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We have studied the quasi-free dissociation of quarkonia through a compgliential by correcting both the perturbative and
nonperturbative terms of th@(Q potential at T=0 through the dielectric function in real-time formalism. The retsrafrihe non-
perturbative confining force makes the real-part of the potential mavagdr and the (magnitude) imaginary-part too becomes
larger and thus contribute more to the thermal width. Thereafter we exparelbes the presence of a not necessarily isotropic
QCD medium modify both the real and imaginary part of potential, by calculatiadethding anisotropic corrections to the
propagators. We found that the presence of the anisotropy makestipareof the potential stronger but weakens the imaginary-

part slightly, overall the anisotropy enhances the dissociation pointsrhigimapared to isotropic medium.
Potential in hot QCD medium (mg >> Aqcp, T << mg)

The central theme of our work is how the theoretical predictions basedgbrtdmperature methods, such as HTL perturbation
theory might be modified by the remnants of the non-perturbative confioiog fjust above the crossover or transition tempera-

ture [1]?

The medium-modification to th@(Q potential at T=0 can be obtained by correcting its both short and longadeszart with

a dielectric functione(p), through its Fourier transforny/ (p) [2, 3]:

d>p . V(p) «a 4o
Vir,T) = wPro_ L, Vip) = -/ (2/n) = — ——.
v = f o g V) = VR -
The dielectric permittivitye (p) = — lim,, o p? DY (w, p) will be obtained from the resummed propagators in HTI perturbation

theory.

HTL Self-energiesand Propagators

k! P-V+ie

distribution € < 1) [5]: funiso(K) = fiso (/K2 +E(k1)?).

¢ Retarded self-energy [4]" (P) = —g¢* [ d®k vt 2109 <5ﬂ + o > which can be evaluated by the anisotropic phase-space

¢ The retarded/advanced and symmetric self-energies contribute to theareald the imaginary-part of the self-energies, re-
spectively. In Keldysh representation, the propagators and setffiesare:

DY = DYy — DYy, DY = DY, — DY, Dy = DYy + DY,

[Ig = IIy1 + 1y2, 14 = 141 + 1oy, Hp = IIj1 + Ilo.
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Anisotropic medlumDR JA(aniso) — DR(A) Hl% A(amso)DL A(iso) + DR(A) R A(zso)DIIé,A(am’so)
Retarded/Advanced self-energy

Isotropic partTly; , o (P) = m}, (gp In potptic 1)

Anisotropic partIlf; , , (P) = %2 (1 + 3 cos(26,)) + T

.40y (P) | cos(20,) — 2 (1 + 3cos(26,))

22

Symmetric self-energy
Isotropic partzﬂg(ﬂ)(P) —2mim}, Lo®® — po?)
Anisotropic partilf. | (P) = 3mim$% L (sm2 0, + (3 cos? 0, — 1)%) x O(p® — po?)

Propagators

Real PartﬁRD%]A(O,p) & 2+m 7+ 56 2+2 72 (3cos 26, — 1),

- v . vy 4 .
Imaginary part3DY (0, p) = p(pif;;”DQ +& ( 5 QZZD 7 sin? 6, — 47’7:2 (sin 6, — 1))

A. I'sotropic medium

4 The medium-corrections to the potential at T=0 are always accompaniecttvydal and imaginary parts, where the real-part
and imaginart-part cause the Debye screening and the Landau dampihggspectively (with* = rmp):

Real part: it V(o) (r, T) = (% - amD) M - m%?: + 7727‘]’3 —amp

Imaginary part: originates from the static limit of symmetric self energy and plays an importéminmoveakening the bound
state peak or transforming it to mere threshold enhancement and leadsite wifiith (I") for the resonance peak in the spectral

function, which, in turn, determines the dissociation temperature [8, 9,110.2].

4 Coulombic part I Vi s (r, 7)) = —aT [ 5~ (=44 3vg + 3log7) }

¢ String part: $Vi(is0) (r,T) = 3:22 7’6 + (- 107+60w3;;68r(§301og(r)) +O().

¢ Imaginary part of the potential & Vigo(r, 1) = =T (a% + +m%%> log(%)
D

Decay Width: T'(;,,) = T( 4+ 2 ) m?, log 50

1
amg, Q 2mp
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— the remnant of confining (nonperturbative) string term exclea the thermal width of /¢) and Y states

|
B. Potential in anisotropic medium

¢ How does the presence of a not necessarily isotropic QCD medium modifptestial (both the real and imaginary part) acting

between a static quark and antiquark pair?

- -1 (1 1 1
eCoulombicPart : RV (r, &, T) € 414 ¢ {(e) +e " ( + = 4+ A2>

6 6 2r 7

[

|

R
3
SN

(e7" —1) 2
+T (1 —3cos”6,)
2 R 1 -7 _ 1 -7 1
StringPart . %‘/Q(aniso) (I‘, 57 T) = mi |:(6,’2) +1+ 2§ |:((e67ﬁ) -+ 612 + 6)

S IR B D S Gt ) .
r 7 L (e7"=1) B
i (e (f“‘ Tt 12) Tt T ) (1 —3cos 9,)” .

e becomes stronger with the increase of anisotropy because the (effddtbye massip(£,T') in an anisotropic medium is
always smaller than in an isotropic medium. In particular, the potential folkquegrs aligned in the direction of anisotropy are

stronger than aligned in transverse direction.

Imaginary part
¢ Coulombic term:Im Vi (r, €, T) = (aT€) [ (7,0,) + v {7 (7,6,)] .

52

Wi g,) = 67"0—0 [123 — 9075 — 90log 7 + cos(26,) (—31 + 3075 + 30log 7)]
52
@0,) = ;3(—4 +3cos(26,))



¢ Anisotropic part in string term:

ImVoy(r,§,T) = 20T€ {% (7,60) + S (7,0 )]
(7, 0) %2) N (—739 + 420;5230420 log(#))#*
N ( ;% N (176 — 1057547—0(1)05 log(f))f“)) cos 6,
52)(7%9) = —g [Igz— ;;234-0( )] —4 {_(7;?)+8:;“()+O(A5)} cos? 0,

e Imaginary potential in anisotropic medium

ImV(r,§,T)= —aT#? log(%) ( —§ — COS 29)
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4 Decay width[13]
S 3 2 1./1 3 —cos26 QUTA4 1.1 /1 2—cos26
T = [ el ars? 1og<f>(3 )+ 2 og() g (3 - )|
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e becomes smaller than in isotropic medium and gets narrower with the increasesofropy becausk is proportional to the

(square) Debye mass, which decreases in the anisotropic medium duesffettize reduction of the local parton density around

a test (heavy) quark compared to isotropic medium.

Real and Imaginary Binding Energies:
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e the inclusion of nonperturbative string term makes the quarkonium states mand in the anisotropic medium too, so the

binding of QQ pairs becomes stronger with respect to their isotropic counterpart arehs®s with the increase of anisotropy

because the (real part) potential becomes deeper due to the weaasmisgr In contrast to the real part, the imaginary part of the

binding energy increases with the temperature but decreases with the@pyso

Dissociation temper atures have been calculated both from the intersections of the real and imagindigdenergies [14, 15],

and from the criterion on the width of the resonance: 2Re B.E. [16] (lattice Debye mass (left) and leading-order (right)).
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I sotropic medium: inclusion of the linear/string term, in addition to the Coulomb term, makes the rdadfghe potential more

attractive. So, as a consequence the quarkonium states become mugtecboyared to the medium modification to the Coulomb
term alone. Moreover the string term affects the imaginary part too wheneaigmitude is increased by the string contribution.
As a result, the (thermal) width of the states are broadened due to the geedestring term and makes the competition between
the screening and the broadening due to damping interesting and plays ataimhpale in the dissociation mechanism. We have

found that the quarkonium states are dissociated at higher temperatoparea to the medium-consideration of the Coulomb

term only.

Anisotropic Medium The anisotropy behaves as an additional handle to decipher the prepdrtjgarkonium states, namely,
the binding ofQQ pairs gets stronger with respect to their isotropic counterpart becatis¢he real and imaginary part of the

complex potential becomes deeper with the increase of anisotropy bebaugdfective) Debye mass becomes smaller than in

isotropic medium and as a result the screening of the Coulomb and stringhatiotrs is less accentuated.

References

[1] L.Thakur, N.Haque, U.Kakade, B.K.Patra Phys. Rev. D88 (2053pQ2.

[2] A. Schneider PROB6, 036003 (2002).

[3] V. Agotiya, V. Chandra and B. K. Patra, Phys. Re\8@ 025210 (2009).

[4] A. Dumitru, Y. Guo, and M. Strickland, Phys. Lett.@2, 37 (2008).

[5] P. Romatshke and M. Strikland, Phys. Re&) 036004 (2003).

[6] A. Dumitru, Y. Guo, and M. Strickland, Phys. Rev. D79 (2009) 1030

[7] M.Laine, O.Philipsen, P.Romatschke and M.Tassler, JHEP 03 (20@7) 05

[8] Burnier Y, Laine M and Vepsalainen M 2008 JHEP 0801 043.

[9] N. Brambilla, J. Ghiglieri, A. Vairo and P. Petreczky 2008 Phys. Rev8, 014017 (2008).

[10] A. Beraudo, J. P. Blaizot, and C. Ratti, Nucl. Phys3@6, 312 (2008).

Re B.E.=Im B.E. | J/v 1.33 1.34 1.35 Re BE=Im B.E. | J/v 2.45 2.46 2.4
T 1.91 1.93 1.94 ¢ 1 3.40 3.45 3.46
I'=2B.E. J ] 1.02 1.06 .12 I'=2B.E. T/ 1.40 1.46 1.54
; x 1.88 1.92 2.02 ;i 3.10 3.17 3.26
Conclusion




[11] M. Laine, O. Philipsen, and M. Tassler, JHIBB, 066 (2007).

[12] M. A. Escobedo, J. Soto Phys. Rev.78, 032520 (2008).

[13] Lata Thakur, U. Kakade and B. K. Patra, accepted in PRD, at*81:0172v1.

[14] M. Strickland, and D. Bazow, Nucl.Phys.&Y9, 25 (2012).

[15] M. Margotta, K. McCarty, C. McGahan, M. Strickland, D. Y. ElogaPhys.Rev.[33, 105019 (2011).

[16] A. Mocsy and P. Petreczky, Phys. Rev. Lé8, 211602, 0706.2183 (2007).



