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QCD thermodynamics at non-zero chemical potential 

Taylor expansion : 

hadronic

quark

Taylor expansion coefficients give the fluctuations and correlations of conserved
charges, e.g.  

information about carriers of the conserved charges ( hadrons or quarks )  

probes of deconfinement 
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Second order Taylor expansion coefficients and HRG 
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Virial ex. : �-N, �-N

HRG works up to temperatures ≃145-150 MeV

HISQ, mphys
⇡ , a = 1/(TN⌧ )
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Higher order Taylor expansion coefficients and HRG 

0

0.02

0.04

0.06

0.08

0.1

130 140 150 160 170

�4B

T [MeV]

cont. est.
N� = 6

8
12

QMHRG2020

-0.2
-0.15
-0.1
-0.05

0
0.05
0.1
0.15
0.2
0.25

130 140 150 160 170

�6B

T [MeV]

Spline : N� = 8
N� = 8

12
QMHRG2020

-3
-2.5
-2

-1.5
-1

-0.5
0

0.5
1

1.5

130 140 150 160 170

�8B

T [MeV]

Spline : N� = 8
N� = 8

QMHRG2020

For 4th order expansion coefficient HRG
may work only for T<140MeV

For 6th and 8th order expansion coefficients
turn negative around Tc HRG, only works
for T<135MeV

Possibly no singularity for real values
of baryon chemical potential.

HISQ, mphys
⇡ , a = 1/(TN⌧ )
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HRG with repulsive mean field
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D. Biswas, PP,  
S. Sharma, 
work in progress

Improved 
agreement
between lattice
and HRG.
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Pade approximation and radius of convergence
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For 135 MeV < T < 165 MeV only complex poles for |µB/T | > 2.5
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(1� c6,2)x̄2 + (1� 2c6,2 + c8,2) x̄4

(1� c6,2) + (c8,2 � c6,2)x̄2 + (c26,2 � c8,2)x̄4
.
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<latexit sha1_base64="087q8bSmW6NPAeoJp3pRzYRcEUM=">AAACDXicdZC7SgNBFIZnvcZ4i1raDEYhNskmRLQRgjaWK+QG2WWZnUySIbMXZ86KYckL2PgqNhaK2Nrb+TZOkg2o6A8DP985hzPn9yLBFZjmp7GwuLS8sppZy65vbG5t53Z2myqMJWUNGopQtj2imOABawAHwdqRZMT3BGt5w8tJvXXLpOJhUIdRxByf9APe45SARm7u0PaIxHfnBduP3YtS/dim3RCwrW4kJJZbLVluZezm8mbxxJwIm0VzblJSTkkepbLc3IfdDWnsswCoIEp1ymYETkIkcCrYOGvHikWEDkmfdbQNiM+Uk0yvGeMjTbq4F0r9AsBT+n0iIb5SI9/TnT6Bgfpdm8C/ap0YemdOwoMoBhbQ2aJeLDCEeBIN7nLJKIiRNoRKrv+K6YBIQkEHmNUhzC/F/5tmpVjW/rqar1XSODJoHx2gAiqjU1RDV8hCDUTRPXpEz+jFeDCejFfjbda6YKQze+iHjPcvROKaXQ==</latexit><latexit sha1_base64="087q8bSmW6NPAeoJp3pRzYRcEUM=">AAACDXicdZC7SgNBFIZnvcZ4i1raDEYhNskmRLQRgjaWK+QG2WWZnUySIbMXZ86KYckL2PgqNhaK2Nrb+TZOkg2o6A8DP985hzPn9yLBFZjmp7GwuLS8sppZy65vbG5t53Z2myqMJWUNGopQtj2imOABawAHwdqRZMT3BGt5w8tJvXXLpOJhUIdRxByf9APe45SARm7u0PaIxHfnBduP3YtS/dim3RCwrW4kJJZbLVluZezm8mbxxJwIm0VzblJSTkkepbLc3IfdDWnsswCoIEp1ymYETkIkcCrYOGvHikWEDkmfdbQNiM+Uk0yvGeMjTbq4F0r9AsBT+n0iIb5SI9/TnT6Bgfpdm8C/ap0YemdOwoMoBhbQ2aJeLDCEeBIN7nLJKIiRNoRKrv+K6YBIQkEHmNUhzC/F/5tmpVjW/rqar1XSODJoHx2gAiqjU1RDV8hCDUTRPXpEz+jFeDCejFfjbda6YKQze+iHjPcvROKaXQ==</latexit><latexit sha1_base64="087q8bSmW6NPAeoJp3pRzYRcEUM=">AAACDXicdZC7SgNBFIZnvcZ4i1raDEYhNskmRLQRgjaWK+QG2WWZnUySIbMXZ86KYckL2PgqNhaK2Nrb+TZOkg2o6A8DP985hzPn9yLBFZjmp7GwuLS8sppZy65vbG5t53Z2myqMJWUNGopQtj2imOABawAHwdqRZMT3BGt5w8tJvXXLpOJhUIdRxByf9APe45SARm7u0PaIxHfnBduP3YtS/dim3RCwrW4kJJZbLVluZezm8mbxxJwIm0VzblJSTkkepbLc3IfdDWnsswCoIEp1ymYETkIkcCrYOGvHikWEDkmfdbQNiM+Uk0yvGeMjTbq4F0r9AsBT+n0iIb5SI9/TnT6Bgfpdm8C/ap0YemdOwoMoBhbQ2aJeLDCEeBIN7nLJKIiRNoRKrv+K6YBIQkEHmNUhzC/F/5tmpVjW/rqar1XSODJoHx2gAiqjU1RDV8hCDUTRPXpEz+jFeDCejFfjbda6YKQze+iHjPcvROKaXQ==</latexit><latexit sha1_base64="087q8bSmW6NPAeoJp3pRzYRcEUM=">AAACDXicdZC7SgNBFIZnvcZ4i1raDEYhNskmRLQRgjaWK+QG2WWZnUySIbMXZ86KYckL2PgqNhaK2Nrb+TZOkg2o6A8DP985hzPn9yLBFZjmp7GwuLS8sppZy65vbG5t53Z2myqMJWUNGopQtj2imOABawAHwdqRZMT3BGt5w8tJvXXLpOJhUIdRxByf9APe45SARm7u0PaIxHfnBduP3YtS/dim3RCwrW4kJJZbLVluZezm8mbxxJwIm0VzblJSTkkepbLc3IfdDWnsswCoIEp1ymYETkIkcCrYOGvHikWEDkmfdbQNiM+Uk0yvGeMjTbq4F0r9AsBT+n0iIb5SI9/TnT6Bgfpdm8C/ap0YemdOwoMoBhbQ2aJeLDCEeBIN7nLJKIiRNoRKrv+K6YBIQkEHmNUhzC/F/5tmpVjW/rqar1XSODJoHx2gAiqjU1RDV8hCDUTRPXpEz+jFeDCejFfjbda6YKQze+iHjPcvROKaXQ==</latexit>
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Equation of State at non-zero baryon density
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<latexit sha1_base64="vyhuoU+Yj021Xfr1I0TpGQ2gl3s="></latexit><latexit sha1_base64="vyhuoU+Yj021Xfr1I0TpGQ2gl3s="></latexit><latexit sha1_base64="vyhuoU+Yj021Xfr1I0TpGQ2gl3s="></latexit><latexit sha1_base64="vyhuoU+Yj021Xfr1I0TpGQ2gl3s="></latexit>
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K1( ̄ ) =
T

V
h( ̄ )i

<latexit sha1_base64="xjgSZnLEwZ5pfviFvIe9XCpIFAk=">AAACMnicbVDNS8MwHE39nPOr6tFLcAjzMtoh6EUYeFG8TNgXrKWkWbqFpWlJUmGU/k1e/EsED3pQxKt/hGnXg27+IOHx3vuRvOfHjEplWa/Gyura+sZmZau6vbO7t28eHPZklAhMujhikRj4SBJGOekqqhgZxIKg0Gek70+vc73/QISkEe+oWUzcEI05DShGSlOeeeuESE18P73LPLvu+EhAJ5a0uM6unEAgnHaytJdBhyE+ZgQumqAjCsEza1bDKgYuA7sENVBO2zOfnVGEk5BwhRmScmhbsXJTJBTFjGRVJ5EkRniKxmSoIUchkW5aRM7gqWZGMIiEPlzBgv29kaJQylnoa2ceUC5qOfmfNkxUcOmmlMeJIhzPHwoSBlUE8/7giAqCFZtpgLCg+q8QT5CuSemWq7oEezHyMug1G7bG9+e1VrOsowKOwQmoAxtcgBa4AW3QBRg8ghfwDj6MJ+PN+DS+5tYVo9w5An/G+P4Bw76pyQ==</latexit><latexit sha1_base64="xjgSZnLEwZ5pfviFvIe9XCpIFAk=">AAACMnicbVDNS8MwHE39nPOr6tFLcAjzMtoh6EUYeFG8TNgXrKWkWbqFpWlJUmGU/k1e/EsED3pQxKt/hGnXg27+IOHx3vuRvOfHjEplWa/Gyura+sZmZau6vbO7t28eHPZklAhMujhikRj4SBJGOekqqhgZxIKg0Gek70+vc73/QISkEe+oWUzcEI05DShGSlOeeeuESE18P73LPLvu+EhAJ5a0uM6unEAgnHaytJdBhyE+ZgQumqAjCsEza1bDKgYuA7sENVBO2zOfnVGEk5BwhRmScmhbsXJTJBTFjGRVJ5EkRniKxmSoIUchkW5aRM7gqWZGMIiEPlzBgv29kaJQylnoa2ceUC5qOfmfNkxUcOmmlMeJIhzPHwoSBlUE8/7giAqCFZtpgLCg+q8QT5CuSemWq7oEezHyMug1G7bG9+e1VrOsowKOwQmoAxtcgBa4AW3QBRg8ghfwDj6MJ+PN+DS+5tYVo9w5An/G+P4Bw76pyQ==</latexit><latexit sha1_base64="xjgSZnLEwZ5pfviFvIe9XCpIFAk=">AAACMnicbVDNS8MwHE39nPOr6tFLcAjzMtoh6EUYeFG8TNgXrKWkWbqFpWlJUmGU/k1e/EsED3pQxKt/hGnXg27+IOHx3vuRvOfHjEplWa/Gyura+sZmZau6vbO7t28eHPZklAhMujhikRj4SBJGOekqqhgZxIKg0Gek70+vc73/QISkEe+oWUzcEI05DShGSlOeeeuESE18P73LPLvu+EhAJ5a0uM6unEAgnHaytJdBhyE+ZgQumqAjCsEza1bDKgYuA7sENVBO2zOfnVGEk5BwhRmScmhbsXJTJBTFjGRVJ5EkRniKxmSoIUchkW5aRM7gqWZGMIiEPlzBgv29kaJQylnoa2ceUC5qOfmfNkxUcOmmlMeJIhzPHwoSBlUE8/7giAqCFZtpgLCg+q8QT5CuSemWq7oEezHyMug1G7bG9+e1VrOsowKOwQmoAxtcgBa4AW3QBRg8ghfwDj6MJ+PN+DS+5tYVo9w5An/G+P4Bw76pyQ==</latexit><latexit sha1_base64="xjgSZnLEwZ5pfviFvIe9XCpIFAk=">AAACMnicbVDNS8MwHE39nPOr6tFLcAjzMtoh6EUYeFG8TNgXrKWkWbqFpWlJUmGU/k1e/EsED3pQxKt/hGnXg27+IOHx3vuRvOfHjEplWa/Gyura+sZmZau6vbO7t28eHPZklAhMujhikRj4SBJGOekqqhgZxIKg0Gek70+vc73/QISkEe+oWUzcEI05DShGSlOeeeuESE18P73LPLvu+EhAJ5a0uM6unEAgnHaytJdBhyE+ZgQumqAjCsEza1bDKgYuA7sENVBO2zOfnVGEk5BwhRmScmhbsXJTJBTFjGRVJ5EkRniKxmSoIUchkW5aRM7gqWZGMIiEPlzBgv29kaJQylnoa2ceUC5qOfmfNkxUcOmmlMeJIhzPHwoSBlUE8/7giAqCFZtpgLCg+q8QT5CuSemWq7oEezHyMug1G7bG9+e1VrOsowKOwQmoAxtcgBa4AW3QBRg8ghfwDj6MJ+PN+DS+5tYVo9w5An/G+P4Bw76pyQ==</latexit>

K2( ̄ ) =
T

V
h[( ̄ )� h ̄ i]2i

<latexit sha1_base64="t+nFJAG0hbhqbgptAb0z8dZgt0U=">AAACWHicbVFbS8MwGE3r5i7e5nz0JTiE+eBoh6AvwsAXwZcJu0FbS5qlW1ialiQVRumfFHzQv+KL2Q3c5gcJJ+ecjy85CRJGpbKsL8M8KBQPS+VK9ej45PSsdl4fyDgVmPRxzGIxCpAkjHLSV1QxMkoEQVHAyDCYPS304TsRksa8p+YJ8SI04TSkGClN+bXYjZCaBkH2kvvtphsgAd1E0uV28+iGAuGsl2eDHLoM8Qkj0Nl1VW 830rYAXbGioffW3hz8WsNqWcuC+8BegwZYV9evfbjjGKcR4QozJKVjW4nyMiQUxYzkVTeVJEF4hibE0ZCjiEgvWwaTw2vNjGEYC724gkv2b0eGIinnUaCdixjkrrYg/9OcVIUPXkZ5kirC8WpQmDKoYrhIGY6pIFixuQYIC6rvCvEU6TCV/ouqDsHeffI+GLRbtsavd41Oex1HGVyCK9AENrgHHfAMuqAPMPgEP0bBKBrfJjBLZmVlNY11zwXYKrP+C8dLshA=</latexit><latexit sha1_base64="t+nFJAG0hbhqbgptAb0z8dZgt0U=">AAACWHicbVFbS8MwGE3r5i7e5nz0JTiE+eBoh6AvwsAXwZcJu0FbS5qlW1ialiQVRumfFHzQv+KL2Q3c5gcJJ+ecjy85CRJGpbKsL8M8KBQPS+VK9ej45PSsdl4fyDgVmPRxzGIxCpAkjHLSV1QxMkoEQVHAyDCYPS304TsRksa8p+YJ8SI04TSkGClN+bXYjZCaBkH2kvvtphsgAd1E0uV28+iGAuGsl2eDHLoM8Qkj0Nl1VW 830rYAXbGioffW3hz8WsNqWcuC+8BegwZYV9evfbjjGKcR4QozJKVjW4nyMiQUxYzkVTeVJEF4hibE0ZCjiEgvWwaTw2vNjGEYC724gkv2b0eGIinnUaCdixjkrrYg/9OcVIUPXkZ5kirC8WpQmDKoYrhIGY6pIFixuQYIC6rvCvEU6TCV/ouqDsHeffI+GLRbtsavd41Oex1HGVyCK9AENrgHHfAMuqAPMPgEP0bBKBrfJjBLZmVlNY11zwXYKrP+C8dLshA=</latexit><latexit sha1_base64="t+nFJAG0hbhqbgptAb0z8dZgt0U=">AAACWHicbVFbS8MwGE3r5i7e5nz0JTiE+eBoh6AvwsAXwZcJu0FbS5qlW1ialiQVRumfFHzQv+KL2Q3c5gcJJ+ecjy85CRJGpbKsL8M8KBQPS+VK9ej45PSsdl4fyDgVmPRxzGIxCpAkjHLSV1QxMkoEQVHAyDCYPS304TsRksa8p+YJ8SI04TSkGClN+bXYjZCaBkH2kvvtphsgAd1E0uV28+iGAuGsl2eDHLoM8Qkj0Nl1VW 830rYAXbGioffW3hz8WsNqWcuC+8BegwZYV9evfbjjGKcR4QozJKVjW4nyMiQUxYzkVTeVJEF4hibE0ZCjiEgvWwaTw2vNjGEYC724gkv2b0eGIinnUaCdixjkrrYg/9OcVIUPXkZ5kirC8WpQmDKoYrhIGY6pIFixuQYIC6rvCvEU6TCV/ouqDsHeffI+GLRbtsavd41Oex1HGVyCK9AENrgHHfAMuqAPMPgEP0bBKBrfJjBLZmVlNY11zwXYKrP+C8dLshA=</latexit><latexit sha1_base64="t+nFJAG0hbhqbgptAb0z8dZgt0U=">AAACWHicbVFbS8MwGE3r5i7e5nz0JTiE+eBoh6AvwsAXwZcJu0FbS5qlW1ialiQVRumfFHzQv+KL2Q3c5gcJJ+ecjy85CRJGpbKsL8M8KBQPS+VK9ej45PSsdl4fyDgVmPRxzGIxCpAkjHLSV1QxMkoEQVHAyDCYPS304TsRksa8p+YJ8SI04TSkGClN+bXYjZCaBkH2kvvtphsgAd1E0uV28+iGAuGsl2eDHLoM8Qkj0Nl1VW 830rYAXbGioffW3hz8WsNqWcuC+8BegwZYV9evfbjjGKcR4QozJKVjW4nyMiQUxYzkVTeVJEF4hibE0ZCjiEgvWwaTw2vNjGEYC724gkv2b0eGIinnUaCdixjkrrYg/9OcVIUPXkZ5kirC8WpQmDKoYrhIGY6pIFixuQYIC6rvCvEU6TCV/ouqDsHeffI+GLRbtsavd41Oex1HGVyCK9AENrgHHfAMuqAPMPgEP0bBKBrfJjBLZmVlNY11zwXYKrP+C8dLshA=</latexit>

Chiral transition and spectrum of Dirac eigenvalues

K3( ̄ ) =
T

V
h[( ̄ )� h ̄ i]3i

<latexit sha1_base64="TWgyrWEP89ypM1+q7olreW0EU4M=">AAACWHicbVFbS8MwGE3r5i7e5nz0JTiE+eBoN0FfhIEvgi8TdoO1jjRLt7A0LUkqjNI/Kfigf8UX013AbX6QcHLO+fiSEy9iVCrL+jLMg1z+sFAslY+OT07PKufVvgxjgUkPhywUQw9JwignPUUVI8NIEBR4jAy8+VOmD96JkDTkXbWIiBugKac+xUhpalwJnQCpmeclL+m4VXc8JKATSbrcbh4dXyCcdNOkn0KHIT5lBI52Xe XbjbQtQEesaOi+tTaHcaVmNaxlwX1gr0ENrKszrnw4kxDHAeEKMyTlyLYi5SZIKIoZSctOLEmE8BxNyUhDjgIi3WQZTAqvNTOBfij04gou2b8dCQqkXASedmYxyF0tI//TRrHyH9yE8ihWhOPVID9mUIUwSxlOqCBYsYUGCAuq7wrxDOkwlf6Lsg7B3n3yPug3G7bGr3e1dnMdRxFcgitQBza4B23wDDqgBzD4BD9Gzsgb3yYwC2ZpZTWNdc8F2Cqz+gvKvrIS</latexit><latexit sha1_base64="TWgyrWEP89ypM1+q7olreW0EU4M=">AAACWHicbVFbS8MwGE3r5i7e5nz0JTiE+eBoN0FfhIEvgi8TdoO1jjRLt7A0LUkqjNI/Kfigf8UX013AbX6QcHLO+fiSEy9iVCrL+jLMg1z+sFAslY+OT07PKufVvgxjgUkPhywUQw9JwignPUUVI8NIEBR4jAy8+VOmD96JkDTkXbWIiBugKac+xUhpalwJnQCpmeclL+m4VXc8JKATSbrcbh4dXyCcdNOkn0KHIT5lBI52Xe XbjbQtQEesaOi+tTaHcaVmNaxlwX1gr0ENrKszrnw4kxDHAeEKMyTlyLYi5SZIKIoZSctOLEmE8BxNyUhDjgIi3WQZTAqvNTOBfij04gou2b8dCQqkXASedmYxyF0tI//TRrHyH9yE8ihWhOPVID9mUIUwSxlOqCBYsYUGCAuq7wrxDOkwlf6Lsg7B3n3yPug3G7bGr3e1dnMdRxFcgitQBza4B23wDDqgBzD4BD9Gzsgb3yYwC2ZpZTWNdc8F2Cqz+gvKvrIS</latexit><latexit sha1_base64="TWgyrWEP89ypM1+q7olreW0EU4M=">AAACWHicbVFbS8MwGE3r5i7e5nz0JTiE+eBoN0FfhIEvgi8TdoO1jjRLt7A0LUkqjNI/Kfigf8UX013AbX6QcHLO+fiSEy9iVCrL+jLMg1z+sFAslY+OT07PKufVvgxjgUkPhywUQw9JwignPUUVI8NIEBR4jAy8+VOmD96JkDTkXbWIiBugKac+xUhpalwJnQCpmeclL+m4VXc8JKATSbrcbh4dXyCcdNOkn0KHIT5lBI52Xe XbjbQtQEesaOi+tTaHcaVmNaxlwX1gr0ENrKszrnw4kxDHAeEKMyTlyLYi5SZIKIoZSctOLEmE8BxNyUhDjgIi3WQZTAqvNTOBfij04gou2b8dCQqkXASedmYxyF0tI//TRrHyH9yE8ihWhOPVID9mUIUwSxlOqCBYsYUGCAuq7wrxDOkwlf6Lsg7B3n3yPug3G7bGr3e1dnMdRxFcgitQBza4B23wDDqgBzD4BD9Gzsgb3yYwC2ZpZTWNdc8F2Cqz+gvKvrIS</latexit><latexit sha1_base64="TWgyrWEP89ypM1+q7olreW0EU4M=">AAACWHicbVFbS8MwGE3r5i7e5nz0JTiE+eBoN0FfhIEvgi8TdoO1jjRLt7A0LUkqjNI/Kfigf8UX013AbX6QcHLO+fiSEy9iVCrL+jLMg1z+sFAslY+OT07PKufVvgxjgUkPhywUQw9JwignPUUVI8NIEBR4jAy8+VOmD96JkDTkXbWIiBugKac+xUhpalwJnQCpmeclL+m4VXc8JKATSbrcbh4dXyCcdNOkn0KHIT5lBI52Xe XbjbQtQEesaOi+tTaHcaVmNaxlwX1gr0ENrKszrnw4kxDHAeEKMyTlyLYi5SZIKIoZSctOLEmE8BxNyUhDjgIi3WQZTAqvNTOBfij04gou2b8dCQqkXASedmYxyF0tI//TRrHyH9yE8ihWhOPVID9mUIUwSxlOqCBYsYUGCAuq7wrxDOkwlf6Lsg7B3n3yPug3G7bGr3e1dnMdRxFcgitQBza4B23wDDqgBzD4BD9Gzsgb3yYwC2ZpZTWNdc8F2Cqz+gvKvrIS</latexit>

 ̄ (m) ⌘ 2Tr( /D[U ] +m)�1 = 2
X

j

(i�j +m)�1

<latexit sha1_base64="ItWGZmS+vvU2M64cNiBb5LM16O0="></latexit><latexit sha1_base64="ItWGZmS+vvU2M64cNiBb5LM16O0="></latexit><latexit sha1_base64="ItWGZmS+vvU2M64cNiBb5LM16O0="></latexit><latexit sha1_base64="ItWGZmS+vvU2M64cNiBb5LM16O0="></latexit>

Macroscopic Microscopic

=

Z 1

0
K1[PU (�;ml)] d� =

T

V

Z 1

0
d�

4ml h⇢U (�)i
�2 +m2

l

=

=

Z 1

0
P1(�)d�

<latexit sha1_base64="CON1QM9khIKsF5MAt6B8vdbUVVM="></latexit><latexit sha1_base64="CON1QM9khIKsF5MAt6B8vdbUVVM="></latexit><latexit sha1_base64="CON1QM9khIKsF5MAt6B8vdbUVVM="></latexit><latexit sha1_base64="CON1QM9khIKsF5MAt6B8vdbUVVM="></latexit>

=

Z 1

0
P3(�)d�

<latexit sha1_base64="1grOvjcaClWWOz5octrfFpyD3Es="></latexit><latexit sha1_base64="1grOvjcaClWWOz5octrfFpyD3Es="></latexit><latexit sha1_base64="1grOvjcaClWWOz5octrfFpyD3Es="></latexit><latexit sha1_base64="1grOvjcaClWWOz5octrfFpyD3Es="></latexit>

=

Z 1

0
K1[PU (�1;ml), PU (�2;ml)] d�1d�2

=
T

V

Z 1

0
d�1d�2

(4ml)2

(�2
1 +m2

l )(�
2
2 +m2

l )
⇥

[h⇢U (�1)⇢U (�2)i � h⇢U (�1)i h⇢U (�2)i] =
Z 1

0
P2(�)d�

<latexit sha1_base64="FrG1A+6wjM2nV8pMXywO6vhzpq4="></latexit><latexit sha1_base64="FrG1A+6wjM2nV8pMXywO6vhzpq4="></latexit><latexit sha1_base64="FrG1A+6wjM2nV8pMXywO6vhzpq4="></latexit><latexit sha1_base64="FrG1A+6wjM2nV8pMXywO6vhzpq4="></latexit>

PU (�;m) =
4m⇢U (�)

�2 +m2
, and ⇢U (�) =

X

j

�(�� �j)

<latexit sha1_base64="aKg7gB5yTRV4qUkECmT5ViXlb8o="></latexit><latexit sha1_base64="aKg7gB5yTRV4qUkECmT5ViXlb8o="></latexit><latexit sha1_base64="aKg7gB5yTRV4qUkECmT5ViXlb8o="></latexit><latexit sha1_base64="aKg7gB5yTRV4qUkECmT5ViXlb8o="></latexit>

Chiral susceptibility

Binder cumulant
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Approaching the chiral limit

ml ! 0: m
�2+m2 ! ⇡�(�)

<latexit sha1_base64="hBAvcKYKeaahdgDdiDLKP/weFyE="></latexit><latexit sha1_base64="hBAvcKYKeaahdgDdiDLKP/weFyE="></latexit><latexit sha1_base64="hBAvcKYKeaahdgDdiDLKP/weFyE="></latexit><latexit sha1_base64="hBAvcKYKeaahdgDdiDLKP/weFyE="></latexit>

Banks-Casher relation

lim
ml!0

Kn( ̄ ) = lim
ml!0

= (2⇡)nKn[⇢U (0)]
<latexit sha1_base64="+WZegbU8sDHxZK8NjZbfi+Y8bRE="></latexit><latexit sha1_base64="+WZegbU8sDHxZK8NjZbfi+Y8bRE="></latexit><latexit sha1_base64="+WZegbU8sDHxZK8NjZbfi+Y8bRE="></latexit><latexit sha1_base64="+WZegbU8sDHxZK8NjZbfi+Y8bRE="></latexit>
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Universal O(N) scaling of the cumulants of the chiral condensate:  

O(N) scaling function

Conjecture: Pn(�) = m1/��n+1
l fn(z)gn(�)
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non-universal scaling function
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T

V
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Chiral observables and spectrum of Dirac eigenvalues

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

0 2 4 6 8 10

P̂1 m⇡ [MeV]

T [MeV]

140 110 80 55

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

0 2 4 6 8 10

P̂1 m⇡ [MeV]

T [MeV]

140 110 80 55

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

0 2 4 6 8 10

P̂1 m⇡ [MeV]

T [MeV]

140 110 80 55

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

0 2 4 6 8 10

P̂1 m⇡ [MeV]

T [MeV]

140 110 80 55

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

0 2 4 6 8 10

P̂1 m⇡ [MeV]

T [MeV]

140 110 80 55

�̂

140
143
145

�̂

140
143
145

�̂

137
140
143
145

�̂

135
140
145

�̂

0

10

20

30

40

50

60

70

80

90

0 1 2 3 4 5

P̂2 m⇡ [MeV]

T [MeV]

140 110 80 55

0

10

20

30

40

50

60

70

80

90

0 1 2 3 4 5

P̂2 m⇡ [MeV]

T [MeV]

140 110 80 55

0

10

20

30

40

50

60

70

80

90

0 1 2 3 4 5

P̂2 m⇡ [MeV]

T [MeV]

140 110 80 55

0

10

20

30

40

50

60

70

80

90

0 1 2 3 4 5

P̂2 m⇡ [MeV]

T [MeV]

140 110 80 55

0

10

20

30

40

50

60

70

80

90

0 1 2 3 4 5

P̂2 m⇡ [MeV]

T [MeV]

140 110 80 55

�̂

140
143
145

�̂

140
143
145

�̂

137
140
143
145

�̂

135
140
145

�̂

�4000

�3200

�2400

�1600

�800

0

800

0 1 2 3 4 5

P̂3

m⇡ [MeV]

T [MeV]

140 110 80 55

�4000

�3200

�2400

�1600

�800

0

800

0 1 2 3 4 5

P̂3

m⇡ [MeV]

T [MeV]

140 110 80 55

�4000

�3200

�2400

�1600

�800

0

800

0 1 2 3 4 5

P̂3

m⇡ [MeV]

T [MeV]

140 110 80 55

�4000

�3200

�2400

�1600

�800

0

800

0 1 2 3 4 5

P̂3

m⇡ [MeV]

T [MeV]

140 110 80 55

�4000

�3200

�2400

�1600

�800

0

800

0 1 2 3 4 5

P̂3

m⇡ [MeV]

T [MeV]

140 110 80 55

�̂

140
143
145

�̂

140
143
145

�̂

137
143
140
145

�̂

135
140
145

�̂

Strong quark mass and temperature
dependence

HISQ, mphys
⇡ , N⌧ = 8, N� = 32� 56

ml/ms = 1/27, 1/40, 1/80, 1/160
m⇡ = 140, 110, 80, 55 MeV

T = 135� 176 MeV
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Scaling works for T<Tc ≃ 144 MeV !

Dirac eigenvalues (energy levels
of quarks) know about universality
class of the QCD chiral transition



Heavy quark diffusion and lattice QCD   

GB(⌧) = �1

3

3X

i=1

D
ReTr

h
U(�, ⌧) gBi(⌧,~0)U(⌧, 0) gBi(0,~0)

iE

D
ReTr[U(�, 0)]

E
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Can be rigorously derived in Heavy Quark Effective Theory

Obtain the momentum  heavy quark transport coefficient through the force correlator



Extracting momentum diffusion coefficient from the lattice
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ΩNLO

step

⇢low(!) =
!

2T

⇢high(!) =
g2(µ)!3

6⇡
<latexit sha1_base64="8EGpEnql6art/LZrvPA+XUgZ3lk="></latexit><latexit sha1_base64="2j47aipiVMELGHir0cri/SG1Sw4="></latexit><latexit sha1_base64="2j47aipiVMELGHir0cri/SG1Sw4="></latexit><latexit sha1_base64="zHUTBx4wvX0mpuQEPeOvtWqQiVc="></latexit>

Challenge 1: obtain precise results for chromo-electric  and chromo-magnetic  (very noisy) 
Þ Noise reduction via multi-level algorithm, applicable to quenched QCD (pure glue plasma)
Þ Noise reduction by gradient flow method (new development !) , also applicable in full 

QCD

Challenge 2: reconstruct the spectral function  from the Euclidean time lattice correlator  

Þ use known  large
and small energy  behavior of 
the spectral 

Parameterize ⇢(!, T ) as smooth
interpolation between ⇢low(!, T )
and ⇢high(!), and treat  as well
as the additional nuisance parameters
of interpolation as fit parameters

<latexit sha1_base64="5EVPGHCX7NgFaluf7m2TP18VN6M="></latexit><latexit sha1_base64="5EVPGHCX7NgFaluf7m2TP18VN6M="></latexit><latexit sha1_base64="5EVPGHCX7NgFaluf7m2TP18VN6M="></latexit><latexit sha1_base64="5EVPGHCX7NgFaluf7m2TP18VN6M="></latexit>
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Extracting momentum diffusion coefficient from the lattice

We see small cutoff effects thanks improved actions

@⌧FBµ(⌧F , x) = �g20
�SYM[B]

�Bµ(⌧F , x)
<latexit sha1_base64="BZ0FsjNeCtNgtX/SPevC3H+zK0M="></latexit><latexit sha1_base64="BZ0FsjNeCtNgtX/SPevC3H+zK0M="></latexit><latexit sha1_base64="BZ0FsjNeCtNgtX/SPevC3H+zK0M="></latexit><latexit sha1_base64="BZ0FsjNeCtNgtX/SPevC3H+zK0M="></latexit>

Gauge fields are smeared in the radius
p
8⌧F

<latexit sha1_base64="qWc3ktcVMeK1HcMUD1R969b/t7M="></latexit><latexit sha1_base64="qWc3ktcVMeK1HcMUD1R969b/t7M="></latexit><latexit sha1_base64="qWc3ktcVMeK1HcMUD1R969b/t7M="></latexit><latexit sha1_base64="qWc3ktcVMeK1HcMUD1R969b/t7M="></latexit>

a <
p
8⌧F < ⌧/3

<latexit sha1_base64="5Qggyl7AfdbYDzvo0CVDE+Njud0=">AAACBXicbZDLSsNAFIYnXmu9RV12M1gEVzWpgl10URDEZQV7gSaEyXTSDp1cnDkRSujClY/iSlAQtz6EK9/GaZuFtv4w8PGfczhzfj8RXIFlfRsrq2vrG5uFreL2zu7evnlw2FZxKilr0VjEsusTxQSPWAs4CNZNJCOhL1jHH11N650HJhWPozsYJ8wNySDiAacEtOWZJVLHjrqXkNWwAyT1rie4PqOzc88sWxVrJrwMdg5llKvpmV9OP6ZpyCKggijVs60E3IxI4FSwSdFJFUsIHZEB62mMSMiUm82OmOAT7fRxEEv9IsAz9/dERkKlxqGvO0MCQ7VYm5r/1XopBDU341GSAovofFGQCgwxniaC+1wyCmKsgVDJ9V8xHRJJKOjc7JpOwV68eRna1Yqt+fai3KjmeRRQCR2jU2SjS9RAN6iJWoiiR/SMXtGb8WS8GO/Gx7x1xchnjtAfGZ8/PRyXEA==</latexit><latexit sha1_base64="5Qggyl7AfdbYDzvo0CVDE+Njud0=">AAACBXicbZDLSsNAFIYnXmu9RV12M1gEVzWpgl10URDEZQV7gSaEyXTSDp1cnDkRSujClY/iSlAQtz6EK9/GaZuFtv4w8PGfczhzfj8RXIFlfRsrq2vrG5uFreL2zu7evnlw2FZxKilr0VjEsusTxQSPWAs4CNZNJCOhL1jHH11N650HJhWPozsYJ8wNySDiAacEtOWZJVLHjrqXkNWwAyT1rie4PqOzc88sWxVrJrwMdg5llKvpmV9OP6ZpyCKggijVs60E3IxI4FSwSdFJFUsIHZEB62mMSMiUm82OmOAT7fRxEEv9IsAz9/dERkKlxqGvO0MCQ7VYm5r/1XopBDU341GSAovofFGQCgwxniaC+1wyCmKsgVDJ9V8xHRJJKOjc7JpOwV68eRna1Yqt+fai3KjmeRRQCR2jU2SjS9RAN6iJWoiiR/SMXtGb8WS8GO/Gx7x1xchnjtAfGZ8/PRyXEA==</latexit><latexit sha1_base64="5Qggyl7AfdbYDzvo0CVDE+Njud0=">AAACBXicbZDLSsNAFIYnXmu9RV12M1gEVzWpgl10URDEZQV7gSaEyXTSDp1cnDkRSujClY/iSlAQtz6EK9/GaZuFtv4w8PGfczhzfj8RXIFlfRsrq2vrG5uFreL2zu7evnlw2FZxKilr0VjEsusTxQSPWAs4CNZNJCOhL1jHH11N650HJhWPozsYJ8wNySDiAacEtOWZJVLHjrqXkNWwAyT1rie4PqOzc88sWxVrJrwMdg5llKvpmV9OP6ZpyCKggijVs60E3IxI4FSwSdFJFUsIHZEB62mMSMiUm82OmOAT7fRxEEv9IsAz9/dERkKlxqGvO0MCQ7VYm5r/1XopBDU341GSAovofFGQCgwxniaC+1wyCmKsgVDJ9V8xHRJJKOjc7JpOwV68eRna1Yqt+fai3KjmeRRQCR2jU2SjS9RAN6iJWoiiR/SMXtGb8WS8GO/Gx7x1xchnjtAfGZ8/PRyXEA==</latexit><latexit sha1_base64="5Qggyl7AfdbYDzvo0CVDE+Njud0=">AAACBXicbZDLSsNAFIYnXmu9RV12M1gEVzWpgl10URDEZQV7gSaEyXTSDp1cnDkRSujClY/iSlAQtz6EK9/GaZuFtv4w8PGfczhzfj8RXIFlfRsrq2vrG5uFreL2zu7evnlw2FZxKilr0VjEsusTxQSPWAs4CNZNJCOhL1jHH11N650HJhWPozsYJ8wNySDiAacEtOWZJVLHjrqXkNWwAyT1rie4PqOzc88sWxVrJrwMdg5llKvpmV9OP6ZpyCKggijVs60E3IxI4FSwSdFJFUsIHZEB62mMSMiUm82OmOAT7fRxEEv9IsAz9/dERkKlxqGvO0MCQ7VYm5r/1XopBDU341GSAovofFGQCgwxniaC+1wyCmKsgVDJ9V8xHRJJKOjc7JpOwV68eRna1Yqt+fai3KjmeRRQCR2jU2SjS9RAN6iJWoiiR/SMXtGb8WS8GO/Gx7x1xchnjtAfGZ8/PRyXEA==</latexit>

Symanzik gauge action and 
Zeuthen flow

2+1 flavor QCD with ml = ms/5 (m⇡ = 320 MeV), T = 195 � 354 MeV,
963 ⇥ N⌧ lattices with N⌧ = 36, 32, 28, 24, 20; additional 643 ⇥ N⌧ lattices
with N⌧ = 20, 22, 24 ) 3 lattice spacings at each T ; Gradient flow for noise
reduction

<latexit sha1_base64="RZFZuwO/WbKIgkK8Yfm0J9Qjmeo="> +vraqtlrjUPjN/K+vYTXGHumQ==</latexit><latexit sha1_base64="RZFZuwO/WbKIgkK8Yfm0J9Qjmeo="> +vraqtlrjUPjN/K+vYTXGHumQ==</latexit><latexit sha1_base64="RZFZuwO/WbKIgkK8Yfm0J9Qjmeo="> +vraqtlrjUPjN/K+vYTXGHumQ==</latexit><latexit sha1_base64="RZFZuwO/WbKIgkK8Yfm0J9Qjmeo="> +vraqtlrjUPjN/K+vYTXGHumQ==</latexit>

Aµ(x) ! Bµ(⌧F , x)

Bµ(0, x) = Aµ(x)
<latexit sha1_base64="pa0h++B8RqDZQn0iuWFzj3/DRFk=">AAACK3icbVDLSgMxFM34rPVVdekmWIQWpMwUQTdCrSAuK9gHdMqQSdM2NPMguaMtQ//Hjb/iQhc+cOt/mLYjauuBwMk595Dc44aCKzDNN2NhcWl5ZTW1ll7f2Nzazuzs1lQQScqqNBCBbLhEMcF9VgUOgjVCyYjnClZ3+xdjv37LpOKBfwPDkLU80vV5h1MCWnIy5XMntr1olBvksS15twdEyuAOlxPZBhI5l0eDvG2nvzVTX89+ck4maxbMCfA8sRKSRQkqTubJbgc08pgPVBClmpYZQismEjgVbJS2I8VCQvuky5qa+sRjqhVPdh3hQ620cSeQ+viAJ+rvREw8pYaeqyc9Aj01643F/7xmBJ3TVsz9MALm0+lDnUhgCPC4ONzmklEQQ00IlVz/FdMekYSCrjetS7BmV54ntWLB0vz6OFsqJnWk0D46QDlkoRNUQleogqqIonv0iF7Qq/FgPBvvxsd0dMFIMnvoD4zPL0zVpmQ=</latexit><latexit sha1_base64="pa0h++B8RqDZQn0iuWFzj3/DRFk=">AAACK3icbVDLSgMxFM34rPVVdekmWIQWpMwUQTdCrSAuK9gHdMqQSdM2NPMguaMtQ//Hjb/iQhc+cOt/mLYjauuBwMk595Dc44aCKzDNN2NhcWl5ZTW1ll7f2Nzazuzs1lQQScqqNBCBbLhEMcF9VgUOgjVCyYjnClZ3+xdjv37LpOKBfwPDkLU80vV5h1MCWnIy5XMntr1olBvksS15twdEyuAOlxPZBhI5l0eDvG2nvzVTX89+ck4maxbMCfA8sRKSRQkqTubJbgc08pgPVBClmpYZQismEjgVbJS2I8VCQvuky5qa+sRjqhVPdh3hQ620cSeQ+viAJ+rvREw8pYaeqyc9Aj01643F/7xmBJ3TVsz9MALm0+lDnUhgCPC4ONzmklEQQ00IlVz/FdMekYSCrjetS7BmV54ntWLB0vz6OFsqJnWk0D46QDlkoRNUQleogqqIonv0iF7Qq/FgPBvvxsd0dMFIMnvoD4zPL0zVpmQ=</latexit><latexit sha1_base64="pa0h++B8RqDZQn0iuWFzj3/DRFk=">AAACK3icbVDLSgMxFM34rPVVdekmWIQWpMwUQTdCrSAuK9gHdMqQSdM2NPMguaMtQ//Hjb/iQhc+cOt/mLYjauuBwMk595Dc44aCKzDNN2NhcWl5ZTW1ll7f2Nzazuzs1lQQScqqNBCBbLhEMcF9VgUOgjVCyYjnClZ3+xdjv37LpOKBfwPDkLU80vV5h1MCWnIy5XMntr1olBvksS15twdEyuAOlxPZBhI5l0eDvG2nvzVTX89+ck4maxbMCfA8sRKSRQkqTubJbgc08pgPVBClmpYZQismEjgVbJS2I8VCQvuky5qa+sRjqhVPdh3hQ620cSeQ+viAJ+rvREw8pYaeqyc9Aj01643F/7xmBJ3TVsz9MALm0+lDnUhgCPC4ONzmklEQQ00IlVz/FdMekYSCrjetS7BmV54ntWLB0vz6OFsqJnWk0D46QDlkoRNUQleogqqIonv0iF7Qq/FgPBvvxsd0dMFIMnvoD4zPL0zVpmQ=</latexit><latexit sha1_base64="pa0h++B8RqDZQn0iuWFzj3/DRFk=">AAACK3icbVDLSgMxFM34rPVVdekmWIQWpMwUQTdCrSAuK9gHdMqQSdM2NPMguaMtQ//Hjb/iQhc+cOt/mLYjauuBwMk595Dc44aCKzDNN2NhcWl5ZTW1ll7f2Nzazuzs1lQQScqqNBCBbLhEMcF9VgUOgjVCyYjnClZ3+xdjv37LpOKBfwPDkLU80vV5h1MCWnIy5XMntr1olBvksS15twdEyuAOlxPZBhI5l0eDvG2nvzVTX89+ck4maxbMCfA8sRKSRQkqTubJbgc08pgPVBClmpYZQismEjgVbJS2I8VCQvuky5qa+sRjqhVPdh3hQ620cSeQ+viAJ+rvREw8pYaeqyc9Aj01643F/7xmBJ3TVsz9MALm0+lDnUhgCPC4ONzmklEQQ00IlVz/FdMekYSCrjetS7BmV54ntWLB0vz6OFsqJnWk0D46QDlkoRNUQleogqqIonv0iF7Qq/FgPBvvxsd0dMFIMnvoD4zPL0zVpmQ=</latexit>
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Analysis and modeling the chromo-electric correlator

⇢max(!, T ) = max(⇢low(!, T ), ⇢high(!))
<latexit sha1_base64="mmoxjOgorYvQV3tQFNpIn/dq+sM=">AAACK3icbZDLSgMxFIYz9VbrrerSzWARWihlpgi6EYpuXFboDTq1ZNLMTGgyGZKMWoa+jxtfxYUuvODW9zBtR6itBwJ/vv8ckvO7ESVSWdaHkVlZXVvfyG7mtrZ3dvfy+wctyWOBcBNxykXHhRJTEuKmIoriTiQwZC7FbXd4NfHbd1hIwsOGGkW4x6AfEo8gqDTq5y8dEfDbhMGHcdHhDPuw3Chd6GtxZlB+P2eUZzAgfvBLS6 V+vmBVrGmZy8JORQGkVe/nX5wBRzHDoUIUStm1rUj1EigUQRSPc04scQTREPq4q2UIGZa9ZLrr2DzRZGB6XOgTKnNK5ycSyKQcMVd3MqgCuehN4H9eN1beeS8hYRQrHKLZQ15MTcXNSXDmgAiMFB1pAZEg+q8mCqCASOl4czoEe3HlZdGqVmytb04LtWoaRxYcgWNQBDY4AzVwDeqgCRB4BM/gDbwbT8ar8Wl8zVozRjpzCP6U8f0DEfWneg==</latexit><latexit sha1_base64="mmoxjOgorYvQV3tQFNpIn/dq+sM=">AAACK3icbZDLSgMxFIYz9VbrrerSzWARWihlpgi6EYpuXFboDTq1ZNLMTGgyGZKMWoa+jxtfxYUuvODW9zBtR6itBwJ/vv8ckvO7ESVSWdaHkVlZXVvfyG7mtrZ3dvfy+wctyWOBcBNxykXHhRJTEuKmIoriTiQwZC7FbXd4NfHbd1hIwsOGGkW4x6AfEo8gqDTq5y8dEfDbhMGHcdHhDPuw3Chd6GtxZlB+P2eUZzAgfvBLS6 V+vmBVrGmZy8JORQGkVe/nX5wBRzHDoUIUStm1rUj1EigUQRSPc04scQTREPq4q2UIGZa9ZLrr2DzRZGB6XOgTKnNK5ycSyKQcMVd3MqgCuehN4H9eN1beeS8hYRQrHKLZQ15MTcXNSXDmgAiMFB1pAZEg+q8mCqCASOl4czoEe3HlZdGqVmytb04LtWoaRxYcgWNQBDY4AzVwDeqgCRB4BM/gDbwbT8ar8Wl8zVozRjpzCP6U8f0DEfWneg==</latexit><latexit sha1_base64="mmoxjOgorYvQV3tQFNpIn/dq+sM=">AAACK3icbZDLSgMxFIYz9VbrrerSzWARWihlpgi6EYpuXFboDTq1ZNLMTGgyGZKMWoa+jxtfxYUuvODW9zBtR6itBwJ/vv8ckvO7ESVSWdaHkVlZXVvfyG7mtrZ3dvfy+wctyWOBcBNxykXHhRJTEuKmIoriTiQwZC7FbXd4NfHbd1hIwsOGGkW4x6AfEo8gqDTq5y8dEfDbhMGHcdHhDPuw3Chd6GtxZlB+P2eUZzAgfvBLS6 V+vmBVrGmZy8JORQGkVe/nX5wBRzHDoUIUStm1rUj1EigUQRSPc04scQTREPq4q2UIGZa9ZLrr2DzRZGB6XOgTKnNK5ycSyKQcMVd3MqgCuehN4H9eN1beeS8hYRQrHKLZQ15MTcXNSXDmgAiMFB1pAZEg+q8mCqCASOl4czoEe3HlZdGqVmytb04LtWoaRxYcgWNQBDY4AzVwDeqgCRB4BM/gDbwbT8ar8Wl8zVozRjpzCP6U8f0DEfWneg==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9Liw UXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="7fpzGhgxnf3IRN6WBxsvUsZu/tk=">AAACIHicbZDLSgMxGIX/qbdaq1a3bgaL0EIpM250I4huXFboDTq1ZNJMJzSZDElGLUPfx42v4kIXXvBhTC9CbT0QOPlOQvIfP2ZUacf5tDJr6xubW9nt3E5+d2+/cJBvKpFITBpYMCHbPlKE0Yg0NNWMtGNJEPcZafnD60neuidSURHV9SgmXY4GEQ0oRtqgXuHKk6G4Szl6HJc8wckAVerlC7MtzQImHhaCygyGdBD+0nK5Vy g6VWcqe9W4c1OEuWq9wqvXFzjhJNKYIaU6rhPrboqkppiRcc5LFIkRHqIB6RgbIU5UN53OOrZPDOnbgZBmRdqe0sUbKeJKjbhvTnKkQ7WcTeB/WSfRwXk3pVGcaBLh2UNBwmwt7Elxdp9KgjUbGYOwpOavNg6RRFibenOmBHd55FXTPK26xt86kIUjOIYSuHAGl3ADNWgAhid4gXf4sJ6tN+trVlfGmvd2CH9kff8A6fGl9A==</latexit><latexit sha1_base64="7fpzGhgxnf3IRN6WBxsvUsZu/tk=">AAACIHicbZDLSgMxGIX/qbdaq1a3bgaL0EIpM250I4huXFboDTq1ZNJMJzSZDElGLUPfx42v4kIXXvBhTC9CbT0QOPlOQvIfP2ZUacf5tDJr6xubW9nt3E5+d2+/cJBvKpFITBpYMCHbPlKE0Yg0NNWMtGNJEPcZafnD60neuidSURHV9SgmXY4GEQ0oRtqgXuHKk6G4Szl6HJc8wckAVerlC7MtzQImHhaCygyGdBD+0nK5Vy g6VWcqe9W4c1OEuWq9wqvXFzjhJNKYIaU6rhPrboqkppiRcc5LFIkRHqIB6RgbIU5UN53OOrZPDOnbgZBmRdqe0sUbKeJKjbhvTnKkQ7WcTeB/WSfRwXk3pVGcaBLh2UNBwmwt7Elxdp9KgjUbGYOwpOavNg6RRFibenOmBHd55FXTPK26xt86kIUjOIYSuHAGl3ADNWgAhid4gXf4sJ6tN+trVlfGmvd2CH9kff8A6fGl9A==</latexit><latexit sha1_base64="g+h9NUSZzGtn7ju1puB15tLLYEM=">AAACK3icbZDLSgMxFIYzXmu9VV26GSxCC6XMdKMboejGZYXeoB1LJk07obkMSUYtQ9/Hja/iQhdecOt7mHZGqK0HAn++/xyS8/shJUo7zoe1srq2vrGZ2cpu7+zu7ecODptKRBLhBhJUyLYPFaaE44YmmuJ2KDFkPsUtf3Q19Vt3WCoieF2PQ+wxOORkQBDUBvVyl10ZiNuYwYdJoSsYHsJSvXhhroXEoOJ+ziglMCDD4JcWi7 1c3ik7s7KXhZuKPEir1su9dPsCRQxzjShUquM6ofZiKDVBFE+y3UjhEKIRHOKOkRwyrLx4tuvEPjWkbw+ENIdre0bnJ2LIlBoz33QyqAO16E3hf14n0oNzLyY8jDTmKHloEFFbC3sanN0nEiNNx0ZAJIn5q40CKCHSJt6sCcFdXHlZNCtl1+gbJ1+tpHFkwDE4AQXggjNQBdegBhoAgUfwDN7Au/VkvVqf1lfSumKlM0fgT1nfPxC1p3Y=</latexit><latexit sha1_base64="mmoxjOgorYvQV3tQFNpIn/dq+sM=">AAACK3icbZDLSgMxFIYz9VbrrerSzWARWihlpgi6EYpuXFboDTq1ZNLMTGgyGZKMWoa+jxtfxYUuvODW9zBtR6itBwJ/vv8ckvO7ESVSWdaHkVlZXVvfyG7mtrZ3dvfy+wctyWOBcBNxykXHhRJTEuKmIoriTiQwZC7FbXd4NfHbd1hIwsOGGkW4x6AfEo8gqDTq5y8dEfDbhMGHcdHhDPuw3Chd6GtxZlB+P2eUZzAgfvBLS6 V+vmBVrGmZy8JORQGkVe/nX5wBRzHDoUIUStm1rUj1EigUQRSPc04scQTREPq4q2UIGZa9ZLrr2DzRZGB6XOgTKnNK5ycSyKQcMVd3MqgCuehN4H9eN1beeS8hYRQrHKLZQ15MTcXNSXDmgAiMFB1pAZEg+q8mCqCASOl4czoEe3HlZdGqVmytb04LtWoaRxYcgWNQBDY4AzVwDeqgCRB4BM/gDbwbT8ar8Wl8zVozRjpzCP6U8f0DEfWneg==</latexit><latexit sha1_base64="mmoxjOgorYvQV3tQFNpIn/dq+sM=">AAACK3icbZDLSgMxFIYz9VbrrerSzWARWihlpgi6EYpuXFboDTq1ZNLMTGgyGZKMWoa+jxtfxYUuvODW9zBtR6itBwJ/vv8ckvO7ESVSWdaHkVlZXVvfyG7mtrZ3dvfy+wctyWOBcBNxykXHhRJTEuKmIoriTiQwZC7FbXd4NfHbd1hIwsOGGkW4x6AfEo8gqDTq5y8dEfDbhMGHcdHhDPuw3Chd6GtxZlB+P2eUZzAgfvBLS6 V+vmBVrGmZy8JORQGkVe/nX5wBRzHDoUIUStm1rUj1EigUQRSPc04scQTREPq4q2UIGZa9ZLrr2DzRZGB6XOgTKnNK5ycSyKQcMVd3MqgCuehN4H9eN1beeS8hYRQrHKLZQ15MTcXNSXDmgAiMFB1pAZEg+q8mCqCASOl4czoEe3HlZdGqVmytb04LtWoaRxYcgWNQBDY4AzVwDeqgCRB4BM/gDbwbT8ar8Wl8zVozRjpzCP6U8f0DEfWneg==</latexit><latexit sha1_base64="mmoxjOgorYvQV3tQFNpIn/dq+sM=">AAACK3icbZDLSgMxFIYz9VbrrerSzWARWihlpgi6EYpuXFboDTq1ZNLMTGgyGZKMWoa+jxtfxYUuvODW9zBtR6itBwJ/vv8ckvO7ESVSWdaHkVlZXVvfyG7mtrZ3dvfy+wctyWOBcBNxykXHhRJTEuKmIoriTiQwZC7FbXd4NfHbd1hIwsOGGkW4x6AfEo8gqDTq5y8dEfDbhMGHcdHhDPuw3Chd6GtxZlB+P2eUZzAgfvBLS6 V+vmBVrGmZy8JORQGkVe/nX5wBRzHDoUIUStm1rUj1EigUQRSPc04scQTREPq4q2UIGZa9ZLrr2DzRZGB6XOgTKnNK5ycSyKQcMVd3MqgCuehN4H9eN1beeS8hYRQrHKLZQ15MTcXNSXDmgAiMFB1pAZEg+q8mCqCASOl4czoEe3HlZdGqVmytb04LtWoaRxYcgWNQBDY4AzVwDeqgCRB4BM/gDbwbT8ar8Wl8zVozRjpzCP6U8f0DEfWneg==</latexit><latexit sha1_base64="mmoxjOgorYvQV3tQFNpIn/dq+sM=">AAACK3icbZDLSgMxFIYz9VbrrerSzWARWihlpgi6EYpuXFboDTq1ZNLMTGgyGZKMWoa+jxtfxYUuvODW9zBtR6itBwJ/vv8ckvO7ESVSWdaHkVlZXVvfyG7mtrZ3dvfy+wctyWOBcBNxykXHhRJTEuKmIoriTiQwZC7FbXd4NfHbd1hIwsOGGkW4x6AfEo8gqDTq5y8dEfDbhMGHcdHhDPuw3Chd6GtxZlB+P2eUZzAgfvBLS6 V+vmBVrGmZy8JORQGkVe/nX5wBRzHDoUIUStm1rUj1EigUQRSPc04scQTREPq4q2UIGZa9ZLrr2DzRZGB6XOgTKnNK5ycSyKQcMVd3MqgCuehN4H9eN1beeS8hYRQrHKLZQ15MTcXNSXDmgAiMFB1pAZEg+q8mCqCASOl4czoEe3HlZdGqVmytb04LtWoaRxYcgWNQBDY4AzVwDeqgCRB4BM/gDbwbT8ar8Wl8zVozRjpzCP6U8f0DEfWneg==</latexit><latexit sha1_base64="mmoxjOgorYvQV3tQFNpIn/dq+sM=">AAACK3icbZDLSgMxFIYz9VbrrerSzWARWihlpgi6EYpuXFboDTq1ZNLMTGgyGZKMWoa+jxtfxYUuvODW9zBtR6itBwJ/vv8ckvO7ESVSWdaHkVlZXVvfyG7mtrZ3dvfy+wctyWOBcBNxykXHhRJTEuKmIoriTiQwZC7FbXd4NfHbd1hIwsOGGkW4x6AfEo8gqDTq5y8dEfDbhMGHcdHhDPuw3Chd6GtxZlB+P2eUZzAgfvBLS6 V+vmBVrGmZy8JORQGkVe/nX5wBRzHDoUIUStm1rUj1EigUQRSPc04scQTREPq4q2UIGZa9ZLrr2DzRZGB6XOgTKnNK5ycSyKQcMVd3MqgCuehN4H9eN1beeS8hYRQrHKLZQ15MTcXNSXDmgAiMFB1pAZEg+q8mCqCASOl4czoEe3HlZdGqVmytb04LtWoaRxYcgWNQBDY4AzVwDeqgCRB4BM/gDbwbT8ar8Wl8zVozRjpzCP6U8f0DEfWneg==</latexit><latexit sha1_base64="mmoxjOgorYvQV3tQFNpIn/dq+sM=">AAACK3icbZDLSgMxFIYz9VbrrerSzWARWihlpgi6EYpuXFboDTq1ZNLMTGgyGZKMWoa+jxtfxYUuvODW9zBtR6itBwJ/vv8ckvO7ESVSWdaHkVlZXVvfyG7mtrZ3dvfy+wctyWOBcBNxykXHhRJTEuKmIoriTiQwZC7FbXd4NfHbd1hIwsOGGkW4x6AfEo8gqDTq5y8dEfDbhMGHcdHhDPuw3Chd6GtxZlB+P2eUZzAgfvBLS6 V+vmBVrGmZy8JORQGkVe/nX5wBRzHDoUIUStm1rUj1EigUQRSPc04scQTREPq4q2UIGZa9ZLrr2DzRZGB6XOgTKnNK5ycSyKQcMVd3MqgCuehN4H9eN1beeS8hYRQrHKLZQ15MTcXNSXDmgAiMFB1pAZEg+q8mCqCASOl4czoEe3HlZdGqVmytb04LtWoaRxYcgWNQBDY4AzVwDeqgCRB4BM/gDbwbT8ar8Wl8zVozRjpzCP6U8f0DEfWneg==</latexit>

⇢smax(!, T ) =
q
(⇢low)2 + (⇢high)2

<latexit sha1_base64="7mSmaAtBPbzS7yebSHDMQG+kR98=">AAACJHicbVDLSgMxFM3UV62vUZduBovQopSZIiiIUHDjskJf0GlLJk07oclkTDJqGeZj3Pgrblz4wIUbv8W0nYW2Hgice8693NzjhZRIZdtfRmZpeWV1Lbue29jc2t4xd/cakkcC4TrilIuWByWmJMB1RRTFrVBgyDyKm97oauI377CQhAc1NQ5xh8FhQAYEQaWlnnnhCp93Y8ngQ1JwOcNDeFIrXrryVqi4MDMpv0+K3fJxWv pk6E/qpGfm7ZI9hbVInJTkQYpqz3x3+xxFDAcKUShl27FD1YmhUARRnOTcSOIQohEc4ramAWRYduLpkYl1pJW+NeBCv0BZU/X3RAyZlGPm6U4GlS/nvYn4n9eO1OC8E5MgjBQO0GzRIKKW4tYkMatPBEaKjjWBSBD9Vwv5UECkdK45HYIzf/IiaZRLjuY3p/lKOY0jCw7AISgAB5yBCrgGVVAHCDyCZ/AK3own48X4MD5nrRkjndkHf2B8/wAfSKUD</latexit><latexit sha1_base64="7mSmaAtBPbzS7yebSHDMQG+kR98=">AAACJHicbVDLSgMxFM3UV62vUZduBovQopSZIiiIUHDjskJf0GlLJk07oclkTDJqGeZj3Pgrblz4wIUbv8W0nYW2Hgice8693NzjhZRIZdtfRmZpeWV1Lbue29jc2t4xd/cakkcC4TrilIuWByWmJMB1RRTFrVBgyDyKm97oauI377CQhAc1NQ5xh8FhQAYEQaWlnnnhCp93Y8ngQ1JwOcNDeFIrXrryVqi4MDMpv0+K3fJxWv pk6E/qpGfm7ZI9hbVInJTkQYpqz3x3+xxFDAcKUShl27FD1YmhUARRnOTcSOIQohEc4ramAWRYduLpkYl1pJW+NeBCv0BZU/X3RAyZlGPm6U4GlS/nvYn4n9eO1OC8E5MgjBQO0GzRIKKW4tYkMatPBEaKjjWBSBD9Vwv5UECkdK45HYIzf/IiaZRLjuY3p/lKOY0jCw7AISgAB5yBCrgGVVAHCDyCZ/AK3own48X4MD5nrRkjndkHf2B8/wAfSKUD</latexit><latexit sha1_base64="7mSmaAtBPbzS7yebSHDMQG+kR98=">AAACJHicbVDLSgMxFM3UV62vUZduBovQopSZIiiIUHDjskJf0GlLJk07oclkTDJqGeZj3Pgrblz4wIUbv8W0nYW2Hgice8693NzjhZRIZdtfRmZpeWV1Lbue29jc2t4xd/cakkcC4TrilIuWByWmJMB1RRTFrVBgyDyKm97oauI377CQhAc1NQ5xh8FhQAYEQaWlnnnhCp93Y8ngQ1JwOcNDeFIrXrryVqi4MDMpv0+K3fJxWv pk6E/qpGfm7ZI9hbVInJTkQYpqz3x3+xxFDAcKUShl27FD1YmhUARRnOTcSOIQohEc4ramAWRYduLpkYl1pJW+NeBCv0BZU/X3RAyZlGPm6U4GlS/nvYn4n9eO1OC8E5MgjBQO0GzRIKKW4tYkMatPBEaKjjWBSBD9Vwv5UECkdK45HYIzf/IiaZRLjuY3p/lKOY0jCw7AISgAB5yBCrgGVVAHCDyCZ/AK3own48X4MD5nrRkjndkHf2B8/wAfSKUD</latexit><latexit sha1_base64="7mSmaAtBPbzS7yebSHDMQG+kR98=">AAACJHicbVDLSgMxFM3UV62vUZduBovQopSZIiiIUHDjskJf0GlLJk07oclkTDJqGeZj3Pgrblz4wIUbv8W0nYW2Hgice8693NzjhZRIZdtfRmZpeWV1Lbue29jc2t4xd/cakkcC4TrilIuWByWmJMB1RRTFrVBgyDyKm97oauI377CQhAc1NQ5xh8FhQAYEQaWlnnnhCp93Y8ngQ1JwOcNDeFIrXrryVqi4MDMpv0+K3fJxWv pk6E/qpGfm7ZI9hbVInJTkQYpqz3x3+xxFDAcKUShl27FD1YmhUARRnOTcSOIQohEc4ramAWRYduLpkYl1pJW+NeBCv0BZU/X3RAyZlGPm6U4GlS/nvYn4n9eO1OC8E5MgjBQO0GzRIKKW4tYkMatPBEaKjjWBSBD9Vwv5UECkdK45HYIzf/IiaZRLjuY3p/lKOY0jCw7AISgAB5yBCrgGVVAHCDyCZ/AK3own48X4MD5nrRkjndkHf2B8/wAfSKUD</latexit>

• Extrapolate the lattice results on the chromo-electric correlator  to the continuum limit
• Perform the zero flow time extrapolation

Analysis of the chromo-electric correlator:

Fits to model spectral function:

⇢low(!, T ) =
!

2T
<latexit sha1_base64="ZU/RflIcCxAyoLOyj2qJdttklok=">AAACGnicbZDLSsNAFIYn9VbrLerSzWARKkhJiqAboeDGZYXeoKnlZDpph04yYWailJDncOOruHGhiDtx49s4vSy09cDAx/+fw5nz+zFnSjvOt5VbWV1b38hvFra2d3b37P2DphKJJLRBBBey7YOinEW0oZnmtB1LCqHPacsfXU/81j2Viomorscx7YYwiFjACGgj9WzXk0Nxl3LxkJU8EdIBnNVP8RXGXiCBpN4I4hjwzMnSCq 5nPbvolJ1p4WVw51BE86r17E+vL0gS0kgTDkp1XCfW3RSkZoTTrOAlisZARjCgHYMRhFR10+lpGT4xSh8HQpoXaTxVf0+kECo1Dn3TGYIeqkVvIv7ndRIdXHZTFsWJphGZLQoSjrXAk5xwn0lKNB8bACKZ+SsmQzCZaJNmwYTgLp68DM1K2TV8e16sVuZx5NEROkYl5KILVEU3qIYaiKBH9Ixe0Zv1ZL1Y79bHrDVnzWcO0Z+yvn4A+XygIQ==</latexit><latexit sha1_base64="ZU/RflIcCxAyoLOyj2qJdttklok=">AAACGnicbZDLSsNAFIYn9VbrLerSzWARKkhJiqAboeDGZYXeoKnlZDpph04yYWailJDncOOruHGhiDtx49s4vSy09cDAx/+fw5nz+zFnSjvOt5VbWV1b38hvFra2d3b37P2DphKJJLRBBBey7YOinEW0oZnmtB1LCqHPacsfXU/81j2Viomorscx7YYwiFjACGgj9WzXk0Nxl3LxkJU8EdIBnNVP8RXGXiCBpN4I4hjwzMnSCq 5nPbvolJ1p4WVw51BE86r17E+vL0gS0kgTDkp1XCfW3RSkZoTTrOAlisZARjCgHYMRhFR10+lpGT4xSh8HQpoXaTxVf0+kECo1Dn3TGYIeqkVvIv7ndRIdXHZTFsWJphGZLQoSjrXAk5xwn0lKNB8bACKZ+SsmQzCZaJNmwYTgLp68DM1K2TV8e16sVuZx5NEROkYl5KILVEU3qIYaiKBH9Ixe0Zv1ZL1Y79bHrDVnzWcO0Z+yvn4A+XygIQ==</latexit><latexit sha1_base64="ZU/RflIcCxAyoLOyj2qJdttklok=">AAACGnicbZDLSsNAFIYn9VbrLerSzWARKkhJiqAboeDGZYXeoKnlZDpph04yYWailJDncOOruHGhiDtx49s4vSy09cDAx/+fw5nz+zFnSjvOt5VbWV1b38hvFra2d3b37P2DphKJJLRBBBey7YOinEW0oZnmtB1LCqHPacsfXU/81j2Viomorscx7YYwiFjACGgj9WzXk0Nxl3LxkJU8EdIBnNVP8RXGXiCBpN4I4hjwzMnSCq 5nPbvolJ1p4WVw51BE86r17E+vL0gS0kgTDkp1XCfW3RSkZoTTrOAlisZARjCgHYMRhFR10+lpGT4xSh8HQpoXaTxVf0+kECo1Dn3TGYIeqkVvIv7ndRIdXHZTFsWJphGZLQoSjrXAk5xwn0lKNB8bACKZ+SsmQzCZaJNmwYTgLp68DM1K2TV8e16sVuZx5NEROkYl5KILVEU3qIYaiKBH9Ixe0Zv1ZL1Y79bHrDVnzWcO0Z+yvn4A+XygIQ==</latexit><latexit sha1_base64="ZU/RflIcCxAyoLOyj2qJdttklok=">AAACGnicbZDLSsNAFIYn9VbrLerSzWARKkhJiqAboeDGZYXeoKnlZDpph04yYWailJDncOOruHGhiDtx49s4vSy09cDAx/+fw5nz+zFnSjvOt5VbWV1b38hvFra2d3b37P2DphKJJLRBBBey7YOinEW0oZnmtB1LCqHPacsfXU/81j2Viomorscx7YYwiFjACGgj9WzXk0Nxl3LxkJU8EdIBnNVP8RXGXiCBpN4I4hjwzMnSCq 5nPbvolJ1p4WVw51BE86r17E+vL0gS0kgTDkp1XCfW3RSkZoTTrOAlisZARjCgHYMRhFR10+lpGT4xSh8HQpoXaTxVf0+kECo1Dn3TGYIeqkVvIv7ndRIdXHZTFsWJphGZLQoSjrXAk5xwn0lKNB8bACKZ+SsmQzCZaJNmwYTgLp68DM1K2TV8e16sVuZx5NEROkYl5KILVEU3qIYaiKBH9Ixe0Zv1ZL1Y79bHrDVnzWcO0Z+yvn4A+XygIQ==</latexit>

⇢pow(!, T ) = ⇢low(!, T ), !  !IR
<latexit sha1_base64="N4pJc00wMoyeP8mvfGBMteZKDjQ=">AAACKXicbZDLSgMxFIYzXmu9VV26CRahQikzRdCNUHCjuyq9QaeWTHrahmYmQ5JRylAfx42v4kZBUbe+iGmnC9v6Q+DjP+dwcn4v5Exp2/6ylpZXVtfWUxvpza3tnd3M3n5NiUhSqFLBhWx4RAFnAVQ10xwaoQTiexzq3uByXK/fg1RMBBU9DKHlk17AuowSbax2puTKvriLQ/EwyrnChx7JV04uEpPPmPnHBF0OOKF2fH07ameydsGeCC+CM4Usmqrczry5HUEjHwJNOVGq6dihbsVEakY5jNJupCAkdEB60DQYEB9UK55cOsLHxungrpDmBRpP3L8TMfGVGvqe6fSJ7qv52tj8r9aMdPe8FbMgjDQENFnUjTjWAo9jwx0mgWo+NECoZOavmPaJJFSbcNMmBGf+5EWoFQuO4ZvTbKk4jSOFDtERyiEHnaESukJlVEUUPaEX9I4+rGfr1fq0vpPWJWs6c4BmZP38AiDvpxU=</latexit><latexit sha1_base64="N4pJc00wMoyeP8mvfGBMteZKDjQ=">AAACKXicbZDLSgMxFIYzXmu9VV26CRahQikzRdCNUHCjuyq9QaeWTHrahmYmQ5JRylAfx42v4kZBUbe+iGmnC9v6Q+DjP+dwcn4v5Exp2/6ylpZXVtfWUxvpza3tnd3M3n5NiUhSqFLBhWx4RAFnAVQ10xwaoQTiexzq3uByXK/fg1RMBBU9DKHlk17AuowSbax2puTKvriLQ/EwyrnChx7JV04uEpPPmPnHBF0OOKF2fH07ameydsGeCC+CM4Usmqrczry5HUEjHwJNOVGq6dihbsVEakY5jNJupCAkdEB60DQYEB9UK55cOsLHxungrpDmBRpP3L8TMfGVGvqe6fSJ7qv52tj8r9aMdPe8FbMgjDQENFnUjTjWAo9jwx0mgWo+NECoZOavmPaJJFSbcNMmBGf+5EWoFQuO4ZvTbKk4jSOFDtERyiEHnaESukJlVEUUPaEX9I4+rGfr1fq0vpPWJWs6c4BmZP38AiDvpxU=</latexit><latexit sha1_base64="N4pJc00wMoyeP8mvfGBMteZKDjQ=">AAACKXicbZDLSgMxFIYzXmu9VV26CRahQikzRdCNUHCjuyq9QaeWTHrahmYmQ5JRylAfx42v4kZBUbe+iGmnC9v6Q+DjP+dwcn4v5Exp2/6ylpZXVtfWUxvpza3tnd3M3n5NiUhSqFLBhWx4RAFnAVQ10xwaoQTiexzq3uByXK/fg1RMBBU9DKHlk17AuowSbax2puTKvriLQ/EwyrnChx7JV04uEpPPmPnHBF0OOKF2fH07ameydsGeCC+CM4Usmqrczry5HUEjHwJNOVGq6dihbsVEakY5jNJupCAkdEB60DQYEB9UK55cOsLHxungrpDmBRpP3L8TMfGVGvqe6fSJ7qv52tj8r9aMdPe8FbMgjDQENFnUjTjWAo9jwx0mgWo+NECoZOavmPaJJFSbcNMmBGf+5EWoFQuO4ZvTbKk4jSOFDtERyiEHnaESukJlVEUUPaEX9I4+rGfr1fq0vpPWJWs6c4BmZP38AiDvpxU=</latexit><latexit sha1_base64="N4pJc00wMoyeP8mvfGBMteZKDjQ=">AAACKXicbZDLSgMxFIYzXmu9VV26CRahQikzRdCNUHCjuyq9QaeWTHrahmYmQ5JRylAfx42v4kZBUbe+iGmnC9v6Q+DjP+dwcn4v5Exp2/6ylpZXVtfWUxvpza3tnd3M3n5NiUhSqFLBhWx4RAFnAVQ10xwaoQTiexzq3uByXK/fg1RMBBU9DKHlk17AuowSbax2puTKvriLQ/EwyrnChx7JV04uEpPPmPnHBF0OOKF2fH07ameydsGeCC+CM4Usmqrczry5HUEjHwJNOVGq6dihbsVEakY5jNJupCAkdEB60DQYEB9UK55cOsLHxungrpDmBRpP3L8TMfGVGvqe6fSJ7qv52tj8r9aMdPe8FbMgjDQENFnUjTjWAo9jwx0mgWo+NECoZOavmPaJJFSbcNMmBGf+5EWoFQuO4ZvTbKk4jSOFDtERyiEHnaESukJlVEUUPaEX9I4+rGfr1fq0vpPWJWs6c4BmZP38AiDvpxU=</latexit>

⇢pow(!, T ) = A!↵, !IR < ! < !UV
<latexit sha1_base64="KtgVUtiHU+BZ2Mu+dWpP9sox95Y="></latexit><latexit sha1_base64="KtgVUtiHU+BZ2Mu+dWpP9sox95Y="></latexit><latexit sha1_base64="KtgVUtiHU+BZ2Mu+dWpP9sox95Y="></latexit><latexit sha1_base64="KtgVUtiHU+BZ2Mu+dWpP9sox95Y="></latexit>

⇢pow(!) = ⇢high(!), ! � !UV
<latexit sha1_base64="tlQ7z+r+ORhAcFhZFoVCdviVgaU=">AAACJ3icbZDLSsNAFIYnXmu9VV26GSyCgkhSBN0oBTcuK5gqNDVMpifJ4CQTZiZKCfVp3PgqbgQV0aVv4rQp4u2HgY//nMOZ8wcZZ0rb9rs1MTk1PTNbmavOLywuLddWVttK5JKCSwUX8iIgCjhLwdVMc7jIJJAk4HAeXB0P6+fXIBUT6ZnuZ9BNSJSykFGijeXXjjwZi8siEzeDLU8kEJHtw9KKWRR/eTu3JWAvAlyiX7jtgV+r27v2SPgvOGOoo7Fafu3J6wmaJ5BqyolSHcfOdLcgUjPKYVD1cgUZoVckgo7BlCSgusXozgHeNE4Ph0Kal2o8cr9PFCRRqp8EpjMhOla/a0Pzv1on1+FBt2BplmtIabkozDnWAg9Dwz0mgWreN0CoZOavmMZEEqpNtFUTgvP75L/Qbuw6hk/36s3GOI4KWkcbaAs5aB810QlqIRdRdIce0DN6se6tR+vVeitbJ6zxzBr6IevjE+R0pno=</latexit><latexit sha1_base64="tlQ7z+r+ORhAcFhZFoVCdviVgaU=">AAACJ3icbZDLSsNAFIYnXmu9VV26GSyCgkhSBN0oBTcuK5gqNDVMpifJ4CQTZiZKCfVp3PgqbgQV0aVv4rQp4u2HgY//nMOZ8wcZZ0rb9rs1MTk1PTNbmavOLywuLddWVttK5JKCSwUX8iIgCjhLwdVMc7jIJJAk4HAeXB0P6+fXIBUT6ZnuZ9BNSJSykFGijeXXjjwZi8siEzeDLU8kEJHtw9KKWRR/eTu3JWAvAlyiX7jtgV+r27v2SPgvOGOoo7Fafu3J6wmaJ5BqyolSHcfOdLcgUjPKYVD1cgUZoVckgo7BlCSgusXozgHeNE4Ph0Kal2o8cr9PFCRRqp8EpjMhOla/a0Pzv1on1+FBt2BplmtIabkozDnWAg9Dwz0mgWreN0CoZOavmMZEEqpNtFUTgvP75L/Qbuw6hk/36s3GOI4KWkcbaAs5aB810QlqIRdRdIce0DN6se6tR+vVeitbJ6zxzBr6IevjE+R0pno=</latexit><latexit sha1_base64="tlQ7z+r+ORhAcFhZFoVCdviVgaU=">AAACJ3icbZDLSsNAFIYnXmu9VV26GSyCgkhSBN0oBTcuK5gqNDVMpifJ4CQTZiZKCfVp3PgqbgQV0aVv4rQp4u2HgY//nMOZ8wcZZ0rb9rs1MTk1PTNbmavOLywuLddWVttK5JKCSwUX8iIgCjhLwdVMc7jIJJAk4HAeXB0P6+fXIBUT6ZnuZ9BNSJSykFGijeXXjjwZi8siEzeDLU8kEJHtw9KKWRR/eTu3JWAvAlyiX7jtgV+r27v2SPgvOGOoo7Fafu3J6wmaJ5BqyolSHcfOdLcgUjPKYVD1cgUZoVckgo7BlCSgusXozgHeNE4Ph0Kal2o8cr9PFCRRqp8EpjMhOla/a0Pzv1on1+FBt2BplmtIabkozDnWAg9Dwz0mgWreN0CoZOavmMZEEqpNtFUTgvP75L/Qbuw6hk/36s3GOI4KWkcbaAs5aB810QlqIRdRdIce0DN6se6tR+vVeitbJ6zxzBr6IevjE+R0pno=</latexit><latexit sha1_base64="tlQ7z+r+ORhAcFhZFoVCdviVgaU=">AAACJ3icbZDLSsNAFIYnXmu9VV26GSyCgkhSBN0oBTcuK5gqNDVMpifJ4CQTZiZKCfVp3PgqbgQV0aVv4rQp4u2HgY//nMOZ8wcZZ0rb9rs1MTk1PTNbmavOLywuLddWVttK5JKCSwUX8iIgCjhLwdVMc7jIJJAk4HAeXB0P6+fXIBUT6ZnuZ9BNSJSykFGijeXXjjwZi8siEzeDLU8kEJHtw9KKWRR/eTu3JWAvAlyiX7jtgV+r27v2SPgvOGOoo7Fafu3J6wmaJ5BqyolSHcfOdLcgUjPKYVD1cgUZoVckgo7BlCSgusXozgHeNE4Ph0Kal2o8cr9PFCRRqp8EpjMhOla/a0Pzv1on1+FBt2BplmtIabkozDnWAg9Dwz0mgWreN0CoZOavmMZEEqpNtFUTgvP75L/Qbuw6hk/36s3GOI4KWkcbaAs5aB810QlqIRdRdIce0DN6se6tR+vVeitbJ6zxzBr6IevjE+R0pno=</latexit>

⇢high(!) = ⇢LO,NLO(!)
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Heavy quark diffusion coefficient in QCD 
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ALICE

• /T 3 has significant temperature dependence

• Ds is significantly smaller in 2+1 flavor QCD than in quenched QCD and
is close to the AdS/CFT limit
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Mass suppressed correction  to heavy quark diffusion coefficient 

1.5Tc : B = (1.23� 2.54)T 3, B = (1.0� 2.1)T 3
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10-20% correction for bottom quark, ~30% correction for charm quark
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Gradient flow + incomplete 1-loop matching

Multi-level algorithm + 
non-perturbative matching 
via Schrödinger functional

<v2> is taken from PP, EPJC 62 (2009) 85

1/M correction to the momentum heavy quark di↵usion coe�cient ) GB(⌧, T )
GB(⌧, T ) has anomalous dimension ) additional matching to MS is needed
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Quenched QCD



Summary 
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• Hadron resonance gas (HRG) model can describe fluctuations of conserved
charges in the low temperature region; The range of validity of HRG can
be extended by including repulsive baryon-baryon interactions.

• Thermodynamic quantity can be obtained using Taylor expansion for
µB/T < 2.5 and hint for critical point can be seen for these values of
µB .

• Universal aspect of the chiral transition and O(N) scaling can be seen in
terms of spectral density of the eigenvalues of the Dirac operator, since
cumulants of spectral density are related to the cumulants of the chiral
condensate

• First full QCD calculation of the heavy quark di↵usion coe�cient become
available now and indicate that /T 3 is larger than un quenched QCD
and close to the AdS/CFT bound

• The quark mass suppressed e↵ects in the heavy quark di↵usion coe�cient
have been estimated in quenched QCD to be around 10� 20% for bottom
quarks and around 30% for charm quarks
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