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Motivation

Transport properties of QGP: n, (, ... — input for hydro simulations
@ Lattice QCD

Perturbative QCD

AdS/CFT

@ Effective models

Green-Kubo formalism

Kinetic theory
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Motivation

Transport properties of QGP: n, ¢, ... — input for hydro simulations
@ Lattice QCD
@ Perturbative QCD
@ AdS/CFT

@ Effective models

@ Green-Kubo formalism
@ Kinetic theory

Goal: impact of quark quasiparticles on transport parameters in hot QCD:
Nep=2+1vs Ne=0at u=0.
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Quasiparticle Model

Propagating through the medium, particles become dressed with

mIG(T). 7] i=8.(u.d,5)

— Weakly-interacting massive particles with interactions
encoded in m;[G(T), T]:

*p

2 = (exp(E:/T)£1)7Y

EIG(T). T1 = \/p? + mG(T), T].
Effective coupling G(T) extracted from the lattice entropy density.
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Effective Coupling and Masses
d 4P +m2[G(T), T

i=1,1,5,5,8

m?[G(T), T] = (m?)? + M[G(T), T];
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Effective Coupling and Masses

[R. Pisarski, NPA498 '89; M. Bluhm et al., EPJC49 '07]
; 1p2+m?[G(T), T N¢\ G2(T
5= Z %/dp2p2 sprmieil) 1 +l’_:1,1é'[l')(T ) ]f,-o; Ng[G(T), T] = (3+ é) 72 )-,—2;

i=l,ls,5.8

PRIG(T). T = (¥ + G(T). T M{G(T), T =2[mf,y | T2 | ST
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Effective Coupling and Masses

[R. Pisarski, NPA498 '89; M. Bluhm et al., EPJC49 '07]
dj 2 3P2+m2[G(T), T] 4 ( Nf) G2(T) _,
= G [ gpop2 3P T o, (6(T), T] = (3+ = ) ——T3
s= X G [aat ISR 6. ] ) T
i=l,l,s,5,8
G2(T)T?  G%(T)T?
MEG(TY. T = (W2 + G(T). T): Myul6(T), T) = 2[mf | ST DT

[V.M, M. Bluhm, C. Sasaki, K. Redlich, PRD 100 '19; IQCD: Borsanyi et al., JHEP1207, 056 '12; Phys. Lett. '14]
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Quasiparticle Model: Thermodynamic Consistency

» OP s (0s -
C. — — —= — _—
* De T\OT

QCD with Np =2 +1
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04 |» | 1
* 1 Nf=2+1 L]
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o ] Hadron gas <
0 | | 1 | | |
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[V.M and C. Sasaki, PRD 103 '21; IQCD: Borsanyi et al.,PLB730 '14; HRG, m<2.5 GeV: Castorina et al., EPJ C66 '10]
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Kinetic Theory: Relaxation Time Approximation

Shear viscosity:
[Hosoya, Kajantie, NPB250 '85]
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Kinetic Theory: Relaxation Time Approximation

Shear viscosity:
[Hosoya, Kajantie, NPB250 '85]

Bulk viscosity:
[Bluhm, Kampfer, Redlich, PRC 84 '11]

=7 ¥ af g rig{(e - ri)e

- aT?
i:l’lﬂs7§7g !
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Kinetic Theory: Relaxation Time Approximation

Shear viscosity:
[Hosoya, Kajantie, NPB250 '85]

Bulk viscosity:
[Bluhm, Kampfer, Redlich, PRC 84 '11]

-7 ¥ of g rasng{(E-ri)e-5)

oT?
i=1ls,5.g ’

Electrical conductivity:
[Srivastava, Thakur, Patra, PRC 91 '15]

1 d3p p?
== (1 - )7
73T q’d/ E )7i

i=u,i,d,d,s,5
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Kinetic Theory: Relaxation Time Approximation

Shear viscosity:
[Hosoya, Kajantie, NPB250 '85]

Bulk viscosity:
[Bluhm, Kampfer, Redlich, PRC 84 '11]

-2 ¥ d/d3 P+ 5 {(Eﬁ_ﬂam?m)z_

oT?
i=1ls,5.g ’

Electrical conductivity:
[Srivastava, Thakur, Patra, PRC 91 '15]

1 2 *p p* 4 0

= — < d: f — )7

i Y da[ g wp gz I
=u,u,d,d,s,§

* common relaxation time 7; — 7;-indepedent ¢/n, (n/s)/(c/ T) ratios
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Relaxation Time Complexity: Pure Yang-Mills vs QCD

Pure Yang-Mills theory:

-1 _ _
Tg = NgOgg—gg
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Relaxation Time Complexity: Pure Yang-Mills vs QCD

Pure Yang-Mills theory:

-1 -
Tg = NgOgg—gg

QCD:

— Gluons:
.l =ng(a +G,, 7+ Tggss)t
g — Ng\Ogg—gg gg—IT gg—s5

N Ogl—gl + N7Ogl gl + NsOgs—gs + N5 0g5g5
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Relaxation Time Complexity: Pure Yang-Mills vs QCD

Pure Yang-Mills theory:

Tg = NgOgg—gg
QCD:
— Gluons:
.l =ng(a + Gy y i+ Tggss)t
g — Ng\Ogg—gg gg—IT gg—s5

N Ogl—gl + N7Ogl gl + NsOgs—gs + N5 0g5g5

— Strange quarks:

1 _ _ - _ -
Ts = = N 0Osjssl + NfO 75T+ Ns Oss—sss + N5 Os5—s5 + Ng Osg—sg

x relaxation times 7; are momentum-independent
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Shear and Bulk Viscosities: Nf =2 +1vs Nf =0
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[V.M, M. Bluhm, C. Sasaki, K. Redlich, PRD 100 '19; FRG:  [V.M. and C. Sasaki, PRD 103 '21; AdS/CFT: Li et al., JHEP 06 '15; IQCD:

Christiansen et al., PRL 115 '15; IQCD: Nakamura, Sakai, PRL 94 Meyer, PRL 100 '08; Sakai, Nakamura, PoS LAT2007 '07; Astrakhantsev

'05; Meyer, PRD 76 '07; Astrakhantsev et al. JHEP 1704 '17] et al,, JHEP 101 '17]
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Individual Contributions to Shear and Bulk Viscosity
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[V.M, M. Bluhm, C. Sasaki, K. Redlich, PRD 100 '19; V.M. and C. Sasaki, PRD 103 '21]
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Bulk to Shear Viscosity Ratio
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Non-perturbative vs Perturbative QCD Regimes

1
Linear: £ ox (5 — Cs2) — AdS/CFT [Buchel, PRD 72 *05]
n

2
Quadratic: £ x <§ - c52) — pQCD [weinberg, Astrophys. J. 168 '71]
n

1 T T T T T
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[V.M. and C. Sasaki, PRD 103 '21]
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pQCD NLL Approximation

T3 m A g4 T3

INLL = ~—7 77 57— ONLL=
g* In(ui/mp)’ 1672 In(3/mp)
mp = (1+ N¢/6)g>T? g — G(T)
[Arnold, Moore, Yaffe, JHEP 05 '03; Arnold, Dogan, Moore, PRD 74 '06]
1 T T T T T
Nf=2+1 L]
o Linear
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o1 PQCD
g X
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[V.M. and C. Sasaki, PRD 103 '21]
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Electrical Conductivity: Nf =2+ 1
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[V.M, C. Sasaki, PRD 103 '21; Puglisi et al., PRD 90 '14; Ding et al., PoS 185 '11; Amato et al., PRL 111 '13; Aarts et al., JHEP 02 '15]
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Electrical Conductivity: Nf =2+ 1
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[V.M., EPJ ST 229 '20; IQCD: G. Aarts et al., JHEP 02 '15]
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Shear viscosity to Electrical Conductivity: Nf =2 + 1
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[V.M., EPJ ST 229 '20; DQPM: Soloveva et al., PRC 101 '20; L. Thakur et al. PRD 95'17; A. Puglisi et al,. PLB 751 '15]
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Summary

Quasiparticle Model:

@ consistent with lattice EoS;

@ accommodates non-perturbative effects around Ty;

@ corresponds to the pQCD expectations at high T;

@ gives transport parameters consistent with other approaches;

@ investigates role of different quark flavors in ¢, 7, o.

Perspective: i # 0, 7, # 7¢, heavy flavors...
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