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The charmonium as a « now relativistie » system
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Screening of binding forces tn a gquark-gluon plasma

Screened po’cew’ciat
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Bound state exists for

min

rp(T) > rp

that is, for

T<TD



A considerable experimental effort ...



Summary, of early measurements (NA=ZL,NASD)
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what about =_HIC ?

L=
o F Nuclear modification factor

1 .....
il © PHENIX, Au+Au, lyl<0.35,+ 12% syst
- A & NA5O0, Pb+Pb, O<y<1, + 11% syst.

0.8 ¢ NABOD, In+In, O<y<i, + 119% syst.
e %; jh} A NA38, S+U, O<y<1, + 11% syst.
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Y quapressiow
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excited states are more ‘fragile’....

findings in line with expectations....
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A very wiee Loea....

a constderable e)q:crimewtaL effort

but a very difficult mawg—bodg problem |



a large variety of theoretical approaches

-potential models

-spectral functions

-Euclidean correlators (lattice), maximum entropy techniques
-coupled channels

-path integrals

-open quantum systems

-effective field theory, non relativistic heavy quark effective theory
-strong coupling techniques

-etc

which problem do we need to solve ?

~full dynamics, including plasma expansion
-dynamics of bound state formation (stationary states are not enough)
-dynamics of dissociation and recombination

WORK IN PROGRESS !

Results presented are based on

A. Berawdo, JPB, C. Rattl, NPA 806 (2008) 312 [arXilv: 0F12.4394]

A. Berawdo, JPB, P. Faccloll and G. garberoglio [arXiv: 1005.1245]
JPE, B. de Bond, P. Faccioli and G. qarberoglio, Nucl.Phys. A946 (2016) 49-88 [arXiv: 15003.03857]
JPB, M. Escobedo-Espinosa, tn preparation



outline

BAaSLe concepts

influence functional,

complex potential,
etc, (QED)

Some numerieal results (@

RLCD: new featwes

ED)







DYna MLLCS

H = HQ + Hmed =+ Hz’nt
Heavy quark
vQ
Hg = ﬂ[/d?’r D ))(r) + /(l3r'z,'ﬁ(r) (_2\[) b (7)
linearly coupled to gauge field
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The hot pLasma
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Path integral formulation

x(tf):Qf Iy 1
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Path integral and influence functional

P(Qy, tr|Qi, 1;) = fCDQ e ol0] gi®I0]

LP1Q] _ / DA, o Je 442 90(2) A0(2) gisal Ao

Mz

o(x —g;(t) —d(x — g;(t))

‘Integrate out’ the light particles and keep the quadratic part of the resulting
action (HTL approximation)
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Infinite mass Limit
(stngle heavy quark)
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long time Limit is determined by static response of plasma
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uark antigquark pair

Large time behaviour

(tmp > 1)

G(t,r — Fz)t_joo expl—iVeg(r; — r)1]

Verr has real and imaginary part (*)
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(*first observed by M. Laine et al hep-ph/ 0611200)



The imaginary part of the effective potential

At large distance the

B / | bmaginary part is twice
or 1 the damping rate of the
ot/ 1 heavy quark

At short distance,
interference proouces

cancellation: a small E | | < | E
dipole does ot “see” the

electric fielol
fluctuations.




Phgsiaat content of the influence functional
2

D[Q] = % / / d*zd*y p(z)A, (z —y)p(y)

C
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V(X) ~ All(w = O, X) Heavy quark potential (complex)

D(.X) ~ Alz(a) — O, X) ~ IIIlV(X) dissipation
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Low frequewcg EXPa WSLOW
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Equivalent langevin equation

MR = -5 H(R)R + F(R) + ¥(R, 1)

2
H;: ~ 2D
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F(R) ~ VReV(R)

x=0

(Y(R,1))=0
(Pe(R, D) Yn(R, 1) ) = Hign(R)S(t — ')

Non trivial noise






Regularized Coulomb po’cewtial,
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Potential (real part) - charmontium
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Effective feed down from excited states!

—— (57 — 60)% of xc
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Average total energy (197.33 MeV)
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Probability distribution of distance to nearest neighbor
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Recombination time (fm/ c)
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Probability

Distribution of recombination times
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Recombination time (fm/ c)
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fraction of surviving pairs

fraction of surviving pairs
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Evolution of population of bound states
Ls well described by a stmple rate equation

10 initial pairs
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Much of the previous discussion goes through

New random force, dependent on color

Subtle interplay between color and coordinate space
dynamics

'Separate’ treatment of binding potential and 'imaginary
part’' seems required

Stay tuned : JPB, M. Escobedo-Bspinosa, Ln preparation



