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Motivations . ..

a =
- N
I 1

Measured / Expected J/y yield
-
1

In-In 158 GeV (NABO)
Pb-Pb 158 GeV (NAS0)

= Suppressed (studied with o,,.)

0.9
sFocus on J/y remaining
0.8
0.7 { . - .
properties modified in the plasma
0.6 . -
QM09 new reference R Amaldi & al. (2007) durmg the scattering J/\p—hadron,
0.5 Y P e e s sams: -
50 100 150 200 250 300 350 400 450 J/y-gluons...
Npare

O, : Elliptic flow, Energy losses ...

+ J/y Suppression studied for 20 years,

... But No consistent results ....

+ Recent Results OfRHIC ... No significant additional suppression

expected has been observed for J/y by increasing energy...

+ Large fluctuations over the value of 0,
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FElastic ¢ Inelastic Process
@ ‘Elastic Process

o Compton Diffusion

@ Inelastic Process

o Gluon Dissociation

o

) ®p)
+

o Hadron Diffusion

8/29



Project & Aims l. Oglzs calculation & results Il. Energy loss, Drag, Diffusion Coefs 1Il. QQ Collectivity Conclusion & Outlook

FElastic ¢ Inelastic Process
@ ‘Elastic Process

o Compton Diffusion

@ Inelastic Process

o Gluon Dissociation

o) B(p) (p)
—" + o 4
Most important process
o Hadron Diffusion o Hadron Dissociation
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Oelas calculation : How ?
® Formalisms for Cejas calculation

@ Historical Calculation on Q:h/4 Oelas

@ Bhanot and PesKin formalism (79) /KW_ po "
o From OPE (operator product expansion ) 1 :,,_,‘ 2 A
o Binding energy= g > LQCD Y

field-dipole Interaction
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Oelas calculation : How ?
® Formalisms for Cejas calculation

Conclusion & Outlook
@ Historical Calculation on Q:h/4 Oelas

@ Bhanot and PesKin formalism (79)

o From OPE (operator product expansion )
o Binding energy= g > LQCD

A
— A° A°
A Y e
p— A A
field-dipole Interaction
@ Kharzeev and Fujii (99), Povh e o
Hiifner

0 Short-distance QCD calculation
o Optic theorem ...

Orpy [mh]

<

0.1

02 CE)

a——
Pent [Gevie]

Kharzeev and Tujti (99)

10/29



Project & Aims l. Oglzs calculation & results Il. Energy loss, Drag, Diffusion Coefs 1Il. QQ Collectivity Conclusion & Outlook
Oelas calculation : How ?
® Tormalisms for Cejas calculation
@ Rederivation of PesKin formula using Bethe-Salpeter

@ Other equivalent method in 1st order in pQCD based on :

o Factorization Theorem + Bethe-Salpeter Amplitudes

Factorization Formula

on(v) = [ o Gaglv) x gl)

O © total of scattering quarkonia O — h O
O Perturbative Cross Section of ) — g scatteringo = BS TOTma[iSm

O Distribution function of gluons in the hadron O

9. Oh, S. Kim, S. Houng Lee,(02)
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Bethe Salpeter Formalism
@ Goal : Bethe Salpeter Vertex
Q

Q
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Bethe Salpeter Formalism
@ Goal : Bethe Salpeter Vertex
Q

Q

@ Bethe Salpeter Equation
M:M+/fl/gfl/+//‘l/gq/gfl/+m+ (/q/g)"+~~: s

9 : kernel, M : amplitude, G : propagateur
Q WV 7“ 7ﬂ VV Vﬂ

|
+
+

¢ 4 A"
Bound states : produce a pole in M.
= M eigenvector I" satisfies : [ = [, V(p,k, P)G(k,P)T (k,P)
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Bethe Salpeter Formalism
@ Bethe Salpeter Equation

Q
P

@ (p)

, d*k
r(pvp)zlccolor (21'C -P(l TK —m+in (p+ ) ) ot ¥ — m+11'].
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Bethe Salpeter Formalism
@ Bethe Salpeter Equation

Q
P

@ (p)

_ d*k
r(p7P):1C(;010r (ZTC -#]‘i’]){ m+lT] (p+ 3 ) Iz‘ +]# erln.

(€ Bethe S a[peter Vertices (Case of quarkonium in the rest frame)

o Instantanous Interaction

[/(E.B) ~ —ieo(2e9 — E) ¥ /+70—ﬁ/m. o7~ (D) ./—Yoz—ﬂ/m.,yo

TE 2

0 0/ (B) = Ospace(B) X q)gpm + instantanous wave function for the bound state O
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Colas Results e Discussion
® Compton Diffusion Process J /Y — g

@ 2 gluons attached, 'LO’

= 6 diagrams (bb

, bbX, tt

, X, tb, bt)

@ 3 gluons attached, 'SNLO'

= 4 diagrams = 7 diagrams = 1 diagram
(bb|, btX, tt||, toX) (gluon emitted in each line)
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Oglas Interest ¢ Discussion

@ J/V— g : Gluon Dissociation vs Compton Diffusion
"LO" Diagrams

- Darton density-RHIC

R= fdsk Nmp (k) celas/inel(s(k))
—R= f/\j/gw ds F’mb(k) Gelas/inel(s)

B

g

E

13

g a0 O [Inelastic cross section has a

"%' threshold

E

£ QO Quantities measured are convluted
(=

by MB Distribution

O Overlap Gejas and MB ditribution
larger than Gjne) and MB.

Y. Ok, S. Kim, S. Houng Lee,(02)
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Quarkonia Collecti-
vity & Propagation
in the QGP :
Project & Aims

Il. Energy
Loss &
Fokker-
Planck
Drag & Coefficients
Diffusion
Coefs
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Energy losses ¢& Transport Coefficient

@ Energy losses, given by BjorKemn o(m.e,p)~ "1 (m.e,q))

dat dtM

dE. dE E \/ — M2m? dG
—Z/d3qn, pq / ot 20etas —E),
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Energy losses ¢& Transport Coefficient

@ Energy losses, given by BjorKemn o(m.e,p)~ "1 (m.e,q))

dat dtM

dE. dE E \/ 2 - M2m? dG
—Z/d3qn, (p- ‘7) / ot 20etas E—E),

do
oS tdt : cf. Part I O

@ Transport coefficient a(s)— [

5 ,
Quq(fm’) Qy(GeV fmy? (r(GeV fmp
a=0.7, y=pD(T=0.3 GeV) 014 =045, gy =0813 GeV™"
0.15 012 0.025 2=0608, 1 =0.415 Gev™!
a=0.7, 4=pD(T=05 GeV) 010 0.020
0.10 0.08 a=07, gy =08 GeV™! 0015
=07, 4=0.3 GeV 0.06
005 i 0010 =051, 15205112 GeV™!
a=05,4=0.3 GeV 00 0.005
L q - : . - - q(GeV) L G
0 2 4 6 8 10 12 0 2 4 ] 8 10 0?4 6 B 10 12
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Energy losses ¢& Transport Coefficient

@ Energy losses, given by BjorKemn o(m.e,p)~ "1 (m.e,q))

dat dtM

dE. dE E \/ 2 - M2m? dG
—Z/d3qn, (p- ‘7) / ot 20etas E—E),
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oS tdt : cf. Part I O
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Energy losses (HQ, J /W, T)
@ Quarkonia (J /)

(N1 Energy loss, Drag, Diffusion Coefs)  Ill. QQ Collectivity ~ Conclusion & Outlook

@ Heavy Quark (C)

(dE/dt) [GeV.c/fm] (J/i)

(dE/dt) [GeV.c/fm] (HQ)

@ Behaviour :

(pp)lGev/cl

decrease atp

dE ;/,
Q  Two regimes, P~ v/MT = %t’—w =0

Qo % variation vs o, and T, % Jwith T 2

25 30 0.2 0.5 10 2.0 5.0 10.0
(polceviel

@ Behaviour : log increase vs p

Q pryMT= LHA

QO & rwithT 7
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Energy losses (HQ, J /W, T)

@ Quarkonia (J /)

(dE/dt) [GeV.c/fm] (J/#)

@ Quarkonia (T)

a=0.7, a0 =0.98 Ge

(dE/dt) [GeV.c/fm] (1)

(pp)lGeVv/c]
o Behaviour : decrease atp
Q@ Two regimes, P~ /MT = Q# =0

Qo % variation vs o, and T, % Jwith T 2

(palGev/c]

@ Behaviour : decrease at p

Two regimes, P ~ V/W:> d[thT =0

9 variation vs ccand T, % with T
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Drag Force e coefficient (HQ, J /Y, T)

@ Drag Coefficient, for: o(M.E.p)~ "1 (m,e,q))
\/722 2
a=2"P> Z/dsqn,(q DM | ot o (E=R7)
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Alpg) [GeV/fm] (HQ)

Project & Aims

I. Gelas calculation & results

Drag Force e coefficient (HQ, J /Y, T)

(1. Energy loss, Drag, Diffusion Coefs)

1. QQ Collectivity

@ Drag Coefficient, for: o(M.E.p)~ "1 (m,e,q))

d<p>

A=

@ Heavy Quark.

V(p-q)* — M?m? ((-P).
/dsqnl(q pq /dt 9eae —r,

App) [GeV/fm] 1)

® Quarkonia (J / V)

06|

°

— a-0r.w-0mG

T=0.3GeV

A(py) [GeV/fm] (1)

Conclusion & Outlook

@ Quarkonia ()

=051 =05112GeV", T=0.3GeV

0.10]

005 A e T R e

“o 5 10

15
(pp)lGev/c]

15
(pplGev/cl

20

"o 5 10 15 20 25
(pplGev/c]
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Diffusion coefficient (HQ, J/y, T)

@ Q)iﬁ%sion Coeﬂicient, Jor: (M, E,p) ~"I" (m,e,q))

/ dE' A(E") x — e E=EVT with: B, =B =B, B+ Arelation ,

O Fokker-Planck equation : g'; a% (A,-f-i— Tme/f) = —Vp. B, (homogenous background)

Q@ Einstein relation : [Z\f-i—Vp(Bf) ,=0,f= e E/T  (stationary, D.B Walton, J.Rafelski99)) O
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Diffusion coefficient (HQ, J/y, T)
@ Q)iﬁ‘usion Coefficient, for: o(M.E.p)~" 1" (m,e,q))

E
/ dE' A(E") x — e E=EVT with: B, =B =B, B+ Arelation ,

O Fokker-Planck equation : g'; = % (A ft 2 Er Bj ) = —ﬁp. B, (homogenous background)

Q@ Einstein relation : [Z\f-i—Vp(Bf)L =0, f=e E/T, (stationary, D.B Walton, J.Rafelski99)) O

@ Heavy Quark. ® Quarkonia (J /) @ Quarkonia ()

=81, T2026eV

004 N -
— =051, T=030eV

=031, T=04GeV

B(py! [GeV*/fm] (HQ)

,,,,,, o —a =051, T=05 eV
S H
oaf-ooo A T S S S S F R S =~
z A
3 ¢ o
asf. b hed oo ST TETE BRRRRRES FPEPET 2
L = o ]
T @
o el P R N SO SO AU S, 00
0.1 —— ] 005 —
[ L
// ——
"o 5 10 15 20 25 20 L Bt 2 5
(pplGev/e]l BNGeV/el (pylGevic]
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Quarkonia Collecti-
vity & Propagation

Ill. Quar- in the QGP :

konia Project & Aims

Collectivity-
MCQsHQ :

Vg((])),. a4
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:QGP

: Mixed phase

Quarkonia propagation and collectivity in QGP -AGThNuc 2010-H.Berrehrah
D




:QGP

-
. :Mixed phase

: Hadronic phase (nottaken into account)
Quarkonia propagation and collectivity in QGP -AGThNuc 2010-H.Berrehrah




S. - ads acarcoon

- :QGP * +hard collisions in initial NN collisions

. :Mixed phase

: Hadronic phase (nottaken into account)
Quarkonia propagation and collectivity in QGP -AGThNuc 2010-H.Berrehrah
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S. - ads acarcoon

- :QGP * +hard collisions in initial NN collisions
: @ evolution according to
. :Mixed phase Fokker-Planck

: Hadronic phase (nottaken into account)
Quarkonia propagation and collectivity in QGP -AGThNuc 2010-H.Berrehrah
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MC@sHQ- as a cartoon

Medium
Description
by RvH, KH

Fragmentation
and Decay

Losses

o QGP *: hard collisions in initial NN collisions

: @ evolution according to

: Mixed phase Fokker-Planck

: Hadronic phase (nottaken into account)
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MC@sHQ- Keywords

@ MC@sHQ in few words

@ Stochastic evolution of QQ

@ Stochastic Evolution : Boltzman
evolution or FP evolution

O J/y suppression :- by T, - cold
nuclear effects, -Inelastic
processes.

@ Au-Au/Pb-Pb collisions at
\/§ =200 GeV or /s =5.5TeV

O Coalescence and fragmentation
mechanism ...

O Plasmatype and ...

@ study many observables :

va(9), < p? >, %, Raa, pt
spectra, y spectra, ¢-spectra ...
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Mean <p? >"/2 of J) W vs y

4

— <pl:”:)-wfm k=1 _ 4)::,,3)-—'”)‘1!1 k=1
- -<pl:,‘.:)—‘*'2 vae-k=1 — -(]1!:,‘..13—"'2 vac- k=1

- -<'|;lq‘.:)—”!ﬁr| k=5 - —{u:utr”!ﬁn k=5

- 4pt“:>mﬁn k=3

- dpt,,-:)l'mvnc k=

1/2
1/2

2

2
—=ptyg =
s
=Pl >
ta

! 3 0 1 & 0 5
Tapidity rapidity
O Au-Au, /s =200GeV, Central collisions @ Au-Au, /s =200GeV, Central collisions
@ No Melting. tuning factor k=1,5. @ Melting (T (J/w, T)=0.3 GeV), k=1,5

@ Interaction with the medium = reduce their mean p; < pti/w ~1/2

@ Less visible effect with Melting & more visible with " Gg/as
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Il. Energy loss, Drag, Diffusion Coefs

lll. QQ Collectivity

J /) Elliptic flow vs p; at mid rapidity

g

g

g

Elliptic flow vy (J/4)
= =
2 g

| ® No melting

pe [GeV]

@ Au-Au, /s = 200GeV, Min bias collisions

@ No Melting, 50M collisions

@ Non zero elliptic flow

Elliptic How vy {J/4)

Conclusion & Outlook

0.01
@ Melting
0.009

§
pe [GeV]

Q Au-Au, \/5 = 200GeV ,Min bias collisions

@ Melting (T, (J/w, T) = 0.3 GeV), 50M collisions

o Dissociation by T = v ... Recombination ?

@ Influence of elastic processes, increase of Ggjzs = Vo
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Raa of J/ vs py at mid/average rapidity e vs y

L0
*+ No melting- y=0 * No melting-k=1
* Melting- y=0 04 + Melting-k=1

* No melting- y=2 sl

* Melting- y=2 vttt :
07

=
=

¥

e
=

30.6- .

=
= 05

Ra (J/4)

3
= 04
03

2

0.2

=

01

o0 00
0 § 10 15 5 0 i

pe [GeV] ¥

@ Au-Au, /s = 200GeV, Min bias collisions @ Au-Au, /s = 200GeV,Min bias collisions

@ No Melting, 50M collisions @ Melting (T, (J/w, T) = 0.3 GeV), 50M collisions

@ Dissociation by T = Raa(J/W) N\,
@ Dissociation by T = Raa(J/ W) variation vs p; ~ small

o Influence of elastic processes, increase of Ggjps = Vo ?
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Quarkonia Collecti-
vity & Propagation
IIl. Quar- in the QGP :

) I. Elastic
konia Conclusions & Inelastic

Collectivity- Processes :
MCQHQ : Interest &
Vo(0)ye - calculation

O ¢ in hydro code MC@sHQ : (:elas .
nteres

O effect of Ggjzs in < pt?

e =

Gelas

Il. Energy calculation

Loss &
Fokker-
Planck

O effect of G55 in V2

O Develop BS Formalism

Drag & Coefficients © PQACD Geizs & Ginel
Diffusion calculation
Coefs O Elastic process
© pQCD ¢ Energy loss Interest

© FP Coefs /withT ~
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Quarkonia Collecti-
vity & Propagation
in the QGP :

lll. Quar- p X I. Elastic
konia erspectives & Inelastic

Collectivity- Processes :
MCQO:HQ : Interest &

Va(0),..- calculation

O ¢ in hydro code MCO,HQ / Gelas

O Inclusion of recombination Interest

Gelas

Il. Energy calculation

O J/y, T ...other observable Loss &
Fokker-

4 Planck O Investigate the role of
Drag & Coefficients ¢ wave function

i Energy
Diffusion loss O fine structure of BS
Coefs

© Elastic & inelastic vertex

interaction rate

© Eloss, Aprag (0 —q) .-+
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Contents

Global Project : quarkonia propagation

Gelas Calculation & results

Energy loss & Fokker-Planck Coefficient

Quarkonia collectivity : v2(0)

Conclusion & Outlook
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Ginel Results e Discussion
® Gluon Dissociation Process J /Y — g

4 v ot 3y-gzpem)

49°m? Myk? .
M2 = =22 | y(p)?
3N,
|3
1289° ,(A/go—1)%?
Cog(M) = a
=GN, O e
Y 0 Dependence Cipe vs€ et M
with : A = Gk — 7
M¢ 2M¢

Oh, S. Kim, S. Houng Lee,(02)
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Ginel Results e Discussion
@ Hadron Dissociation Process J /Y — h

Factorization Theorem

oun(v) = [ 9% Gpglxv) x 9(x)

O Cross section of J )y — h O

0 Dependence Cipe vs€ et M

O Cross section of J )y — g O
14 x)N Oh, S. Kim, S. Houng Lee,(02)

0 GDF:g(x)= 0.5(n+1)u, n=5(8pP)O

Y
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Colas Results e Discussion
@ Compton Diffusion Process J /Y — g

@ 2 gluons attached, 'LO’

@ Soft Gluons (k ~ mg4,): columbic case

M (kK ~ mg*) = —200% 3 & (ki) &22(ke)

O Opening of the imaginary part for K < ||
O Opening of the imaginary part for K = ¢

o Hard Gluons (k ~ mgz) TasTf/—g[mbam]

49°8;5% 1
Ne aolk—k|\? 2
(+ (222))
Q jfmmfaatoro

K2 1( Kk \?
g X1+smTz|+’<sm\s|)
2nm2 N2 3
¢ (1 + m\g\)

(2.2 [G=V], m[G=V])

M(k, k' =mg?) ~ —

= Oglas
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Gelass Oinel Results e Discussion

@ J/V— g : Gluon Dissociation vs Compton Diffusion
"LO" Diagrams

R= fdsk nmb(k) Gelas/inel(s(k))

e — R= f,;,r;o ds fimp (k) Gelas/inel(s)

£

Q — Purton density at LHC energy

Parton density OR o{mbarn]

O — Parton density at RHIC energy

&

0 — 0O InelasticJ/y—g

0 — 0 ElasticJ/y—g

[] 10 - b k] 40 50
s —M[GeV?Y]

0 — © InelasticNe— g
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Diffusion coefficient (HQ, J/y, T)

@ Diffusion Coefficient, for: o(M.E,p)~"7"(m.e,q))
oo E .z
B(E) :/ dE' A((E') x 5 e (E-B/T with: B, =B =B B+ Arelation
E
Lof _ 9

O Fokker-Planck equation : %= I (A/er a%/_B,-,-f) = 7§p. P, (homogenous background)

O Einstein relation : [Af+V,,(Bf)], =0, f= e E/T, (stationary case) O
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@ Diffusion Coefficient, for: o(M.E,p)~"7"(m.e,q))
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O Einstein relation : [Z\f-i-ﬁp(Bf)L =0, f=e E/T, (stationary case) O
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