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A Strongly Coupled Plcture of QGP

“*(2nT)D;, close to strongly coupled
limit, an order of magnitude smaller
than LO pQCD.

**QGP is strongly coupled
“{Microscopically ? |
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Weakly Coupled Studies on QGP

<*Weakly coupled calculations, such as Hard  "remw ey wmnaw
Thermal Loop (HTL), are consistent with o] g
LQCD data: N 1 A
= Equation of state (EoS) ¢ | T
= Quark number susceptibility I Bl |
» Heavy-light susceptibilities a7 + vopmmage | 02} T;TN%:();:”;?SQ) d)
“»Off-diagonal susceptibilities, expected to be wes—x—: Q?; e T T R R TTRTI
sensitive to the nature of the coupling 1IN Y

Haque,Bandyopadhyay,Andersen,
Mustafa,Stricklandc, Su, JHEP 2014
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Does the agreement between weakly coupled calculations
and LQCD results means that QGP is weakly coupled?

One way to address: do a calculation in a strongly coupled
approach for these susceptibilities and compare it to LQCD
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T-matrix Approach to the Strongly Coupled Plasma

€ Dynamical bound states A
T T | = + + R generation
— e Scattering states in equal

_ footing )
. i d3
s T-matrix equation: T(&,p,p) =V(p,p") + j (2;)93 V(p,K)G2)(E,K)T(z,p,p")
Gy = G G - 1 5 _ 2 dek T(G) G Self consistent self energy
Z—& — L and many-body effects

s,c.f

¢ Luttinger—Wald functional (LWF):

o = z Tr {% >, G} = %z Tr{—In(1 - GGV)} ﬁ __E

<Grand potential in Luttinger—Wald Formalism: g ' § ' §

—1
Q=F— d Tr{ln(-G™") + (Gg' -GG+ @
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Inputs of the T-matrix approach

‘ 1 = - -
<*Masses In {he free propagators < The in-medium potential V
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“* These parameters are constrained by LQCD EoS, Euclidean correlators,
heavy quark free energy.

*»*Resulting transport coefficients, such as D, and n/s, reasonably agree with
those expected from phenomenology and LQCD.
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Inputs of the T-matrix approach
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Extend to Finite Chemical Potential
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Extend to Finite Chemical Potential
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T-matrix Approach to the Strongly Coupled Plasma

€ Dynamical bound states A
T T | = + + R generation
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Predictions to Charm & Heavy-Light Susceptibilities

Parameters are all fixed
In previous steps

025
020
0.15
0.10
0.05°¢
0.00

0.25

0.20-

0.15

0.10

0.05

0.00°¢
-0.05¢

= Xn

= ---- x5(quasiparticle)
v xS(lat1)

e 5
L ! " mn E
N —— 2

- e 1i(lat)
B 22(at)

——
—_—
— —-———_——-——:

il 1 1 I | |_-

0.20 0.25

|

0.30

0.35

T (GeV)

0.40

20



Predictions to Charm & Heavy-Light Susceptibilities

“*NOT depend on the two new parameters .-

b, bs, since only need ug = 0 information ¢
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Predictions to Charm & Heavy-Light Susceptlbllltles

*NOT depend on the two new parameters
b,,, b, since only need ug = 0 information
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“*Previous interpretation:
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Predictions to Charm & Heavy-Light Susceptibilities

“*Previous interpretation:

hadron
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Predictions to Charm & Heavy-Light Susceptibilities
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ssExtend a strongly coupled approach—T-matrix approach to finite chemical potential
s Tune to explain the baryon number susceptibility
“*Predict the charm susceptibilities y5 and y;, consistent with LQCD

“*Predict the heavy-light susceptibilities yi, x5, at least qualitatively consistent with
LQCD arXiv:2111.13620

“»*Strongly coupled picture obtained in T-matrix approach is consistent with various LQCD
data. (EoS, HQ free energy, correlator ratio, baryon&charm number susceptibility, heavy-light susceptibility)

Link to the series of work on T-matrix approach
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“»*Strongly coupled picture obtained in T-matrix approach is consistent with various LQCD
data. (EoS, HQ free energy, correlator ratio, baryon&charm number susceptibility, heavy-light susceptibility)

Link to the series of work on T-matrix approach
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“»*Strongly coupled picture obtained in T-matrix approach is consistent with various LQCD
data. (EoS, HQ free energy, correlator ratio, baryon&charm number susceptibility, heavy-light susceptibility)

“*Also, reasonable for transport properties. | Link to the series of work on T-matrix approach
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This should be the microscopic picture of QGP! 27
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ssExtend a strongly coupled approach—T-matrix approach to finite chemical potential
s Tune to explain the baryon number susceptibility
“*Predict the charm susceptibilities y5 and y;, consistent with LQCD

“*Predict the heavy-light susceptibilities yi, x55, at least qualitatively consistent with
LQCD arXiv:2111.13620

“»*Strongly coupled picture obtained in T-matrix approach is consistent with various LQCD
data. (EoS, HQ free energy, correlator ratio, baryon&charm number susceptibility, heavy-light susceptibility)

“*Also, reasonable for transport properties. | Link to the series of work on T-matrix approach
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This should be the microscopic picture of QGP! 2
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Summary and Perspective

ssSummary
= Extend a strongly coupled approach—T-matrix approach to finite chemical potential
* Tune to explain the baryon number susceptibility
= Predict the charm susceptibilities y5 and y3, consistent with LQCD

» Predict the heavy-light susceptibilities yi, x55, at least qualitatively consistent with
LQCD | arxiv:2111.13620

= Strongly coupled picture obtained in T-matrix approach is consistent with various LQCD
data. (EoS, HQ free energy, correlator ratio, quark&charm number susceptibility, heavy-light susceptibility)

Link to the series of work on T-matrix approach

s Perspective
* [nclude the full baryonic degree of freedom(currently only have the di-quarks)
= [mprove the spin structure of the theory
= Could we use the approach to study the phase structure of QCD Matter?
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