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Deconfinement and color screening  
Onset of color screening is described in terms of the free energy of static quark anti-quark pair 

FQQ̄(r ! 1, T ) = 2FQ(T )
Lren = exp(�FQ(T )/T )
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free energy of static quark anti-quark pair shows Debye screening  at high temperatures

L(x) = P exp
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At what distance color screening sets in ? What is the screening mass (length)  ?



Correlators of real and imaginary part of the Polyakov loop  
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CPL(r, T ) = CR
PL(r, T ) + CI

PL(r, T ),

CR
PL(r, T ) = hReL(r) · ReL(0)i, CI

PL(r, T ) = hImL(r) · ImL(0)i.
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LO perturbative result:

2-gluon exchange 3-gluon exchange

Hypercubic (HYP) smearing of the gauge files to improve the signal on the lattice

Qualitative but not quantitative agreement with the perturbative result

T = 500MeV
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Electric screening masses from the Polyakov loop correlators 
The large distance behavior of the correlation functions is governed by screening masses:

CR(r, T ) ⇠ exp(�mR(T )r), CI ⇠ exp(�mI(T )r)
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In the  perturbative picture mI/mR ' 3/2 and mR ' 2mD,mI ' 3mD
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No quantitative agreement between the lattice and the perturbative results but the lattice
Results are consistent with the picture of chromo-electric gluon exchange picture;
the non-perturbative corrections are not very large 



Why NRQCD ?
Quarkonia to a good approximation are non-relativistic bound state

EFT approach: integrate the physics at scale of the heavy quark mass 

NRQCD is the EFT at scale << MQ ; Heavy quark fields are Pauli spinors:

Advantages: 
• the large quark is not a problem for lattice calculations, lattice study of 

bottomonium is feasible (usually a MQ << 1, which is challenging)

• The the spectral function is less UV dominant => more sensitivity  to the 
bound state properties

• Quarkonium correlators are not periodic and can be studied at larger time
extent (=1/T) => more sensitivity to bound state properties
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NRQCD on the Lattice 

(lattices cannot be too fine)

Quark propagators are obtained as initial value problem:

masses are defined up to a-dependent shift: M⌥(1S) = E⌥(1S) + Cshift(a)

Light d.o.f (gluons, u,d,s quarks) are represented by gauge configurations

from HotQCD, ms = mphys
s , mu,d = ms/20 $ m⇡ = 161 MeV

T > 0: 48
3 ⇥ 12 lattices, Tc = 159 MeV, the temperature is varied

by varying a $ � = 10/g2 Bazavov et al, PRD85 (2012) 054503

Inverse lattice spacing provides a natural UV cuto↵
for NRQCD provided a�1  2MQ

) 140MeV  T  334MeV
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✓
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2

◆✓
1� aH0|t

2n

◆n

U
†
4 (t)⇥

✓
1� aH0|t�1

2n

◆n ✓
1� a�H|t�1

2

◆
,

t = ⌧/a, H0 =
��(2)

2Mb
, �H ⇠ v

4
, v

6( spin� dep.)
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G�(x, t) = �G†
 (x, t)
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Point correlators:
Aarts et al (FASTUM) ,  Kim, PP, Rothkopf

Extended correlators:

Optimized correlators: use several different extended meson operators 
with realistic wave functions and form orthogonal combinations

Mixed correlators (Bethe-Salpeter amplitudes ):

NRQCD meson correlators 

Op(t,x) ! O(t,x) =
X

r

 (r)�†(t,x)� (t,x+ r))
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 (r) ⇠ e�|r|2/�2

or realistic wave-function
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Oi ! Õ↵ = ⌦↵jOj , hÕ↵(t)Õ
†
�(0)i / �↵,� , i = 1, 2, 3, . . .

<latexit sha1_base64="N7371PxUfW0ygAwVRy610B5+VOY="></latexit><latexit sha1_base64="N7371PxUfW0ygAwVRy610B5+VOY="></latexit><latexit sha1_base64="N7371PxUfW0ygAwVRy610B5+VOY="></latexit><latexit sha1_base64="N7371PxUfW0ygAwVRy610B5+VOY="></latexit>

Cp(t) =
X

x

hOp(t,x)Op(0,0)i,

Op(t,x) = �
†(t,x)� (t,x))
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State Irrep ⇤PC �
⌘b A�+

1 1
⌥ T��

1 �j

hb T+�
1 rj

�b0 A++
1 � ·r

�b1 T++
1 (� ⇥r)j

�b2 T++
2 �jrk + �krj
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Bethe-Salpeter amplitude

C̃
r
↵(t) =

X

x

hOr
qq(t,x)Õ↵(0,0)i ⇠ �↵(r)e

�E↵t
, t ! 1

O
r
qq(t,x) = �

†(t,x)� (t,x+ r))
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Optimized Meson Operators 

-1 -0.5  0  0.5  1r2 (fm)
-1
-0.5

 0
 0.5

 1

r3 (fm)

 0

 0.1

 0.2

 0.3

 0.4
Ψ (GeV3/2)

-1 -0.5  0  0.5  1r2 (fm)
-1
-0.5

 0
 0.5

 1

r3 (fm)

 0

 0.1

 0.2

 0.3

 0.4
Ψ (GeV3/2)

-1 -0.5  0  0.5  1r2 (fm)
-1
-0.5

 0
 0.5

 1

r3 (fm)

 0

 0.1

 0.2

 0.3

 0.4
Ψ (GeV3/2)

 i(r) from potential model with Cornell potential
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Oi ! Õ↵ = ⌦↵jOj such that

hÕ↵(t)Õ
†
�(0)i / �↵,�

⌦↵j can be obtained as
Gij(t)⌦↵j = �↵(t, t0)Gij(t0)⌦↵j .
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Oi(x, t) =
X

r

 i(r)�
†(x+ r, t)� (x, t)
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Good overlap with bottomonium states but

Cij(t) = hOi(t)O
†
j(0)i 6= 0 for i 6= j
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Correlators of Optimized Meson Operators at T=0 
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Comparison of different Meson Operators 

Blue circles: optimized operators

Black triangles: extended operators with  Gaussian smearing



Correlators of Extended Meson Operators at T>0 
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Thermal width and mass shift of bottomonium 
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Bottomonium Bethe-Salpeter amplitude at T=0 
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qq(0)|nihn|Õ↵(0)|0ie�En⌧ |⌧!1 ⇠ h0|Or

qq(0)|↵ie�E↵⌧

<latexit sha1_base64="Dsi61IgwjguNw9zE9ImL/Lh5bqg="></latexit><latexit sha1_base64="CmI4hziPQq3MpUv8bL8tCx/G5bc="></latexit><latexit sha1_base64="CmI4hziPQq3MpUv8bL8tCx/G5bc="></latexit><latexit sha1_base64="stTGcHgJWYAemligs/T1hgCKB88="></latexit>

C̃
r
↵(⌧) =

X

x

hOr
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�r2

mb
+ V (r)

◆
�↵ = E↵�↵

<latexit sha1_base64="C3ttmv7s+Mg4IOP7TksSsu6APlc="></latexit><latexit sha1_base64="C3ttmv7s+Mg4IOP7TksSsu6APlc="></latexit><latexit sha1_base64="C3ttmv7s+Mg4IOP7TksSsu6APlc="></latexit><latexit sha1_base64="C3ttmv7s+Mg4IOP7TksSsu6APlc="></latexit>

mb = 5.52± 0.33 GeV
<latexit sha1_base64="YVZmVjvXLMWWR4BHy6RIBepxXM0=">AAACBXicdZDLSsQwFIZTr+N4q7rURXAQXJV2LupGGHChyxGcC0xLSTPpTJikLUkqDGVcuPFV3LhQxK3v4M63MZ0LqOiBkI//P4fk/EHCqFS2/WksLC4tr6wW1orrG5tb2+bObkvGqcCkiWMWi06AJGE0Ik1FFSOdRBDEA0bawfAi99u3REgaRzdqlBCPo35EQ4qR0pJvHnA/OK9ZtTJ0Ew5tq1KBd5krOLwkrbFvlmzrxM5LW9U5lKfgWJPbLoFZNXzzw+3FOOUkUpghKbuOnSgvQ0JRzMi46KaSJAgPUZ90NUaIE+llky3G8EgrPRjGQp9IwYn6fSJDXMoRD3QnR2ogf3u5+JfXTVV45mU0SlJFIjx9KEwZVDHMI4E9KghWbKQBYUH1XyEeIIGw0sEVdQjzTeH/0CpbjubraqlensVRAPvgEBwDB5yCOrgCDdAEGNyDR/AMXowH48l4Nd6mrQvGbGYP/Cjj/QvChpYk</latexit><latexit sha1_base64="YVZmVjvXLMWWR4BHy6RIBepxXM0=">AAACBXicdZDLSsQwFIZTr+N4q7rURXAQXJV2LupGGHChyxGcC0xLSTPpTJikLUkqDGVcuPFV3LhQxK3v4M63MZ0LqOiBkI//P4fk/EHCqFS2/WksLC4tr6wW1orrG5tb2+bObkvGqcCkiWMWi06AJGE0Ik1FFSOdRBDEA0bawfAi99u3REgaRzdqlBCPo35EQ4qR0pJvHnA/OK9ZtTJ0Ew5tq1KBd5krOLwkrbFvlmzrxM5LW9U5lKfgWJPbLoFZNXzzw+3FOOUkUpghKbuOnSgvQ0JRzMi46KaSJAgPUZ90NUaIE+llky3G8EgrPRjGQp9IwYn6fSJDXMoRD3QnR2ogf3u5+JfXTVV45mU0SlJFIjx9KEwZVDHMI4E9KghWbKQBYUH1XyEeIIGw0sEVdQjzTeH/0CpbjubraqlensVRAPvgEBwDB5yCOrgCDdAEGNyDR/AMXowH48l4Nd6mrQvGbGYP/Cjj/QvChpYk</latexit><latexit sha1_base64="YVZmVjvXLMWWR4BHy6RIBepxXM0=">AAACBXicdZDLSsQwFIZTr+N4q7rURXAQXJV2LupGGHChyxGcC0xLSTPpTJikLUkqDGVcuPFV3LhQxK3v4M63MZ0LqOiBkI//P4fk/EHCqFS2/WksLC4tr6wW1orrG5tb2+bObkvGqcCkiWMWi06AJGE0Ik1FFSOdRBDEA0bawfAi99u3REgaRzdqlBCPo35EQ4qR0pJvHnA/OK9ZtTJ0Ew5tq1KBd5krOLwkrbFvlmzrxM5LW9U5lKfgWJPbLoFZNXzzw+3FOOUkUpghKbuOnSgvQ0JRzMi46KaSJAgPUZ90NUaIE+llky3G8EgrPRjGQp9IwYn6fSJDXMoRD3QnR2ogf3u5+JfXTVV45mU0SlJFIjx9KEwZVDHMI4E9KghWbKQBYUH1XyEeIIGw0sEVdQjzTeH/0CpbjubraqlensVRAPvgEBwDB5yCOrgCDdAEGNyDR/AMXowH48l4Nd6mrQvGbGYP/Cjj/QvChpYk</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="cL3UkIszevy0qheXPu7OCWDAQ9s=">AAAB+nicbZBLSwMxFIXv1FetVUe3uggWwdUw01J0IwgudFnBPqAzDJk0bUOTmSHJCGWoCzf+FTcuFPGHuPPfmD4W2nog8HFOws09UcqZ0q77bRXW1jc2t4rbpZ3y7t6+fVBuqSSThDZJwhPZibCinMW0qZnmtJNKikXEaTsaXU/z9gOViiXxvR6nNBB4ELM+I1gbK7SPRRhd1p16FfmpQK5Tq6HH3JcC3dDWJLQrruPOhFbBW0AFFmqE9pffS0gmaKwJx0p1PTfVQY6lZoTTScnPFE0xGeEB7RqMsaAqyGdbTNCpcXqon0hzYo1m7u8XORZKjUVkbgqsh2o5m5r/Zd1M9y+CnMVppmlM5oP6GUc6QdNKUI9JSjQfG8BEMvNXRIZYYqJNcSVTgre88iq0qo5n+M6FIhzBCZyBB+dwBbfQgCYQeIIXeIN369l6tT7mdRWsRW+H8EfW5w9BYpS4</latexit><latexit sha1_base64="9HTDf1DvxlNFW3JG1cfbNuSVVtc=">AAAB+nicdZDLSgMxGIX/qbdaq45udREsgqth2lp1IwgudFnBXqAtJZNm2tAkMyQZoQx14cZXceNCER/EnW9jegMVPRDycU5C8p8g5kwb3/90MkvLK6tr2fXcRn5za9vdydd1lChCayTikWoGWFPOJK0ZZjhtxopiEXDaCIaXk7xxR5Vmkbw1o5h2BO5LFjKCjbW67r7oBucVr1JC7Vgg3yuX0X3aVgJd0fq46xZ878SfyEbHCyjNoOhNd78Ac1W77ke7F5FEUGkIx1q3in5sOilWhhFOx7l2ommMyRD3acuixILqTjqdYowOrdNDYaTskgZN3e83Uiy0HonAnhTYDPTvbGL+lbUSE551UibjxFBJZg+FCUcmQpNKUI8pSgwfWcBEMftXRAZYYWJscTlbwmJS9D/US17R8o0PWdiDAziCIpzCBVxDFWpA4AGe4AVenUfn2Xmb1ZVx5r3twg85719SfpTE</latexit><latexit sha1_base64="UJy6sfiapgKKw3Y8nRpeIA7xnE8=">AAACBXicdZBNS8MwGMfT+TbnW9WjHoJD8FTazakXYeBBjxPcC6ylpFm6hSVtSVJhlHnw4lfx4kERr34Hb34b072Aij4Q8uP/fx6S5x8kjEpl259GYWFxaXmluFpaW9/Y3DK3d1oyTgUmTRyzWHQCJAmjEWkqqhjpJIIgHjDSDoYXud++JULSOLpRo4R4HPUjGlKMlJZ8c5/7wXnNqlWgm3BoW9UqvMtcweElaY19s2xbJ3Ze2jqeQ2UKjjW57TKYVcM3P9xejFNOIoUZkrLr2InyMiQUxYyMS24qSYLwEPVJV2OEOJFeNtliDA+10oNhLPSJFJyo3ycyxKUc8UB3cqQG8reXi3953VSFZ15GoyRVJMLTh8KUQRXDPBLYo4JgxUYaEBZU/xXiARIIKx1cSYcw3xT+D62K5Wi+tsv1yiyOItgDB+AIOOAU1MEVaIAmwOAePIJn8GI8GE/Gq/E2bS0Ys5ld8KOM9y/BRpYg</latexit><latexit sha1_base64="YVZmVjvXLMWWR4BHy6RIBepxXM0=">AAACBXicdZDLSsQwFIZTr+N4q7rURXAQXJV2LupGGHChyxGcC0xLSTPpTJikLUkqDGVcuPFV3LhQxK3v4M63MZ0LqOiBkI//P4fk/EHCqFS2/WksLC4tr6wW1orrG5tb2+bObkvGqcCkiWMWi06AJGE0Ik1FFSOdRBDEA0bawfAi99u3REgaRzdqlBCPo35EQ4qR0pJvHnA/OK9ZtTJ0Ew5tq1KBd5krOLwkrbFvlmzrxM5LW9U5lKfgWJPbLoFZNXzzw+3FOOUkUpghKbuOnSgvQ0JRzMi46KaSJAgPUZ90NUaIE+llky3G8EgrPRjGQp9IwYn6fSJDXMoRD3QnR2ogf3u5+JfXTVV45mU0SlJFIjx9KEwZVDHMI4E9KghWbKQBYUH1XyEeIIGw0sEVdQjzTeH/0CpbjubraqlensVRAPvgEBwDB5yCOrgCDdAEGNyDR/AMXowH48l4Nd6mrQvGbGYP/Cjj/QvChpYk</latexit><latexit sha1_base64="YVZmVjvXLMWWR4BHy6RIBepxXM0=">AAACBXicdZDLSsQwFIZTr+N4q7rURXAQXJV2LupGGHChyxGcC0xLSTPpTJikLUkqDGVcuPFV3LhQxK3v4M63MZ0LqOiBkI//P4fk/EHCqFS2/WksLC4tr6wW1orrG5tb2+bObkvGqcCkiWMWi06AJGE0Ik1FFSOdRBDEA0bawfAi99u3REgaRzdqlBCPo35EQ4qR0pJvHnA/OK9ZtTJ0Ew5tq1KBd5krOLwkrbFvlmzrxM5LW9U5lKfgWJPbLoFZNXzzw+3FOOUkUpghKbuOnSgvQ0JRzMi46KaSJAgPUZ90NUaIE+llky3G8EgrPRjGQp9IwYn6fSJDXMoRD3QnR2ogf3u5+JfXTVV45mU0SlJFIjx9KEwZVDHMI4E9KghWbKQBYUH1XyEeIIGw0sEVdQjzTeH/0CpbjubraqlensVRAPvgEBwDB5yCOrgCDdAEGNyDR/AMXowH48l4Nd6mrQvGbGYP/Cjj/QvChpYk</latexit><latexit sha1_base64="YVZmVjvXLMWWR4BHy6RIBepxXM0=">AAACBXicdZDLSsQwFIZTr+N4q7rURXAQXJV2LupGGHChyxGcC0xLSTPpTJikLUkqDGVcuPFV3LhQxK3v4M63MZ0LqOiBkI//P4fk/EHCqFS2/WksLC4tr6wW1orrG5tb2+bObkvGqcCkiWMWi06AJGE0Ik1FFSOdRBDEA0bawfAi99u3REgaRzdqlBCPo35EQ4qR0pJvHnA/OK9ZtTJ0Ew5tq1KBd5krOLwkrbFvlmzrxM5LW9U5lKfgWJPbLoFZNXzzw+3FOOUkUpghKbuOnSgvQ0JRzMi46KaSJAgPUZ90NUaIE+llky3G8EgrPRjGQp9IwYn6fSJDXMoRD3QnR2ogf3u5+JfXTVV45mU0SlJFIjx9KEwZVDHMI4E9KghWbKQBYUH1XyEeIIGw0sEVdQjzTeH/0CpbjubraqlensVRAPvgEBwDB5yCOrgCDdAEGNyDR/AMXowH48l4Nd6mrQvGbGYP/Cjj/QvChpYk</latexit><latexit sha1_base64="YVZmVjvXLMWWR4BHy6RIBepxXM0=">AAACBXicdZDLSsQwFIZTr+N4q7rURXAQXJV2LupGGHChyxGcC0xLSTPpTJikLUkqDGVcuPFV3LhQxK3v4M63MZ0LqOiBkI//P4fk/EHCqFS2/WksLC4tr6wW1orrG5tb2+bObkvGqcCkiWMWi06AJGE0Ik1FFSOdRBDEA0bawfAi99u3REgaRzdqlBCPo35EQ4qR0pJvHnA/OK9ZtTJ0Ew5tq1KBd5krOLwkrbFvlmzrxM5LW9U5lKfgWJPbLoFZNXzzw+3FOOUkUpghKbuOnSgvQ0JRzMi46KaSJAgPUZ90NUaIE+llky3G8EgrPRjGQp9IwYn6fSJDXMoRD3QnR2ogf3u5+JfXTVV45mU0SlJFIjx9KEwZVDHMI4E9KghWbKQBYUH1XyEeIIGw0sEVdQjzTeH/0CpbjubraqlensVRAPvgEBwDB5yCOrgCDdAEGNyDR/AMXowH48l4Nd6mrQvGbGYP/Cjj/QvChpYk</latexit><latexit sha1_base64="YVZmVjvXLMWWR4BHy6RIBepxXM0=">AAACBXicdZDLSsQwFIZTr+N4q7rURXAQXJV2LupGGHChyxGcC0xLSTPpTJikLUkqDGVcuPFV3LhQxK3v4M63MZ0LqOiBkI//P4fk/EHCqFS2/WksLC4tr6wW1orrG5tb2+bObkvGqcCkiWMWi06AJGE0Ik1FFSOdRBDEA0bawfAi99u3REgaRzdqlBCPo35EQ4qR0pJvHnA/OK9ZtTJ0Ew5tq1KBd5krOLwkrbFvlmzrxM5LW9U5lKfgWJPbLoFZNXzzw+3FOOUkUpghKbuOnSgvQ0JRzMi46KaSJAgPUZ90NUaIE+llky3G8EgrPRjGQp9IwYn6fSJDXMoRD3QnR2ogf3u5+JfXTVV45mU0SlJFIjx9KEwZVDHMI4E9KghWbKQBYUH1XyEeIIGw0sEVdQjzTeH/0CpbjubraqlensVRAPvgEBwDB5yCOrgCDdAEGNyDR/AMXowH48l4Nd6mrQvGbGYP/Cjj/QvChpYk</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="cL3UkIszevy0qheXPu7OCWDAQ9s=">AAAB+nicbZBLSwMxFIXv1FetVUe3uggWwdUw01J0IwgudFnBPqAzDJk0bUOTmSHJCGWoCzf+FTcuFPGHuPPfmD4W2nog8HFOws09UcqZ0q77bRXW1jc2t4rbpZ3y7t6+fVBuqSSThDZJwhPZibCinMW0qZnmtJNKikXEaTsaXU/z9gOViiXxvR6nNBB4ELM+I1gbK7SPRRhd1p16FfmpQK5Tq6HH3JcC3dDWJLQrruPOhFbBW0AFFmqE9pffS0gmaKwJx0p1PTfVQY6lZoTTScnPFE0xGeEB7RqMsaAqyGdbTNCpcXqon0hzYo1m7u8XORZKjUVkbgqsh2o5m5r/Zd1M9y+CnMVppmlM5oP6GUc6QdNKUI9JSjQfG8BEMvNXRIZYYqJNcSVTgre88iq0qo5n+M6FIhzBCZyBB+dwBbfQgCYQeIIXeIN369l6tT7mdRWsRW+H8EfW5w9BYpS4</latexit><latexit sha1_base64="9HTDf1DvxlNFW3JG1cfbNuSVVtc=">AAAB+nicdZDLSgMxGIX/qbdaq45udREsgqth2lp1IwgudFnBXqAtJZNm2tAkMyQZoQx14cZXceNCER/EnW9jegMVPRDycU5C8p8g5kwb3/90MkvLK6tr2fXcRn5za9vdydd1lChCayTikWoGWFPOJK0ZZjhtxopiEXDaCIaXk7xxR5Vmkbw1o5h2BO5LFjKCjbW67r7oBucVr1JC7Vgg3yuX0X3aVgJd0fq46xZ878SfyEbHCyjNoOhNd78Ac1W77ke7F5FEUGkIx1q3in5sOilWhhFOx7l2ommMyRD3acuixILqTjqdYowOrdNDYaTskgZN3e83Uiy0HonAnhTYDPTvbGL+lbUSE551UibjxFBJZg+FCUcmQpNKUI8pSgwfWcBEMftXRAZYYWJscTlbwmJS9D/US17R8o0PWdiDAziCIpzCBVxDFWpA4AGe4AVenUfn2Xmb1ZVx5r3twg85719SfpTE</latexit><latexit sha1_base64="UJy6sfiapgKKw3Y8nRpeIA7xnE8=">AAACBXicdZBNS8MwGMfT+TbnW9WjHoJD8FTazakXYeBBjxPcC6ylpFm6hSVtSVJhlHnw4lfx4kERr34Hb34b072Aij4Q8uP/fx6S5x8kjEpl259GYWFxaXmluFpaW9/Y3DK3d1oyTgUmTRyzWHQCJAmjEWkqqhjpJIIgHjDSDoYXud++JULSOLpRo4R4HPUjGlKMlJZ8c5/7wXnNqlWgm3BoW9UqvMtcweElaY19s2xbJ3Ze2jqeQ2UKjjW57TKYVcM3P9xejFNOIoUZkrLr2InyMiQUxYyMS24qSYLwEPVJV2OEOJFeNtliDA+10oNhLPSJFJyo3ycyxKUc8UB3cqQG8reXi3953VSFZ15GoyRVJMLTh8KUQRXDPBLYo4JgxUYaEBZU/xXiARIIKx1cSYcw3xT+D62K5Wi+tsv1yiyOItgDB+AIOOAU1MEVaIAmwOAePIJn8GI8GE/Gq/E2bS0Ys5ld8KOM9y/BRpYg</latexit><latexit sha1_base64="YVZmVjvXLMWWR4BHy6RIBepxXM0=">AAACBXicdZDLSsQwFIZTr+N4q7rURXAQXJV2LupGGHChyxGcC0xLSTPpTJikLUkqDGVcuPFV3LhQxK3v4M63MZ0LqOiBkI//P4fk/EHCqFS2/WksLC4tr6wW1orrG5tb2+bObkvGqcCkiWMWi06AJGE0Ik1FFSOdRBDEA0bawfAi99u3REgaRzdqlBCPo35EQ4qR0pJvHnA/OK9ZtTJ0Ew5tq1KBd5krOLwkrbFvlmzrxM5LW9U5lKfgWJPbLoFZNXzzw+3FOOUkUpghKbuOnSgvQ0JRzMi46KaSJAgPUZ90NUaIE+llky3G8EgrPRjGQp9IwYn6fSJDXMoRD3QnR2ogf3u5+JfXTVV45mU0SlJFIjx9KEwZVDHMI4E9KghWbKQBYUH1XyEeIIGw0sEVdQjzTeH/0CpbjubraqlensVRAPvgEBwDB5yCOrgCDdAEGNyDR/AMXowH48l4Nd6mrQvGbGYP/Cjj/QvChpYk</latexit><latexit sha1_base64="YVZmVjvXLMWWR4BHy6RIBepxXM0=">AAACBXicdZDLSsQwFIZTr+N4q7rURXAQXJV2LupGGHChyxGcC0xLSTPpTJikLUkqDGVcuPFV3LhQxK3v4M63MZ0LqOiBkI//P4fk/EHCqFS2/WksLC4tr6wW1orrG5tb2+bObkvGqcCkiWMWi06AJGE0Ik1FFSOdRBDEA0bawfAi99u3REgaRzdqlBCPo35EQ4qR0pJvHnA/OK9ZtTJ0Ew5tq1KBd5krOLwkrbFvlmzrxM5LW9U5lKfgWJPbLoFZNXzzw+3FOOUkUpghKbuOnSgvQ0JRzMi46KaSJAgPUZ90NUaIE+llky3G8EgrPRjGQp9IwYn6fSJDXMoRD3QnR2ogf3u5+JfXTVV45mU0SlJFIjx9KEwZVDHMI4E9KghWbKQBYUH1XyEeIIGw0sEVdQjzTeH/0CpbjubraqlensVRAPvgEBwDB5yCOrgCDdAEGNyDR/AMXowH48l4Nd6mrQvGbGYP/Cjj/QvChpYk</latexit><latexit sha1_base64="YVZmVjvXLMWWR4BHy6RIBepxXM0=">AAACBXicdZDLSsQwFIZTr+N4q7rURXAQXJV2LupGGHChyxGcC0xLSTPpTJikLUkqDGVcuPFV3LhQxK3v4M63MZ0LqOiBkI//P4fk/EHCqFS2/WksLC4tr6wW1orrG5tb2+bObkvGqcCkiWMWi06AJGE0Ik1FFSOdRBDEA0bawfAi99u3REgaRzdqlBCPo35EQ4qR0pJvHnA/OK9ZtTJ0Ew5tq1KBd5krOLwkrbFvlmzrxM5LW9U5lKfgWJPbLoFZNXzzw+3FOOUkUpghKbuOnSgvQ0JRzMi46KaSJAgPUZ90NUaIE+llky3G8EgrPRjGQp9IwYn6fSJDXMoRD3QnR2ogf3u5+JfXTVV45mU0SlJFIjx9KEwZVDHMI4E9KghWbKQBYUH1XyEeIIGw0sEVdQjzTeH/0CpbjubraqlensVRAPvgEBwDB5yCOrgCDdAEGNyDR/AMXowH48l4Nd6mrQvGbGYP/Cjj/QvChpYk</latexit><latexit sha1_base64="YVZmVjvXLMWWR4BHy6RIBepxXM0=">AAACBXicdZDLSsQwFIZTr+N4q7rURXAQXJV2LupGGHChyxGcC0xLSTPpTJikLUkqDGVcuPFV3LhQxK3v4M63MZ0LqOiBkI//P4fk/EHCqFS2/WksLC4tr6wW1orrG5tb2+bObkvGqcCkiWMWi06AJGE0Ik1FFSOdRBDEA0bawfAi99u3REgaRzdqlBCPo35EQ4qR0pJvHnA/OK9ZtTJ0Ew5tq1KBd5krOLwkrbFvlmzrxM5LW9U5lKfgWJPbLoFZNXzzw+3FOOUkUpghKbuOnSgvQ0JRzMi46KaSJAgPUZ90NUaIE+llky3G8EgrPRjGQp9IwYn6fSJDXMoRD3QnR2ogf3u5+JfXTVV45mU0SlJFIjx9KEwZVDHMI4E9KghWbKQBYUH1XyEeIIGw0sEVdQjzTeH/0CpbjubraqlensVRAPvgEBwDB5yCOrgCDdAEGNyDR/AMXowH48l4Nd6mrQvGbGYP/Cjj/QvChpYk</latexit><latexit sha1_base64="YVZmVjvXLMWWR4BHy6RIBepxXM0=">AAACBXicdZDLSsQwFIZTr+N4q7rURXAQXJV2LupGGHChyxGcC0xLSTPpTJikLUkqDGVcuPFV3LhQxK3v4M63MZ0LqOiBkI//P4fk/EHCqFS2/WksLC4tr6wW1orrG5tb2+bObkvGqcCkiWMWi06AJGE0Ik1FFSOdRBDEA0bawfAi99u3REgaRzdqlBCPo35EQ4qR0pJvHnA/OK9ZtTJ0Ew5tq1KBd5krOLwkrbFvlmzrxM5LW9U5lKfgWJPbLoFZNXzzw+3FOOUkUpghKbuOnSgvQ0JRzMi46KaSJAgPUZ90NUaIE+llky3G8EgrPRjGQp9IwYn6fSJDXMoRD3QnR2ogf3u5+JfXTVV45mU0SlJFIjx9KEwZVDHMI4E9KghWbKQBYUH1XyEeIIGw0sEVdQjzTeH/0CpbjubraqlensVRAPvgEBwDB5yCOrgCDdAEGNyDR/AMXowH48l4Nd6mrQvGbGYP/Cjj/QvChpYk</latexit><latexit sha1_base64="YVZmVjvXLMWWR4BHy6RIBepxXM0=">AAACBXicdZDLSsQwFIZTr+N4q7rURXAQXJV2LupGGHChyxGcC0xLSTPpTJikLUkqDGVcuPFV3LhQxK3v4M63MZ0LqOiBkI//P4fk/EHCqFS2/WksLC4tr6wW1orrG5tb2+bObkvGqcCkiWMWi06AJGE0Ik1FFSOdRBDEA0bawfAi99u3REgaRzdqlBCPo35EQ4qR0pJvHnA/OK9ZtTJ0Ew5tq1KBd5krOLwkrbFvlmzrxM5LW9U5lKfgWJPbLoFZNXzzw+3FOOUkUpghKbuOnSgvQ0JRzMi46KaSJAgPUZ90NUaIE+llky3G8EgrPRjGQp9IwYn6fSJDXMoRD3QnR2ogf3u5+JfXTVV45mU0SlJFIjx9KEwZVDHMI4E9KghWbKQBYUH1XyEeIIGw0sEVdQjzTeH/0CpbjubraqlensVRAPvgEBwDB5yCOrgCDdAEGNyDR/AMXowH48l4Nd6mrQvGbGYP/Cjj/QvChpYk</latexit>
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Thermal e↵ects can be
seen but �↵ is similar
to the T = 0 result at
qualitative level

<latexit sha1_base64="kd0A1NRCqCH3LCdDMNnNEdt9r4w="></latexit><latexit sha1_base64="kd0A1NRCqCH3LCdDMNnNEdt9r4w="></latexit><latexit sha1_base64="kd0A1NRCqCH3LCdDMNnNEdt9r4w="></latexit><latexit sha1_base64="kd0A1NRCqCH3LCdDMNnNEdt9r4w="></latexit>

Meff shows similar
thermal e↵ects similar
to one obtained from
optimized correlators;
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⌥(3S)
<latexit sha1_base64="kC3s54rJMml7j/ACE5Bq7xnn9dA=">AAAB9XicbZDNTgIxFIXv4B/iH+rSTSOY4IbM4EKXJG5cYnSABEbSKR1o6LSTtqMhhPdw40Jj3Pou7nwbC8xCwZM0+XLuvbm3J0w408Z1v53c2vrG5lZ+u7Czu7d/UDw8amqZKkJ9IrlU7RBrypmgvmGG03aiKI5DTlvh6HpWbz1SpZkU92ac0CDGA8EiRrCx1kO56yeacSkqF3fn5V6x5FbdudAqeBmUIFOjV/zq9iVJYyoM4VjrjucmJphgZRjhdFroppommIzwgHYsChxTHUzmV0/RmXX6KJLKPmHQ3P09McGx1uM4tJ0xNkO9XJuZ/9U6qYmuggkTSWqoIItFUcqRkWgWAeozRYnhYwuYKGZvRWSIFSbGBlWwIXjLX16FZq3qWb6tleq1LI48nMApVMCDS6jDDTTABwIKnuEV3pwn58V5dz4WrTknmzmGP3I+fwDT4ZFZ</latexit><latexit sha1_base64="kC3s54rJMml7j/ACE5Bq7xnn9dA=">AAAB9XicbZDNTgIxFIXv4B/iH+rSTSOY4IbM4EKXJG5cYnSABEbSKR1o6LSTtqMhhPdw40Jj3Pou7nwbC8xCwZM0+XLuvbm3J0w408Z1v53c2vrG5lZ+u7Czu7d/UDw8amqZKkJ9IrlU7RBrypmgvmGG03aiKI5DTlvh6HpWbz1SpZkU92ac0CDGA8EiRrCx1kO56yeacSkqF3fn5V6x5FbdudAqeBmUIFOjV/zq9iVJYyoM4VjrjucmJphgZRjhdFroppommIzwgHYsChxTHUzmV0/RmXX6KJLKPmHQ3P09McGx1uM4tJ0xNkO9XJuZ/9U6qYmuggkTSWqoIItFUcqRkWgWAeozRYnhYwuYKGZvRWSIFSbGBlWwIXjLX16FZq3qWb6tleq1LI48nMApVMCDS6jDDTTABwIKnuEV3pwn58V5dz4WrTknmzmGP3I+fwDT4ZFZ</latexit><latexit sha1_base64="kC3s54rJMml7j/ACE5Bq7xnn9dA=">AAAB9XicbZDNTgIxFIXv4B/iH+rSTSOY4IbM4EKXJG5cYnSABEbSKR1o6LSTtqMhhPdw40Jj3Pou7nwbC8xCwZM0+XLuvbm3J0w408Z1v53c2vrG5lZ+u7Czu7d/UDw8amqZKkJ9IrlU7RBrypmgvmGG03aiKI5DTlvh6HpWbz1SpZkU92ac0CDGA8EiRrCx1kO56yeacSkqF3fn5V6x5FbdudAqeBmUIFOjV/zq9iVJYyoM4VjrjucmJphgZRjhdFroppommIzwgHYsChxTHUzmV0/RmXX6KJLKPmHQ3P09McGx1uM4tJ0xNkO9XJuZ/9U6qYmuggkTSWqoIItFUcqRkWgWAeozRYnhYwuYKGZvRWSIFSbGBlWwIXjLX16FZq3qWb6tleq1LI48nMApVMCDS6jDDTTABwIKnuEV3pwn58V5dz4WrTknmzmGP3I+fwDT4ZFZ</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="Q9njuKSZspNe6UDt9IRSJn2f5gs=">AAAB6nicbZDNTgIxFIXv+IuIim7dNIIJbsiMLnRp4sYlRgdIYCSd0oGGTtu0HQ2Z8B5uXGiMD+TOt7H8LBQ8SZMv57S5tydWnBnr+9/e2vrG5tZ2Yae4W9rbPygflppGZprQkEgudTvGhnImaGiZ5bStNMVpzGkrHt1M89YT1YZJ8WDHikYpHgiWMIKtsx6r3VAZxqWoXdyfVXvlil/3Z0KrECygAgs1euWvbl+SLKXCEo6N6QS+slGOtWWE00mxmxmqMBnhAe04FDilJspnW0/QqXP6KJHaHWHRzP39IsepMeM0djdTbIdmOZua/2WdzCZXUc6EyiwVZD4oyTiyEk0rQH2mKbF87AATzdyuiAyxxsS6ooquhGD5y6vQPK8Hju98KMAxnEANAriEa7iFBoRAQMMLvMG79+y9eh/zuta8RW9H8Efe5w+WPJAL</latexit><latexit sha1_base64="Q9njuKSZspNe6UDt9IRSJn2f5gs=">AAAB6nicbZDNTgIxFIXv+IuIim7dNIIJbsiMLnRp4sYlRgdIYCSd0oGGTtu0HQ2Z8B5uXGiMD+TOt7H8LBQ8SZMv57S5tydWnBnr+9/e2vrG5tZ2Yae4W9rbPygflppGZprQkEgudTvGhnImaGiZ5bStNMVpzGkrHt1M89YT1YZJ8WDHikYpHgiWMIKtsx6r3VAZxqWoXdyfVXvlil/3Z0KrECygAgs1euWvbl+SLKXCEo6N6QS+slGOtWWE00mxmxmqMBnhAe04FDilJspnW0/QqXP6KJHaHWHRzP39IsepMeM0djdTbIdmOZua/2WdzCZXUc6EyiwVZD4oyTiyEk0rQH2mKbF87AATzdyuiAyxxsS6ooquhGD5y6vQPK8Hju98KMAxnEANAriEa7iFBoRAQMMLvMG79+y9eh/zuta8RW9H8Efe5w+WPJAL</latexit><latexit sha1_base64="j1N/e/h44qI2zdZaEKZ4GYlL64M=">AAAB9XicbZDNTgIxFIXv4B/iH+rSTSOY4IbM4EKXJG5cYnSABEbSKR1o6LSTtqMhhPdw40Jj3Pou7nwbC8xCwZM0+XLuvbm3J0w408Z1v53c2vrG5lZ+u7Czu7d/UDw8amqZKkJ9IrlU7RBrypmgvmGG03aiKI5DTlvh6HpWbz1SpZkU92ac0CDGA8EiRrCx1kO56yeacSkqF3fn5V6x5FbdudAqeBmUIFOjV/zq9iVJYyoM4VjrjucmJphgZRjhdFroppommIzwgHYsChxTHUzmV0/RmXX6KJLKPmHQ3P09McGx1uM4tJ0xNkO9XJuZ/9U6qYmuggkTSWqoIItFUcqRkWgWAeozRYnhYwuYKGZvRWSIFSbGBlWwIXjLX16FZq3qWb51S/VaFkceTuAUKuDBJdThBhrgAwEFz/AKb86T8+K8Ox+L1pyTzRzDHzmfP9NBkVc=</latexit><latexit sha1_base64="kC3s54rJMml7j/ACE5Bq7xnn9dA=">AAAB9XicbZDNTgIxFIXv4B/iH+rSTSOY4IbM4EKXJG5cYnSABEbSKR1o6LSTtqMhhPdw40Jj3Pou7nwbC8xCwZM0+XLuvbm3J0w408Z1v53c2vrG5lZ+u7Czu7d/UDw8amqZKkJ9IrlU7RBrypmgvmGG03aiKI5DTlvh6HpWbz1SpZkU92ac0CDGA8EiRrCx1kO56yeacSkqF3fn5V6x5FbdudAqeBmUIFOjV/zq9iVJYyoM4VjrjucmJphgZRjhdFroppommIzwgHYsChxTHUzmV0/RmXX6KJLKPmHQ3P09McGx1uM4tJ0xNkO9XJuZ/9U6qYmuggkTSWqoIItFUcqRkWgWAeozRYnhYwuYKGZvRWSIFSbGBlWwIXjLX16FZq3qWb6tleq1LI48nMApVMCDS6jDDTTABwIKnuEV3pwn58V5dz4WrTknmzmGP3I+fwDT4ZFZ</latexit><latexit sha1_base64="kC3s54rJMml7j/ACE5Bq7xnn9dA=">AAAB9XicbZDNTgIxFIXv4B/iH+rSTSOY4IbM4EKXJG5cYnSABEbSKR1o6LSTtqMhhPdw40Jj3Pou7nwbC8xCwZM0+XLuvbm3J0w408Z1v53c2vrG5lZ+u7Czu7d/UDw8amqZKkJ9IrlU7RBrypmgvmGG03aiKI5DTlvh6HpWbz1SpZkU92ac0CDGA8EiRrCx1kO56yeacSkqF3fn5V6x5FbdudAqeBmUIFOjV/zq9iVJYyoM4VjrjucmJphgZRjhdFroppommIzwgHYsChxTHUzmV0/RmXX6KJLKPmHQ3P09McGx1uM4tJ0xNkO9XJuZ/9U6qYmuggkTSWqoIItFUcqRkWgWAeozRYnhYwuYKGZvRWSIFSbGBlWwIXjLX16FZq3qWb6tleq1LI48nMApVMCDS6jDDTTABwIKnuEV3pwn58V5dz4WrTknmzmGP3I+fwDT4ZFZ</latexit><latexit sha1_base64="kC3s54rJMml7j/ACE5Bq7xnn9dA=">AAAB9XicbZDNTgIxFIXv4B/iH+rSTSOY4IbM4EKXJG5cYnSABEbSKR1o6LSTtqMhhPdw40Jj3Pou7nwbC8xCwZM0+XLuvbm3J0w408Z1v53c2vrG5lZ+u7Czu7d/UDw8amqZKkJ9IrlU7RBrypmgvmGG03aiKI5DTlvh6HpWbz1SpZkU92ac0CDGA8EiRrCx1kO56yeacSkqF3fn5V6x5FbdudAqeBmUIFOjV/zq9iVJYyoM4VjrjucmJphgZRjhdFroppommIzwgHYsChxTHUzmV0/RmXX6KJLKPmHQ3P09McGx1uM4tJ0xNkO9XJuZ/9U6qYmuggkTSWqoIItFUcqRkWgWAeozRYnhYwuYKGZvRWSIFSbGBlWwIXjLX16FZq3qWb6tleq1LI48nMApVMCDS6jDDTTABwIKnuEV3pwn58V5dz4WrTknmzmGP3I+fwDT4ZFZ</latexit><latexit sha1_base64="kC3s54rJMml7j/ACE5Bq7xnn9dA=">AAAB9XicbZDNTgIxFIXv4B/iH+rSTSOY4IbM4EKXJG5cYnSABEbSKR1o6LSTtqMhhPdw40Jj3Pou7nwbC8xCwZM0+XLuvbm3J0w408Z1v53c2vrG5lZ+u7Czu7d/UDw8amqZKkJ9IrlU7RBrypmgvmGG03aiKI5DTlvh6HpWbz1SpZkU92ac0CDGA8EiRrCx1kO56yeacSkqF3fn5V6x5FbdudAqeBmUIFOjV/zq9iVJYyoM4VjrjucmJphgZRjhdFroppommIzwgHYsChxTHUzmV0/RmXX6KJLKPmHQ3P09McGx1uM4tJ0xNkO9XJuZ/9U6qYmuggkTSWqoIItFUcqRkWgWAeozRYnhYwuYKGZvRWSIFSbGBlWwIXjLX16FZq3qWb6tleq1LI48nMApVMCDS6jDDTTABwIKnuEV3pwn58V5dz4WrTknmzmGP3I+fwDT4ZFZ</latexit><latexit sha1_base64="kC3s54rJMml7j/ACE5Bq7xnn9dA=">AAAB9XicbZDNTgIxFIXv4B/iH+rSTSOY4IbM4EKXJG5cYnSABEbSKR1o6LSTtqMhhPdw40Jj3Pou7nwbC8xCwZM0+XLuvbm3J0w408Z1v53c2vrG5lZ+u7Czu7d/UDw8amqZKkJ9IrlU7RBrypmgvmGG03aiKI5DTlvh6HpWbz1SpZkU92ac0CDGA8EiRrCx1kO56yeacSkqF3fn5V6x5FbdudAqeBmUIFOjV/zq9iVJYyoM4VjrjucmJphgZRjhdFroppommIzwgHYsChxTHUzmV0/RmXX6KJLKPmHQ3P09McGx1uM4tJ0xNkO9XJuZ/9U6qYmuggkTSWqoIItFUcqRkWgWAeozRYnhYwuYKGZvRWSIFSbGBlWwIXjLX16FZq3qWb6tleq1LI48nMApVMCDS6jDDTTABwIKnuEV3pwn58V5dz4WrTknmzmGP3I+fwDT4ZFZ</latexit><latexit sha1_base64="kC3s54rJMml7j/ACE5Bq7xnn9dA=">AAAB9XicbZDNTgIxFIXv4B/iH+rSTSOY4IbM4EKXJG5cYnSABEbSKR1o6LSTtqMhhPdw40Jj3Pou7nwbC8xCwZM0+XLuvbm3J0w408Z1v53c2vrG5lZ+u7Czu7d/UDw8amqZKkJ9IrlU7RBrypmgvmGG03aiKI5DTlvh6HpWbz1SpZkU92ac0CDGA8EiRrCx1kO56yeacSkqF3fn5V6x5FbdudAqeBmUIFOjV/zq9iVJYyoM4VjrjucmJphgZRjhdFroppommIzwgHYsChxTHUzmV0/RmXX6KJLKPmHQ3P09McGx1uM4tJ0xNkO9XJuZ/9U6qYmuggkTSWqoIItFUcqRkWgWAeozRYnhYwuYKGZvRWSIFSbGBlWwIXjLX16FZq3qWb6tleq1LI48nMApVMCDS6jDDTTABwIKnuEV3pwn58V5dz4WrTknmzmGP3I+fwDT4ZFZ</latexit>

r = 0.25 fm
<latexit sha1_base64="uLrlawgoo/FsgvamuUEtSndClF0=">AAAB8nicbZDLSgMxFIbP1Futt6pLN8FWcFVmBkQ3QsGNywr2AtOhZNJMG5pMhiQjlKGP4caFIm59Gne+jWk7C239IfDxn3PIOX+UcqaN6347pY3Nre2d8m5lb//g8Kh6fNLRMlOEtonkUvUirClnCW0bZjjtpYpiEXHajSZ383r3iSrNZPJopikNBR4lLGYEG2sFdXXrNvyrOorFoFpzG+5CaB28AmpQqDWofvWHkmSCJoZwrHXguakJc6wMI5zOKv1M0xSTCR7RwGKCBdVhvlh5hi6sM0SxVPYlBi3c3xM5FlpPRWQ7BTZjvVqbm//VgszEN2HOkjQzNCHLj+KMIyPR/H40ZIoSw6cWMFHM7orIGCtMjE2pYkPwVk9eh47f8Cw/+LWmX8RRhjM4h0vw4BqacA8taAMBCc/wCm+OcV6cd+dj2VpyiplT+CPn8we6So+F</latexit><latexit sha1_base64="uLrlawgoo/FsgvamuUEtSndClF0=">AAAB8nicbZDLSgMxFIbP1Futt6pLN8FWcFVmBkQ3QsGNywr2AtOhZNJMG5pMhiQjlKGP4caFIm59Gne+jWk7C239IfDxn3PIOX+UcqaN6347pY3Nre2d8m5lb//g8Kh6fNLRMlOEtonkUvUirClnCW0bZjjtpYpiEXHajSZ383r3iSrNZPJopikNBR4lLGYEG2sFdXXrNvyrOorFoFpzG+5CaB28AmpQqDWofvWHkmSCJoZwrHXguakJc6wMI5zOKv1M0xSTCR7RwGKCBdVhvlh5hi6sM0SxVPYlBi3c3xM5FlpPRWQ7BTZjvVqbm//VgszEN2HOkjQzNCHLj+KMIyPR/H40ZIoSw6cWMFHM7orIGCtMjE2pYkPwVk9eh47f8Cw/+LWmX8RRhjM4h0vw4BqacA8taAMBCc/wCm+OcV6cd+dj2VpyiplT+CPn8we6So+F</latexit><latexit sha1_base64="uLrlawgoo/FsgvamuUEtSndClF0=">AAAB8nicbZDLSgMxFIbP1Futt6pLN8FWcFVmBkQ3QsGNywr2AtOhZNJMG5pMhiQjlKGP4caFIm59Gne+jWk7C239IfDxn3PIOX+UcqaN6347pY3Nre2d8m5lb//g8Kh6fNLRMlOEtonkUvUirClnCW0bZjjtpYpiEXHajSZ383r3iSrNZPJopikNBR4lLGYEG2sFdXXrNvyrOorFoFpzG+5CaB28AmpQqDWofvWHkmSCJoZwrHXguakJc6wMI5zOKv1M0xSTCR7RwGKCBdVhvlh5hi6sM0SxVPYlBi3c3xM5FlpPRWQ7BTZjvVqbm//VgszEN2HOkjQzNCHLj+KMIyPR/H40ZIoSw6cWMFHM7orIGCtMjE2pYkPwVk9eh47f8Cw/+LWmX8RRhjM4h0vw4BqacA8taAMBCc/wCm+OcV6cd+dj2VpyiplT+CPn8we6So+F</latexit><latexit sha1_base64="uLrlawgoo/FsgvamuUEtSndClF0=">AAAB8nicbZDLSgMxFIbP1Futt6pLN8FWcFVmBkQ3QsGNywr2AtOhZNJMG5pMhiQjlKGP4caFIm59Gne+jWk7C239IfDxn3PIOX+UcqaN6347pY3Nre2d8m5lb//g8Kh6fNLRMlOEtonkUvUirClnCW0bZjjtpYpiEXHajSZ383r3iSrNZPJopikNBR4lLGYEG2sFdXXrNvyrOorFoFpzG+5CaB28AmpQqDWofvWHkmSCJoZwrHXguakJc6wMI5zOKv1M0xSTCR7RwGKCBdVhvlh5hi6sM0SxVPYlBi3c3xM5FlpPRWQ7BTZjvVqbm//VgszEN2HOkjQzNCHLj+KMIyPR/H40ZIoSw6cWMFHM7orIGCtMjE2pYkPwVk9eh47f8Cw/+LWmX8RRhjM4h0vw4BqacA8taAMBCc/wCm+OcV6cd+dj2VpyiplT+CPn8we6So+F</latexit>

r = 0.65 fm
<latexit sha1_base64="sE+5xLImaDbyrEKH+PuexhsetA0=">AAAB8nicbZDLSgMxFIbP1Futt6pLN8FWcFVmCl42QsGNywq2FqalZNJMG5rLkGSEMvQx3LhQxK1P4863MW1noa0/BD7+cw45548Szoz1/W+vsLa+sblV3C7t7O7tH5QPj9pGpZrQFlFc6U6EDeVM0pZlltNOoikWEaeP0fh2Vn98otowJR/sJKE9gYeSxYxg66ywqm/82uVFFcWiX674NX8utApBDhXI1eyXv7oDRVJBpSUcGxMGfmJ7GdaWEU6npW5qaILJGA9p6FBiQU0vm688RWfOGaBYafekRXP390SGhTETEblOge3ILNdm5n+1MLXxdS9jMkktlWTxUZxyZBWa3Y8GTFNi+cQBJpq5XREZYY2JdSmVXAjB8smr0K7XAsf39UqjnsdRhBM4hXMI4AoacAdNaAEBBc/wCm+e9V68d+9j0Vrw8plj+CPv8wfAbo+J</latexit><latexit sha1_base64="sE+5xLImaDbyrEKH+PuexhsetA0=">AAAB8nicbZDLSgMxFIbP1Futt6pLN8FWcFVmCl42QsGNywq2FqalZNJMG5rLkGSEMvQx3LhQxK1P4863MW1noa0/BD7+cw45548Szoz1/W+vsLa+sblV3C7t7O7tH5QPj9pGpZrQFlFc6U6EDeVM0pZlltNOoikWEaeP0fh2Vn98otowJR/sJKE9gYeSxYxg66ywqm/82uVFFcWiX674NX8utApBDhXI1eyXv7oDRVJBpSUcGxMGfmJ7GdaWEU6npW5qaILJGA9p6FBiQU0vm688RWfOGaBYafekRXP390SGhTETEblOge3ILNdm5n+1MLXxdS9jMkktlWTxUZxyZBWa3Y8GTFNi+cQBJpq5XREZYY2JdSmVXAjB8smr0K7XAsf39UqjnsdRhBM4hXMI4AoacAdNaAEBBc/wCm+e9V68d+9j0Vrw8plj+CPv8wfAbo+J</latexit><latexit sha1_base64="sE+5xLImaDbyrEKH+PuexhsetA0=">AAAB8nicbZDLSgMxFIbP1Futt6pLN8FWcFVmCl42QsGNywq2FqalZNJMG5rLkGSEMvQx3LhQxK1P4863MW1noa0/BD7+cw45548Szoz1/W+vsLa+sblV3C7t7O7tH5QPj9pGpZrQFlFc6U6EDeVM0pZlltNOoikWEaeP0fh2Vn98otowJR/sJKE9gYeSxYxg66ywqm/82uVFFcWiX674NX8utApBDhXI1eyXv7oDRVJBpSUcGxMGfmJ7GdaWEU6npW5qaILJGA9p6FBiQU0vm688RWfOGaBYafekRXP390SGhTETEblOge3ILNdm5n+1MLXxdS9jMkktlWTxUZxyZBWa3Y8GTFNi+cQBJpq5XREZYY2JdSmVXAjB8smr0K7XAsf39UqjnsdRhBM4hXMI4AoacAdNaAEBBc/wCm+e9V68d+9j0Vrw8plj+CPv8wfAbo+J</latexit><latexit sha1_base64="sE+5xLImaDbyrEKH+PuexhsetA0=">AAAB8nicbZDLSgMxFIbP1Futt6pLN8FWcFVmCl42QsGNywq2FqalZNJMG5rLkGSEMvQx3LhQxK1P4863MW1noa0/BD7+cw45548Szoz1/W+vsLa+sblV3C7t7O7tH5QPj9pGpZrQFlFc6U6EDeVM0pZlltNOoikWEaeP0fh2Vn98otowJR/sJKE9gYeSxYxg66ywqm/82uVFFcWiX674NX8utApBDhXI1eyXv7oDRVJBpSUcGxMGfmJ7GdaWEU6npW5qaILJGA9p6FBiQU0vm688RWfOGaBYafekRXP390SGhTETEblOge3ILNdm5n+1MLXxdS9jMkktlWTxUZxyZBWa3Y8GTFNi+cQBJpq5XREZYY2JdSmVXAjB8smr0K7XAsf39UqjnsdRhBM4hXMI4AoacAdNaAEBBc/wCm+e9V68d+9j0Vrw8plj+CPv8wfAbo+J</latexit>



Summary 

• The correlators of the Polyakov loop obtained on the lattice are consis-
tent with the picture of chromo-electric screening inferred from the weak
coupling calculations, and the non-perturbative corrections to the Debye
mass are not very large.

• Using a simple Ansatz for the spectral function we extracted the thermal
width of ⌥(1S), ⌥(2S), ⌥(3S), �b1(1P ) and �b2(2P ) states and found
that the value of the thermal width follows the hierarchy of the bottomium
sizes, as expected.

• No significant thermal modification of bottomonium masses have been
found in contrast with the expectations based on potential models with
screened potential.

• The lattice study of Bethe-Salpeter amplitudes confirms the potential
model description of bottomonium at T = 0, but does not support the
potential picture with screened potential at high temperatures.
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Point operators vs. extended operators 
aMe↵(t) = ln[C↵(t)/C↵(t+ 1)]
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• The e↵ective masses of point correlators
do not show a plateau for ⌧ < 1.2 fm and
have very small temperature dependence

• The small ⌧ behavior of the e↵ective masses
is well described by perturbation theory for
P-wave bottomonia

• The correlators of extended operators
approach a plateau for ⌧ < 1 fm.
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