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How interaction between heavy quark and anti-quark are modified at non-zero
temperature ?

The potential is expected to be complex

Important for understanding quarkonium production in heavy ion collisions



Wilson loops and potential at T>0

Rothkopf 2009, Hatsuda, Rothkopf, Hatsuda 2011

Correlation function of static Q and Q̄ at distance r (⌧ ⇥ r Wilson loop)
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potential at T > 0 is related to a peak structure in �r(!, T ):
peak position: ReV (r, T ) peak width: ImV (r, T )
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One needs large N⌧ to reconstruct �r(!, T ) but previous calculations in 2+1

flavor QCD use N⌧ = 12
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Here: fixed scale approach, a�1
= 7.04 GeV, m⇡ ' 300 MeV, 96

3 ⇥N⌧ ,

N⌧ = 32, (T = 220 MeV) and N⌧ = 24, (T = 294 MeV)
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Additional T = 0 (644) lattices for reference
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We use temporal Wilson line correlators in Coulomb gauge instead of Wilson

loops (better signal)

For large N⌧ additional noise reduction is needed ) HYP smearing of the

temporal Wilson lines
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Effective masses at T=0
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HYP smearing is needed

to obtain a plateau in me↵

already at small r, without
smearing the errors are too

large for ⌧/a > 10
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For ⌧/a > 10 HYP smearing

only shifts me↵ by a constant
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Temperature dependence of  the effective masses

• Tiny T -dependence at small ⌧

• The T -dependence increases
with increasing r and ⌧

• No plateau in me↵ at T > 0,
and qualitatively similar to
bottomonium e↵ective mass at T > 0
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Larsen, Meinel, Mukherjee, Petreczky,
PLB 800 (2020) 135119
PRD 100 (2019) 7, 074506

The approximately linear decrease
in the effective masses is due
to the width



Subtracted effective masses at T>0

Excited states

After evaluating the ground state at T = 0 one can also estimate W high(⌧)
<latexit sha1_base64="fvnXsJlb3o9b7UMcNTOXo9YXFiI=">AAACSHicbVA9bxNBEN0zX8F8GShpRrGRQhPduSFNpKA0lEGK40g+Y83tzd2tsrd72p2LZJ3882go6fIbaChAiI614wKSPGmlp/dmNG9f1mjlOY6vot69+w8ePtp53H/y9NnzF4OXr868bZ2kibTauvMMPWllaMKKNZ03jrDONE2zi+O1P70k55U1p7xsaF5jaVShJHKQFoNFaqwyORnufyiYHNAl6jaYpgSuCEpnW5ODZ2QCZB idHsYjsIZAogHU3gJ5VvXaHk0/d6mroVJltdpLGdt3o8VgGO/HG8BtkmzJUGxxshh8S3Mr2zokkhq9nyVxw/MOHSupadVPW08NygssaRaowZr8vNsUsYK3QcmhsC48w7BR/93osPZ+WWdhMiSu/E1vLd7lzVouDuadMk3LZOT1oaLVwBbWrUKuHEnWy0BQOhWygqzQoQyV+n4oIbn55dvkbLyfBP5pPDwab+vYEW/ErtgTiXgvjsRHcSImQoov4rv4KX5FX6Mf0e/oz/VoL9ruvBb/odf7C2V+sMw=</latexit><latexit sha1_base64="fvnXsJlb3o9b7UMcNTOXo9YXFiI=">AAACSHicbVA9bxNBEN0zX8F8GShpRrGRQhPduSFNpKA0lEGK40g+Y83tzd2tsrd72p2LZJ3882go6fIbaChAiI614wKSPGmlp/dmNG9f1mjlOY6vot69+w8ePtp53H/y9NnzF4OXr868bZ2kibTauvMMPWllaMKKNZ03jrDONE2zi+O1P70k55U1p7xsaF5jaVShJHKQFoNFaqwyORnufyiYHNAl6jaYpgSuCEpnW5ODZ2QCZB idHsYjsIZAogHU3gJ5VvXaHk0/d6mroVJltdpLGdt3o8VgGO/HG8BtkmzJUGxxshh8S3Mr2zokkhq9nyVxw/MOHSupadVPW08NygssaRaowZr8vNsUsYK3QcmhsC48w7BR/93osPZ+WWdhMiSu/E1vLd7lzVouDuadMk3LZOT1oaLVwBbWrUKuHEnWy0BQOhWygqzQoQyV+n4oIbn55dvkbLyfBP5pPDwab+vYEW/ErtgTiXgvjsRHcSImQoov4rv4KX5FX6Mf0e/oz/VoL9ruvBb/odf7C2V+sMw=</latexit><latexit sha1_base64="fvnXsJlb3o9b7UMcNTOXo9YXFiI=">AAACSHicbVA9bxNBEN0zX8F8GShpRrGRQhPduSFNpKA0lEGK40g+Y83tzd2tsrd72p2LZJ3882go6fIbaChAiI614wKSPGmlp/dmNG9f1mjlOY6vot69+w8ePtp53H/y9NnzF4OXr868bZ2kibTauvMMPWllaMKKNZ03jrDONE2zi+O1P70k55U1p7xsaF5jaVShJHKQFoNFaqwyORnufyiYHNAl6jaYpgSuCEpnW5ODZ2QCZB idHsYjsIZAogHU3gJ5VvXaHk0/d6mroVJltdpLGdt3o8VgGO/HG8BtkmzJUGxxshh8S3Mr2zokkhq9nyVxw/MOHSupadVPW08NygssaRaowZr8vNsUsYK3QcmhsC48w7BR/93osPZ+WWdhMiSu/E1vLd7lzVouDuadMk3LZOT1oaLVwBbWrUKuHEnWy0BQOhWygqzQoQyV+n4oIbn55dvkbLyfBP5pPDwab+vYEW/ErtgTiXgvjsRHcSImQoov4rv4KX5FX6Mf0e/oz/VoL9ruvBb/odf7C2V+sMw=</latexit><latexit sha1_base64="fvnXsJlb3o9b7UMcNTOXo9YXFiI=">AAACSHicbVA9bxNBEN0zX8F8GShpRrGRQhPduSFNpKA0lEGK40g+Y83tzd2tsrd72p2LZJ3882go6fIbaChAiI614wKSPGmlp/dmNG9f1mjlOY6vot69+w8ePtp53H/y9NnzF4OXr868bZ2kibTauvMMPWllaMKKNZ03jrDONE2zi+O1P70k55U1p7xsaF5jaVShJHKQFoNFaqwyORnufyiYHNAl6jaYpgSuCEpnW5ODZ2QCZB idHsYjsIZAogHU3gJ5VvXaHk0/d6mroVJltdpLGdt3o8VgGO/HG8BtkmzJUGxxshh8S3Mr2zokkhq9nyVxw/MOHSupadVPW08NygssaRaowZr8vNsUsYK3QcmhsC48w7BR/93osPZ+WWdhMiSu/E1vLd7lzVouDuadMk3LZOT1oaLVwBbWrUKuHEnWy0BQOhWygqzQoQyV+n4oIbn55dvkbLyfBP5pPDwab+vYEW/ErtgTiXgvjsRHcSImQoov4rv4KX5FX6Mf0e/oz/VoL9ruvBb/odf7C2V+sMw=</latexit>

�me↵(⌧, T ) =
1

a
ln

W sub(⌧, r, T )

W sub(⌧ + a, r, T )
<latexit sha1_base64="WbX9HtubtGQ1V7/EY2N5+BAwxtI="></latexit><latexit sha1_base64="WbX9HtubtGQ1V7/EY2N5+BAwxtI="></latexit><latexit sha1_base64="WbX9HtubtGQ1V7/EY2N5+BAwxtI="></latexit><latexit sha1_base64="WbX9HtubtGQ1V7/EY2N5+BAwxtI="></latexit>

• No significant dependence on the
number of smearings

• The thermal width ⇠ T
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Tiny T -dependence at small ⌧ ) �r(!, T ) = �med
r (!, T ) + �high

r (!)
W (⌧, r, T ) = Wmed(⌧, r, T ) +W high(⌧, r)
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W sub(⌧, r, T ) = W (⌧, r, T )�W high(⌧, r)
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�r(!, T = 0) = A�(! � V T=0(r)) + �high
r (!)
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Subtracted effective masses at T>0 (cont’d) 
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The subtracted e↵ective masses

agree well with the previous

calculations on N⌧ = 12 and

N⌧ = 16 lattices for ⌧T > 0.2
but have smaller errors

thanks to HYP smearing
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Summary 

• We calculated Wilson line correlators on fine lattice with a�1 = 7.04 GeV
and m⇡ ' 300 MeV at T = 0, T = 220 MeV and T = 293 MeV

• In order to obtain signal at su�ciently large ⌧ HYP smearing has to be
used

• The distortion due to HYP smearing can be controlled and are limited to
quite small spatial separation and ⌧

• The temperature and ⌧ dependence of the e↵ective masses is consistent
with the non-zero thermal width (imaginary part of the potential), which
is roughly proportional to the temperature

• Our results are consistent with previous calculations performed on coarser
lattices with N⌧ = 12 and 16
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