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Introduction & Motivation
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Introduction & Motivation

® | arge quark mass

ﬂfﬂ ~ 1.3GeV and Mh ~ 4.7 GeV = ﬁq{jn ~ 0.2 GeV

® Tightly bound

oy =

rye~04fm and ry ~0.2fm < 1fm

® Quark velocity v < 1

== non-relativistic treatment

® QQbar properties obtained solving the Schrdodinger equation

([ Aoux) = Buoulx) )
'\:-"2

H=— +HVix]+ my + mg ,

2mp

L

Potential describes the QQbar interaction

® Heavy quark potential contains non-perturbative physics, constructed
based on the Lattice simulations

® |[Short-distance behavior

this talk!

of the potential can be studied perturbatively



Introduction & Motivation

® A deviation of the system from equilibrium: 0f = f— fia

The energy-momentum tensor

2
Tij = Peg(€) 0s5 — 1 (ad’uj =k Gty = gﬂsijakuk) — (0 V - u
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shear viscous correction bulk viscous correction

® The parton distribution function of the Quark-Gluon-Plasma

[f(pj — fid ('ﬁ) + ‘-'Shulkf(p) -+ ‘-’Sslmzu‘f(p)}

unlike the distributions at the thermal fixed point, non-equilibrium
corrections are not universal




Introduction & Motivation

® Anisotropy due to expansion and non-zero shear viscosity

v' The QGP created in HIC exhibits an anisotropy in momentum space.

1) = h (VPP @ 1P)

(Romatschke & Strickland, PRD 2003)

[ Oshear [ (P) = —E%fm(!))(l + fia(p) )}

® Bulk viscous correction to the parton distribution function

; AR - B
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The Perturbative Heavy Quark Potential at Finite Temperature

® The heavy quark(HQ) potential due to one-gluon exchange

In the real time formalism of the thermal field theory, the physical 11
component of the propagator can be rewrite as D,; = (Dyr + D4 + Df)/2

2

8
[R.{ﬂf(r) =-¢’Cr / dﬁ- (€T —1) l(D*ﬁ - D*ﬁ)} == | Binding energy

(27)?

3
[ ImV(r) = —ggﬂlr—f d P (e®* —1) %D*i } = Decay width




The Perturbative Heavy Quark Potential at Finite Temperature

® The Dyson-Schwinger equation

Diy Dip | _| Duu Do Dy Dig ] [ My o ] {Dh Dy ]
Dgl DEQ Dy Do Doy Doy Iy Ilye Dgl DEQ
[ D*R:DR+DRHRD*R D*F:DF+DHHHD*F+DFH_4D*_A—|-DHH_F'D*_4}

® Gluon self-energy(SE) and Hard Thermal Loops(HTL)
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() = QAfg / (27)4 Tr S@ny" S (K] ~ EE’?G_O_’< /?r'z';ac‘c?“
with HTL: K
f k F T P T
N g2 1 - (k- p)? (~T, P~y
Hﬁ (P} = / 3 / E‘dﬁ‘dﬂ; fr( }
. - pot+ic
m (k-p + Boticy
-
E‘“ﬂfk‘dﬂ L

—fr (k) (fr (k) = 1) (k

H?( = 8.{1'\?;{;‘ w2
p
\




The Perturbative Heavy Quark Potential at Finite Temperature

® The ideal case: fia(p) = (e”T £1)7!
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The Perturbative Heavy Quark Potential at Finite Temperature

T
|®| > g>  (neglect 2-loop corrections)

® Bulk viscous corrections: dhuf(k) = (i) @ fiq(k)(1 £ fig(k))

assumptions: {
a > () (HTL applicable)

Corrections jsotropic, only a change of the Debye mass in gluon SE

Aw9) (a) = 1 f kdk dpunk f( ff} ;g[l — 272+ a){(1 +a) (fermion)
R ® fkdk fia (k) T%—l"(2+ a)((l1+a) (boson) ,

r{r;._gj(u) 1 [dkk? bpuncf (k)1 £ 2fia ()] T{‘ (1-2"TB+a){(1+a) (fermion)
% R WL E fa®)] | 2TG+a)((l+a) (boson) .

Corrections NOT the same for retarded solution and symmetric solution

[\._;I—'-

[ (Eﬁrm(a) — 2—}—(1,}({”” (a) }




The Perturbative Heavy Quark Potential at Finite Temperature

® Bulk viscous corrections to the HQ potential:

‘ r 5
g EK?F —r x,-"'mi, D +{5:rni, D g (ﬂrF
"1ﬁ]l" 'lﬂ'
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v' The real part has the same structure as in the ideal case with a modified retarded Debye mass

v' The imaginary part is multiplied by a factor which equals 1 in the thermal equilibrium




The Perturbative Heavy Quark Potential at Finite Temperature

0
® Shear viscous corrections: &nearf(P) = —§(p2 ;) fia(p)(1 £ fia(p))
corrections ani/sotropic, can not be a redefinition of the Debye mass in SE
e B
5 (1 26,
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Beyond linear approximation, analytical (Nopoush, Guo & Strickland, ArXiv:1706.08091)

results for the static gluon propagator can be
also obtained. (Dumitru, Guo & Strickland, PLB, 2008)




The Perturbative Heavy Quark Potential at Finite Temperature

® Shear viscous corrections to the HQ potential:
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Summary

» HQ potential is an important quantity to study the physics of quakonia in
hot and dense medium

» Bulk viscous corrections to HQ potential
® for the real part: a redefinition of the Debye mass

® for the imaginary part: an extra factor depends on the corrections to Debye masses

/> Shear viscous corrections to HQ potential \
® for the real part:
(1)deeper and closer to the vacuum potential, reduced screening and stronger binding;

(2)not uniform in the polar angle, different binding energies for quarkonia with different
polarization

® for the imaginary part: decreases with increasing viscosity and smaller decay width

N /
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The Perturbative Heavy Quark Potential at Finite Temperature

® Shear viscous corrections to the binding energy and decay width of
heavy quarkonia:

for extremely heavy bound states: Bohr radii ~ 1/(g° Mg) < screening length ~ 1/mp

Coulombic contribution dominates

v' treating the medium effect as a perturbation of the vacuum Coulomb

potential provides an estimate for the binding energy

f

. afm b
V(r) = Viac(r) +amp — %6 b J .:>[ Epi ~ Eyoe + amp — ﬂg;ﬂﬂ J

-

v treating the (imaginary) potential as a perturbation of the vacuum Coulomb

potential provides an estimate for the decay width

2 2 2 ]
_ g°CeT 3. 2.9, 11 3—cos(20)\ _ lEi?rTm_-D | — § 9 CrMqg
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Results and Discussion
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FIG. 6: Temperature-dependence of the binding energy for the 1P state of bottomoninum for two

values of the plasma anisotropy parameter £. The straight line corresponds to a binding energy
equal to the temperature.
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At T ~ T. , the population of the state with ., = 0 is about 30%6 higher
than that of either one of the L, = £1 states.




Backup

Density evolution 1so vs. Aniso
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X axis (transverse to beam)

z axis (along beam)
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