt0ZIdWT095I/M9rpyo88TLKk1QRjieLwpRBFcNRFrBDBcGKDTRBWFB9K8Q9JBBWOrG8DmHm5VnSKFuObTmXOo0ymCAHdsEeKAEHHIMquAA1UAcYZOAePIIn49Z4MJ6Nl0nrnPE9sw3+wHj9Arunlbo=</latexit><latexit sha1_base64="9mR92r0VcELVP5KoWDHmGkXE0vw=">AAAB/nicbVDLSgMxFM3UV62vUXHlJliEuhlmWkURhIIbl1XsA9phyKSZNjTJDElGKEPBX3HjQhG3foc7/8b0gWjrgQuHc+7l3nvChFGlXffLyi0tr6yu5dcLG5tb2zv27l5DxanEpI5jFstWiBRhVJC6ppqRViIJ4iEjzXBwPfabD0QqGot7PUyIz1FP0IhipI0U2AeecwZ5gC/hXXB65Tllr1KqnAR20XXcCeAP8eZJEcxQC+zPTjfGKSdCY4aUantuov0MSU0xI6NCJ1UkQXiAeqRtqECcKD+bnD+Cx0bpwiiWpoSGE/X3RIa4UkMemk6OdF/Ne2PxP6+d6ujCz6hIUk0Eni6KUgZ1DMdZwC6VBGs2NARhSc2tEPeRRFibxAomhIWXF0mj7Hiu4926xWp5FkceHIIjUAIeOAdVcANqoA4wyMATeAGv1qP1bL1Z79PWnDWb2Qd/YH18AxMJkkI=</latexit>

2mc : R4 = 1.191(4)
<latexit sha1_base64="PuOV1a1rgfu9alFIYaj7vkssMKk=">AAAB/HicbVDJSgNBEK2JW4zbmBy9NAYhuQwzIeACQsCLxyhmgWQYejqdpEnPQnePMAzxV7x4UMSrH+LNv7GTiGjig4LHe1VU1fNjzqSy7U8jt7a+sbmV3y7s7O7tH5iHxbaMEkFoi0Q8El0fS8pZSFuKKU67saA48Dnt+JOrmd+5p0KyKLxTaUzdAI9CNmQEKy15ZqmGAo9coFuvfulYzrlTqVc9s2xb9hzohzjLpNwo9qug0fTMj/4gIklAQ0U4lrLn2LFyMywUI5xOC/1E0hiTCR7RnqYhDqh0s/nxU3SilQEaRkJXqNBc/T2R4UDKNPB1Z4DVWC57M/E/r5eo4ZmbsTBOFA3JYtEw4UhFaJYEGjBBieKpJpgIpm9FZIwFJkrnVdAhrLy8Sto1y7Et50anUYMF8nAEx1ABB06hAdfQhBYQSOERnuHFeDCejFfjbdGaM75nSvAHxvsXWOqSqQ==</latexit><latexit sha1_base64="rtpDhLBpC0YxJrIuPkNbQOziL2g=">AAAB/HicbVDLSgMxFM3UV62vsV26CRahboZJKfgAoeDGZRX7gM4wZNJMG5p5kGSEodRf8BPcuFDErR/gJ7jzQ9ybtiLaeuDC4Zx7ufceP+FMKtv+MHJLyyura/n1wsbm1vaOuVtsyTgVhDZJzGPR8bGknEW0qZjitJMIikOf07Y/PJ/47RsqJIuja5Ul1A1xP2IBI1hpyTNLVRh65BReebUzZKETVKkdembZtuwp4A9B86RcLzqVz7c7p+GZ704vJmlII0U4lrKL7ES5IywUI5yOC04qaYLJEPdpV9MIh1S6o+nxY3iglR4MYqErUnCq/p4Y4VDKLPR1Z4jVQM57E/E/r5uq4NgdsShJFY3IbFGQcqhiOEkC9pigRPFME0wE07dCMsACE6XzKugQFl5eJK2qhWwLXeo0qmCGPNgD+6ACEDgCdXABGqAJCMjAPXgET8at8WA8Gy+z1pzxPVMCf2C8fgHeepVK</latexit><latexit sha1_base64="rtpDhLBpC0YxJrIuPkNbQOziL2g=">AAAB/HicbVDLSgMxFM3UV62vsV26CRahboZJKfgAoeDGZRX7gM4wZNJMG5p5kGSEodRf8BPcuFDErR/gJ7jzQ9ybtiLaeuDC4Zx7ufceP+FMKtv+MHJLyyura/n1wsbm1vaOuVtsyTgVhDZJzGPR8bGknEW0qZjitJMIikOf07Y/PJ/47RsqJIuja5Ul1A1xP2IBI1hpyTNLVRh65BReebUzZKETVKkdembZtuwp4A9B86RcLzqVz7c7p+GZ704vJmlII0U4lrKL7ES5IywUI5yOC04qaYLJEPdpV9MIh1S6o+nxY3iglR4MYqErUnCq/p4Y4VDKLPR1Z4jVQM57E/E/r5uq4NgdsShJFY3IbFGQcqhiOEkC9pigRPFME0wE07dCMsACE6XzKugQFl5eJK2qhWwLXeo0qmCGPNgD+6ACEDgCdXABGqAJCMjAPXgET8at8WA8Gy+z1pzxPVMCf2C8fgHeepVK</latexit><latexit sha1_base64="UNSRKpS18XzmPUTG4LTpLBCai20=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqJiSl4AOEghuXVewD2hAm00k7dGYSZiZCCPVX3LhQxK0f4s6/cfpAtPXAhcM593LvPWHCqNKu+2WtrK6tb2wWtorbO7t7+/bBYUvFqcSkiWMWy06IFGFUkKammpFOIgniISPtcHQ98dsPRCoai3udJcTnaCBoRDHSRgrsUhXyAF/Cu6B25TnehVepnQZ22XXcKeAP8RZJGczRCOzPXj/GKSdCY4aU6npuov0cSU0xI+NiL1UkQXiEBqRrqECcKD+fHj+GJ0bpwyiWpoSGU/X3RI64UhkPTSdHeqgWvYn4n9dNdXTu51QkqSYCzxZFKYM6hpMkYJ9KgjXLDEFYUnMrxEMkEdYmr6IJYenlZdKqOp7reLduuV6dx1EAR+AYVIAHzkAd3IAGaAIMMvAEXsCr9Wg9W2/W+6x1xZrPlMAfWB/fNdyR0g==</latexit>

R4 ! ↵s
<latexit sha1_base64="TRDLs7a20Fbl8l12jbUbgX2FimM=">AAACAnicbVA9SwNBEJ2LGmP8ilqJzWIQrMJdELQM2FgmYj4gF465zV6yZO+D3T0lhGDjX7GxUMTWwt9gJ/4ZNx+FJj4YeLw3w8w8PxFcadv+sjIrq2vZ9dxGfnNre2e3sLffUHEqKavTWMSy5aNigkesrrkWrJVIhqEvWNMfXE785i2TisfRjR4mrBNiL+IBp6iN5BUOr70z4kre62uUMr4jLoqkj54iXqFol+wpyDJx5qRYyda+PwCg6hU+3W5M05BFmgpUqu3Yie6MUGpOBRvn3VSxBOkAe6xtaIQhU53R9IUxOTFKlwSxNBVpMlV/T4wwVGoY+qYzRN1Xi95E/M9rpzq46Ix4lKSaRXS2KEgF0TGZ5EG6XDKqxdAQpJKbWwnto0SqTWp5E4Kz+PIyaZRLjl1yaiaNMsyQgyM4hlNw4BwqcAVVqAOFe3iEZ3ixHqwn69V6m7VmrPnMAfyB9f4DTtiY4Q==</latexit><latexit sha1_base64="p8/QnppqGtfmLO+uBH8RcPtfPo8=">AAACAnicbVC7SgNBFJ2Nrxhfq1ZiMxgEq7AbBC0DNpaJmAdkl+XuZDYZMvtgZlYJS7DxB2z8AxEsFLH1CyztxJ9x8ig08cCFwzn3cu89fsKZVJb1ZeQWFpeWV/KrhbX1jc0tc3unIeNUEFonMY9FywdJOYtoXTHFaSsRFEKf06bfPxv5zSsqJIujSzVIqBtCN2IBI6C05Jl7F94xdgTr9hQIEV9jB3jSA09izyxaJWsMPE/sKSlWlmvfH/d3j1XP/HQ6MUlDGinCQcq2bSXKzUAoRjgdFpxU0gRIH7q0rWkEIZVuNn5hiA+10sFBLHRFCo/V3xMZhFIOQl93hqB6ctYbif957VQFp27GoiRVNCKTRUHKsYrxKA/cYYISxQeaABFM34pJDwQQpVMr6BDs2ZfnSaNcsq2SXdNplNEEebSPDtARstEJqqBzVEV1RNANekDP6MW4NZ6MV+Nt0pozpjO76A+M9x/FiZq5</latexit><latexit sha1_base64="p8/QnppqGtfmLO+uBH8RcPtfPo8=">AAACAnicbVC7SgNBFJ2Nrxhfq1ZiMxgEq7AbBC0DNpaJmAdkl+XuZDYZMvtgZlYJS7DxB2z8AxEsFLH1CyztxJ9x8ig08cCFwzn3cu89fsKZVJb1ZeQWFpeWV/KrhbX1jc0tc3unIeNUEFonMY9FywdJOYtoXTHFaSsRFEKf06bfPxv5zSsqJIujSzVIqBtCN2IBI6C05Jl7F94xdgTr9hQIEV9jB3jSA09izyxaJWsMPE/sKSlWlmvfH/d3j1XP/HQ6MUlDGinCQcq2bSXKzUAoRjgdFpxU0gRIH7q0rWkEIZVuNn5hiA+10sFBLHRFCo/V3xMZhFIOQl93hqB6ctYbif957VQFp27GoiRVNCKTRUHKsYrxKA/cYYISxQeaABFM34pJDwQQpVMr6BDs2ZfnSaNcsq2SXdNplNEEebSPDtARstEJqqBzVEV1RNANekDP6MW4NZ6MV+Nt0pozpjO76A+M9x/FiZq5</latexit><latexit sha1_base64="3PewkyWqbkLXQ8CBg47YuOb8u+M=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRPJWkCHosePFYxX5AE8Jku2mXbjZhd6OUULz4V7x4UMSrv8Kb/8Ztm4O2Phh4vDfDzLww5Uxpx/m2Siura+sb5c3K1vbO7p69f9BWSSYJbZGEJ7IbgqKcCdrSTHPaTSWFOOS0E46upn7nnkrFEnGnxyn1YxgIFjEC2kiBfXQbnGNPssFQg5TJA/aAp0MIFA7sqlNzZsDLxC1IFRVoBvaX109IFlOhCQeleq6Taj8HqRnhdFLxMkVTICMY0J6hAmKq/Hz2wgSfGqWPo0SaEhrP1N8TOcRKjePQdMagh2rRm4r/eb1MR5d+zkSaaSrIfFGUcawTPM0D95mkRPOxIUAkM7diMgQJRJvUKiYEd/HlZdKu11yn5t441Ua9iKOMjtEJOkMuukANdI2aqIUIekTP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8AVjslq8=</latexit>

R6 charm quark mass:

R6/mc0 = 1.0214(22)
<latexit sha1_base64="nGF5cmq6hZaUmiaJtl5g000X1Uc="></latexit><latexit sha1_base64="nGF5cmq6hZaUmiaJtl5g000X1Uc="></latexit><latexit sha1_base64="nGF5cmq6hZaUmiaJtl5g000X1Uc="></latexit><latexit sha1_base64="nGF5cmq6hZaUmiaJtl5g000X1Uc="></latexit>

↵s(mc) = 0.3729(28)(33)(17)
<latexit sha1_base64="vYWt9Aef5+Qwt1MTDrkEgPzJCvc=">AAACCXicdZDLSgMxFIYzXmu9VV26CRZhZjNkWqV1IRTcuKxgL9AOQyZN29DMhSQjlKFbN76KGxeKuPUN3Pk2ZtopqOgPgZ/vnMPJ+f2YM6kQ+jRWVtfWNzYLW8Xtnd29/dLBYVtGiSC0RSIeia6PJeUspC3FFKfdWFAc+Jx2/MlVVu/cUSFZFN6qaUzdAI9CNmQEK428EuxjHo+xJ83AI9Ylsqu1yoVZqVtmtWqZTs3ySmVkn6NMENloaXLi5KQMcjW90kd/EJEkoKEiHEvZc1Cs3BQLxQins2I/kTTGZIJHtKdtiAMq3XR+yQyeajKAw0joFyo4p98nUhxIOQ183RlgNZa/axn8q9ZL1LDupiyME0VDslg0TDhUEcxigQMmKFF8qg0mgum/QjLGAhOlwyvqEJaXwv9Nu2I7yHZuzsqNSh5HARyDE2ACB9RAA1yDJmgBAu7BI3gGL8aD8WS8Gm+L1hUjnzkCP2S8fwFgx5Y0</latexit><latexit sha1_base64="vYWt9Aef5+Qwt1MTDrkEgPzJCvc=">AAACCXicdZDLSgMxFIYzXmu9VV26CRZhZjNkWqV1IRTcuKxgL9AOQyZN29DMhSQjlKFbN76KGxeKuPUN3Pk2ZtopqOgPgZ/vnMPJ+f2YM6kQ+jRWVtfWNzYLW8Xtnd29/dLBYVtGiSC0RSIeia6PJeUspC3FFKfdWFAc+Jx2/MlVVu/cUSFZFN6qaUzdAI9CNmQEK428EuxjHo+xJ83AI9Ylsqu1yoVZqVtmtWqZTs3ySmVkn6NMENloaXLi5KQMcjW90kd/EJEkoKEiHEvZc1Cs3BQLxQins2I/kTTGZIJHtKdtiAMq3XR+yQyeajKAw0joFyo4p98nUhxIOQ183RlgNZa/axn8q9ZL1LDupiyME0VDslg0TDhUEcxigQMmKFF8qg0mgum/QjLGAhOlwyvqEJaXwv9Nu2I7yHZuzsqNSh5HARyDE2ACB9RAA1yDJmgBAu7BI3gGL8aD8WS8Gm+L1hUjnzkCP2S8fwFgx5Y0</latexit><latexit sha1_base64="vYWt9Aef5+Qwt1MTDrkEgPzJCvc=">AAACCXicdZDLSgMxFIYzXmu9VV26CRZhZjNkWqV1IRTcuKxgL9AOQyZN29DMhSQjlKFbN76KGxeKuPUN3Pk2ZtopqOgPgZ/vnMPJ+f2YM6kQ+jRWVtfWNzYLW8Xtnd29/dLBYVtGiSC0RSIeia6PJeUspC3FFKfdWFAc+Jx2/MlVVu/cUSFZFN6qaUzdAI9CNmQEK428EuxjHo+xJ83AI9Ylsqu1yoVZqVtmtWqZTs3ySmVkn6NMENloaXLi5KQMcjW90kd/EJEkoKEiHEvZc1Cs3BQLxQins2I/kTTGZIJHtKdtiAMq3XR+yQyeajKAw0joFyo4p98nUhxIOQ183RlgNZa/axn8q9ZL1LDupiyME0VDslg0TDhUEcxigQMmKFF8qg0mgum/QjLGAhOlwyvqEJaXwv9Nu2I7yHZuzsqNSh5HARyDE2ACB9RAA1yDJmgBAu7BI3gGL8aD8WS8Gm+L1hUjnzkCP2S8fwFgx5Y0</latexit><latexit sha1_base64="vYWt9Aef5+Qwt1MTDrkEgPzJCvc=">AAACCXicdZDLSgMxFIYzXmu9VV26CRZhZjNkWqV1IRTcuKxgL9AOQyZN29DMhSQjlKFbN76KGxeKuPUN3Pk2ZtopqOgPgZ/vnMPJ+f2YM6kQ+jRWVtfWNzYLW8Xtnd29/dLBYVtGiSC0RSIeia6PJeUspC3FFKfdWFAc+Jx2/MlVVu/cUSFZFN6qaUzdAI9CNmQEK428EuxjHo+xJ83AI9Ylsqu1yoVZqVtmtWqZTs3ySmVkn6NMENloaXLi5KQMcjW90kd/EJEkoKEiHEvZc1Cs3BQLxQins2I/kTTGZIJHtKdtiAMq3XR+yQyeajKAw0joFyo4p98nUhxIOQ183RlgNZa/axn8q9ZL1LDupiyME0VDslg0TDhUEcxigQMmKFF8qg0mgum/QjLGAhOlwyvqEJaXwv9Nu2I7yHZuzsqNSh5HARyDE2ACB9RAA1yDJmgBAu7BI3gGL8aD8WS8Gm+L1hUjnzkCP2S8fwFgx5Y0</latexit>

Lat. Pert. Cond. 

↵s(1.5mc) = 0.2914(41)(12)(3)
<latexit sha1_base64="wXH27VjyHKW5j8CCuj0x9d36D7A=">AAACC3icdZDLSgMxFIYzXmu9jbp0E1qE6WZIaou6EApuXFawF2jLkEnTNjRzIckIpXTvxldx40IRt76AO9/GTDsFFf0h8POdczg5vx8LrjRCn9bK6tr6xmZuK7+9s7u3bx8cNlWUSMoaNBKRbPtEMcFD1tBcC9aOJSOBL1jLH1+l9dYdk4pH4a2exKwXkGHIB5wSbZBnF7pExCPiKQe71cCjpUvkli9wxangkoPLJee05NlF5FZRKohctDQZwRkpgkx1z/7o9iOaBCzUVBClOhjFujclUnMq2CzfTRSLCR2TIesYG5KAqd50fssMnhjSh4NImhdqOKffJ6YkUGoS+KYzIHqkftdS+Fetk+jBeW/KwzjRLKSLRYNEQB3BNBjY55JRLSbGECq5+SukIyIJ1Sa+vAlheSn83zTLLkYuvqkUa+Usjhw4BgXgAAzOQA1cgzpoAAruwSN4Bi/Wg/VkvVpvi9YVK5s5Aj9kvX8BNm+Wmg==</latexit><latexit sha1_base64="wXH27VjyHKW5j8CCuj0x9d36D7A=">AAACC3icdZDLSgMxFIYzXmu9jbp0E1qE6WZIaou6EApuXFawF2jLkEnTNjRzIckIpXTvxldx40IRt76AO9/GTDsFFf0h8POdczg5vx8LrjRCn9bK6tr6xmZuK7+9s7u3bx8cNlWUSMoaNBKRbPtEMcFD1tBcC9aOJSOBL1jLH1+l9dYdk4pH4a2exKwXkGHIB5wSbZBnF7pExCPiKQe71cCjpUvkli9wxangkoPLJee05NlF5FZRKohctDQZwRkpgkx1z/7o9iOaBCzUVBClOhjFujclUnMq2CzfTRSLCR2TIesYG5KAqd50fssMnhjSh4NImhdqOKffJ6YkUGoS+KYzIHqkftdS+Fetk+jBeW/KwzjRLKSLRYNEQB3BNBjY55JRLSbGECq5+SukIyIJ1Sa+vAlheSn83zTLLkYuvqkUa+Usjhw4BgXgAAzOQA1cgzpoAAruwSN4Bi/Wg/VkvVpvi9YVK5s5Aj9kvX8BNm+Wmg==</latexit><latexit sha1_base64="wXH27VjyHKW5j8CCuj0x9d36D7A=">AAACC3icdZDLSgMxFIYzXmu9jbp0E1qE6WZIaou6EApuXFawF2jLkEnTNjRzIckIpXTvxldx40IRt76AO9/GTDsFFf0h8POdczg5vx8LrjRCn9bK6tr6xmZuK7+9s7u3bx8cNlWUSMoaNBKRbPtEMcFD1tBcC9aOJSOBL1jLH1+l9dYdk4pH4a2exKwXkGHIB5wSbZBnF7pExCPiKQe71cCjpUvkli9wxangkoPLJee05NlF5FZRKohctDQZwRkpgkx1z/7o9iOaBCzUVBClOhjFujclUnMq2CzfTRSLCR2TIesYG5KAqd50fssMnhjSh4NImhdqOKffJ6YkUGoS+KYzIHqkftdS+Fetk+jBeW/KwzjRLKSLRYNEQB3BNBjY55JRLSbGECq5+SukIyIJ1Sa+vAlheSn83zTLLkYuvqkUa+Usjhw4BgXgAAzOQA1cgzpoAAruwSN4Bi/Wg/VkvVpvi9YVK5s5Aj9kvX8BNm+Wmg==</latexit><latexit sha1_base64="wXH27VjyHKW5j8CCuj0x9d36D7A=">AAACC3icdZDLSgMxFIYzXmu9jbp0E1qE6WZIaou6EApuXFawF2jLkEnTNjRzIckIpXTvxldx40IRt76AO9/GTDsFFf0h8POdczg5vx8LrjRCn9bK6tr6xmZuK7+9s7u3bx8cNlWUSMoaNBKRbPtEMcFD1tBcC9aOJSOBL1jLH1+l9dYdk4pH4a2exKwXkGHIB5wSbZBnF7pExCPiKQe71cCjpUvkli9wxangkoPLJee05NlF5FZRKohctDQZwRkpgkx1z/7o9iOaBCzUVBClOhjFujclUnMq2CzfTRSLCR2TIesYG5KAqd50fssMnhjSh4NImhdqOKffJ6YkUGoS+KYzIHqkftdS+Fetk+jBeW/KwzjRLKSLRYNEQB3BNBjY55JRLSbGECq5+SukIyIJ1Sa+vAlheSn83zTLLkYuvqkUa+Usjhw4BgXgAAzOQA1cgzpoAAruwSN4Bi/Wg/VkvVpvi9YVK5s5Aj9kvX8BNm+Wmg==</latexit>

↵s(2mc) = 0.2610(55)(8)(1)
<latexit sha1_base64="vAGq+EdiNuaJ6kJU4cb+Zt/RxqQ=">AAACCHicdZDLSgMxFIYz9VbrrerShcEizGyGTLHajVBw47KCvUA7DJk0bUMzmSHJCKV06cZXceNCEbc+gjvfxrSdgor+EPj5zjmcnD9MOFMaoU8rt7K6tr6R3yxsbe/s7hX3D5oqTiWhDRLzWLZDrChngjY005y2E0lxFHLaCkdXs3rrjkrFYnGrxwn1IzwQrM8I1gYFxeMu5skQB8ouRwFxLpFbPveQXak4dtWxPScolpBbQTNB5KKlyYiXkRLIVA+KH91eTNKICk04VqrjoUT7Eyw1I5xOC91U0QSTER7QjrECR1T5k/khU3hqSA/2Y2me0HBOv09McKTUOApNZ4T1UP2uzeBftU6q+1V/wkSSairIYlE/5VDHcJYK7DFJieZjYzCRzPwVkiGWmGiTXcGEsLwU/m+aZddDrndzVqqVszjy4AicABt44ALUwDWogwYg4B48gmfwYj1YT9ar9bZozVnZzCH4Iev9C9Lgles=</latexit><latexit sha1_base64="vAGq+EdiNuaJ6kJU4cb+Zt/RxqQ=">AAACCHicdZDLSgMxFIYz9VbrrerShcEizGyGTLHajVBw47KCvUA7DJk0bUMzmSHJCKV06cZXceNCEbc+gjvfxrSdgor+EPj5zjmcnD9MOFMaoU8rt7K6tr6R3yxsbe/s7hX3D5oqTiWhDRLzWLZDrChngjY005y2E0lxFHLaCkdXs3rrjkrFYnGrxwn1IzwQrM8I1gYFxeMu5skQB8ouRwFxLpFbPveQXak4dtWxPScolpBbQTNB5KKlyYiXkRLIVA+KH91eTNKICk04VqrjoUT7Eyw1I5xOC91U0QSTER7QjrECR1T5k/khU3hqSA/2Y2me0HBOv09McKTUOApNZ4T1UP2uzeBftU6q+1V/wkSSairIYlE/5VDHcJYK7DFJieZjYzCRzPwVkiGWmGiTXcGEsLwU/m+aZddDrndzVqqVszjy4AicABt44ALUwDWogwYg4B48gmfwYj1YT9ar9bZozVnZzCH4Iev9C9Lgles=</latexit><latexit sha1_base64="vAGq+EdiNuaJ6kJU4cb+Zt/RxqQ=">AAACCHicdZDLSgMxFIYz9VbrrerShcEizGyGTLHajVBw47KCvUA7DJk0bUMzmSHJCKV06cZXceNCEbc+gjvfxrSdgor+EPj5zjmcnD9MOFMaoU8rt7K6tr6R3yxsbe/s7hX3D5oqTiWhDRLzWLZDrChngjY005y2E0lxFHLaCkdXs3rrjkrFYnGrxwn1IzwQrM8I1gYFxeMu5skQB8ouRwFxLpFbPveQXak4dtWxPScolpBbQTNB5KKlyYiXkRLIVA+KH91eTNKICk04VqrjoUT7Eyw1I5xOC91U0QSTER7QjrECR1T5k/khU3hqSA/2Y2me0HBOv09McKTUOApNZ4T1UP2uzeBftU6q+1V/wkSSairIYlE/5VDHcJYK7DFJieZjYzCRzPwVkiGWmGiTXcGEsLwU/m+aZddDrndzVqqVszjy4AicABt44ALUwDWogwYg4B48gmfwYj1YT9ar9bZozVnZzCH4Iev9C9Lgles=</latexit><latexit sha1_base64="vAGq+EdiNuaJ6kJU4cb+Zt/RxqQ=">AAACCHicdZDLSgMxFIYz9VbrrerShcEizGyGTLHajVBw47KCvUA7DJk0bUMzmSHJCKV06cZXceNCEbc+gjvfxrSdgor+EPj5zjmcnD9MOFMaoU8rt7K6tr6R3yxsbe/s7hX3D5oqTiWhDRLzWLZDrChngjY005y2E0lxFHLaCkdXs3rrjkrFYnGrxwn1IzwQrM8I1gYFxeMu5skQB8ouRwFxLpFbPveQXak4dtWxPScolpBbQTNB5KKlyYiXkRLIVA+KH91eTNKICk04VqrjoUT7Eyw1I5xOC91U0QSTER7QjrECR1T5k/khU3hqSA/2Y2me0HBOv09McKTUOApNZ4T1UP2uzeBftU6q+1V/wkSSairIYlE/5VDHcJYK7DFJieZjYzCRzPwVkiGWmGiTXcGEsLwU/m+aZddDrndzVqqVszjy4AicABt44ALUwDWogwYg4B48gmfwYj1YT9ar9bZozVnZzCH4Iev9C9Lgles=</latexit>

↵s(mc) ! mc = 1.2662(91)GeV
<latexit sha1_base64="3DwqC7D0zXWpNfILVXp7upzQvjw=">AAACG3icdZBLS8QwFIVT346vUZdugoMwbkpbfC6EARe6HMEZhWkpt5l0Jpi0JUmVocz/cONfceNCEVeCC/+NmReo6IHA4Tv3kuREGWdKO86nNTU9Mzs3v7BYWlpeWV0rr280VZpLQhsk5am8jkBRzhLa0Exzep1JCiLi9Cq6OR3kV7dUKpYml7qX0UBAJ2ExI6ANCsueDzzrQqiqIiS72Jes09UgZXqHDThxbe/gwKseu7u48K XAZ7TZD8sV13aGwo69PzFjMokqaKx6WH732ynJBU004aBUy3UyHRQgNSOc9kt+rmgG5AY6tGVsAoKqoBj+rY93DGnjOJXmJBoP6feNAoRSPRGZSQG6q35nA/hX1sp1fBQULMlyTRMyuijOOdYpHhSF20xSonnPGCCSmbdi0gUJRJs6S99L+N80Pdt1bPdir1LzxnUsoC20jarIRYeohs5RHTUQQffoET2jF+vBerJerbfR6JQ13tlEP2R9fAFKXJ75</latexit><latexit sha1_base64="3DwqC7D0zXWpNfILVXp7upzQvjw=">AAACG3icdZBLS8QwFIVT346vUZdugoMwbkpbfC6EARe6HMEZhWkpt5l0Jpi0JUmVocz/cONfceNCEVeCC/+NmReo6IHA4Tv3kuREGWdKO86nNTU9Mzs3v7BYWlpeWV0rr280VZpLQhsk5am8jkBRzhLa0Exzep1JCiLi9Cq6OR3kV7dUKpYml7qX0UBAJ2ExI6ANCsueDzzrQqiqIiS72Jes09UgZXqHDThxbe/gwKseu7u48K XAZ7TZD8sV13aGwo69PzFjMokqaKx6WH732ynJBU004aBUy3UyHRQgNSOc9kt+rmgG5AY6tGVsAoKqoBj+rY93DGnjOJXmJBoP6feNAoRSPRGZSQG6q35nA/hX1sp1fBQULMlyTRMyuijOOdYpHhSF20xSonnPGCCSmbdi0gUJRJs6S99L+N80Pdt1bPdir1LzxnUsoC20jarIRYeohs5RHTUQQffoET2jF+vBerJerbfR6JQ13tlEP2R9fAFKXJ75</latexit><latexit sha1_base64="3DwqC7D0zXWpNfILVXp7upzQvjw=">AAACG3icdZBLS8QwFIVT346vUZdugoMwbkpbfC6EARe6HMEZhWkpt5l0Jpi0JUmVocz/cONfceNCEVeCC/+NmReo6IHA4Tv3kuREGWdKO86nNTU9Mzs3v7BYWlpeWV0rr280VZpLQhsk5am8jkBRzhLa0Exzep1JCiLi9Cq6OR3kV7dUKpYml7qX0UBAJ2ExI6ANCsueDzzrQqiqIiS72Jes09UgZXqHDThxbe/gwKseu7u48K XAZ7TZD8sV13aGwo69PzFjMokqaKx6WH732ynJBU004aBUy3UyHRQgNSOc9kt+rmgG5AY6tGVsAoKqoBj+rY93DGnjOJXmJBoP6feNAoRSPRGZSQG6q35nA/hX1sp1fBQULMlyTRMyuijOOdYpHhSF20xSonnPGCCSmbdi0gUJRJs6S99L+N80Pdt1bPdir1LzxnUsoC20jarIRYeohs5RHTUQQffoET2jF+vBerJerbfR6JQ13tlEP2R9fAFKXJ75</latexit><latexit sha1_base64="3DwqC7D0zXWpNfILVXp7upzQvjw=">AAACG3icdZBLS8QwFIVT346vUZdugoMwbkpbfC6EARe6HMEZhWkpt5l0Jpi0JUmVocz/cONfceNCEVeCC/+NmReo6IHA4Tv3kuREGWdKO86nNTU9Mzs3v7BYWlpeWV0rr280VZpLQhsk5am8jkBRzhLa0Exzep1JCiLi9Cq6OR3kV7dUKpYml7qX0UBAJ2ExI6ANCsueDzzrQqiqIiS72Jes09UgZXqHDThxbe/gwKseu7u48K XAZ7TZD8sV13aGwo69PzFjMokqaKx6WH732ynJBU004aBUy3UyHRQgNSOc9kt+rmgG5AY6tGVsAoKqoBj+rY93DGnjOJXmJBoP6feNAoRSPRGZSQG6q35nA/hX1sp1fBQULMlyTRMyuijOOdYpHhSF20xSonnPGCCSmbdi0gUJRJs6S99L+N80Pdt1bPdir1LzxnUsoC20jarIRYeohs5RHTUQQffoET2jF+vBerJerbfR6JQ13tlEP2R9fAFKXJ75</latexit>

! 0.11646(39)
<latexit sha1_base64="9rdpLX25Mqyf76ac+ojMsPvFyQg=">AAACAHicdVDLSgMxFM3UV62vURcu3ASLUDdlppaqu4IblxXsA9qhZNJMG5qZDMkdpQzd+CtuXCji1s9w59+YaSuo6IHLPZxzL8k9fiy4Bsf5sHJLyyura/n1wsbm1vaOvbvX0jJRlDWpFFJ1fKKZ4BFrAgfBOrFiJPQFa/vjy8xv3zKluYxuYBIzLyTDiAecEjBS3z7oKT4cAVFK3mGn7Lq1aq10enHSt4tOueZkMHL1i1TmxC3PulNECzT69ntvIGkSsgioIFp3XScGLyUKOBVsWuglmsWEjsmQdQ2NSMi0l84OmOJjowxwIJWpCPBM/b6RklDrSeibyZDASP/2MvEvr5tAcO6lPIoTYBGdPxQkAoPEWRp4wBWjICaGEKq4+SumI6IIBZNZwYTwdSn+n7QqZdckd10t1iuLOPLoEB2hEnLRGaqjK9RATUTRFD2gJ/Rs3VuP1ov1Oh/NWYudffQD1tsnrNqUbw==</latexit><latexit sha1_base64="9rdpLX25Mqyf76ac+ojMsPvFyQg=">AAACAHicdVDLSgMxFM3UV62vURcu3ASLUDdlppaqu4IblxXsA9qhZNJMG5qZDMkdpQzd+CtuXCji1s9w59+YaSuo6IHLPZxzL8k9fiy4Bsf5sHJLyyura/n1wsbm1vaOvbvX0jJRlDWpFFJ1fKKZ4BFrAgfBOrFiJPQFa/vjy8xv3zKluYxuYBIzLyTDiAecEjBS3z7oKT4cAVFK3mGn7Lq1aq10enHSt4tOueZkMHL1i1TmxC3PulNECzT69ntvIGkSsgioIFp3XScGLyUKOBVsWuglmsWEjsmQdQ2NSMi0l84OmOJjowxwIJWpCPBM/b6RklDrSeibyZDASP/2MvEvr5tAcO6lPIoTYBGdPxQkAoPEWRp4wBWjICaGEKq4+SumI6IIBZNZwYTwdSn+n7QqZdckd10t1iuLOPLoEB2hEnLRGaqjK9RATUTRFD2gJ/Rs3VuP1ov1Oh/NWYudffQD1tsnrNqUbw==</latexit><latexit sha1_base64="9rdpLX25Mqyf76ac+ojMsPvFyQg=">AAACAHicdVDLSgMxFM3UV62vURcu3ASLUDdlppaqu4IblxXsA9qhZNJMG5qZDMkdpQzd+CtuXCji1s9w59+YaSuo6IHLPZxzL8k9fiy4Bsf5sHJLyyura/n1wsbm1vaOvbvX0jJRlDWpFFJ1fKKZ4BFrAgfBOrFiJPQFa/vjy8xv3zKluYxuYBIzLyTDiAecEjBS3z7oKT4cAVFK3mGn7Lq1aq10enHSt4tOueZkMHL1i1TmxC3PulNECzT69ntvIGkSsgioIFp3XScGLyUKOBVsWuglmsWEjsmQdQ2NSMi0l84OmOJjowxwIJWpCPBM/b6RklDrSeibyZDASP/2MvEvr5tAcO6lPIoTYBGdPxQkAoPEWRp4wBWjICaGEKq4+SumI6IIBZNZwYTwdSn+n7QqZdckd10t1iuLOPLoEB2hEnLRGaqjK9RATUTRFD2gJ/Rs3VuP1ov1Oh/NWYudffQD1tsnrNqUbw==</latexit><latexit sha1_base64="9rdpLX25Mqyf76ac+ojMsPvFyQg=">AAACAHicdVDLSgMxFM3UV62vURcu3ASLUDdlppaqu4IblxXsA9qhZNJMG5qZDMkdpQzd+CtuXCji1s9w59+YaSuo6IHLPZxzL8k9fiy4Bsf5sHJLyyura/n1wsbm1vaOvbvX0jJRlDWpFFJ1fKKZ4BFrAgfBOrFiJPQFa/vjy8xv3zKluYxuYBIzLyTDiAecEjBS3z7oKT4cAVFK3mGn7Lq1aq10enHSt4tOueZkMHL1i1TmxC3PulNECzT69ntvIGkSsgioIFp3XScGLyUKOBVsWuglmsWEjsmQdQ2NSMi0l84OmOJjowxwIJWpCPBM/b6RklDrSeibyZDASP/2MvEvr5tAcO6lPIoTYBGdPxQkAoPEWRp4wBWjICaGEKq4+SumI6IIBZNZwYTwdSn+n7QqZdckd10t1iuLOPLoEB2hEnLRGaqjK9RATUTRFD2gJ/Rs3VuP1ov1Oh/NWYudffQD1tsnrNqUbw==</latexit>

! 0.11623(63)
<latexit sha1_base64="uCkDeCjEOS2v6i77bwTaO1YC8E8=">AAACAHicdVDLSgMxFM34rPU16sKFm2AR6maYmZbqsuDGZQX7gHYomTTThmaSIckoZejGX3HjQhG3foY7/8ZMH6CiBy73cM69JPeECaNKu+6ntbK6tr6xWdgqbu/s7u3bB4ctJVKJSRMLJmQnRIowyklTU81IJ5EExSEj7XB8lfvtOyIVFfxWTxISxGjIaUQx0kbq28c9SYcjjaQU99B1PK/mV8q1ynnfLrlOzc1h5OqS+HPiObPulsACjb790RsInMaEa8yQUl3PTXSQIakpZmRa7KWKJAiP0ZB0DeUoJirIZgdM4ZlRBjAS0hTXcKZ+38hQrNQkDs1kjPRI/fZy8S+vm+roMsgoT1JNOJ4/FKUMagHzNOCASoI1mxiCsKTmrxCPkERYm8yKJoTlpfB/0vIdzyR3Uy3V/UUcBXACTkEZeOAC1ME1aIAmwGAKHsEzeLEerCfr1Xqbj65Yi50j8APW+xegpJRn</latexit><latexit sha1_base64="uCkDeCjEOS2v6i77bwTaO1YC8E8=">AAACAHicdVDLSgMxFM34rPU16sKFm2AR6maYmZbqsuDGZQX7gHYomTTThmaSIckoZejGX3HjQhG3foY7/8ZMH6CiBy73cM69JPeECaNKu+6ntbK6tr6xWdgqbu/s7u3bB4ctJVKJSRMLJmQnRIowyklTU81IJ5EExSEj7XB8lfvtOyIVFfxWTxISxGjIaUQx0kbq28c9SYcjjaQU99B1PK/mV8q1ynnfLrlOzc1h5OqS+HPiObPulsACjb790RsInMaEa8yQUl3PTXSQIakpZmRa7KWKJAiP0ZB0DeUoJirIZgdM4ZlRBjAS0hTXcKZ+38hQrNQkDs1kjPRI/fZy8S+vm+roMsgoT1JNOJ4/FKUMagHzNOCASoI1mxiCsKTmrxCPkERYm8yKJoTlpfB/0vIdzyR3Uy3V/UUcBXACTkEZeOAC1ME1aIAmwGAKHsEzeLEerCfr1Xqbj65Yi50j8APW+xegpJRn</latexit><latexit sha1_base64="uCkDeCjEOS2v6i77bwTaO1YC8E8=">AAACAHicdVDLSgMxFM34rPU16sKFm2AR6maYmZbqsuDGZQX7gHYomTTThmaSIckoZejGX3HjQhG3foY7/8ZMH6CiBy73cM69JPeECaNKu+6ntbK6tr6xWdgqbu/s7u3bB4ctJVKJSRMLJmQnRIowyklTU81IJ5EExSEj7XB8lfvtOyIVFfxWTxISxGjIaUQx0kbq28c9SYcjjaQU99B1PK/mV8q1ynnfLrlOzc1h5OqS+HPiObPulsACjb790RsInMaEa8yQUl3PTXSQIakpZmRa7KWKJAiP0ZB0DeUoJirIZgdM4ZlRBjAS0hTXcKZ+38hQrNQkDs1kjPRI/fZy8S+vm+roMsgoT1JNOJ4/FKUMagHzNOCASoI1mxiCsKTmrxCPkERYm8yKJoTlpfB/0vIdzyR3Uy3V/UUcBXACTkEZeOAC1ME1aIAmwGAKHsEzeLEerCfr1Xqbj65Yi50j8APW+xegpJRn</latexit><latexit sha1_base64="uCkDeCjEOS2v6i77bwTaO1YC8E8=">AAACAHicdVDLSgMxFM34rPU16sKFm2AR6maYmZbqsuDGZQX7gHYomTTThmaSIckoZejGX3HjQhG3foY7/8ZMH6CiBy73cM69JPeECaNKu+6ntbK6tr6xWdgqbu/s7u3bB4ctJVKJSRMLJmQnRIowyklTU81IJ5EExSEj7XB8lfvtOyIVFfxWTxISxGjIaUQx0kbq28c9SYcjjaQU99B1PK/mV8q1ynnfLrlOzc1h5OqS+HPiObPulsACjb790RsInMaEa8yQUl3PTXSQIakpZmRa7KWKJAiP0ZB0DeUoJirIZgdM4ZlRBjAS0hTXcKZ+38hQrNQkDs1kjPRI/fZy8S+vm+roMsgoT1JNOJ4/FKUMagHzNOCASoI1mxiCsKTmrxCPkERYm8yKJoTlpfB/0vIdzyR3Uy3V/UUcBXACTkEZeOAC1ME1aIAmwGAKHsEzeLEerCfr1Xqbj65Yi50j8APW+xegpJRn</latexit>

! 0.11748(109)
<latexit sha1_base64="KnPxEE6HxBa/hq8S8dfhJfUCmB8=">AAACAXicdVDLSgMxFM3UV62vUTeCm2AR6mbIlGLrruDGZQX7gHYomTTThmYmQ5JRylA3/oobF4q49S/c+Tdm+gAVPXC5h3PuJbnHjzlTGqFPK7eyura+kd8sbG3v7O7Z+wctJRJJaJMILmTHx4pyFtGmZprTTiwpDn1O2/74MvPbt1QqJqIbPYmpF+JhxAJGsDZS3z7qSTYcaSyluIPIcd1qpVZy0cVZ3y4i5xxlMHplScpz4jqzjopggUbf/ugNBElCGmnCsVJdF8XaS7HUjHA6LfQSRWNMxnhIu4ZGOKTKS2cXTOGpUQYwENJUpOFM/b6R4lCpSeibyRDrkfrtZeJfXjfRQc1LWRQnmkZk/lCQcKgFzOKAAyYp0XxiCCaSmb9CMsISE21CK5gQlpfC/0mr7LgmuutKsV5exJEHx+AElIALqqAOrkADNAEB9+ARPIMX68F6sl6tt/lozlrsHIIfsN6/ACNHlKo=</latexit><latexit sha1_base64="KnPxEE6HxBa/hq8S8dfhJfUCmB8=">AAACAXicdVDLSgMxFM3UV62vUTeCm2AR6mbIlGLrruDGZQX7gHYomTTThmYmQ5JRylA3/oobF4q49S/c+Tdm+gAVPXC5h3PuJbnHjzlTGqFPK7eyura+kd8sbG3v7O7Z+wctJRJJaJMILmTHx4pyFtGmZprTTiwpDn1O2/74MvPbt1QqJqIbPYmpF+JhxAJGsDZS3z7qSTYcaSyluIPIcd1qpVZy0cVZ3y4i5xxlMHplScpz4jqzjopggUbf/ugNBElCGmnCsVJdF8XaS7HUjHA6LfQSRWNMxnhIu4ZGOKTKS2cXTOGpUQYwENJUpOFM/b6R4lCpSeibyRDrkfrtZeJfXjfRQc1LWRQnmkZk/lCQcKgFzOKAAyYp0XxiCCaSmb9CMsISE21CK5gQlpfC/0mr7LgmuutKsV5exJEHx+AElIALqqAOrkADNAEB9+ARPIMX68F6sl6tt/lozlrsHIIfsN6/ACNHlKo=</latexit><latexit sha1_base64="KnPxEE6HxBa/hq8S8dfhJfUCmB8=">AAACAXicdVDLSgMxFM3UV62vUTeCm2AR6mbIlGLrruDGZQX7gHYomTTThmYmQ5JRylA3/oobF4q49S/c+Tdm+gAVPXC5h3PuJbnHjzlTGqFPK7eyura+kd8sbG3v7O7Z+wctJRJJaJMILmTHx4pyFtGmZprTTiwpDn1O2/74MvPbt1QqJqIbPYmpF+JhxAJGsDZS3z7qSTYcaSyluIPIcd1qpVZy0cVZ3y4i5xxlMHplScpz4jqzjopggUbf/ugNBElCGmnCsVJdF8XaS7HUjHA6LfQSRWNMxnhIu4ZGOKTKS2cXTOGpUQYwENJUpOFM/b6R4lCpSeibyRDrkfrtZeJfXjfRQc1LWRQnmkZk/lCQcKgFzOKAAyYp0XxiCCaSmb9CMsISE21CK5gQlpfC/0mr7LgmuutKsV5exJEHx+AElIALqqAOrkADNAEB9+ARPIMX68F6sl6tt/lozlrsHIIfsN6/ACNHlKo=</latexit><latexit sha1_base64="KnPxEE6HxBa/hq8S8dfhJfUCmB8=">AAACAXicdVDLSgMxFM3UV62vUTeCm2AR6mbIlGLrruDGZQX7gHYomTTThmYmQ5JRylA3/oobF4q49S/c+Tdm+gAVPXC5h3PuJbnHjzlTGqFPK7eyura+kd8sbG3v7O7Z+wctJRJJaJMILmTHx4pyFtGmZprTTiwpDn1O2/74MvPbt1QqJqIbPYmpF+JhxAJGsDZS3z7qSTYcaSyluIPIcd1qpVZy0cVZ3y4i5xxlMHplScpz4jqzjopggUbf/ugNBElCGmnCsVJdF8XaS7HUjHA6LfQSRWNMxnhIu4ZGOKTKS2cXTOGpUQYwENJUpOFM/b6R4lCpSeibyRDrkfrtZeJfXjfRQc1LWRQnmkZk/lCQcKgFzOKAAyYp0XxiCCaSmb9CMsISE21CK5gQlpfC/0mr7LgmuutKsV5exJEHx+AElIALqqAOrkADNAEB9+ARPIMX68F6sl6tt/lozlrsHIIfsN6/ACNHlKo=</latexit>

↵
nf=5
s (MZ)

<latexit sha1_base64="jCyzeHIoEJM3jVoU3BcjwpRaDCQ=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuilJUXQjFNy4ESrYB7Yx3Ewn7dDJJMxMhBIK/oobF4q49Tvc+TdOHwttPXDhcM693HtPkHCmtON8W7ml5ZXVtfx6YWNza3vH3t1rqDiVhNZJzGPZCkBRzgSta6Y5bSWSQhRw2gwGV2O/+UilYrG408OEehH0BAsZAW0k3z7oAE/64KuHTPjh5dmodOPfn/h20Sk7E+BF4s5IEc1Q8+2vTjcmaUSFJhyUartOor0MpGaE01GhkyqaABlAj7YNFRBR5WWT80f42ChdHMbSlNB4ov6eyCBSahgFpjMC3Vfz3lj8z2unOrzwMiaSVFNBpovClGMd43EWuMskJZoPDQEimbkVkz5IINokVjAhuPMvL5JGpew6Zff2tFitzOLIo0N0hErIReeoiq5RDdURQRl6Rq/ozXqyXqx362PamrNmM/voD6zPH0BdlPM=</latexit><latexit sha1_base64="jCyzeHIoEJM3jVoU3BcjwpRaDCQ=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuilJUXQjFNy4ESrYB7Yx3Ewn7dDJJMxMhBIK/oobF4q49Tvc+TdOHwttPXDhcM693HtPkHCmtON8W7ml5ZXVtfx6YWNza3vH3t1rqDiVhNZJzGPZCkBRzgSta6Y5bSWSQhRw2gwGV2O/+UilYrG408OEehH0BAsZAW0k3z7oAE/64KuHTPjh5dmodOPfn/h20Sk7E+BF4s5IEc1Q8+2vTjcmaUSFJhyUartOor0MpGaE01GhkyqaABlAj7YNFRBR5WWT80f42ChdHMbSlNB4ov6eyCBSahgFpjMC3Vfz3lj8z2unOrzwMiaSVFNBpovClGMd43EWuMskJZoPDQEimbkVkz5IINokVjAhuPMvL5JGpew6Zff2tFitzOLIo0N0hErIReeoiq5RDdURQRl6Rq/ozXqyXqx362PamrNmM/voD6zPH0BdlPM=</latexit><latexit sha1_base64="jCyzeHIoEJM3jVoU3BcjwpRaDCQ=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuilJUXQjFNy4ESrYB7Yx3Ewn7dDJJMxMhBIK/oobF4q49Tvc+TdOHwttPXDhcM693HtPkHCmtON8W7ml5ZXVtfx6YWNza3vH3t1rqDiVhNZJzGPZCkBRzgSta6Y5bSWSQhRw2gwGV2O/+UilYrG408OEehH0BAsZAW0k3z7oAE/64KuHTPjh5dmodOPfn/h20Sk7E+BF4s5IEc1Q8+2vTjcmaUSFJhyUartOor0MpGaE01GhkyqaABlAj7YNFRBR5WWT80f42ChdHMbSlNB4ov6eyCBSahgFpjMC3Vfz3lj8z2unOrzwMiaSVFNBpovClGMd43EWuMskJZoPDQEimbkVkz5IINokVjAhuPMvL5JGpew6Zff2tFitzOLIo0N0hErIReeoiq5RDdURQRl6Rq/ozXqyXqx362PamrNmM/voD6zPH0BdlPM=</latexit><latexit sha1_base64="jCyzeHIoEJM3jVoU3BcjwpRaDCQ=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuilJUXQjFNy4ESrYB7Yx3Ewn7dDJJMxMhBIK/oobF4q49Tvc+TdOHwttPXDhcM693HtPkHCmtON8W7ml5ZXVtfx6YWNza3vH3t1rqDiVhNZJzGPZCkBRzgSta6Y5bSWSQhRw2gwGV2O/+UilYrG408OEehH0BAsZAW0k3z7oAE/64KuHTPjh5dmodOPfn/h20Sk7E+BF4s5IEc1Q8+2vTjcmaUSFJhyUartOor0MpGaE01GhkyqaABlAj7YNFRBR5WWT80f42ChdHMbSlNB4ov6eyCBSahgFpjMC3Vfz3lj8z2unOrzwMiaSVFNBpovClGMd43EWuMskJZoPDQEimbkVkz5IINokVjAhuPMvL5JGpew6Zff2tFitzOLIo0N0hErIReeoiq5RDdURQRl6Rq/ozXqyXqx362PamrNmM/voD6zPH0BdlPM=</latexit>

↵s(MZ , nf = 5) = 0.11649± 0.0063± 0.0016(scale)
<latexit sha1_base64="41NKYbLJ4WPuLJcv8B5N671d1WE="></latexit><latexit sha1_base64="U8zknuiTkVflgzRJaX6YxZzEV2Q="></latexit><latexit sha1_base64="U8zknuiTkVflgzRJaX6YxZzEV2Q="></latexit><latexit sha1_base64="sP2Hs1E8r3xyMPcAZzi8roh8W1w=">AAACIXicdZDNSgMxFIUz9b/+jbp0EyxCBSkzVWtdCAU3bgQFq8W2DHfSTBuayQxJRihDX8WNr+LGhSLdiS9jplawogcCh/PdS5Ljx5wp7TjvVm5mdm5+YXEpv7yyurZub2zeqCiRhNZJxCPZ8EFRzgSta6Y5bcSSQuhzeuv3zzJ+e0+lYpG41oOYtkPoChYwAtpEnl1tAY974KnihXe3L7zg9Gjv1Cm5buXwpBWH2Ck5TuUAf1u3gouKAKd7nl1wTZBpTKbNNyqgiS49e9TqRCQJqdCEg1JN14l1OwWpGeF0mG8lisZA+tClTWMFhFS10/EPh3jXJB0cRNIcofE4/bmRQqjUIPTNZAi6p36zLPyLNRMdVNspE3GiqSBfFwUJxzrCWV24wyQlmg+MASKZeSsmPZBAtCk1/7OE/81NueSaSq+cQq08qWMRbaMdVEQuOkY1dI4uUR0R9ICe0At6tR6tZ+vNGn2N5qzJzhaakvXxCQSSnls=</latexit>

Combined result: 
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<latexit sha1_base64="zoutfAh/ACppP/KLCXmkxH5afwY="></latexit><latexit sha1_base64="zoutfAh/ACppP/KLCXmkxH5afwY="></latexit><latexit sha1_base64="zoutfAh/ACppP/KLCXmkxH5afwY="></latexit><latexit sha1_base64="zoutfAh/ACppP/KLCXmkxH5afwY="></latexit>



Summary    

The strong coupling constant has been determined using 2+1 flavor HISQ lattices 
provided by  HotQCD  and TUMQCD Collaboration from: 
 
 
Moments of the pseudo-scalar                                              Static quark anti-quark energy 
quarkonium correlators  

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

↵
nf=5
s (MZ) = 0.1166+0.0012

�0.0008
<latexit sha1_base64="1lFmdDRCW+alXGxylNCwgP18F8g=">AAACGXicdZDLSgMxGIUz9VbrrerSzWARKmLJFK3dFApu3AgV7AV7GTJppg3NZIYkI5RhXsONr+LGhSIudeXbmGkr1NuBwMc5/0+S4wSMSgXhh5FaWFxaXkmvZtbWNza3sts7DemHApM69pkvWg6ShFFO6ooqRlqBIMhzGGk6o/Mkb94SIanPr9U4IF0PDTh1KUZKW3YWdhALhsiWvYjbbuU0zl/aN4cVWLCsUqkXHcEChFYxtqPjhGA5trM5KyEtE/6CrygHZqrZ2bdO38ehR7jCDEnZtmCguhESimJG4kwnlCRAeIQGpK2RI4/IbjT5WWweaKdvur7Qhytz4s5vRMiTcuw5etJDaih/Zon5V9YOlVvuRpQHoSIcTy9yQ2Yq30xqMvtUEKzYWAPCguq3mniIBMJKl5mZL+F/aBQLli7y6iRXLc3qSIM9sA/ywAJnoAouQA3UAQZ34AE8gWfj3ng0XozX6WjKmO3sgm8y3j8Bew2cuw==</latexit><latexit sha1_base64="1lFmdDRCW+alXGxylNCwgP18F8g=">AAACGXicdZDLSgMxGIUz9VbrrerSzWARKmLJFK3dFApu3AgV7AV7GTJppg3NZIYkI5RhXsONr+LGhSIudeXbmGkr1NuBwMc5/0+S4wSMSgXhh5FaWFxaXkmvZtbWNza3sts7DemHApM69pkvWg6ShFFO6ooqRlqBIMhzGGk6o/Mkb94SIanPr9U4IF0PDTh1KUZKW3YWdhALhsiWvYjbbuU0zl/aN4cVWLCsUqkXHcEChFYxtqPjhGA5trM5KyEtE/6CrygHZqrZ2bdO38ehR7jCDEnZtmCguhESimJG4kwnlCRAeIQGpK2RI4/IbjT5WWweaKdvur7Qhytz4s5vRMiTcuw5etJDaih/Zon5V9YOlVvuRpQHoSIcTy9yQ2Yq30xqMvtUEKzYWAPCguq3mniIBMJKl5mZL+F/aBQLli7y6iRXLc3qSIM9sA/ywAJnoAouQA3UAQZ34AE8gWfj3ng0XozX6WjKmO3sgm8y3j8Bew2cuw==</latexit><latexit sha1_base64="1lFmdDRCW+alXGxylNCwgP18F8g=">AAACGXicdZDLSgMxGIUz9VbrrerSzWARKmLJFK3dFApu3AgV7AV7GTJppg3NZIYkI5RhXsONr+LGhSIudeXbmGkr1NuBwMc5/0+S4wSMSgXhh5FaWFxaXkmvZtbWNza3sts7DemHApM69pkvWg6ShFFO6ooqRlqBIMhzGGk6o/Mkb94SIanPr9U4IF0PDTh1KUZKW3YWdhALhsiWvYjbbuU0zl/aN4cVWLCsUqkXHcEChFYxtqPjhGA5trM5KyEtE/6CrygHZqrZ2bdO38ehR7jCDEnZtmCguhESimJG4kwnlCRAeIQGpK2RI4/IbjT5WWweaKdvur7Qhytz4s5vRMiTcuw5etJDaih/Zon5V9YOlVvuRpQHoSIcTy9yQ2Yq30xqMvtUEKzYWAPCguq3mniIBMJKl5mZL+F/aBQLli7y6iRXLc3qSIM9sA/ywAJnoAouQA3UAQZ34AE8gWfj3ng0XozX6WjKmO3sgm8y3j8Bew2cuw==</latexit><latexit sha1_base64="1lFmdDRCW+alXGxylNCwgP18F8g=">AAACGXicdZDLSgMxGIUz9VbrrerSzWARKmLJFK3dFApu3AgV7AV7GTJppg3NZIYkI5RhXsONr+LGhSIudeXbmGkr1NuBwMc5/0+S4wSMSgXhh5FaWFxaXkmvZtbWNza3sts7DemHApM69pkvWg6ShFFO6ooqRlqBIMhzGGk6o/Mkb94SIanPr9U4IF0PDTh1KUZKW3YWdhALhsiWvYjbbuU0zl/aN4cVWLCsUqkXHcEChFYxtqPjhGA5trM5KyEtE/6CrygHZqrZ2bdO38ehR7jCDEnZtmCguhESimJG4kwnlCRAeIQGpK2RI4/IbjT5WWweaKdvur7Qhytz4s5vRMiTcuw5etJDaih/Zon5V9YOlVvuRpQHoSIcTy9yQ2Yq30xqMvtUEKzYWAPCguq3mniIBMJKl5mZL+F/aBQLli7y6iRXLc3qSIM9sA/ywAJnoAouQA3UAQZ34AE8gWfj3ng0XozX6WjKmO3sgm8y3j8Bew2cuw==</latexit>

↵
nf=5
s (MZ) = 0.11622(84)

<latexit sha1_base64="SE7fHo+rMPgs7amjOd2mh5GeBBo=">AAACC3icdZDLSgMxGIUz9VbrbdSlm9AitJsyU2rtplBw40aoYC/YjkMmzbShmcyQZIQydO/GV3HjQhG3voA738b0IlgvBwKHc/6fJJ8XMSqVZX0YqZXVtfWN9GZma3tnd8/cP2jJMBaYNHHIQtHxkCSMctJUVDHSiQRBgcdI2xudTfv2LRGShvxKjSPiBGjAqU8xUjpyzWwPsWiIXHmTcNevnUzyF+51oWYVbbtSKuWr5ULGNXN20ZoJWr/MV5UDCzVc873XD3EcEK4wQ1J2bStSToKEopiRSaYXSxIhPEID0tWWo4BIJ5n9ZQKPddKHfij04QrO0u8bCQqkHAeengyQGsqf3TT8q+vGyq86CeVRrAjH84v8mEEVwikY2KeCYMXG2iAsqH4rxEMkEFYa3xKE/02rVLQ1ustyrl5Z4EiDI5AFeWCDU1AH56ABmgCDO/AAnsCzcW88Gi/G63w0ZSx2DsGSjLdPLu6X2A==</latexit><latexit sha1_base64="SE7fHo+rMPgs7amjOd2mh5GeBBo=">AAACC3icdZDLSgMxGIUz9VbrbdSlm9AitJsyU2rtplBw40aoYC/YjkMmzbShmcyQZIQydO/GV3HjQhG3voA738b0IlgvBwKHc/6fJJ8XMSqVZX0YqZXVtfWN9GZma3tnd8/cP2jJMBaYNHHIQtHxkCSMctJUVDHSiQRBgcdI2xudTfv2LRGShvxKjSPiBGjAqU8xUjpyzWwPsWiIXHmTcNevnUzyF+51oWYVbbtSKuWr5ULGNXN20ZoJWr/MV5UDCzVc873XD3EcEK4wQ1J2bStSToKEopiRSaYXSxIhPEID0tWWo4BIJ5n9ZQKPddKHfij04QrO0u8bCQqkHAeengyQGsqf3TT8q+vGyq86CeVRrAjH84v8mEEVwikY2KeCYMXG2iAsqH4rxEMkEFYa3xKE/02rVLQ1ustyrl5Z4EiDI5AFeWCDU1AH56ABmgCDO/AAnsCzcW88Gi/G63w0ZSx2DsGSjLdPLu6X2A==</latexit><latexit sha1_base64="SE7fHo+rMPgs7amjOd2mh5GeBBo=">AAACC3icdZDLSgMxGIUz9VbrbdSlm9AitJsyU2rtplBw40aoYC/YjkMmzbShmcyQZIQydO/GV3HjQhG3voA738b0IlgvBwKHc/6fJJ8XMSqVZX0YqZXVtfWN9GZma3tnd8/cP2jJMBaYNHHIQtHxkCSMctJUVDHSiQRBgcdI2xudTfv2LRGShvxKjSPiBGjAqU8xUjpyzWwPsWiIXHmTcNevnUzyF+51oWYVbbtSKuWr5ULGNXN20ZoJWr/MV5UDCzVc873XD3EcEK4wQ1J2bStSToKEopiRSaYXSxIhPEID0tWWo4BIJ5n9ZQKPddKHfij04QrO0u8bCQqkHAeengyQGsqf3TT8q+vGyq86CeVRrAjH84v8mEEVwikY2KeCYMXG2iAsqH4rxEMkEFYa3xKE/02rVLQ1ustyrl5Z4EiDI5AFeWCDU1AH56ABmgCDO/AAnsCzcW88Gi/G63w0ZSx2DsGSjLdPLu6X2A==</latexit><latexit sha1_base64="SE7fHo+rMPgs7amjOd2mh5GeBBo=">AAACC3icdZDLSgMxGIUz9VbrbdSlm9AitJsyU2rtplBw40aoYC/YjkMmzbShmcyQZIQydO/GV3HjQhG3voA738b0IlgvBwKHc/6fJJ8XMSqVZX0YqZXVtfWN9GZma3tnd8/cP2jJMBaYNHHIQtHxkCSMctJUVDHSiQRBgcdI2xudTfv2LRGShvxKjSPiBGjAqU8xUjpyzWwPsWiIXHmTcNevnUzyF+51oWYVbbtSKuWr5ULGNXN20ZoJWr/MV5UDCzVc873XD3EcEK4wQ1J2bStSToKEopiRSaYXSxIhPEID0tWWo4BIJ5n9ZQKPddKHfij04QrO0u8bCQqkHAeengyQGsqf3TT8q+vGyq86CeVRrAjH84v8mEEVwikY2KeCYMXG2iAsqH4rxEMkEFYa3xKE/02rVLQ1ustyrl5Z4EiDI5AFeWCDU1AH56ABmgCDO/AAnsCzcW88Gi/G63w0ZSx2DsGSjLdPLu6X2A==</latexit>

↵
nf=5
s (MZ) = 0.11649(79)

<latexit sha1_base64="nXSs4/RK4nt6WX9kDL503OxKia8=">AAACC3icdZDLSgMxGIUzXmu9jbp0E1qEdlNmpLZ2USi4cSNUsBdsxyGTZtrQTGZIMkIZunfjq7hxoYhbX8Cdb2N6EayXA4HDOf9Pks+LGJXKsj6MpeWV1bX11EZ6c2t7Z9fc22/KMBaYNHDIQtH2kCSMctJQVDHSjgRBgcdIyxueTfrWLRGShvxKjSLiBKjPqU8xUjpyzUwXsWiAXHmTcNevnoxzF+51vmoVbLtUrOTKlXzaNbN2wZoKWr/MV5UFc9Vd873bC3EcEK4wQ1J2bCtSToKEopiRcbobSxIhPER90tGWo4BIJ5n+ZQyPdNKDfij04QpO0+8bCQqkHAWengyQGsif3ST8q+vEyj91EsqjWBGOZxf5MYMqhBMwsEcFwYqNtEFYUP1WiAdIIKw0vgUI/5vmccHW6C6L2VppjiMFDkEG5IANyqAGzkEdNAAGd+ABPIFn4954NF6M19nokjHfOQALMt4+AULYl+U=</latexit><latexit sha1_base64="nXSs4/RK4nt6WX9kDL503OxKia8=">AAACC3icdZDLSgMxGIUzXmu9jbp0E1qEdlNmpLZ2USi4cSNUsBdsxyGTZtrQTGZIMkIZunfjq7hxoYhbX8Cdb2N6EayXA4HDOf9Pks+LGJXKsj6MpeWV1bX11EZ6c2t7Z9fc22/KMBaYNHDIQtH2kCSMctJQVDHSjgRBgcdIyxueTfrWLRGShvxKjSLiBKjPqU8xUjpyzUwXsWiAXHmTcNevnoxzF+51vmoVbLtUrOTKlXzaNbN2wZoKWr/MV5UFc9Vd873bC3EcEK4wQ1J2bCtSToKEopiRcbobSxIhPER90tGWo4BIJ5n+ZQyPdNKDfij04QpO0+8bCQqkHAWengyQGsif3ST8q+vEyj91EsqjWBGOZxf5MYMqhBMwsEcFwYqNtEFYUP1WiAdIIKw0vgUI/5vmccHW6C6L2VppjiMFDkEG5IANyqAGzkEdNAAGd+ABPIFn4954NF6M19nokjHfOQALMt4+AULYl+U=</latexit><latexit sha1_base64="nXSs4/RK4nt6WX9kDL503OxKia8=">AAACC3icdZDLSgMxGIUzXmu9jbp0E1qEdlNmpLZ2USi4cSNUsBdsxyGTZtrQTGZIMkIZunfjq7hxoYhbX8Cdb2N6EayXA4HDOf9Pks+LGJXKsj6MpeWV1bX11EZ6c2t7Z9fc22/KMBaYNHDIQtH2kCSMctJQVDHSjgRBgcdIyxueTfrWLRGShvxKjSLiBKjPqU8xUjpyzUwXsWiAXHmTcNevnoxzF+51vmoVbLtUrOTKlXzaNbN2wZoKWr/MV5UFc9Vd873bC3EcEK4wQ1J2bCtSToKEopiRcbobSxIhPER90tGWo4BIJ5n+ZQyPdNKDfij04QpO0+8bCQqkHAWengyQGsif3ST8q+vEyj91EsqjWBGOZxf5MYMqhBMwsEcFwYqNtEFYUP1WiAdIIKw0vgUI/5vmccHW6C6L2VppjiMFDkEG5IANyqAGzkEdNAAGd+ABPIFn4954NF6M19nokjHfOQALMt4+AULYl+U=</latexit><latexit sha1_base64="nXSs4/RK4nt6WX9kDL503OxKia8=">AAACC3icdZDLSgMxGIUzXmu9jbp0E1qEdlNmpLZ2USi4cSNUsBdsxyGTZtrQTGZIMkIZunfjq7hxoYhbX8Cdb2N6EayXA4HDOf9Pks+LGJXKsj6MpeWV1bX11EZ6c2t7Z9fc22/KMBaYNHDIQtH2kCSMctJQVDHSjgRBgcdIyxueTfrWLRGShvxKjSLiBKjPqU8xUjpyzUwXsWiAXHmTcNevnoxzF+51vmoVbLtUrOTKlXzaNbN2wZoKWr/MV5UFc9Vd873bC3EcEK4wQ1J2bCtSToKEopiRcbobSxIhPER90tGWo4BIJ5n+ZQyPdNKDfij04QpO0+8bCQqkHAWengyQGsif3ST8q+vEyj91EsqjWBGOZxf5MYMqhBMwsEcFwYqNtEFYUP1WiAdIIKw0vgUI/5vmccHW6C6L2VppjiMFDkEG5IANyqAGzkEdNAAGd+ABPIFn4954NF6M19nokjHfOQALMt4+AULYl+U=</latexit>

2016: 

2018 (preliminary): 2018 (preliminary): 

2016: 

HPQCD results from the moments of quarkonium correlators are consistent 
with PDG 

↵
nf=5
s (MZ) = 0.1167± 0.008

<latexit sha1_base64="JisUctBSVdKQPG0wfG/rmMQdlX4=">AAACDnicdVDLSsNAFL2pr1pftS7dBEuh3ZSkoO2mUHDjRqhgH9jUMJlO2qGTSZiZCCX0C9z4K25cKOLWtTv/xmmr0IoeGOZwzr3ce48XMSqVZX0aqbX1jc2t9HZmZ3dv/yB7mGvLMBaYtHDIQtH1kCSMctJSVDHSjQRBgcdIxxufz/zOHRGShvxaTSLSD9CQU59ipLTkZgsOYtEIufI24a5fP50WL92bUt0q2/ZZ1YkC0ypbVs3N5m39zzAXVsmPlW/knBJoNN3shzMIcRwQrjBDUvZsK1L9BAlFMSPTjBNLEiE8RkPS05SjgMh+Mj9naha0MjD9UOjHlTlXlzsSFEg5CTxdGSA1kr+9mfiX14uVX+snlEexIhwvBvkxM1VozrIxB1QQrNhEE4QF1buaeIQEwkonmFkO4X/SrpRtnd6VTqMCC6ThGE6gCDZUoQEX0IQWYLiHR3iGF+PBeDJejbdFacr47jmCFRjvX/B6miA=</latexit><latexit sha1_base64="oRTeNKc8naDEuG2jDfi00dK16vI=">AAACDnicdVDLSsNAFJ3UV62vWJdugqVQNyUpaLspFNy4ESrYBzYxTKaTduhkEmYmQgn9Ahf6K25cKCK4cu3OD3HvpFVoRQ8MczjnXu69x4soEdI0P7TM0vLK6lp2PbexubW9o+/m2yKMOcItFNKQdz0oMCUMtySRFHcjjmHgUdzxRiep37nGXJCQXchxhJ0ADhjxCYJSSa5etCGNhtAVVwlz/frRpHTmXh7WzbJlHVftKDDMsmnWXL1gqT/FVFgkP1ahkbdLn6+3dtPV3+1+iOIAM4koFKJnmZF0EsglQRRPcnYscATRCA5wT1EGAyycZHrOxCgqpW/4IVePSWOqznckMBBiHHiqMoByKH57qfiX14ulX3MSwqJYYoZmg/yYGjI00myMPuEYSTpWBCJO1K4GGkIOkVQJ5uZD+J+0K2VLpXeu0qiAGbJgHxyAErBAFTTAKWiCFkDgBtyDR/Ck3WkP2rP2MivNaN89e2AB2tsXdhmcwQ==</latexit><latexit sha1_base64="oRTeNKc8naDEuG2jDfi00dK16vI=">AAACDnicdVDLSsNAFJ3UV62vWJdugqVQNyUpaLspFNy4ESrYBzYxTKaTduhkEmYmQgn9Ahf6K25cKCK4cu3OD3HvpFVoRQ8MczjnXu69x4soEdI0P7TM0vLK6lp2PbexubW9o+/m2yKMOcItFNKQdz0oMCUMtySRFHcjjmHgUdzxRiep37nGXJCQXchxhJ0ADhjxCYJSSa5etCGNhtAVVwlz/frRpHTmXh7WzbJlHVftKDDMsmnWXL1gqT/FVFgkP1ahkbdLn6+3dtPV3+1+iOIAM4koFKJnmZF0EsglQRRPcnYscATRCA5wT1EGAyycZHrOxCgqpW/4IVePSWOqznckMBBiHHiqMoByKH57qfiX14ulX3MSwqJYYoZmg/yYGjI00myMPuEYSTpWBCJO1K4GGkIOkVQJ5uZD+J+0K2VLpXeu0qiAGbJgHxyAErBAFTTAKWiCFkDgBtyDR/Ck3WkP2rP2MivNaN89e2AB2tsXdhmcwQ==</latexit><latexit sha1_base64="jEsBbcz+133//yb/h0qo7gieP8c=">AAACDnicdVDLSsNAFJ34rPUVdelmsBTqpiQFbTeFghs3QgX7wCaGyXTSDp1MwsxEKKFf4MZfceNCEbeu3fk3TtoKreiBYQ7n3Mu99/gxo1JZ1pexsrq2vrGZ28pv7+zu7ZsHh20ZJQKTFo5YJLo+koRRTlqKKka6sSAo9Bnp+KOLzO/cEyFpxG/UOCZuiAacBhQjpSXPLDqIxUPkybuUe0H9bFK68m5P61bZts+rThxCq2xZNc8s2PrPMBWWyY9VAHM0PfPT6Uc4CQlXmCEpe7YVKzdFQlHMyCTvJJLECI/QgPQ05Sgk0k2n50xgUSt9GERCP67gVF3sSFEo5Tj0dWWI1FD+9jLxL6+XqKDmppTHiSIczwYFCYMqglk2sE8FwYqNNUFYUL0rxEMkEFY6wfxiCP+TdqVs6/SurUKjMo8jB47BCSgBG1RBA1yCJmgBDB7AE3gBr8aj8Wy8Ge+z0hVj3nMElmB8fAPNbJlJ</latexit>
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Using the force:  
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3 loop -- 2nd to 7th points at each b

Using only 1<(r/a)2<7:  
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3 loop -- omit first 6 points at each b

Using only (r/a)2>6:  



Fitting the lattice results on the static energy (cont’d)    
For the final result we also included the leading ultra-soft log with µ=1.26/r1 ~ 0.8 GeV 
Results at different lattice spacings ( β ) are similar : 

⇤MS = 314.5+17.6
�11.7 ± 1.7 MeV = 315+18

�12 MeV

↵s(1.5 GeV, nf = 3) = 0.336+0.012
�0.008

↵s(MZ , nf = 5) = 0.1166+0.0012
�0.0008

a⇤MS ; Nref = 7 a⇤MS ; Nref = 9 a⇤MS ; range r1⇤MS ; range
� = 7.373 0.0957+0.0046

�0.0028 0.0957+0.0046
�0.0028 0.0957+0.0046

�0.0028 0.4949+0.0240
�0.0144 ± 0.0086± 0.0025

±0.0017 ±0.0017 ±0.0017 = 0.4949+0.0256
�0.0170

� = 7.596 0.0781+0.0046
�0.0029 0.0785+0.0046

�0.0029 0.0783+0.0048
�0.0031 0.4961+0.0303

�0.0197
+0.0066
�0.0061 ± 0.0044

±0.0007 ±0.0007 ±0.0010 = 0.4961+0.0313
�0.0211

� = 7.825 0.0644+0.0032
�0.0019 0.0643+0.0032

�0.0020 0.0643+0.0033
�0.0021 0.4944+0.0256

�0.0159 ± 0.0065± 0.0037
±0.0006 ±0.0008 ±0.0008 = 0.4944+0.0267

�0.0175

Average r1⇤MS = 0.495+0.028
�0.018


