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Moments of quarkonium correlators

We use moments method pioneered by HPQCD and Karlsruhe group: 

Calculated continuum perturbation theory to order αs3

To cancel lattice effects consider the reduced moments
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and similarly on the weak coupling side:  

Allison et al, PRD78 (2008) 054513
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Some lattice details

HotQCD gauge configurations :  2+1 flavor QCD
physical ms , ml=ms/20: mK=504 MeV, mπ=161 MeV
!"#"$%$&'(&")*&+,-&./&01/234&/.35/6&

Lattice spacing set by the r1 scale

r1=0.3106(14)(8)(4) fm (pion decay constant)

statistics for the T=0 runs:
243x32:         4-8K TU
324, 323x64:  7-40K TU
484:                8-16K TU
483x64:          8-9K TU
644  :                      9K TU

in molecular dynamic  time units (TU)

Temperature is varied by the lattice spacing a

T = (1/N⌧a)

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

Many lattice spacings available,  amin=0.041fm

Additional gauge configurations for
ml=ms/5 on 644 lattices with a=0.035 fm, 
0.029 fm and 0.025 fm to obtain the static 
quark potential at shorter distances
!"#"$%$*&++*&7'8'9*&+,-&.:&01/2;4&
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Lattice results on the moments of quarkonium correlators

Random color wall sources => statistical errors are negligible; Dominant errors are the finite
volume errors and errors due to mistuning of the heavy quark mass.

mh = mc, 1.5mc, 2mc, 3mc, 4mc, mb
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Continuum results are needed but there is a significant dependence on the lattice spacing
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Continuum  results on the moments @ mc
R4, mh = mc

<latexit sha1_base64="lpU5ixJHc6SRIPsORGsX7eOOGIs=">AAAB83icdZDNSgMxFIXv1L9aq1ZdugkWwYWUSRHbLoSCG5et2B9oy5BJ0zY0mRmSjFBKfQw3LhRx697ncOfORzHTKqjohcDHOfdyb44fCa6N6745qaXlldW19HpmI7u5tZ3b2W3qMFaUNWgoQtX2iWaCB6xhuBGsHSlGpC9Yyx+fJ37rminNw+DKTCLWk2QY8AGnxFipe+mdHN9Ib3QmPerl8m7BdV2MMUoAl05dC5VKuYjLCCeWrXw1+1J/B4Cal3vt9kMaSxYYKojWHexGpjclynAq2CzTjTWLCB2TIetYDIhkujed3zxDh1bpo0Go7AsMmqvfJ6ZEaj2Rvu2UxIz0by8R//I6sRmUe1MeRLFhAV0sGsQCmRAlAaA+V4waMbFAqOL2VkRHRBFqbEwZG8LXT9H/0CwWsOU6zleLsKg07MMBHAGGElThAmrQAAoR3MI9PDixc+c8Ok+L1pTzObMHP8p5/gB1pJN5</latexit><latexit sha1_base64="7suqCAMwpFNKW5VmGhcieSANehw=">AAAB83icdZDNSgMxFIUz/tZatepSkGARXEiZFLHtQii4cdmK/YF2GDJppg1NZoYkI5Sh7nwFNy4Uceu+z+HOZ/AlzLQKKnoh8HHOvdyb40WcKW3bb9bC4tLyympmLbue29jcym/vtFQYS0KbJOSh7HhYUc4C2tRMc9qJJMXC47Ttjc5Tv31NpWJhcKXHEXUEHgTMZwRrI/Uu3ZPjG+EOz4RL3HzBLtq2jRCCKaDyqW2gWq2UUAWi1DJVqOWmjffb/Wndzb/2+iGJBQ004VipLrIj7SRYakY4nWR7saIRJiM8oF2DARZUOcns5gk8NEof+qE0L9Bwpn6fSLBQaiw80ymwHqrfXir+5XVj7VechAVRrGlA5ov8mEMdwjQA2GeSEs3HBjCRzNwKyRBLTLSJKWtC+Pop/B9apSIy3ECFWgnMKwP2wAE4AgiUQQ1cgDpoAgIicAcewKMVW/fWk/U8b12wPmd2wY+yXj4AU+mU3w==</latexit><latexit sha1_base64="7suqCAMwpFNKW5VmGhcieSANehw=">AAAB83icdZDNSgMxFIUz/tZatepSkGARXEiZFLHtQii4cdmK/YF2GDJppg1NZoYkI5Sh7nwFNy4Uceu+z+HOZ/AlzLQKKnoh8HHOvdyb40WcKW3bb9bC4tLyympmLbue29jcym/vtFQYS0KbJOSh7HhYUc4C2tRMc9qJJMXC47Ttjc5Tv31NpWJhcKXHEXUEHgTMZwRrI/Uu3ZPjG+EOz4RL3HzBLtq2jRCCKaDyqW2gWq2UUAWi1DJVqOWmjffb/Wndzb/2+iGJBQ004VipLrIj7SRYakY4nWR7saIRJiM8oF2DARZUOcns5gk8NEof+qE0L9Bwpn6fSLBQaiw80ymwHqrfXir+5XVj7VechAVRrGlA5ov8mEMdwjQA2GeSEs3HBjCRzNwKyRBLTLSJKWtC+Pop/B9apSIy3ECFWgnMKwP2wAE4AgiUQQ1cgDpoAgIicAcewKMVW/fWk/U8b12wPmd2wY+yXj4AU+mU3w==</latexit><latexit sha1_base64="jIJgeoTgMezRtdCI+H7zX5XCllU=">AAAB83icdZDNSgMxFIUz9a/Wv6pLN8EiuJCSFLHtQii4cVnFtkI7DJk0bUOTzJBkhDLUx3DjQhG3vow738ZMW0FFLwQ+zrmXe3PCWHBjEfrwckvLK6tr+fXCxubW9k5xd69tokRT1qKRiPRtSAwTXLGW5Vaw21gzIkPBOuH4IvM7d0wbHqkbO4mZL8lQ8QGnxDqpdx2cntzLYHQuAxoUS6iMEMIYwwxw9Qw5qNdrFVyDOLNclcCimkHxvdePaCKZslQQY7oYxdZPibacCjYt9BLDYkLHZMi6DhWRzPjp7OYpPHJKHw4i7Z6ycKZ+n0iJNGYiQ9cpiR2Z314m/uV1Ezuo+SlXcWKZovNFg0RAG8EsANjnmlErJg4I1dzdCumIaEKti6ngQvj6Kfwf2pUydnyFS43KIo48OACH4BhgUAUNcAmaoAUoiMEDeALPXuI9ei/e67w15y1m9sGP8t4+AXtakUQ=</latexit>

R6/R8, mh = mc
<latexit sha1_base64="QRtT2eNIdgcmTLL9ej1CCoUhYeM=">AAAB+XicdZDNSgMxFIXv+G/9G+vSTbAIClInXbTThVBw41LFqtAOQyZN22AyMySZQhnqk7hxoYhb38Sdb2PGKqjogcDHOfdyb26UCq6N5705M7Nz8wuLS8ulldW19Q13s3ypk0xR1qaJSNR1RDQTPGZtw41g16liREaCXUU3x0V+NWJK8yS+MOOUBZIMYt7nlBhrha57HtYPz0P/4FaGwyMZ0tCteFXP8zDGqADcqHsWmk2/hn2Ei8iq0ip398HqNHRfu72EZpLFhgqidQd7qQlyogyngk1K3UyzlNAbMmAdizGRTAf5x+YTtGudHuonyr7YoA/3e0dOpNZjGdlKScxQ/84K86+sk5m+H+Q8TjPDYjod1M8EMgkqzoB6XDFqxNgCoYrbXREdEkWosccq2SN8/RT9D5e1KrZ8hiutGky1BNuwA3uAoQEtOIFTaAOFEdzBAzw6uXPvPDnP09IZ57NnC37IeXkHZNuTjg==</latexit><latexit sha1_base64="n8ivBiwaXaeImUVdrjprEWUPC8E=">AAAB+XicdZDLSgMxFIYz9VbrbaxLN8EidCF10kUvC6HgxmUt9gJtGTJp2oYmM0OSKZShvoIv4MaFIm59Ax/BnQ/i3kyroKIHAh//fw7n5PdCzpR2nDcrtbK6tr6R3sxsbe/s7tn72ZYKIklokwQ8kB0PK8qZT5uaaU47oaRYeJy2vcl54renVCoW+Fd6FtK+wCOfDRnB2kiubTfc0mnDrZxcC3d8Jlzi2jmn4DgOQggmgMolx0C1WimiCkSJZSpXy/by7y83vbprv/YGAYkE9TXhWKkuckLdj7HUjHA6z/QiRUNMJnhEuwZ9LKjqx4vL5/DYKAM4DKR5voYL9ftEjIVSM+GZToH1WP32EvEvrxvpYaUfMz+MNPXJctEw4lAHMIkBDpikRPOZAUwkM7dCMsYSE23CypgQvn4K/4dWsYAMX6JcrQiWlQaH4AjkAQJlUAMXoA6agIApuAX34MGKrTvr0Xpatqasz5kD8KOs5w/qa5Yv</latexit><latexit sha1_base64="n8ivBiwaXaeImUVdrjprEWUPC8E=">AAAB+XicdZDLSgMxFIYz9VbrbaxLN8EidCF10kUvC6HgxmUt9gJtGTJp2oYmM0OSKZShvoIv4MaFIm59Ax/BnQ/i3kyroKIHAh//fw7n5PdCzpR2nDcrtbK6tr6R3sxsbe/s7tn72ZYKIklokwQ8kB0PK8qZT5uaaU47oaRYeJy2vcl54renVCoW+Fd6FtK+wCOfDRnB2kiubTfc0mnDrZxcC3d8Jlzi2jmn4DgOQggmgMolx0C1WimiCkSJZSpXy/by7y83vbprv/YGAYkE9TXhWKkuckLdj7HUjHA6z/QiRUNMJnhEuwZ9LKjqx4vL5/DYKAM4DKR5voYL9ftEjIVSM+GZToH1WP32EvEvrxvpYaUfMz+MNPXJctEw4lAHMIkBDpikRPOZAUwkM7dCMsYSE23CypgQvn4K/4dWsYAMX6JcrQiWlQaH4AjkAQJlUAMXoA6agIApuAX34MGKrTvr0Xpatqasz5kD8KOs5w/qa5Yv</latexit><latexit sha1_base64="MCPioLWqEprSBTBmVCnKHPu9C7A=">AAAB+XicdZDLSgMxFIYz9VbrbdSlm2ARXEiddNFOF0LBjcta7AXaYcikaRuazAxJplCG+iRuXCji1jdx59uYaSuo6IHAx/+fwzn5g5gzpR3nw8qtrW9sbuW3Czu7e/sH9uFRW0WJJLRFIh7JboAV5SykLc00p91YUiwCTjvB5DrzO1MqFYvCOz2LqSfwKGRDRrA2km/bTb9y2fTdi3vhj6+ET3y76JQcx0EIwQxQteIYqNXcMnIhyixTRbCqhm+/9wcRSQQNNeFYqR5yYu2lWGpGOJ0X+omiMSYTPKI9gyEWVHnp4vI5PDPKAA4jaV6o4UL9PpFiodRMBKZTYD1Wv71M/MvrJXroeikL40TTkCwXDRMOdQSzGOCASUo0nxnARDJzKyRjLDHRJqyCCeHrp/B/aJdLyPAtKtbLqzjy4AScgnOAQBXUwQ1ogBYgYAoewBN4tlLr0XqxXpetOWs1cwx+lPX2CUHNkrc=</latexit>

R8/R10, mh = mc
<latexit sha1_base64="rit/4gRJIZp5814NFpufngpkayY=">AAAB/HicdZDNSgMxFIXv+FvrX22XboJFUJCadGHrQii4cVmLVaEtQyZN22AyMyQZoQz1Vdy4UMStD+LOtzHTKqjogcDHOfdyb24QS2Esxu/e3PzC4tJybiW/ura+sVnYKl6aKNGMt1kkI30dUMOlCHnbCiv5daw5VYHkV8HNaZZf3XJtRBRe2HHMe4oOQzEQjFpn+YVSy68ftvyU4MnBnfJHJ8pnfqGMKxhjQgjKgNSOsIPj43qV1BHJIqdyo9jdB6emX3jr9iOWKB5aJqkxHYJj20uptoJJPsl3E8Njym7okHcchlRx00uny0/QrnP6aBBp90KLpu73jpQqY8YqcJWK2pH5nWXmX1knsYN6LxVhnFgestmgQSKRjVB2CdQXmjMrxw4o08LtitiIasqsu1feHeHrp+h/uKxWiONzUm5UYaYcbMMO7AGBGjTgDJrQBgZjuIdHePLuvAfv2XuZlc55nz0l+CHv9QOfD5TP</latexit><latexit sha1_base64="c0Sk0gOwAQQE/3c+fkSVCEN0UKM=">AAAB/HicdZDNSgMxFIUz9a/Wv7Eu3QSL0IVo0oVtF0LBjUsVq4V2GDJpxoYmM0OSEcrQvoKP4MaFIm59AB/BnQ/i3oxVUNELgY9z7uXenCARXBuEXp3CzOzc/EJxsbS0vLK65q6Xz3WcKsraNBax6gREM8Ej1jbcCNZJFCMyEOwiGB7m/sUVU5rH0ZkZJcyT5DLiIafEWMl3N079xt6pn2E03plIf3Agfeq7FbSLEMIYwxxwfR9ZaDYbNdyAOLdsVVrlXvXt+bp37LsvvX5MU8kiQwXRuotRYryMKMOpYONSL9UsIXRILlnXYkQk0172cfwYblulD8NY2RcZ+KF+n8iI1HokA9spiRno314u/uV1UxM2vIxHSWpYRKeLwlRAE8M8CdjnilEjRhYIVdzeCumAKEKNzatkQ/j6Kfwfzmu72PIJrrRqYFpFsAm2QBVgUActcASOQRtQMAI34A7cOxPn1nlwHqetBedzZgP8KOfpHSSul3A=</latexit><latexit sha1_base64="c0Sk0gOwAQQE/3c+fkSVCEN0UKM=">AAAB/HicdZDNSgMxFIUz9a/Wv7Eu3QSL0IVo0oVtF0LBjUsVq4V2GDJpxoYmM0OSEcrQvoKP4MaFIm59AB/BnQ/i3oxVUNELgY9z7uXenCARXBuEXp3CzOzc/EJxsbS0vLK65q6Xz3WcKsraNBax6gREM8Ej1jbcCNZJFCMyEOwiGB7m/sUVU5rH0ZkZJcyT5DLiIafEWMl3N079xt6pn2E03plIf3Agfeq7FbSLEMIYwxxwfR9ZaDYbNdyAOLdsVVrlXvXt+bp37LsvvX5MU8kiQwXRuotRYryMKMOpYONSL9UsIXRILlnXYkQk0172cfwYblulD8NY2RcZ+KF+n8iI1HokA9spiRno314u/uV1UxM2vIxHSWpYRKeLwlRAE8M8CdjnilEjRhYIVdzeCumAKEKNzatkQ/j6Kfwfzmu72PIJrrRqYFpFsAm2QBVgUActcASOQRtQMAI34A7cOxPn1nlwHqetBedzZgP8KOfpHSSul3A=</latexit><latexit sha1_base64="pqr/JkrGxR26tekyVOfg4N1A9Zs=">AAAB/HicdZDLSgMxFIYz9VbrbbRLN8EiuJCadGHbhVBw47IWe4G2DJk0bUOTmSHJCGVoX8WNC0Xc+iDufBszbQUVPRD4+P9zOCe/HwmuDUIfTmZtfWNzK7ud29nd2z9wD49aOowVZU0ailB1fKKZ4AFrGm4E60SKEekL1vYn16nfvmdK8zC4M9OI9SUZBXzIKTFW8tx8w6tcNLwEo9n5XHrjK+lRzy2gIkIIYwxTwOVLZKFarZRwBeLUslUAq6p77ntvENJYssBQQbTuYhSZfkKU4VSwWa4XaxYROiEj1rUYEMl0P1kcP4OnVhnAYajsCwxcqN8nEiK1nkrfdkpixvq3l4p/ed3YDCv9hAdRbFhAl4uGsYAmhGkScMAVo0ZMLRCquL0V0jFRhBqbV86G8PVT+D+0SkVs+RYXaqVVHFlwDE7AGcCgDGrgBtRBE1AwBQ/gCTw7c+fReXFel60ZZzWTBz/KefsEfAGT+A==</latexit>

HPQCD: 2+1 flavor improved staggered (asqtad) sea + valence HISQ,
L))@?%F&'(&")*&+,-&:;&01//;4&/53526M&NEO'@)'*&+,-&;1&01/2/4&/63521

JLQCD: 2+1 flavor  Domain-Wall Fermions, 
O"K"D">"*&P"CD*&Q"?C@>%(%*&+,-&.3&01/2R4&/535/:

MP 16:  2+1 flavor HISQ (sea and valence sectors)
N"'#"S"*&++*&+,-&&+,-&.3&01/2R4&/635/3

 1.26  1.27  1.28  1.29  1.3  1.31

HPQCD 08

HPQCD 10

MP 16

this work

 1.105  1.11  1.115  1.12  1.125

HPQCD 08

HPQCD 10

JLQCD 16

MP 16

this work

Discrepancies are understood
to be due simple a2 + a4

extrapolations
<latexit sha1_base64="+vCYdUU9yQVP/TAMABg4shlk/Vo="></latexit><latexit sha1_base64="+vCYdUU9yQVP/TAMABg4shlk/Vo="></latexit><latexit sha1_base64="+vCYdUU9yQVP/TAMABg4shlk/Vo="></latexit><latexit sha1_base64="+vCYdUU9yQVP/TAMABg4shlk/Vo="></latexit>

Finite volume effects
are too large !
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Extracting the strong coupling constant in 3f QCD 
Natural choice: µ = µm

<latexit sha1_base64="aTLuCSskxsSPgxIVkjhSgjxk+Y0=">AAACFHicdVDLSgMxFM3UV62vUZdugq0gCCWZhW0FoeDGlVSwD2hLyaRpG5rMDElGKEM/wo2/4saFIm5duPNvzLQVVPTAhcM59+beHD8SXBuEPpzM0vLK6lp2PbexubW94+7uNXQYK8rqNBShavlEM8EDVjfcCNaKFCPSF6zpjy9Sv3nLlOZhcGMmEetKMgz4gFNirNRzT5LO7JHEF4SOp/CKmFgRAeko5JSdTWGhI+NzWz1Z6L l5VEQIYYxhSnDpFFlSqZQ9XIY4tSzyYIFaz33v9EMaSxYYKojWbYwi002IMpwKNs11Ys0iu5YMWdvSgEimu8nsnik8skofDkJlKzBwpn6fSIjUeiJ92ymJGenfXir+5bVjMyh3Ex5EsWEBnS8axAKaEKYJwT5XjBoxsYRQxe2tNg2iCDU2x5wN4eun8H/S8IrY8msvX/UWcWTBATgExwCDEqiCS1ADdUDBHXgAT+DZuXcenRfndd6acRYz++AHnLdPw1eejg==</latexit><latexit sha1_base64="aTLuCSskxsSPgxIVkjhSgjxk+Y0="></latexit><latexit sha1_base64="aTLuCSskxsSPgxIVkjhSgjxk+Y0=">AAACFHicdVDLSgMxFM3UV62vUZdugq0gCCWZhW0FoeDGlVSwD2hLyaRpG5rMDElGKEM/wo2/4saFIm5duPNvzLQVVPTAhcM59+beHD8SXBuEPpzM0vLK6lp2PbexubW94+7uNXQYK8rqNBShavlEM8EDVjfcCNaKFCPSF6zpjy9Sv3nLlOZhcGMmEetKMgz4gFNirNRzT5LO7JHEF4SOp/CKmFgRAeko5JSdTWGhI+NzWz1Z6L l5VEQIYYxhSnDpFFlSqZQ9XIY4tSzyYIFaz33v9EMaSxYYKojWbYwi002IMpwKNs11Ys0iu5YMWdvSgEimu8nsnik8skofDkJlKzBwpn6fSIjUeiJ92ymJGenfXir+5bVjMyh3Ex5EsWEBnS8axAKaEKYJwT5XjBoxsYRQxe2tNg2iCDU2x5wN4eun8H/S8IrY8msvX/UWcWTBATgExwCDEqiCS1ADdUDBHXgAT+DZuXcenRfndd6acRYz++AHnLdPw1eejg==</latexit><latexit sha1_base64="aTLuCSskxsSPgxIVkjhSgjxk+Y0="></latexit>

Use di↵erent renormalization scales:µ = 2 / 3mh, mh, 3/ 2mh, 2mh, 3mh
<latexit sha1_base64="qjLupfB64QdCw3W0VZ+Wjojzp3g="></latexit><latexit sha1_base64="qjLupfB64QdCw3W0VZ+Wjojzp3g=">AAACRnicdVBNSxxBEK1ZTWI2H67mmEvjGsgh6PQIugYCQi4eDbgq7A5LT2+N29g9M3T3BNZh8+e8eM4tP8GLh4h4Tc3sCklICrr78V5VV9VLCq2cD8MfQWtp+cnTZyvP2y9evnq92llbP3F5aSX2Za5ze5YIh1pl2PfKazwrLAqTaDxNLj7X+ulXtE7l2bGfFhgbcZ6pVEnhiRp14mrYfFIlWsiLGes7ZGOVpmgx84yu3Bqh1W WTzpwUGt3HGdscmvJTtL3DzGjy4Vtz7WxH9RvNqUbZHHW64VYYhpxzVgO+txsS2N/vRbzHeC1RdGERR6PO9+E4l6Wh5lIL5wY8LHxcCeuV1DhrD0uHBQ0qznFAMBMGXVw1G8zYO2LGLM0tHRq+YX+vqIRxbmoSyjTCT9zfWk3+SxuUPu3FlcqK0mMm543SUjOfs9pTMsyi9HpKQEiraFYmJ8IK6cn5NpnwuCn7PziJtjjhL1H3IFrYsQJvYQPeA4c9OIBDOII+SLiCG/gJd8F1cBvcBw/z1FawqHkDf0QLfgF3u7BP</latexit><latexit sha1_base64="qjLupfB64QdCw3W0VZ+Wjojzp3g="></latexit><latexit sha1_base64="qjLupfB64QdCw3W0VZ+Wjojzp3g=">AAACRnicdVBNSxxBEK1ZTWI2H67mmEvjGsgh6PQIugYCQi4eDbgq7A5LT2+N29g9M3T3BNZh8+e8eM4tP8GLh4h4Tc3sCklICrr78V5VV9VLCq2cD8MfQWtp+cnTZyvP2y9evnq92llbP3F5aSX2Za5ze5YIh1pl2PfKazwrLAqTaDxNLj7X+ulXtE7l2bGfFhgbcZ6pVEnhiRp14mrYfFIlWsiLGes7ZGOVpmgx84yu3Bqh1W WTzpwUGt3HGdscmvJTtL3DzGjy4Vtz7WxH9RvNqUbZHHW64VYYhpxzVgO+txsS2N/vRbzHeC1RdGERR6PO9+E4l6Wh5lIL5wY8LHxcCeuV1DhrD0uHBQ0qznFAMBMGXVw1G8zYO2LGLM0tHRq+YX+vqIRxbmoSyjTCT9zfWk3+SxuUPu3FlcqK0mMm543SUjOfs9pTMsyi9HpKQEiraFYmJ8IK6cn5NpnwuCn7PziJtjjhL1H3IFrYsQJvYQPeA4c9OIBDOII+SLiCG/gJd8F1cBvcBw/z1FawqHkDf0QLfgF3u7BP</latexit>

R4 ! ! s(mh )
<latexit sha1_base64="BhacfqPVcC+zwyztb7ulDslObaw=">AAACBnicdZDLSgMxFIYzXmu9jboUIViEuimTUmy7K7hxWcVeoC3DmTTthGYuJBmllK7c+CpuXCji1mdw59uYaSuo6IHAx/+fw8n5vVhwpR3nw1paXlldW89sZDe3tnd27b39pooSSVmDRiKSbQ8UEzxkDc21YO1YMgg8wVre6Dz1WzdMKh6F13ocs14Aw5APOAVtJNc+unJLuCv50NcgZXSLuyBiH1yVD1z/1LVzTsFxHEIIToGUzxwD1WqlSCqYpJapHFpU3bXfu/2IJgELNRWgVIc4se5NQGpOBZtmu4liMdARDFnHYAgBU73J7IwpPjFKHw8iaV6o8Uz9PjGBQKlx4JnOALSvfnup+JfXSfSg0pvwME40C+l80SARWEc4zQT3uWRUi7EBoJKbv2LqgwSqTXJZE8LXpfh/aBYLxPBlKVcrLuLIoEN0jPKIoDKqoQtURw1E0R16QE/o2bq3Hq0X63XeumQtZg7Qj7LePgGAQph2</latexit><latexit sha1_base64="BhacfqPVcC+zwyztb7ulDslObaw=">AAACBnicdZDLSgMxFIYzXmu9jboUIViEuimTUmy7K7hxWcVeoC3DmTTthGYuJBmllK7c+CpuXCji1mdw59uYaSuo6IHAx/+fw8n5vVhwpR3nw1paXlldW89sZDe3tnd27b39pooSSVmDRiKSbQ8UEzxkDc21YO1YMgg8wVre6Dz1WzdMKh6F13ocs14Aw5APOAVtJNc+unJLuCv50NcgZXSLuyBiH1yVD1z/1LVzTsFxHEIIToGUzxwD1WqlSCqYpJapHFpU3bXfu/2IJgELNRWgVIc4se5NQGpOBZtmu4liMdARDFnHYAgBU73J7IwpPjFKHw8iaV6o8Uz9PjGBQKlx4JnOALSvfnup+JfXSfSg0pvwME40C+l80SARWEc4zQT3uWRUi7EBoJKbv2LqgwSqTXJZE8LXpfh/aBYLxPBlKVcrLuLIoEN0jPKIoDKqoQtURw1E0R16QE/o2bq3Hq0X63XeumQtZg7Qj7LePgGAQph2</latexit><latexit sha1_base64="BhacfqPVcC+zwyztb7ulDslObaw=">AAACBnicdZDLSgMxFIYzXmu9jboUIViEuimTUmy7K7hxWcVeoC3DmTTthGYuJBmllK7c+CpuXCji1mdw59uYaSuo6IHAx/+fw8n5vVhwpR3nw1paXlldW89sZDe3tnd27b39pooSSVmDRiKSbQ8UEzxkDc21YO1YMgg8wVre6Dz1WzdMKh6F13ocs14Aw5APOAVtJNc+unJLuCv50NcgZXSLuyBiH1yVD1z/1LVzTsFxHEIITo GUzxwD1WqlSCqYpJapHFpU3bXfu/2IJgELNRWgVIc4se5NQGpOBZtmu4liMdARDFnHYAgBU73J7IwpPjFKHw8iaV6o8Uz9PjGBQKlx4JnOALSvfnup+JfXSfSg0pvwME40C+l80SARWEc4zQT3uWRUi7EBoJKbv2LqgwSqTXJZE8LXpfh/aBYLxPBlKVcrLuLIoEN0jPKIoDKqoQtURw1E0R16QE/o2bq3Hq0X63XeumQtZg7Qj7LePgGAQph2</latexit><latexit sha1_base64="BhacfqPVcC+zwyztb7ulDslObaw=">AAACBnicdZDLSgMxFIYzXmu9jboUIViEuimTUmy7K7hxWcVeoC3DmTTthGYuJBmllK7c+CpuXCji1mdw59uYaSuo6IHAx/+fw8n5vVhwpR3nw1paXlldW89sZDe3tnd27b39pooSSVmDRiKSbQ8UEzxkDc21YO1YMgg8wVre6Dz1WzdMKh6F13ocs14Aw5APOAVtJNc+unJLuCv50NcgZXSLuyBiH1yVD1z/1LVzTsFxHEIIToGUzxwD1WqlSCqYpJapHFpU3bXfu/2IJgELNRWgVIc4se5NQGpOBZtmu4liMdARDFnHYAgBU73J7IwpPjFKHw8iaV6o8Uz9PjGBQKlx4JnOALSvfnup+JfXSfSg0pvwME40C+l80SARWEc4zQT3uWRUi7EBoJKbv2LqgwSqTXJZE8LXpfh/aBYLxPBlKVcrLuLIoEN0jPKIoDKqoQtURw1E0R16QE/o2bq3Hq0X63XeumQtZg7Qj7LePgGAQph2</latexit>
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perturbative error: ±5⇥ rn3
⇣↵s

⇡

⌘4

condensate error: h↵s
⇡ G2i = (�0.006± 0.012) GeV4

<latexit sha1_base64="o2mu6VO0tHs3M7EppcrN9yhv3eU="></latexit><latexit sha1_base64="o2mu6VO0tHs3M7EppcrN9yhv3eU="></latexit><latexit sha1_base64="o2mu6VO0tHs3M7EppcrN9yhv3eU="></latexit><latexit sha1_base64="o2mu6VO0tHs3M7EppcrN9yhv3eU="></latexit>



Determination of the quark masses  
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R6, mh = mc

<latexit sha1_base64="tFtSO3kRl/fYTTmSMsJuE1UEBXI=">AAAB83icdZDLSgMxFIbP1FutVasu3QSL4ELKpIteFkLBjctW7AXaMmTStA1NZoYkI5RSH8ONC0Xcuvc53LnzUcy0Cip6IPDx/+dwTn4/Elwb131zUiura+sb6c3MVnZ7Zze3t9/SYawoa9JQhKrjE80ED1jTcCNYJ1KMSF+wtj85T/z2NVOah8GVmUasL8ko4ENOibFS79Irnd5Ib3wmPerl8m7BdV2MMUoAl0uuhWq1UsQVhBPLVr6WfWm8A0Ddy732BiGNJQsMFUTrLnYj058RZTgVbJ7pxZpFhE7IiHUtBkQy3Z8tbp6jY6sM0DBU9gUGLdTvEzMitZ5K33ZKYsb6t5eIf3nd2Awr/RkPotiwgC4XDWOBTIiSANCAK0aNmFogVHF7K6Jjogg1NqaMDeHrp+h/aBUL2HID52tFWFYaDuEITgBDGWpwAXVoAoUIbuEeHpzYuXMenadla8r5nDmAH+U8fwB4vpN7</latexit><latexit sha1_base64="gnFBxzUQ7t4+/pFaP+zq12Czu58=">AAAB83icdZDLSgMxFIYzXmutWnUpSLAILqRMuuhlIRTcuGzFXqAdhkyaaUOTmSHJCGWoO1/BjQtF3Lrvc7jzGXwJM62Cih4IfPz/OZyT34s4U9q236yl5ZXVtfXMRnYzt7W9k9/da6swloS2SMhD2fWwopwFtKWZ5rQbSYqFx2nHG5+nfueaSsXC4EpPIuoIPAyYzwjWRupfuuXTG+GOzoRL3HzBLtq2jRCCKaBK2TZQq1VLqApRapkq1HOz5vvt4azh5l/7g5DEggaacKxUD9mRdhIsNSOcTrP9WNEIkzEe0p7BAAuqnGR+8xQeG2UA/VCaF2g4V79PJFgoNRGe6RRYj9RvLxX/8nqx9qtOwoIo1jQgi0V+zKEOYRoAHDBJieYTA5hIZm6FZIQlJtrElDUhfP0U/g/tUhEZbqJCvQQWlQEH4AicAAQqoA4uQAO0AAERuAMP4NGKrXvryXpetC5ZnzP74EdZLx9XA5Th</latexit><latexit sha1_base64="gnFBxzUQ7t4+/pFaP+zq12Czu58=">AAAB83icdZDLSgMxFIYzXmutWnUpSLAILqRMuuhlIRTcuGzFXqAdhkyaaUOTmSHJCGWoO1/BjQtF3Lrvc7jzGXwJM62Cih4IfPz/OZyT34s4U9q236yl5ZXVtfXMRnYzt7W9k9/da6swloS2SMhD2fWwopwFtKWZ5rQbSYqFx2nHG5+nfueaSsXC4EpPIuoIPAyYzwjWRupfuuXTG+GOzoRL3HzBLtq2jRCCKaBK2TZQq1VLqApRapkq1HOz5vvt4azh5l/7g5DEggaacKxUD9mRdhIsNSOcTrP9WNEIkzEe0p7BAAuqnGR+8xQeG2UA/VCaF2g4V79PJFgoNRGe6RRYj9RvLxX/8nqx9qtOwoIo1jQgi0V+zKEOYRoAHDBJieYTA5hIZm6FZIQlJtrElDUhfP0U/g/tUhEZbqJCvQQWlQEH4AicAAQqoA4uQAO0AAERuAMP4NGKrXvryXpetC5ZnzP74EdZLx9XA5Th</latexit><latexit sha1_base64="EzhlG/IFyWpFk9RsjedlcRjXRvA=">AAAB83icdZDLSgMxFIYzXmu9VV26CRbBhZSki14WQsGNyyr2Au0wZNJMG5pkhiQjlFIfw40LRdz6Mu58GzNtBRU9EPj4/3M4J3+YCG4sQh/eyura+sZmbiu/vbO7t184OGybONWUtWgsYt0NiWGCK9ay3ArWTTQjMhSsE44vM79zx7Thsbq1k4T5kgwVjzgl1kn9m6Byfi+D0YUMaFAoohJCCGMMM8DVCnJQr9fKuAZxZrkqgmU1g8J7fxDTVDJlqSDG9DBKrD8l2nIq2CzfTw1LCB2TIes5VEQy40/nN8/gqVMGMIq1e8rCufp9YkqkMRMZuk5J7Mj89jLxL6+X2qjmT7lKUssUXSyKUgFtDLMA4IBrRq2YOCBUc3crpCOiCbUuprwL4eun8H9ol0vY8TUuNsrLOHLgGJyAM4BBFTTAFWiCFqAgAQ/gCTx7qffovXivi9YVbzlzBH6U9/YJfnSRRg==</latexit>
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Determine am0
b by fixing the ⌘b(1S) mass

to its physical value from PDG
<latexit sha1_base64="x0lK6NgX/2XWZc54tUzmlylyTVk="></latexit><latexit sha1_base64="x0lK6NgX/2XWZc54tUzmlylyTVk="></latexit><latexit sha1_base64="x0lK6NgX/2XWZc54tUzmlylyTVk="></latexit><latexit sha1_base64="x0lK6NgX/2XWZc54tUzmlylyTVk="></latexit>

mb/mc = 4.586(43)
<latexit sha1_base64="whdK733L9vQn92K4z/aH42tqeoQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBotQNzVJY1sXQsGNywr2AW0Jk+m0HTqThJmJUmI/xY0LRdz6Je78GydtBRU9cOFwzr3ce48fMSqVZX0YmZXVtfWN7GZua3tnd8/M77dkGAtMmjhkoej4SBJGA9JUVDHSiQRB3Gek7U8uU799S4SkYXCjphHpczQK6JBipLTkmXnu+afcwxdu6axWKbrlE88sWKXzWsVxK9AqWVbVduyUOFW37EJbKykKYImGZ773BiGOOQkUZkjKrm1Fqp8goShmZJbrxZJECE/QiHQ1DRAnsp/MT5/BY60M4DAUugIF5+r3iQRxKafc150cqbH87aXiX143VsNaP6FBFCsS4MWiYcygCmGaAxxQQbBiU00QFlTfCvEYCYSVTiunQ/j6FP5PWk7J1vzaLdSdZRxZcAiOQBHYoArq4Ao0QBNgcAcewBN4Nu6NR+PFeF20ZozlzAH4AePtE1jikg0=</latexit><latexit sha1_base64="whdK733L9vQn92K4z/aH42tqeoQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBotQNzVJY1sXQsGNywr2AW0Jk+m0HTqThJmJUmI/xY0LRdz6Je78GydtBRU9cOFwzr3ce48fMSqVZX0YmZXVtfWN7GZua3tnd8/M77dkGAtMmjhkoej4SBJGA9JUVDHSiQRB3Gek7U8uU799S4SkYXCjphHpczQK6JBipLTkmXnu+afcwxdu6axWKbrlE88sWKXzWsVxK9AqWVbVduyUOFW37EJbKykKYImGZ773BiGOOQkUZkjKrm1Fqp8goShmZJbrxZJECE/QiHQ1DRAnsp/MT5/BY60M4DAUugIF5+r3iQRxKafc150cqbH87aXiX143VsNaP6FBFCsS4MWiYcygCmGaAxxQQbBiU00QFlTfCvEYCYSVTiunQ/j6FP5PWk7J1vzaLdSdZRxZcAiOQBHYoArq4Ao0QBNgcAcewBN4Nu6NR+PFeF20ZozlzAH4AePtE1jikg0=</latexit><latexit sha1_base64="whdK733L9vQn92K4z/aH42tqeoQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBotQNzVJY1sXQsGNywr2AW0Jk+m0HTqThJmJUmI/xY0LRdz6Je78GydtBRU9cOFwzr3ce48fMSqVZX0YmZXVtfWN7GZua3tnd8/M77dkGAtMmjhkoej4SBJGA9JUVDHSiQRB3Gek7U8uU799S4SkYXCjphHpczQK6JBipLTkmXnu+afcwxdu6axWKbrlE88sWKXzWsVxK9AqWVbVduyUOFW37EJbKykKYImGZ773BiGOOQkUZkjKrm1Fqp8goShmZJbrxZJECE/QiHQ1DRAnsp/MT5/BY60M4DAUugIF5+r3iQRxKafc150cqbH87aXiX143VsNaP6FBFCsS4MWiYcygCmGaAxxQQbBiU00QFlTfCvEYCYSVTiunQ/j6FP5PWk7J1vzaLdSdZRxZcAiOQBHYoArq4Ao0QBNgcAcewBN4Nu6NR+PFeF20ZozlzAH4AePtE1jikg0=</latexit><latexit sha1_base64="whdK733L9vQn92K4z/aH42tqeoQ=">AAAB+nicdVDLSsNAFJ3UV62vVJduBotQNzVJY1sXQsGNywr2AW0Jk+m0HTqThJmJUmI/xY0LRdz6Je78GydtBRU9cOFwzr3ce48fMSqVZX0YmZXVtfWN7GZua3tnd8/M77dkGAtMmjhkoej4SBJGA9JUVDHSiQRB3Gek7U8uU799S4SkYXCjphHpczQK6JBipLTkmXnu+afcwxdu6axWKbrlE88sWKXzWsVxK9AqWVbVduyUOFW37EJbKykKYImGZ773BiGOOQkUZkjKrm1Fqp8goShmZJbrxZJECE/QiHQ1DRAnsp/MT5/BY60M4DAUugIF5+r3iQRxKafc150cqbH87aXiX143VsNaP6FBFCsS4MWiYcygCmGaAxxQQbBiU00QFlTfCvEYCYSVTiunQ/j6FP5PWk7J1vzaLdSdZRxZcAiOQBHYoArq4Ao0QBNgcAcewBN4Nu6NR+PFeF20ZozlzAH4AePtE1jikg0=</latexit>

agrees with other lattice determinations
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Determination of the quark masses  
mh R6 R8 R10 av.
1.0mc 1.2740(25)(17)(11)(61) 1.2783(28)(23)(00)(43) 1.2700(72)(46)(13)(33) 1.2754(39)
1.5mc 1.7147(83)(11)(03)(60) 1.7204(42)(14)(00)(40) 1.7192(35)(29)(04)(30) 1.7191(38)
2.0mc 2.1412(134)(07)(01)(44) 2.1512(71)(10)(00)(29) 2.1531(74)(19)(02)(21) 2.1507(52)
3.0mc 2.9788(175)(06)(00)(319) 2.9940(156)(08)(00)(201) 3.0016(170)(16)(00)(143) 2.9949(153)
4.0mc 3.7770(284)(06)(00)(109) 3.7934(159)(08)(00)(68) 3.8025(152)(15)(00)(47) 3.7956(110)
mb 4.1888(260)(05)(00)(111) 4.2045(280)(07)(00)(69) 4.2023(270)(14)(00)(47) 4.1985(163)

<latexit sha1_base64="XSkNR9nEDvdRyqxq69vIROqarzM="></latexit><latexit sha1_base64="XSkNR9nEDvdRyqxq69vIROqarzM="></latexit><latexit sha1_base64="XSkNR9nEDvdRyqxq69vIROqarzM="></latexit><latexit sha1_base64="XSkNR9nEDvdRyqxq69vIROqarzM="></latexit>

R6, R8 and R10 give consistent results for mh(mh)
<latexit sha1_base64="fW8RSSYAkFPWqiZPM+uhSd3Wyfs="></latexit><latexit sha1_base64="fW8RSSYAkFPWqiZPM+uhSd3Wyfs="></latexit><latexit sha1_base64="fW8RSSYAkFPWqiZPM+uhSd3Wyfs="></latexit><latexit sha1_base64="fW8RSSYAkFPWqiZPM+uhSd3Wyfs="></latexit>

mh(mh)/h, h = mh/mc is consistent with expected mc(µ)
<latexit sha1_base64="jlVV8M/ZrpyJGaeYchIQqOwlqqY="></latexit><latexit sha1_base64="jlVV8M/ZrpyJGaeYchIQqOwlqqY="></latexit><latexit sha1_base64="jlVV8M/ZrpyJGaeYchIQqOwlqqY="></latexit><latexit sha1_base64="jlVV8M/ZrpyJGaeYchIQqOwlqqY="></latexit>

mc(µ = mc, nf = 4) = 1.265(10) GeV
<latexit sha1_base64="shmYaUGbgRwmgREbMENgQadOe8I=">AAACEHicdVDLSgMxFM34tr6qLt0Ei9iClJlxbHVRKLjQZQX7gLYMmTRTg0lmSDJCGeofuPFX3LhQxK1Ld/6NGa2gogcu93DOvST3BDGjStv2mzU1PTM7N7+wmFtaXlldy69vtFSUSEyaOGKR7ARIEUYFaWqqGenEkiAeMNIOLo8zv31FpKKRONejmPQ5GgoaUoy0kfz8LvdxsceTmul7wg9rXqnmlN3KQdGxS9cw7UkOT0hr7O cLdvnosOJ6FWiXbbvquE5G3Kq370HHKBkKYIKGn3/tDSKccCI0ZkiprmPHup8iqSlmZJzrJYrECF+iIekaKhAnqp9+HDSGO0YZwDCSpoSGH+r3jRRxpUY8MJMc6Qv128vEv7xuosPDfkpFnGgi8OdDYcKgjmCWDhxQSbBmI0MQltT8FeILJBHWJsOcCeHrUvg/abllx/Azr1B3J3EsgC2wDYrAAVVQB6egAZoAgxtwBx7Ao3Vr3VtP1vPn6JQ12dkEP2C9vANgF5o7</latexit><latexit sha1_base64="shmYaUGbgRwmgREbMENgQadOe8I=">AAACEHicdVDLSgMxFM34tr6qLt0Ei9iClJlxbHVRKLjQZQX7gLYMmTRTg0lmSDJCGeofuPFX3LhQxK1Ld/6NGa2gogcu93DOvST3BDGjStv2mzU1PTM7N7+wmFtaXlldy69vtFSUSEyaOGKR7ARIEUYFaWqqGenEkiAeMNIOLo8zv31FpKKRONejmPQ5GgoaUoy0kfz8LvdxsceTmul7wg9rXqnmlN3KQdGxS9cw7UkOT0hr7O cLdvnosOJ6FWiXbbvquE5G3Kq370HHKBkKYIKGn3/tDSKccCI0ZkiprmPHup8iqSlmZJzrJYrECF+iIekaKhAnqp9+HDSGO0YZwDCSpoSGH+r3jRRxpUY8MJMc6Qv128vEv7xuosPDfkpFnGgi8OdDYcKgjmCWDhxQSbBmI0MQltT8FeILJBHWJsOcCeHrUvg/abllx/Azr1B3J3EsgC2wDYrAAVVQB6egAZoAgxtwBx7Ao3Vr3VtP1vPn6JQ12dkEP2C9vANgF5o7</latexit><latexit sha1_base64="shmYaUGbgRwmgREbMENgQadOe8I=">AAACEHicdVDLSgMxFM34tr6qLt0Ei9iClJlxbHVRKLjQZQX7gLYMmTRTg0lmSDJCGeofuPFX3LhQxK1Ld/6NGa2gogcu93DOvST3BDGjStv2mzU1PTM7N7+wmFtaXlldy69vtFSUSEyaOGKR7ARIEUYFaWqqGenEkiAeMNIOLo8zv31FpKKRONejmPQ5GgoaUoy0kfz8LvdxsceTmul7wg9rXqnmlN3KQdGxS9cw7UkOT0hr7O cLdvnosOJ6FWiXbbvquE5G3Kq370HHKBkKYIKGn3/tDSKccCI0ZkiprmPHup8iqSlmZJzrJYrECF+iIekaKhAnqp9+HDSGO0YZwDCSpoSGH+r3jRRxpUY8MJMc6Qv128vEv7xuosPDfkpFnGgi8OdDYcKgjmCWDhxQSbBmI0MQltT8FeILJBHWJsOcCeHrUvg/abllx/Azr1B3J3EsgC2wDYrAAVVQB6egAZoAgxtwBx7Ao3Vr3VtP1vPn6JQ12dkEP2C9vANgF5o7</latexit><latexit sha1_base64="shmYaUGbgRwmgREbMENgQadOe8I=">AAACEHicdVDLSgMxFM34tr6qLt0Ei9iClJlxbHVRKLjQZQX7gLYMmTRTg0lmSDJCGeofuPFX3LhQxK1Ld/6NGa2gogcu93DOvST3BDGjStv2mzU1PTM7N7+wmFtaXlldy69vtFSUSEyaOGKR7ARIEUYFaWqqGenEkiAeMNIOLo8zv31FpKKRONejmPQ5GgoaUoy0kfz8LvdxsceTmul7wg9rXqnmlN3KQdGxS9cw7UkOT0hr7O cLdvnosOJ6FWiXbbvquE5G3Kq370HHKBkKYIKGn3/tDSKccCI0ZkiprmPHup8iqSlmZJzrJYrECF+iIekaKhAnqp9+HDSGO0YZwDCSpoSGH+r3jRRxpUY8MJMc6Qv128vEv7xuosPDfkpFnGgi8OdDYcKgjmCWDhxQSbBmI0MQltT8FeILJBHWJsOcCeHrUvg/abllx/Azr1B3J3EsgC2wDYrAAVVQB6egAZoAgxtwBx7Ao3Vr3VtP1vPn6JQ12dkEP2C9vANgF5o7</latexit>

mb(µ = mb, nf = 5) = 4.188(37) GeV
<latexit sha1_base64="BGnveAl1MHOcHFz+BIFwurXmOD0=">AAACD3icdVDLSgMxFM34rPVVdekmWJQWpMyMo62LQsGFLhXsA9oyZNKMBpPMkGSEMtQvcOOvuHGhiFu37vwbM7aCih643MM595LcE8SMKm3b79bU9Mzs3HxuIb+4tLyyWlhbb6kokZg0ccQi2QmQIowK0tRUM9KJJUE8YKQdXB1lfvuaSEUjca6HMelzdCFoSDHSRvILO9wPSj2e1E3fFX5Y3y/XvYpTq5X2quWbtCc5PCatkV 8o2pXD2oHrHUC7YttVx3Uy4la9PQ86RslQBBOc+oW33iDCCSdCY4aU6jp2rPspkppiRkb5XqJIjPAVuiBdQwXiRPXTz3tGcNsoAxhG0pTQ8FP9vpEirtSQB2aSI32pfnuZ+JfXTXRY66dUxIkmAo8fChMGdQSzcOCASoI1GxqCsKTmrxBfIomwNhHmTQhfl8L/ScutOIafecWGO4kjBzbBFigBB1RBA5yAU9AEGNyCe/AInqw768F6tl7Go1PWZGcD/ID1+gEYLZog</latexit><latexit sha1_base64="BGnveAl1MHOcHFz+BIFwurXmOD0=">AAACD3icdVDLSgMxFM34rPVVdekmWJQWpMyMo62LQsGFLhXsA9oyZNKMBpPMkGSEMtQvcOOvuHGhiFu37vwbM7aCih643MM595LcE8SMKm3b79bU9Mzs3HxuIb+4tLyyWlhbb6kokZg0ccQi2QmQIowK0tRUM9KJJUE8YKQdXB1lfvuaSEUjca6HMelzdCFoSDHSRvILO9wPSj2e1E3fFX5Y3y/XvYpTq5X2quWbtCc5PCatkV 8o2pXD2oHrHUC7YttVx3Uy4la9PQ86RslQBBOc+oW33iDCCSdCY4aU6jp2rPspkppiRkb5XqJIjPAVuiBdQwXiRPXTz3tGcNsoAxhG0pTQ8FP9vpEirtSQB2aSI32pfnuZ+JfXTXRY66dUxIkmAo8fChMGdQSzcOCASoI1GxqCsKTmrxBfIomwNhHmTQhfl8L/ScutOIafecWGO4kjBzbBFigBB1RBA5yAU9AEGNyCe/AInqw768F6tl7Go1PWZGcD/ID1+gEYLZog</latexit><latexit sha1_base64="BGnveAl1MHOcHFz+BIFwurXmOD0=">AAACD3icdVDLSgMxFM34rPVVdekmWJQWpMyMo62LQsGFLhXsA9oyZNKMBpPMkGSEMtQvcOOvuHGhiFu37vwbM7aCih643MM595LcE8SMKm3b79bU9Mzs3HxuIb+4tLyyWlhbb6kokZg0ccQi2QmQIowK0tRUM9KJJUE8YKQdXB1lfvuaSEUjca6HMelzdCFoSDHSRvILO9wPSj2e1E3fFX5Y3y/XvYpTq5X2quWbtCc5PCatkV 8o2pXD2oHrHUC7YttVx3Uy4la9PQ86RslQBBOc+oW33iDCCSdCY4aU6jp2rPspkppiRkb5XqJIjPAVuiBdQwXiRPXTz3tGcNsoAxhG0pTQ8FP9vpEirtSQB2aSI32pfnuZ+JfXTXRY66dUxIkmAo8fChMGdQSzcOCASoI1GxqCsKTmrxBfIomwNhHmTQhfl8L/ScutOIafecWGO4kjBzbBFigBB1RBA5yAU9AEGNyCe/AInqw768F6tl7Go1PWZGcD/ID1+gEYLZog</latexit><latexit sha1_base64="BGnveAl1MHOcHFz+BIFwurXmOD0=">AAACD3icdVDLSgMxFM34rPVVdekmWJQWpMyMo62LQsGFLhXsA9oyZNKMBpPMkGSEMtQvcOOvuHGhiFu37vwbM7aCih643MM595LcE8SMKm3b79bU9Mzs3HxuIb+4tLyyWlhbb6kokZg0ccQi2QmQIowK0tRUM9KJJUE8YKQdXB1lfvuaSEUjca6HMelzdCFoSDHSRvILO9wPSj2e1E3fFX5Y3y/XvYpTq5X2quWbtCc5PCatkV 8o2pXD2oHrHUC7YttVx3Uy4la9PQ86RslQBBOc+oW33iDCCSdCY4aU6jp2rPspkppiRkb5XqJIjPAVuiBdQwXiRPXTz3tGcNsoAxhG0pTQ8FP9vpEirtSQB2aSI32pfnuZ+JfXTXRY66dUxIkmAo8fChMGdQSzcOCASoI1GxqCsKTmrxBfIomwNhHmTQhfl8L/ScutOIafecWGO4kjBzbBFigBB1RBA5yAU9AEGNyCe/AInqw768F6tl7Go1PWZGcD/ID1+gEYLZog</latexit>

Final results after running with RunDeC
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The ! -parameter and strong coupling constant in 5f QCD  
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⇤
nf=3

MS
is agreement with

other lattice determinations
<latexit sha1_base64="99gqGqo+YxKhxpd/gI121yPlx9Y="></latexit><latexit sha1_base64="99gqGqo+YxKhxpd/gI121yPlx9Y="></latexit><latexit sha1_base64="99gqGqo+YxKhxpd/gI121yPlx9Y="></latexit><latexit sha1_base64="99gqGqo+YxKhxpd/gI121yPlx9Y="></latexit>

Average the results at di↵erent µ/mh and mh

use the spread as an error estimate
<latexit sha1_base64="Y4K8KYv6Wbg39ogno29DNMGuFG4="></latexit><latexit sha1_base64="Y4K8KYv6Wbg39ogno29DNMGuFG4="></latexit><latexit sha1_base64="Y4K8KYv6Wbg39ogno29DNMGuFG4="></latexit><latexit sha1_base64="Y4K8KYv6Wbg39ogno29DNMGuFG4="></latexit>

⇤
nf=3

MS
= 332± 17± 2 (scale) MeV

<latexit sha1_base64="9BZkL780OdCNzK+2HgudWNbH4HY="></latexit><latexit sha1_base64="9BZkL780OdCNzK+2HgudWNbH4HY="></latexit><latexit sha1_base64="9BZkL780OdCNzK+2HgudWNbH4HY="></latexit><latexit sha1_base64="9BZkL780OdCNzK+2HgudWNbH4HY="></latexit>

↵
nf=5
s (µ = MZ) = 0.1177(12)

<latexit sha1_base64="M/jyoZIzXtMHvBgrSjDFzdXnC6k="></latexit><latexit sha1_base64="M/jyoZIzXtMHvBgrSjDFzdXnC6k="></latexit><latexit sha1_base64="M/jyoZIzXtMHvBgrSjDFzdXnC6k="></latexit><latexit sha1_base64="M/jyoZIzXtMHvBgrSjDFzdXnC6k="></latexit>

Matching to 4 and 5 flavor theory using RunDeC
at Mc = 1.5 GeV and Mb = 4.8 GeV or
at mc(µ), µ = mc � 2 GeV and mb(mb)

<latexit sha1_base64="WppoNtIkA0kg1T19LbW/achIWBY="></latexit><latexit sha1_base64="WppoNtIkA0kg1T19LbW/achIWBY="></latexit><latexit sha1_base64="WppoNtIkA0kg1T19LbW/achIWBY="></latexit><latexit sha1_base64="WppoNtIkA0kg1T19LbW/achIWBY="></latexit>

Error from running and matching: 0.0003
<latexit sha1_base64="HGiveCKzZBiG5ITb+DqSwIWpOgs=">AAACGnicbZBLS8NAEMc3Pmt8RT16WSyCp5LUg+KpIILHCvYBbSibzaZduo+wuxFK6Ofw4lfx4kERb+LFb+OmzUFb5/Sb/8wwM/8oZVQb3/92VlbX1jc2K1vu9s7u3r53cNjWMlOYtLBkUnUjpAmjgrQMNYx0U0UQjxjpROProt55IEpTKe7NJCUhR0NBE4qRsdLAC/pCUhETYdwbpaSCiZIcqkwIKoYQiRhyZPDIJlfQr/m+fz7wqjOwAZchKKEKymgOvM9+LHHG7Q7MkNa9wE9NmCNlKGZk6vYzTVKEx2hIehYF4kSH+ey1KTy1SgyT4jApDJypvydyxLWe8Mh22kNHerFWiP/VeplJLsOcijQzROD5oiRj0EhY+ARjqgg2bGIBYUXtrRCPkELYWDdda0Kw+PIytOu1wPJdvdqol3ZUwDE4AWcgABegAW5BE7QABo/gGbyCN+fJeXHenY9564pTzhyBP+F8/QATKp+A</latexit><latexit sha1_base64="HGiveCKzZBiG5ITb+DqSwIWpOgs=">AAACGnicbZBLS8NAEMc3Pmt8RT16WSyCp5LUg+KpIILHCvYBbSibzaZduo+wuxFK6Ofw4lfx4kERb+LFb+OmzUFb5/Sb/8wwM/8oZVQb3/92VlbX1jc2K1vu9s7u3r53cNjWMlOYtLBkUnUjpAmjgrQMNYx0U0UQjxjpROProt55IEpTKe7NJCUhR0NBE4qRsdLAC/pCUhETYdwbpaSCiZIcqkwIKoYQiRhyZPDIJlfQr/m+fz7wqjOwAZchKKEKymgOvM9+LHHG7Q7MkNa9wE9NmCNlKGZk6vYzTVKEx2hIehYF4kSH+ey1KTy1SgyT4jApDJypvydyxLWe8Mh22kNHerFWiP/VeplJLsOcijQzROD5oiRj0EhY+ARjqgg2bGIBYUXtrRCPkELYWDdda0Kw+PIytOu1wPJdvdqol3ZUwDE4AWcgABegAW5BE7QABo/gGbyCN+fJeXHenY9564pTzhyBP+F8/QATKp+A</latexit><latexit sha1_base64="HGiveCKzZBiG5ITb+DqSwIWpOgs=">AAACGnicbZBLS8NAEMc3Pmt8RT16WSyCp5LUg+KpIILHCvYBbSibzaZduo+wuxFK6Ofw4lfx4kERb+LFb+OmzUFb5/Sb/8wwM/8oZVQb3/92VlbX1jc2K1vu9s7u3r53cNjWMlOYtLBkUnUjpAmjgrQMNYx0U0UQjxjpROProt55IEpTKe7NJCUhR0NBE4qRsdLAC/pCUhETYdwbpaSCiZIcqkwIKoYQiRhyZPDIJlfQr/m+fz7wqjOwAZchKKEKymgOvM9+LHHG7Q7MkNa9wE9NmCNlKGZk6vYzTVKEx2hIehYF4kSH+ey1KTy1SgyT4jApDJypvydyxLWe8Mh22kNHerFWiP/VeplJLsOcijQzROD5oiRj0EhY+ARjqgg2bGIBYUXtrRCPkELYWDdda0Kw+PIytOu1wPJdvdqol3ZUwDE4AWcgABegAW5BE7QABo/gGbyCN+fJeXHenY9564pTzhyBP+F8/QATKp+A</latexit><latexit sha1_base64="HGiveCKzZBiG5ITb+DqSwIWpOgs=">AAACGnicbZBLS8NAEMc3Pmt8RT16WSyCp5LUg+KpIILHCvYBbSibzaZduo+wuxFK6Ofw4lfx4kERb+LFb+OmzUFb5/Sb/8wwM/8oZVQb3/92VlbX1jc2K1vu9s7u3r53cNjWMlOYtLBkUnUjpAmjgrQMNYx0U0UQjxjpROProt55IEpTKe7NJCUhR0NBE4qRsdLAC/pCUhETYdwbpaSCiZIcqkwIKoYQiRhyZPDIJlfQr/m+fz7wqjOwAZchKKEKymgOvM9+LHHG7Q7MkNa9wE9NmCNlKGZk6vYzTVKEx2hIehYF4kSH+ey1KTy1SgyT4jApDJypvydyxLWe8Mh22kNHerFWiP/VeplJLsOcijQzROD5oiRj0EhY+ARjqgg2bGIBYUXtrRCPkELYWDdda0Kw+PIytOu1wPJdvdqol3ZUwDE4AWcgABegAW5BE7QABo/gGbyCN+fJeXHenY9564pTzhyBP+F8/QATKp+A</latexit>
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Summary 
• Precise determination of the strong coupling constant from the moments of quarkonium
correlators is challenging because:
1) Large lattice cutoff dependence of the lowest moment and the ratios of the moments
2) Uncertainties in the weak coupling expansion

• The most recent determination gives

• The heavy quark masses can be well determined from the moments of quarkonium 
correlators

• There are some tension in the continuum extrapolated values of the moments from different
groups, but the main cause of discrepancy could be due to the perturbative error 
➡ 5-loop calculations will certainly help.

mb(µ = mb, nf = 5) = 4.188(37) GeV
<latexit sha1_base64="fK+x/Buv+FqKN+VV8hhRGbQoUww=">AAACD3icdZBPS8MwGMZT/875r+rRS3AoG8ho58RdBgMPelRwm7COkmaphiVpSVJhlPkJvPhVvHhQxKtXb34bU9eBir4Q8vB73pfkfYKYUaUd58OamZ2bX1gsLBWXV1bX1u2NzY6KEolJG0cskpcBUoRRQdqaakYuY0kQDxjpBsPjzO/eEKloJC70KCZ9jq4EDSlG2iDf3uN+UPZ40jT3vvDD5mGlWa+6jUb54Khym3qSwxPSGft2yakeOllBp+pMRU7cnJRAXme+/e4NIpxwIjRmSKme68S6nyKpKWZkXPQSRWKEh+iK9IwUiBPVT7/2GcNdQwYwjKQ5QsMv+n0iRVypEQ9MJ0f6Wv32MviX10t02OinVMSJJgJPHgoTBnUEs3DggEqCNRsZgbCk5q8QXyOJsDYRFk0I003h/6JTq7pGn9dLrVoeRwFsgx1QBi44Ai1wCs5AG2BwBx7AE3i27q1H68V6nbTOWPnMFvhR1tsnxqGZ6A==</latexit><latexit sha1_base64="fK+x/Buv+FqKN+VV8hhRGbQoUww=">AAACD3icdZBPS8MwGMZT/875r+rRS3AoG8ho58RdBgMPelRwm7COkmaphiVpSVJhlPkJvPhVvHhQxKtXb34bU9eBir4Q8vB73pfkfYKYUaUd58OamZ2bX1gsLBWXV1bX1u2NzY6KEolJG0cskpcBUoRRQdqaakYuY0kQDxjpBsPjzO/eEKloJC70KCZ9jq4EDSlG2iDf3uN+UPZ40jT3vvDD5mGlWa+6jUb54Khym3qSwxPSGft2yakeOllBp+pMRU7cnJRAXme+/e4NIpxwIjRmSKme68S6nyKpKWZkXPQSRWKEh+iK9IwUiBPVT7/2GcNdQwYwjKQ5QsMv+n0iRVypEQ9MJ0f6Wv32MviX10t02OinVMSJJgJPHgoTBnUEs3DggEqCNRsZgbCk5q8QXyOJsDYRFk0I003h/6JTq7pGn9dLrVoeRwFsgx1QBi44Ai1wCs5AG2BwBx7AE3i27q1H68V6nbTOWPnMFvhR1tsnxqGZ6A==</latexit><latexit sha1_base64="fK+x/Buv+FqKN+VV8hhRGbQoUww=">AAACD3icdZBPS8MwGMZT/875r+rRS3AoG8ho58RdBgMPelRwm7COkmaphiVpSVJhlPkJvPhVvHhQxKtXb34bU9eBir4Q8vB73pfkfYKYUaUd58OamZ2bX1gsLBWXV1bX1u2NzY6KEolJG0cskpcBUoRRQdqaakYuY0kQDxjpBsPjzO/eEKloJC70KCZ9jq4EDSlG2iDf3uN+UPZ40jT3vvDD5mGlWa+6jUb54Khym3qSwxPSGft2yakeOllBp+pMRU7cnJRAXme+/e4NIpxwIjRmSKme68S6nyKpKWZkXPQSRWKEh+iK9IwUiBPVT7/2GcNdQwYwjKQ5QsMv+n0iRVypEQ9MJ0f6Wv32MviX10t02OinVMSJJgJPHgoTBnUEs3DggEqCNRsZgbCk5q8QXyOJsDYRFk0I003h/6JTq7pGn9dLrVoeRwFsgx1QBi44Ai1wCs5AG2BwBx7AE3i27q1H68V6nbTOWPnMFvhR1tsnxqGZ6A==</latexit><latexit sha1_base64="fK+x/Buv+FqKN+VV8hhRGbQoUww=">AAACD3icdZBPS8MwGMZT/875r+rRS3AoG8ho58RdBgMPelRwm7COkmaphiVpSVJhlPkJvPhVvHhQxKtXb34bU9eBir4Q8vB73pfkfYKYUaUd58OamZ2bX1gsLBWXV1bX1u2NzY6KEolJG0cskpcBUoRRQdqaakYuY0kQDxjpBsPjzO/eEKloJC70KCZ9jq4EDSlG2iDf3uN+UPZ40jT3vvDD5mGlWa+6jUb54Khym3qSwxPSGft2yakeOllBp+pMRU7cnJRAXme+/e4NIpxwIjRmSKme68S6nyKpKWZkXPQSRWKEh+iK9IwUiBPVT7/2GcNdQwYwjKQ5QsMv+n0iRVypEQ9MJ0f6Wv32MviX10t02OinVMSJJgJPHgoTBnUEs3DggEqCNRsZgbCk5q8QXyOJsDYRFk0I003h/6JTq7pGn9dLrVoeRwFsgx1QBi44Ai1wCs5AG2BwBx7AE3i27q1H68V6nbTOWPnMFvhR1tsnxqGZ6A==</latexit>

mc(µ = mc, nf = 4) = 1.265(10) GeV
<latexit sha1_base64="e0c0jkX4hX6FMMvSKMk7d2rOlyw=">AAACEHicdZDLSgMxFIYz9VbrrerSTbCILUiZKa26KRRc6LKCvUBbhkyaaUOTzJBkhDLUN3Djq7hxoYhbl+58G9N2Cip6IOTn+88hOb8XMqq0bX9aqaXlldW19HpmY3Nreye7u9dUQSQxaeCABbLtIUUYFaShqWakHUqCuMdIyxtdTP3WLZGKBuJGj0PS42ggqE8x0ga52WPu4nyXR1VznwjXr5YLVadYOq3kHbtwB+Ou5PCSNCduNmcXK/a0oF20FyIhTkJyIKm6m/3o9gMccSI0ZkipjmOHuhcjqSlmZJLpRoqECI/QgHSMFIgT1YtnC03gkSF96AfSHKHhjH6fiBFXasw908mRHqrf3hT+5XUi7Z/3YirCSBOB5w/5EYM6gNN0YJ9KgjUbG4GwpOavEA+RRFibDDMmhMWm8H/RLBUdo6/LuVopiSMNDsAhyAMHnIEauAJ10AAY3INH8AxerAfryXq13uatKSuZ2Qc/ynr/Ag6amgM=</latexit><latexit sha1_base64="e0c0jkX4hX6FMMvSKMk7d2rOlyw=">AAACEHicdZDLSgMxFIYz9VbrrerSTbCILUiZKa26KRRc6LKCvUBbhkyaaUOTzJBkhDLUN3Djq7hxoYhbl+58G9N2Cip6IOTn+88hOb8XMqq0bX9aqaXlldW19HpmY3Nreye7u9dUQSQxaeCABbLtIUUYFaShqWakHUqCuMdIyxtdTP3WLZGKBuJGj0PS42ggqE8x0ga52WPu4nyXR1VznwjXr5YLVadYOq3kHbtwB+Ou5PCSNCduNmcXK/a0oF20FyIhTkJyIKm6m/3o9gMccSI0ZkipjmOHuhcjqSlmZJLpRoqECI/QgHSMFIgT1YtnC03gkSF96AfSHKHhjH6fiBFXasw908mRHqrf3hT+5XUi7Z/3YirCSBOB5w/5EYM6gNN0YJ9KgjUbG4GwpOavEA+RRFibDDMmhMWm8H/RLBUdo6/LuVopiSMNDsAhyAMHnIEauAJ10AAY3INH8AxerAfryXq13uatKSuZ2Qc/ynr/Ag6amgM=</latexit><latexit sha1_base64="e0c0jkX4hX6FMMvSKMk7d2rOlyw=">AAACEHicdZDLSgMxFIYz9VbrrerSTbCILUiZKa26KRRc6LKCvUBbhkyaaUOTzJBkhDLUN3Djq7hxoYhbl+58G9N2Cip6IOTn+88hOb8XMqq0bX9aqaXlldW19HpmY3Nreye7u9dUQSQxaeCABbLtIUUYFaShqWakHUqCuMdIyxtdTP3WLZGKBuJGj0PS42ggqE8x0ga52WPu4nyXR1VznwjXr5YLVadYOq3kHbtwB+Ou5PCSNCduNmcXK/a0oF20FyIhTkJyIKm6m/3o9gMccSI0ZkipjmOHuhcjqSlmZJLpRoqECI/QgHSMFIgT1YtnC03gkSF96AfSHKHhjH6fiBFXasw908mRHqrf3hT+5XUi7Z/3YirCSBOB5w/5EYM6gNN0YJ9KgjUbG4GwpOavEA+RRFibDDMmhMWm8H/RLBUdo6/LuVopiSMNDsAhyAMHnIEauAJ10AAY3INH8AxerAfryXq13uatKSuZ2Qc/ynr/Ag6amgM=</latexit><latexit sha1_base64="e0c0jkX4hX6FMMvSKMk7d2rOlyw=">AAACEHicdZDLSgMxFIYz9VbrrerSTbCILUiZKa26KRRc6LKCvUBbhkyaaUOTzJBkhDLUN3Djq7hxoYhbl+58G9N2Cip6IOTn+88hOb8XMqq0bX9aqaXlldW19HpmY3Nreye7u9dUQSQxaeCABbLtIUUYFaShqWakHUqCuMdIyxtdTP3WLZGKBuJGj0PS42ggqE8x0ga52WPu4nyXR1VznwjXr5YLVadYOq3kHbtwB+Ou5PCSNCduNmcXK/a0oF20FyIhTkJyIKm6m/3o9gMccSI0ZkipjmOHuhcjqSlmZJLpRoqECI/QgHSMFIgT1YtnC03gkSF96AfSHKHhjH6fiBFXasw908mRHqrf3hT+5XUi7Z/3YirCSBOB5w/5EYM6gNN0YJ9KgjUbG4GwpOavEA+RRFibDDMmhMWm8H/RLBUdo6/LuVopiSMNDsAhyAMHnIEauAJ10AAY3INH8AxerAfryXq13uatKSuZ2Qc/ynr/Ag6amgM=</latexit>

↵
nf=5
s (µ = MZ) = 0.1177(12)

<latexit sha1_base64="M/jyoZIzXtMHvBgrSjDFzdXnC6k="></latexit><latexit sha1_base64="M/jyoZIzXtMHvBgrSjDFzdXnC6k="></latexit><latexit sha1_base64="M/jyoZIzXtMHvBgrSjDFzdXnC6k="></latexit><latexit sha1_base64="M/jyoZIzXtMHvBgrSjDFzdXnC6k="></latexit>
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Back-up
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(a mh0)2

1.0mc
1.5mc
2.0mc
3.0mc
4.0mc

R6/R8 R8/R10

mh/mc continuum ↵s(mh) mh/mc continuum ↵s(mh)
1.0 1.10895(32) 0.3826(14)(178)(39) 1.0 - -
1.5 1.09100(25) 0.3137(10)(76)(8) 1.5 1.04310(45) 0.3166(34)(82)(17)
2.0 - - 2.0 1.03830(68) 0.2808(51)(50)(4)
3.0 - - 3.0 1.03249(94) 0.2382(69)(24)(1)
4.0 - - 4.0 1.02987(106) 0.2191(293)(17)(0)

<latexit sha1_base64="QhfpZg4W8REx8uTLy5jBUNZBqWQ="></latexit><latexit sha1_base64="QhfpZg4W8REx8uTLy5jBUNZBqWQ="></latexit><latexit sha1_base64="QhfpZg4W8REx8uTLy5jBUNZBqWQ="></latexit><latexit sha1_base64="QhfpZg4W8REx8uTLy5jBUNZBqWQ="></latexit>
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mh = 2mc result is an outlier; weighted average + spread :
<latexit sha1_base64="vot5txavJwywBsOs5kVKtbEmPkQ=">AAACJnicbVDLSgNBEJz1bXxFPXppjIIgyG4uiiIIXjxGMCrEsMzOdpLBmdllplcJIV/jxV/x4kER8eanOHkcfDUMFFXdXdOV5Eo6CsOPYGJyanpmdm6+tLC4tLxSXl27dFlhBdZFpjJ7nXCHShqskySF17lFrhOFV8nt6UC/ukPrZGYuqJtjU/O2kS0pOHkqLh9v6bhzXAUdiy2w6ApFIB1wA1lBSqI9gnuU7Q5hCtwv4m2EXX ADjxQO43Il3AuHBX9BNAYVNq5aXH65STNRaDQkFHeuEYU5NXvckhQK+6WbwmHOxa23aXhouEbX7A3P7MO2Z1JoZdY/QzBkv0/0uHauqxPfqTl13G9tQP6nNQpqHTR70uQFoREjo1ahgDIYZAaptChIdT3gwkr/VxAdbrkgn2zJhxD9PvkvuKzuRR6fVysn1XEcc2yDbbIdFrF9dsLOWI3VmWAP7Im9sNfgMXgO3oL3UetEMJ5ZZz8q+PwCi/aj7g==</latexit><latexit sha1_base64="vot5txavJwywBsOs5kVKtbEmPkQ=">AAACJnicbVDLSgNBEJz1bXxFPXppjIIgyG4uiiIIXjxGMCrEsMzOdpLBmdllplcJIV/jxV/x4kER8eanOHkcfDUMFFXdXdOV5Eo6CsOPYGJyanpmdm6+tLC4tLxSXl27dFlhBdZFpjJ7nXCHShqskySF17lFrhOFV8nt6UC/ukPrZGYuqJtjU/O2kS0pOHkqLh9v6bhzXAUdiy2w6ApFIB1wA1lBSqI9gnuU7Q5hCtwv4m2EXX ADjxQO43Il3AuHBX9BNAYVNq5aXH65STNRaDQkFHeuEYU5NXvckhQK+6WbwmHOxa23aXhouEbX7A3P7MO2Z1JoZdY/QzBkv0/0uHauqxPfqTl13G9tQP6nNQpqHTR70uQFoREjo1ahgDIYZAaptChIdT3gwkr/VxAdbrkgn2zJhxD9PvkvuKzuRR6fVysn1XEcc2yDbbIdFrF9dsLOWI3VmWAP7Im9sNfgMXgO3oL3UetEMJ5ZZz8q+PwCi/aj7g==</latexit><latexit sha1_base64="vot5txavJwywBsOs5kVKtbEmPkQ=">AAACJnicbVDLSgNBEJz1bXxFPXppjIIgyG4uiiIIXjxGMCrEsMzOdpLBmdllplcJIV/jxV/x4kER8eanOHkcfDUMFFXdXdOV5Eo6CsOPYGJyanpmdm6+tLC4tLxSXl27dFlhBdZFpjJ7nXCHShqskySF17lFrhOFV8nt6UC/ukPrZGYuqJtjU/O2kS0pOHkqLh9v6bhzXAUdiy2w6ApFIB1wA1lBSqI9gnuU7Q5hCtwv4m2EXX ADjxQO43Il3AuHBX9BNAYVNq5aXH65STNRaDQkFHeuEYU5NXvckhQK+6WbwmHOxa23aXhouEbX7A3P7MO2Z1JoZdY/QzBkv0/0uHauqxPfqTl13G9tQP6nNQpqHTR70uQFoREjo1ahgDIYZAaptChIdT3gwkr/VxAdbrkgn2zJhxD9PvkvuKzuRR6fVysn1XEcc2yDbbIdFrF9dsLOWI3VmWAP7Im9sNfgMXgO3oL3UetEMJ5ZZz8q+PwCi/aj7g==</latexit><latexit sha1_base64="vot5txavJwywBsOs5kVKtbEmPkQ=">AAACJnicbVDLSgNBEJz1bXxFPXppjIIgyG4uiiIIXjxGMCrEsMzOdpLBmdllplcJIV/jxV/x4kER8eanOHkcfDUMFFXdXdOV5Eo6CsOPYGJyanpmdm6+tLC4tLxSXl27dFlhBdZFpjJ7nXCHShqskySF17lFrhOFV8nt6UC/ukPrZGYuqJtjU/O2kS0pOHkqLh9v6bhzXAUdiy2w6ApFIB1wA1lBSqI9gnuU7Q5hCtwv4m2EXX ADjxQO43Il3AuHBX9BNAYVNq5aXH65STNRaDQkFHeuEYU5NXvckhQK+6WbwmHOxa23aXhouEbX7A3P7MO2Z1JoZdY/QzBkv0/0uHauqxPfqTl13G9tQP6nNQpqHTR70uQFoREjo1ahgDIYZAaptChIdT3gwkr/VxAdbrkgn2zJhxD9PvkvuKzuRR6fVysn1XEcc2yDbbIdFrF9dsLOWI3VmWAP7Im9sNfgMXgO3oL3UetEMJ5ZZz8q+PwCi/aj7g==</latexit>

⇤
nf=3

MS
= 298± 16 MeV

<latexit sha1_base64="zCy+Hcapve/AKxoFTN4h4WbjzFA="></latexit><latexit sha1_base64="tqeOqcLAYFAfulbA0WEVW5VH29E="></latexit><latexit sha1_base64="tqeOqcLAYFAfulbA0WEVW5VH29E="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="PiCroN3WpqqWHPqDNnUK+Jtg6wc=">AAACFHicbVDNSgMxGPzWf2vV6tVLsAieym4FrYeC4MWDgqL9gW5dsmm2DSbZJckKZVmfxIuv4sWDIuLNtzGtPWjrQGCYmXzJN2HCmTau++XMzS8sLi2vrBbWiusbm6WtYlPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaet8O505LfuqdIsljdmmNCuwH3JIkawsVJQOvTPbbiHg8yPbW40Jru4zvPbTAZR/SCvV49ryE8E8g7RA8p8JdAFbeZBqexW3DHQLPEmpAwTXAalT78Xk1RQaQjHWnc8NzHdDCvDCKd5wU81TTC5w33asVRiQXU3G++Xoz2r9FAUK3ukQWP1940MC62HIrRJgc1AT3sj8T+vk5qo1s2YTFJDJfl5KEo5MjEalYV6TFFi+NASTBSzf0VkgBUmxlZasCV40yvPkma14ll+5cIK7MAu7IMHR3ACZ3AJDSDwCM/wCm/Ok/PivP/UNedMetuGP3A+vgF8IqBb</latexit><latexit sha1_base64="8h4reh7UExd01utp4oU3Rgq6siU="></latexit><latexit sha1_base64="uX4x/nYaf+4cpZ6YyRdhI0X4sXs="></latexit><latexit sha1_base64="uX4x/nYaf+4cpZ6YyRdhI0X4sXs="></latexit><latexit sha1_base64="tqeOqcLAYFAfulbA0WEVW5VH29E="></latexit><latexit sha1_base64="tqeOqcLAYFAfulbA0WEVW5VH29E="></latexit><latexit sha1_base64="tqeOqcLAYFAfulbA0WEVW5VH29E="></latexit><latexit sha1_base64="tqeOqcLAYFAfulbA0WEVW5VH29E="></latexit><latexit sha1_base64="uX4x/nYaf+4cpZ6YyRdhI0X4sXs="></latexit>

mh R4 R6/R8 R8/R10 av. ⇤
nf=3

MS
MeV

1.0mc 0.3815(55)(30)(22) 0.3837(25)(180)(40) 0.3550(63)(140)(88) 0.3782(65) 314(10)
1.5mc 0.3119(28)(4)(4) 0.3073(42)(63)(7) 0.2954(75)(60)(17) 0.3099(48) 310(10)
2.0mc 0.2651(28)(7)(1) 0.2689(26)(35)(2) 0.2587(37)(34)(6) 0.2648(29) 284(8)
3.0mc 0.2155(83)(3)(1) 0.2338(35)(19)(1) 0.2215(367)(17)(1) 0.2303(150) 284(48)

<latexit sha1_base64="tyKitmj/tueD5vaxNLZWkyVMirM="></latexit><latexit sha1_base64="Y7jS7Ofell5zpsECf0yqr2r/+wo="></latexit><latexit sha1_base64="Y7jS7Ofell5zpsECf0yqr2r/+wo="></latexit><latexit sha1_base64="wXS/Orv4Si3RvbHBwsrVEKxjDUU="></latexit>

No proper description of cutoff effects
Because of the limited amount of data

mh R4 R6/mc0 R8/mc0 R10/mc0 ↵s(mh)
1.0mc 1.2778(20) 1.0200(16) 0.9166(17) 0.8719(21) 0.3798(28)(31)(22)
1.5mc 1.2303(30) 1.0792(20) 0.9860(20) 0.9462(23) 0.3151(43)(14)(4)
2.0mc 1.2051(37) 1.1182(23) 1.0317(23) 0.9944(26) 0.2804(51)(9)(1)
3.0mc 1.1782(44) 1.1729(27) 1.0923(26) 1.0574(31) 0.2434(61)(5)(0)
4.0mc 1.1631(45) 1.2098(31) 1.1321(30) 1.0985(31) 0.2226(62)(4)(0)

<latexit sha1_base64="6YVUUQEf7Fu5mMI31rOIEJmT6zw="></latexit><latexit sha1_base64="6YVUUQEf7Fu5mMI31rOIEJmT6zw="></latexit><latexit sha1_base64="6YVUUQEf7Fu5mMI31rOIEJmT6zw="></latexit><latexit sha1_base64="6YVUUQEf7Fu5mMI31rOIEJmT6zw="></latexit>

mh R4 R6/R8 R8/R10

1.0mc 1.279(4) 1.1092(6) 1.0485(8)
1.5mc 1.228(2) 1.0895(11) 1.0403(10)
2.0mc 1.194(2) 1.0791(7) 1.0353(5)
3.0mc 1.158(6) 1.0693(10) 1.0302(5)

<latexit sha1_base64="2nIW6CecDX7NuENuVW0hqILPTlA="></latexit><latexit sha1_base64="2nIW6CecDX7NuENuVW0hqILPTlA="></latexit><latexit sha1_base64="2nIW6CecDX7NuENuVW0hqILPTlA="></latexit><latexit sha1_base64="2nIW6CecDX7NuENuVW0hqILPTlA="></latexit>

Back-up
2020:

2019:
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