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Toward a Complete Description of J/y in QGP &
Hadronic Medium

—

e QQ Stochastic Evolution
J it

+ Quarkonia as

Brownian particles

¢ Medium Description

——————

“ Hydrodynamical
description of QGP ’

e, * In MC@sHQ:
... sampling the

distributions of
Langevin forces

+ Glauber model
initial state

o Cold Nuclear Matter Effects
i o e

S .
+ Instantaneous melting/thermal excitation

+ 1st J/yp suppression: Nuclear X
absorption, Cronin effect, ... + (Q-Q — Quarkonia fusion

parametrization (‘q‘i‘%@gl‘égﬁ@issociation a la Bhanot-Peskin
F
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. QQ in a Static Medium at finite Temperature

~ Goal

ﬁ
Determine the charmonium and bottomonium spectra and wave functions at zero

and finite temperature
+ How?

T
1) Model in phenomenology QQ potential V (r,T) & resolve the Schréodinger equation

2) Determine the internal energy U (r,T) of Q(_Q from 1QCD for the corresponding

free energy F(r, T) using the relation:

U, T)=F(,T)— T (aFéfI’,ﬂ) and solve the Schrédinger equation with V(r,T) = U (,T)

3) Calculate the quarkonium spectrum directly from 1QCD at finite T

+~ QQ Potential Models
= ®; : QQ wave function
Schrédinger equation : H ®;(r, T) = E; ®;(r,T) FE :QQ energy
o h2 2 2
H —2772@ — m; Vo+

Fitted to U(r, T) 1QCD data




. QQ in a Static Medium at finite Temperature
atic Medium aLNINIE

+Qur parametrization of Q_Q Potential (finite T)
S

+Weakly bound: F(r,T)<V(r,T) < U(r,T) 8 + Strongly bound:V(r, T) = U (r, T)
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o We obtained V(r,T) for J/¥ and Y for different T ¢ We obtained V(r,T) forJ/¥ and Y for different T
o We obtained V(r, T) for J/¥ and Y for different T > T, =SB more binding in the medium than in the vacuum




. QQ in a Static Medium at finite Temperature
atic Medium aLNINIE

+ J/y binding energy (€) & mean square radius (r.m.s)

«~ J/Iy wave

functions

Fonction d*onde radiale réduite uy (r)

= Weakly bound

— Strongly bound

U ), mo=1.25 Gev

I, T, = 165 MeV

Weakly bound

— T=0T,

T=05T,
— T=07T,
— T=09T,
—T=1T,
— T=12T,
— T=14T,
— T=14T,

Fonction d'onde radiale reduite 1y (r)

Weakly bound

—_— ?-il:ruqu}' beowarcl

L n.=1.25 GeV

F<V<lU

= i

&
il

Ifﬂ". M, = 1.25 GeV TealT,;

Strongly bound — r-es

TuT,




l. QQ in a Static Medium _at finite Temperature

« J/p binding energy (€) & mean square radius (r.m.s)

1w, m1.=1.25 GeV

= Weakly bound

ool = Strongly bound

Vi, m=1.25 GeV

x’&:ﬂ § Lessons: Quantify the characteristics of charmonium and bottomonium vs
temperature for two parameterizations of the potential (WB) and (SB)

+ The survival of J/@ and 'Y is related to the medium conditions

- The dissociation points and wave functions for the first state of charmonium and
bottomonium system states are determined

But: No treatment of dynamic aspects of Q(_Q pair in the QGP (interactions with partons)




Elastic Scattering: The undersides of quarkonia
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o Il. QQ —Partons/ Hadrons
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Il. QQ — Parton/Hadron Elastic & Inelastic Scattering Processes

~Elastic ~|nelastic
PI&OCQ ses Processes
+Compton +Gluon
diffusion : dissociation

&(p) -

—@

Tﬂ
m-q _.-.:;-Q
l
+Quark/hadron

dissociation,

g, h(FP’)




Il. QQ — Parton/Hadron Elastic & Inelastic Scattering Processes

—

+ O;.e Calculation:
How?

» Hadronic models
» Model dependent

W (Gal)

3. LO pQCD

s[Bhanot and Peskin 79 |




Il. QQ — Parton/Hadron Elastic & Inelastic Scattering Processes

*%Lcalculations

0. (P-gluon)

Low energy High & intermediate energy

Bhanot-Peski
A Bethe-Salpeter Formalism
Formalism .

Ginel ((D-gfh)

(®-g/h)

El-h

G. Bhanot and M.E. G. Bhanot and M.E.

ﬁid)!'.*

. Peskin — Peskin
Coulombic (BP) ( (BP)
r\
F. Arleo, J. Cugnon H. Berrehrah, PB.

Non Coulombic FERGRE EI Tt st Gossiaux & J. Aichelin
(ACK) (BGA)




Il. QQ — Parton/Hadron Elastic & Inelastic Scattering Processes

- %Lcalculations
0., (P-gluon)
S
Low energy High & intermediate energy

a) From OPE (operator product
expansion)

Bhanot-Peski
B Bethe-Salpeter Formalism
Formalism .

b) Binding energy = €, » Locp

(short distance QCD calculations) |

May =




Il. QQ — Parton/Hadron Elastic & Inelastic Scattering Processes

*%Lcalculations

0. (P-gluon)

S

Low energy High & intermediate energy

Bethe-Salpeter Formalism

Bhanot-Peskin
Formalism



Il. QQ — Parton/Hadron Elastic & Inelastic Scattering Processes

—

“Bethe-Salpeter + Goal: Bethe-Salpeter
formmalism vertex
B Q
Q‘”"g““ *(p)
Q
il >

+«Bethe-Salpeter vertex

Squation. [ vy + [ [VGYGY + - F (fVG)° - = ¥

V . kernel, M: amplitude, G: propagator
Q

n

o
ko .
e

—pP2




Il. QQ — Parton/Hadron Elastic & Inelastic Scattering Processes

4 Bethe-salpeter Vertices = Case of quarkonium in the rest frame

[ smmnn—s

+ Instantaneous Interaction

T'/(E,p) ~ —ieo(jgo—E) ,yo .I+702—15*/m. .I—vo;ﬁ/m.,yo

instantaneous wave function for the bound state
+ Retardation effects and hyperfine structure

Corrections do not modify '}, but have some influence on the binding
energy E and on the behaviour of the wave function @ (p) for p 2m

Non-relativistic
- - - Relativistic




Il. QQ — Parton/Hadron Elastic & Inelastic Scattering Processes

Y %Lcalculatlons + Compton diffusion J/@-gluon

+ 2 gluons exchanged, "LO”

, bbX, tt

6 diagrams (bb , ttX, tb, bt)

« 3 gluons exchanged, "SNLO"”

4 diagrams 7 diagrams 1 diagram
(bb [, btX, tt ||, tbX) (gluon emited in each line)




Il. QQ — Parton/Hadron Elastic & Inelastic Scattering Processes

*%Lcalculations

0. (P-gluon)

S

Low energy High & intermediate energy

Bhanot-Peski
Bethe-Salpeter Formalism

a, = 0.813 GeV-, ¢, = 0.78 GeV
a, = 0.931 GeV-, ¢, = 0.62 GeV

Rayleigh
scattering




Il. QQ — Parton/Hadron Elastic & Inelastic Scattering Processes
+ 0, Interest &

E
Discussion

J/@-gluon: Gluon dissociation vs Compton diffusion (LO diagrams)

Panon-density-RHIC

I-‘nnc::;demil.z.‘-l.Hl': ® nmb(e) = fd@eQQ_G/T
G'.F.d'-g
— ol o

“ Inelastic cross section has a
threshold

' “ Quantities measured are
convoluted by n_, (e)

@
=
[ =
-}
0
E
Y
Ta
S
)
¥
s
[-1]
3

* Overlap o,,, and Maxwell-
Boltzmann distribution larger
than o, ., and Maxwell-Boltzmann




Il. QQ — Parton/Hadron Elastic & Inelastic Scattering Processes

o J/g: Non Coulombic

Lo g Interest &

[ ] F( ala

— = = = = = == = = ==

- -
WB T= OTC P.:. -ln.In:-IH:Z"

Famton=deniny-1LHC

0.5

0.4

;f_,imhaml, Pranss ()

% LGSSO"SE‘ Evaluation of 0,,, (quarkonium-gluon) within BS pQCD formalism \

: + Comparison between o, and 0, and highlight the interest of o,

.« Evolution of 0., & 0, vs temperature (weakly & strongly bounded wave functions)

| Study of QQ bound state (BS) vertex structure & Q, Q interaction inside the quarkonium
“ O, Will be used to evaluate energy loss, FP coefficients, stochastic propagation...

4




Elastic Scattering: The undersides of quarkonia
propagation and collectivity in the QGP

@ |ll. Friction &
Stochastic Forces

= Calculations
o Il. QQ —Partons/ Hadrons
Elastic Scattering Processe

e |. QQ in a Static Medium
at finite Temperature




lll. Fokker-Planck Coefficients Calculations

F Energ}! Iosses given by Bjorken (¢(M, E, p) = ”i”(m, e, q)) Collisional-Coulombic

(p-9)*
G =% %X =2 ] Panid \/pqu

£
E
-
g
-4
4
s

15 1] 25
(el Gev/c] (el Gevic]

+ Behaviour: Log-increase vs p « Behaviour: decrease at p 1 « Behaviour: decrease atp 1

c2(HQ) > 4L(J)T) > 4E(T) < For (HQ Wy, V4L 7 with T 7




lll. Fokker-Planck Coefficients Calculations
e

+ Drag & Diffusion coefficients SRR
______/—

V(p.q)2—M?m?
A =5 3, [ dPani(q) - q)Ee

E T - T T
L i@, @lGEVL TiGeV)
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«Same behaviour for HQ, J/¥ T «At large p, A; ~ dE/dt
CAHQ) > A(J/¥) > A(T) -For (HQ, J/¥, T ): A; /with T
«B(E) = [{*dE' A(E') x £ ¢ B =BT with:




lll. Fokker-Planck Coefficients Calculations
e

e - T ————
~ Wave function influence on dE/dt, Ai, B
—_—/_—

— Non Coulombic WH. T=0Tc
=== Naon Coulombie WE. T=0.7 Te
mm e Hon Coulombic WH, Tel,2 Tc
MNaon Coulambic SR, T=0Tec
==== Non Coulombic S8, T=0.7 Te

s=s== N aon Coulombic SH. T=l.2Tc

Coulombic, gy = 0813 Gev™"

=
E
o
S

-
<

0.4

F<V<U

- m.=1.25GeV

P”’- (GeV)

« Weakly bound and strongly bound > coulombic case =~ « Behavior related to V.. (T) and €(T)




lll. Fokker-Planck Coefficients Calculations

I

« Wave function influence on dE/dt, Ai, B P

£
=
=

=

15 . M -=1.25GeV
.P”-—(GEV)

f%ﬁ Lessons: Quantify the strongest of quarkonia-gluon interaction by evaluating

elastic and inelastic rates, collisional energy, transport coefficients, stopping power...
* Study collisional energy loss of quarkonia in the QGP

+ Determination of Fokker-Planck coefficients for HQ, J/@ and Y

* Influence of wave function on Fokker-Planck coefficients

“ Evaluated 2 important ingredients for stochastic evolution of cc pairs for the next part
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behaviour

pp, vi={1.2,2.2 o pPp¥=035
d=An, y=[=22-12] m d-Aun =035
d=Au v={12212] | Auv=Au | =035

Auv—Aun vi=[1.2.2.2] RHIC

4
Pl

'+ Broadening of <p? > vsLor N_ :
No Mdting,

e — + Initial Effects: cronin effect
+ Final Effects: melting or hard absorption

o Hard Dissoc i tion/R ecombination

= [GeVY)

+ J/@ Interaction with the medium reduces < p? >

]
"(F“_Ih_.

F |

Au-Au, s = 200 GoV, Central Collisions
(]
rapidity




behaviour

+ Mean <pt2>12 for J7lp

—

+ CNM effects (Cronin)

+ Instantaneous melting/thermal excitation
(T > T g40)--

* Effects on J/@ ‘s in our study > * Hard gluon dissociation a la Bhanot-Peskin

\\ (=T D).

- Q-(_Q — Quarkonia fusion allowed
(T < Tdiss) oot

+ J/@ Elastic scattering processes...



- [GeV?)

2

No Melting, Cronin

behaviour

... MC@sHQ

No Hard Dissoc i thon/R eccombination
Mo Mleting.
Cronin

e Less visible effect with 1
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au-Au, 57 = 200 GeV, Central Collisions

g and more visible with 7" 0.,

i

3 0
rapidity

No Melting, No Cronin
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rapidity

]
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Melting, No Cronin
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behaviour

» Elliptic flow v,(J/y) RHIC

Centrality 20-60 % : -
1.6 e Jlv centrality 20~60 %

e non-flow estimation

—o—MCasHQ, k=10
—a— MCasHQ, k=5
—b— MCasHQ, k=1

_—
8
S
—
&
~
=1
-
™~
>
-
L.
-
=
w

* No zero elliptic flow * Good agreement with preliminary STAR data

# Influence of elastic processes:

— increase of 0. — v, (J/Y) increases



behaviour

» Elliptic flow v,(J/y)

Only Elastic

Centrality 20-60 %
1.6 D D

centrality 20~60 %

e non-flow estimation
== MCasHQ, k=10
&= MCasHQ, k=3

e
o

coalescence: = e ~ initially produced [3]7 af
.1 — atfreeze-out[1] MB hydru:{‘ﬁ] 20-60%
oo in transport model [2] me— T=120 with viscosity
<= infireball [3] 7.8fm  ——— T=165 with viscosity
s+ initial mix [4] 20-40% T=120 without viscosity

=
=

—
X
T
i~
G
.
=
S
)
>
[
I-E
el
;EI
w

S
o

ol
=

* No zero elliptic flow * Good agreement with preliminary STAR data

# Influence of elastic processes: " Sequential suppression: v, (J/y) =0
— increase of 0. — v, (J/@) increases = Hard absorption: v, (J/y) small but # 0

* Recombination model: v, (J/y) high



behaviour

Centrality 20-60 % Melting(T=0.3 GeV), Cronin, Cranck=0
16 1.6 -
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behaviour

Centrality 20-60 %  Melting(T=0.3 GeV), Cronin, Cranck=0

— A

[=]

. 8 % @
-l

% Lessons: Our study shows that elastic scattering processes seem

to be suitable to describe the collective behaviour of J/yp
in the QGP...

Centrality 20-60 % Melting(T=0.18 GeV), No Cronin, Cranck=1
L]
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Conclusions

+ Project “ Develop a theoretical model to study quarkonia propagation and collectivity

* Highlight the role of elastic scattering processes.

+ Results # Qualitative and quantitative results on:

Characterization of the QQ bound state in static hot medium
Binding energy, wave function, r.m.s, T, E4. sequential suppression, ...

Interaction of the quarkonium with the medium
Bethe-Salpeter structure of QQ vertex,

Elastic and inelastic scattering cross sections interactions in the medium

Response of the medium to quarkonium propagation
Collisional energy loss and Fokker-Planck coefficients calculations

Induced phenomena from the quarkonium propagation & collectivity
QQ stochastic propagation in hydrodynamic QGP
Comparison between our model, experimental data and other models

+ Main +

conclusion
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0. Introduction & Motivations for Elastic

__—Study—




o0 SPS, RHIC...Hunting the QGP

-
L

MA3IE, 5-U, syst_ =+ 1%

MNABD, In-In, s‘pﬂw =+ 11%

NASD, Pb-Pb, u-wlw =3 11%

PHEMIX, fu-fu y=0, sﬁ:v—‘!\l‘ =4+ 12%
PHENDX Au-Au 1.2<lyl<2.2. sysl =2 9.2%

In-In 158 GeV (NAGO)
Pb-Pb 158 GeV (NA50)

=
L&)

-k
=5

=

SPS-RHIC

Measured / Expected J/y yield
=]
[

e
q'

B. Alessandro et al., EPJC39 (2005) 335
R. Arnaldi et al., Nucl. Phys. A (2009) 345

S50 100 150 200 250 300 350 400 450

50 100 4150 200 250 300 350" 400

Enhanced
regeneration

Recombination
+ suppression

& In-In, SIS

O Pb-P'bh, SPS ® 00
@ Au-Au, RHIC, [y < 0.35 Enhanced

A Au-An, RHIC, [y=[1.2,2.2] suppression

AR L = [t S b wan [
Energy density (Gev/fm?) 30




o0 SPS, RHIC...Hunting the QGP

-
L

NA3B, 5-U.syst =+ 11%

MNABD, In-In, s‘p-'stw =+ 11%

NASD, Pb-Pb, u-wlw =3 11%

PHEMIX, fu-fu y=0, sﬁ:v—‘!\l‘ =4+ 12%

PHEMIX, Au-fu 1,2<]y|=<2.2. iﬁlﬁ“ =4 9.2%] |

In-In 158 GeV (NAGO)
Pb-Pb 158 GeV (NA50)

=
L&)

-k
=5

=

SPS-RHIC

Measured / Expected J/y yield
=]
[

e
q'

B. Alessandro et al., EPJC39 (2005) 335
R. Arnaldi et al., Nucl. Phys. A (2009) 345

100 150 200 250 300 350 400 450

100 150 200 250 300 350"40

= Focus on remaining J/yp
& In-In, SIS

© Pb-Pb, SPS
¥ Au-Au, RHIC, |y < 0.35

A Au-Aun, RHIC, |v=[1.2,2.2] - B ! _
properties modified in the plasma during
the scattering J/g-hadron, J/g-gluons...




o0 SPS, RHIC...Hunting the QGP

In-In 158 GeV (NAGO) NA3S, S-U, syst_ =+ 11%

MNABD, In-In, s].-stw =+ 11%

Pb-Pb 158 GeV (NA5( NASO, Pb-PD, syst___ =4 11%

L PHEMNIX, Au-fu y=0, svslm =4 2%
PHEMIX, Au-fu 1.2<]y|<2.2, Syl =2 9.2%

-
L

k.
N

-k
=
Ly

=
salaay

SPS-RHIC

Measured / Expected J/y yield
=]
..

o
q'
el e
=)
»

1 B. Alessandro et al., EPJC39 (2005) 335

'E R. Arnaldi et al., Nucl. Phys. A (2009) 345
1R.A.,, P. Cortese, E. Scomparin Phys. Rev. C 81, 014903
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e
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oS 165 18 300 350 306 355 400 45 700" 55200 256" 300350, dog

" from fits
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- @ Mrom < cos el » shifted bins

E. Scomparin: International Workshop “Critical Point and Onset of Deconfinement” Firenze, 2006




O ...Hunting the Quarkonia

QGP-hadrons
Transition

~

- Quarkonia behaviour is a troublemaker probe
- Hunting the QGP — Hunting the quarkonia...

- Develop a theoretical model to study the quarkonia propagation & collectivity
- Highlight the role of elastic scattering processes during this propagation y







Toward a Complete Description of J/y in QGP
and Hadronic Medium

¢ Medium Description e QQ Stochastic Evolution
ot

+ Hydrodynamical > é‘ MC@sHQ + Quarkonia as
description of QGP T Brownian particles

e

+ Glauber model

initial state AL COSTHL):

...sampling the
distributions of
Langevin forces

e Cold Nuclear Matter Effects ¢ Hot QGP Matter Effects
i s St P
# Instantaneous melting /thermal excitation

# 1st J/w suppression: Cronin effect i
# Q-Q — Quarkonia fusion

(Iqqé’il&pgl‘ﬁgﬁ@issociation a la Bhanot-Peskin

+ Elastic scattering & stochastic propagation

F o
(XX}

parametrisation

37/42 - H. Berrehrah-2012



o0 MC@sHQ in few words

QQ pairs

“’Stochastic

evolution in QGP”

oGP

“Hydrodynamical
description of QGP”




0 Hydrodynamical description of the QGP (RHIC)

= Treatment of quarkonia suppression

The three faces of J/y suppression are considered (by cold nuclear matter effects
(CNM), by sequential suppression and by inelastic dissociation)

a) Instantaneous melting/thermal a) Q-Q — Quarkonia fusion allowed

excitation . =g
b) Hard gluon dissociation a la Bhanot-

b) No Q-Q — Quarkonia fusion Peskin

= Initial state at RHIC
Based on Glauber model. It gives the number of ¢ quarks & their distribution

= Simulation of plasma phase

The model used in MC@sHQ is based on U. Heinz and P. Kolb. It uses relativistic
hydrodynamics for a perfect fluid,

= Cold nuclear matter effects parametrization

MC@sHQ use R. Granier De Cassagnac for the parametrisation of these effects



0 Stochastic evolution of QQ pairs

* Quarkonia mass [] particles in QGP

0 Quarkonia behaves like ° Quarkonia are rare
Brownian particles * The high density in QGP implies a mean free path

small compared to the size of the quarkonium
Relaxation time [] collision time
 Brownian motion... is the result of two forces which characterise the effect of the
QGP on quarkonium
(loss of average momentum) . (diffusion)

-

d Langevin equation:

4 Quarkonia in MC@sHQ: ... sampling the distributions of Langevin forces



. QQ in a Static Medium at finite Temperature

—




O Justification of Potential Models

" High mass of ¢ and b quarks compared to Agcp
avoid to deal with the description of QQ by a full and insoluble QFT
* The renormalized mass of ¢ and b quarks is close to the bare mass and varies
slightly depending on the tested scale.
= The binding energies (€) are small compared to the rest mass of ¢ and b quarks

neglect relativistic and the creation of virtual particles by the Modelisation of (&)

0 Our parameterization of QQ Potential: T = (




f._' :-.l:_l__ q‘,l

{
i'u'-f

| ) fr-«ﬁa;gl) + _(En,l =V(rnT) = 2m@> Un,i(r) =0 with: Ry, i(r, T) = et(rT)

';_ R
L l(r ) with the corresponding eigenvalue. To procceed :
n, numerically, the values of /', in an interval around the estimate value

"o each / , construct the solution w) (r,T) from the left and un (1. 1") from the right

l(l:;l) ki

- e Propagate these tow solutions until an intermediate commun r¢ (r¢ is taken as:—

gn eigenvalue, the solutions (7 /) and % (1) will connect seamlessly in 7“0 '
;‘5 s verified if the determlnet D(EZ) is equal to zero



O Our parameterization of QQ Potential (finite T)

» Short range (r < rgy,,; = 0.43 fm T_/T) Fit on 1QCD data of U(r, T) = Uy, (r,T)

" Long range (r > rj,,, = 1.25 fm T /T)

" Average range (oo < < Ijong)



0 Charmonium at finite temperature

" J/@ energy (Eg,.) & Temperature (T, ) dissociation

T, = 165 MeV M, = L30 GeV
— M, = 125 GeV
— M, = L19 GeV

continu : JA

pointillé ;"

T4 : Temperature for E. ., (T) =0

diss

Quarkonium Etat lié Tiiss (faiblement lié) Ty (fortement lié)
n=11=0(J/¥ 1.6 T, 1.85 T,
Charmonium n=21=0() 0.40 T, LI0 T,
n=11=1(x) 048 T, 120 T.

« Vo (T) & E(T)

Egi, () du Charmonium [MeV)

Weakly bound | 88 . Strongly bound
I, m, = 1.25GeV (Tarath Iig, m, = 1.25 GeV
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0 cc and bb: WB, SB and literature review

" Binding energy (Ey;,ding)

Cabrera,Rapp
Mocsy,Petreczky |
Mocsy, Petreczky Il

-
|
&
e

T

CabreraRapp ~
Mocsy,Petreczky | —=—
Mocsy,Petreczky Il
Gossiaux, Berrehrah, WB —&—} |
'Gussiaux, Berrehrah, SB —

Crater Wong
Gossiaux, Berrehrah, WB —%— |
Gossiaux, Berrehrah, 5B —=

Epinding [GeV]

" -
.‘_‘,‘_‘-‘ .

12 14

16 18 2 22 24 26 28 3 12 14 16 18 2
T, T/T

* Dissociation Temperature (T,.,)

Td:'.-;.-.r/Tc

Modeéle J/ Ye Y T Xb T’

Potentiel faiblement liant 1.45 (.48 0.4 3.55 0.95 0.8

Potentiel fortement liant 1.85 1.20 1.10 4.45 1.G5 1.45

DiGaL et al, 11.|22] 1.1 0.74 0.1-0.2 2.31 1.13 1.1
ALBERICO et al, 11.|23] 1.78-1.92 1.14-1.15 1.11-1.12 > 4.4 1.6-1.65 1.4-1.5
Wonxg, 11.]21] ~ 1.42 ~ 1.05 - ~33 ~122 ~1.18

SATZ, ll.l [ 2.1 1.16 1.12 - 4.0 1.76 1.60 1.19




Il QQ_— Partons/Hadrons Elastic & Inelastic
Scattering Process




OO0 (o)

; calculation: How?

elas’ ¥ ine

| Processus de difflusion || Mot hosele Modele I Processus otondice I Iief.
(J/ 0, T)+ N 1|7,
|rl2(-|] : showt-distanece ...fl,-'r"'p =+ T |||.| [
L 1.7
J = N 11|
PO = color dipaole 1]{,!’1.]'} -+, N I |i
Hadron (S, ")+ N 111, |
dissociation PO o Bethe-Salpetor J,-""l"' + N 1.
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JIv+ K L1100
S+ w7, K, p, N 1L
SV e, K, pony e, g, KT I | |
Jiv + TTHETR
JIW o+ p 11|
(J/, 20, o) + (. p. K | 110
JI e, N, =, W 1|
JiW +p 1L | 1]
JI 4+ Now 11|
J + R 11|
J+ N T
diffu=ion malviple J/0-X 11|
JiW + g — cf 1. |

cchange de guark

QO s rles

MO

[ELOI B

JiW + g = ooy 1L
Jil 4+ g — ofg (guasilves) 11|
pOQOCD = Bethe-Salpeter | J/0 4 g —» ccg TTHESE
S 4o .|,
PO JIW = N 111.]
Sl = N 11|
JIV +ww 1L
cohange de méson SV 4w, Koo, w0 11|

Hadron M) u’lf‘ll"'[" -+ P — 1!{.-"1.]; + p 1| 1
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Gluon dissociation

Diffusion
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0 0.... Results & discussion

elas

O (P-gluon)

elas

High & intermediate energy

Bhanot-Peski
B Bethe-Salpeter Formalism
Formalism ‘

a, = 0.813 GeV-, ¢, = 0.78 GeV
a, = 0.931 GeV, ¢, = 0.62 GeV

Rayleigh
scattering




Il. QQ - Parton/Hadron Elastic & Inelastic Scattering Processes

—

+~Bethe-Salpeter + Goal: Bethe-Salpeter
forrmalism vertex
Q £ Q
“”“5‘““ ¥(p)
Q
Q 16 Q

+~Bethe-Salpeter vertex

oRUaton. [VGY + [ [VGVGY +-- -+ (fVG)" +--- = o

V : kernel, M: amplitude, G: propagator

Bound states: produce a pole in M = M eigenvector I satisfies: [' = sz V(p, k, P)G(k, P)I'(k, P)



+~Bethe-Salpeter + Goal: Bethe-Salpeter
formmalism vertex

Terms at O(m o?) order| Terms at O(m? a*) Terms at O(m? o) order
Bethe Salpeter order

Dominant Term in the ~ few MeV for J/y —

Vertex T vertex ~102 MeV for J/y

— P ‘ (g,=0.78 GeV P (g,=0.78 GeV, m, =
FI(E’ﬁ)’ F{IVR(Eaﬁ) m, = 10.94 GeV) | 1.94 GeV)




0 0.... Results & discussion

elas

" 2 gluons exchanged, "LO”

= 6 diagrams (bb

, bbX, tt

, ttX, tb, bt)

* “LO” Amplitude

0 Coulombic case

v Opening of the imaginary part for Q > | €|
v Opening of the inelastic channel for Q = | €|




0 0.... Results & discussion

elas

O (P-gluon)

elas

High & intermediate energy

Bhanot-Peskin I | .
Formalism ethe-Salpeter Formalism

a, = 0.813 GeV-, ¢, = 0.78 GeV a, = 0.813 GeV, ¢, = 0.78

a, = 0.931 GeV+, ¢, = 0.62 GeV GeV
a, = 0.931 GeV-, ¢, = 0.62
GeV




Oinel Results e Discussion

[

@ Gluon Dissociation Process J /Y — g

i P # "
hip) (J 7 : Dip) I :I' 0, et
— =R | N
¥l = p% :| ——
\g I[lllll:
4GP MR Mok? (IR
M2 = 240 =112 \.\h_
M === (7 v(E) I\
U .
128¢° ,(A/gg—1)%2
Ooglh) = = - 0
3N, (A/€o)
o Dependence Cinel Vs € et M
] g q k S M2 ] l} L Crice inel
with : A = e 2M:

Oh, S. Kim, S. Houng Lee, (02)




Ginel Results & Discussion
@ Hadron Dissociation Process J /Y — h

Factorization Theorem |

Gq;h(\’) =/01 ax G@g()ﬂ?) X g(X) “

@ (ross section of J |y — hO

® Dependence Gine) Vs € et M
@ (ross section of J )y — g O I inel ©

(14 x)" . 0 Oh, S. Kim, S. Houng Lee,(02)

® §DF:9(x)=05M+1)—




lll. Fokker-Planck Coefficients Calculations




0 Energy losses, given by Bjorken (p(M, E, p) — “i”(m, e, Collisionel-Coulombic
8 y B P q

0 Drag coefficient, for (¢(M, E, p) - “i"(m, ¢, q))




lll. Fokker-Planck Coefficients Calculations
i et L 2

0 Drag coefficient, for @, E p) - “i"(m, ¢, 9) Collisional-Coulombic
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lll. Fokker-Planck Coefficients Calculations
i et L 2

o Diffusion coefficient, for (p(M, E, p) — “i”(m, e, q))

=
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0 Wave function influence on dE/dt, A,, B
I e ——————————————— Collisionel-Non Coulombic

— MHon Coulombic WH, T=0Tc
= e Moo Coulombic WE, T=0.7 Te

Mon Coulombic WH,. Tel .2Tc

Hon Couloambic WH, Te0 Tc
Hon Coulombic WH, T=0.7 Tc
Non Coulombic WH, T=1.2Tc
Hon Coulombic 5B, T=D Te

— Non Coulombic SH. T=0 Tc

tornt ==== Mon Coulombic S8, T=0.7 Tc
Hon Coulombic S8, Twe(.7 Tc .
Maon Coulombic SR, T=1.2Tc

Mon Coulombic 5B, T=1.2 Tc
= Coulombic, a, = 0.H1 3 Gev™!

Coulombic, ay =0.813 Gev™!

o =0.845

=
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IV. Observables for Stochastic Transport &
collective behaviuor of J/y’s




behaviour

+ Raa(J/@) Nuclear modification
factor

L LINL LI LI LI rrrd L] LI i

o T T
Au+Al 200GeV STAR Preliminary

- No melting- k=1 :
. Melting- k=1 :3525’2{,
* No melting- k=5 ]

* Melting- k=5 /v PHENIX
solid lines: Tsinghua U.
dashed lines: ZhactRapp

—
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"8 ._FJ

-

lII.]|.]lJI I}IL I I | Ll ]I.JI.JI]IllII.]l L

1T 2 3 4 5§ 6 1 _ 8
p, (GeVic)

= Elastic scattering reduces the J/y momentum. The coupling plasma-J/y is
sufficiently strong and elastic collisions are sufficiently important

= Part of R, , is due to elastic scattering processes

= Some ingredients left in our model at high p, in order to reproduce data



% Centrality 20-60 % Only Elastic collisions
B ALKE Pr-Pb y5, =276 ToV, 25 <y <4

—— P.Thisang ot ol B thermakzed & with shad EKS08 d o Jdyl | = 0.38 mb
F“-I'CE s=aas P Zhaang ot al. B not tharmalzed & with shad EKS98d o fdd | = 0.38 mb .03
PRELIMINARY

—— k=l
k=3
parion ransport model prodiction: privale communications — k= 10

-0.1

~ 2% relative Syst. effor [Fom oy, corection

LR [ WU N NS PR PR PP PP DTS DT 2060 %, T=0.1 GeV, Crunck =0
’ 5 6 7 8 9 1 0 2 5 8 10 12 14

p (GeVic) U, . _ —
Centrality 20-60 %6 Melting(T=0.3 GeV), lemnck=0 Centrality 20-60 % Melting(T=0.2 GeV), Cranck=0.5

k=10 k=1
k=10 k=1 003
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> %{é Centrality 20%-60%
S 025 B ALICE Pb-Pb |5, =2.76 TeV, 25 <y < 4

ALICE

02.‘ PRELIMINARY

0.1F *
0.05F $ H
e ——
0.05" H

-0.1
- ~ 2% relative syst. error from o, correction
_0 1 5 I I L1 1 1 ] L1 1 1 I 1 011 | ) I | I L 11 1 I ) | I | | | I L0 11
0 1 2 3 4 5 6 7 8 9 10

P, (GeV/c)

* Hints for non-zero J/y v, measured in the centrality range 20-60% and in the p;
range 2-4 GeV/c with a significance of 2.20
« Statistical error is dominant



~ 0.3

> E Centrality 20%-60%
--_..JB.,- 025 L %%%% [l ALICE Preliminary, Pb-Pb v‘s_NN= 2.76 TeV,25<y<4.0
" ALICE + sTARPreliminary, Au-Au 5, = 0.2 TeV, nl<0.9, JPG 38 (2011) 124107
0-2__ PRELIMINARY
0.15F
01 $
0.051
: [*
Y % ................................................................................................... b
-0.05F
-0.1F
C ~ 2% relative syst. error from 6, correction
_015_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

o 1 2 3 4 5 6 7 8 9 10
pt(GeV/c)

» Different behaviour observed between STAR and ALICE in the p, range 2-4 GeV/c
(reminder : 2.20 deviation from zero for ALICE J/y v, in that p, bin)



o 0.3p
> - Centrality 20%-60%
= 0.25F B ALICE Pb-Pb \5,,=276TeV, 25 <y <4
= 7Y —— P Zhuang etal, B thermalized & with shad EKS98 d o Jdyl = 0.38 mb

HLICE ..... P. Zhuang et al., B not thermalized & with shad EKS58 d udn’d:.rlmﬁ =0.38 mb

0.2[ preLiMINARY
L parton transport model prediction: privale communications

0.15
0.1
0.05}

-0.05}

-0.1-
- ~ 2% relative syst. error from o, correction
_U 1 5 NN I L1 I - I I I i1 11 | 111 | I | I - | | i1 1 1 | L1 1

o 1 2 3 4 5 6 7 8 9 10
pt(GeWc)

Parton transport
model :

- Charm production
cross section :
0.38mb (between pp
data and FONLL
calculations)

- Shadowing effects
included

- Thermalized or
unthermalized b
quark assumption

- if unthermalized b
quark = small
contribution to J/W v,

 This model qualitatively describes the J/@y R,, versus centrality and p,

See talk by Jens Wiechula this afternoon and Christophe Suire plenary talk on wednesday



V. Conclusions & Perspectives
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O Perspectives

LS ‘ MC@sHQ

Zol

= Extend our BS formalism for the 6,, (P-gluons) at low
energy and introduce NLO Feynman diagrams (3 gluons)

= Refme the BS vertex (fme & hyperfme structure,

= Systematic studies
at RHIC
Study of J/y and Y

at LHC energies

= Fokker-Planck

coefficients for elastic @-




0 Perspectives (1/2)

4 Direct applications of our formalism

IT

» The study presented in part IV of J/y at RHIC energies has to be extended

= Proceed to systematic studies (several centralities, Cu-Cu, ...)

= Study of ]/ and 'Y propagation at LHC energies (all the ingredients are available)

= Study of J/y at SPS energies (same FP coefficients), introduce QGP description

» Take into account the temperature dependence of FP coefficients in MC@sHQ transport
code (instead of k factor)

= Apply our study to QED bound states (positronium and muonium)

U Extensions of our formalism

IT

II1

= Extend our BS formalism for the calculation of 0, (Quarkonia-gluons) at low energy

* Introduce NLO Feynman diagrams (with 3 gluons...)

= Elastic cross section for quarkonium-quark interactions

= Refine the BS vertex (fine & hyperfine structure, cross diagram in retarded interaction)

» Fokker-Planck coefficients for elastic quarkonia-quark interaction process

= Include viscosity (n) in MC@sHQ (n is deduced from o, calculations)
* Include recent improvement in QGP description (CNM effects, quarkonia suppression...)



0 Perspectives (2/2)

d Integration of our formalism in parallel developments

4 Final Project

= Full characterization of the study of quarkonia in the QGP. This project includes our
study, but should cover other aspects to reach a good physical understanding of this

QGP probe and especially how to use it to probe the QGP.

 Stochastic localisation and QQ dynamic studies

%, 0 2EWCHhT0 O : .
LB —Zsin|l =— =NV (X)) |F(X,p,t)=0 Wigner-Movyal equation
Kat paij h (2 op aij ( )} LKL : T

Quantum treatment, realistic stochastic forces deduced from our calculations

= The aim of this model is to determine QQ survival probability vs time and QGP scale.
The influence of dynamics on J/ statistical weight vs time will be modelled

(preliminary results showed that J/ y-dynamics increases its survival probability especially
at high temperature)

Possible interpretation of the suppression of J/y-suppression
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