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Quarkonia in the QGP

Global Project
Propagation of Quarkonia

J/1¢ Physics < QGP physics

© What are the effects of Dynamical quarks ?

@ What is the survival probability of J/v in QGP?
Asakawa and Hatsuda: J/4 will survive in QGP up to 1.6 Tc ?

© Dissociation effects until Tc ?

© Suppression in hadronic phase . ..
J /4 suppression can occur through dissociation in later stages of HIC.

Q...
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Oelas: Oinel Scattering of Quarkonia: Why And How

T elas Scattering of Quarkonia : Why
Ol o ttering of Quarkonia : How

elas: Tinel

Motivation for o./,s calculation

-
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= Suppressed (studied with
Ciinel)

Measured / Expected J/y yield

=
1 QM09 new reference R 4rnaldi & al, (2007)
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part
+ J/y Suppression studied for 20 years,
... But No consistent results ....

+ Recent Results ()fRHIC ... No significant additional suppression
expected has been observed for J/Ay by increasing energy...
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Oelas Scattering of Quarkonia : Why

cattering of Quarkonia : How

Motivation for o./,s calculation
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Oelas Scattering of Quarkonia : Why

cattering of Quarkonia : How

Motivation for o./,s calculation

1.3
In-In 158 GeV (NABO)
1.2 Pb-Pb 158 GeV (NAS0)

= Suppressed (studied with
Ciinel)

=Focus on J/y remaining

Measured / Expected J/y yield

ar properties modified in the plasma
during the scattering J/y-hadron,

D-GE QM09 new reference R 4rnaidi & ai, (2007) Jhp-gluons.. L l
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+ J/y Suppression studied for 20 years,
... But No consistent resulls ....
+ Recent Results ()fRHIC ... No significant additional suppression

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

+ Large fluctuations over the value of 0,
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Oelas: Oinel Scattering of Quarkonia: Why And How - Scattering of Quarkonia : Why

elas

Oelas: Tinel Scattering of Quarkonia : How

Formalisms for calculation

© 1. Effective model

© 2. Quark exchange

model
3 :_;_ Sk

C ik .
J/W"' \s (GaV)

© 3. LO pert QCD W
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Oelas: Oinel Scattering of Quarkonia: Why And How

O elas Scattering of Quarkonia : Why

Oelas: Tinel Scattering of Quarkonia : How

Formalisms for calculation

1] ¢ Historical Calculation of Q-h o,

@ 1) - Bhanot and Peskin formalism (79) A "
-+ LT
o a) From OPE (operator product 'y A
expansion )

@ b) Binding energy = g > LQCD

@ 2)- Kharzeev and Fujii (99), Povh and
Hifner

9 a) Short-distance QCD calculation
9 b) Optic theorem ...
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Oelas: Oinel Scattering of Quarkonia: Why And How 0 ojas Scattering of Quarkonia : Why

Oelas: Tinel Scattering of Quarkonia : How

Formalisms for calculation

2] ¢ Rederivation of Peskin formula using Bethe-Salpeter
@ 3) - Other equivalent method in pQCD 1%t order based on :

Factorization Theorem + Bethe-Salpeter Amplitudes

1 ; :
Factorization

Formula

/O—(",h ( / :l p— (;.I' (rr_r,g ( €Il ) _(I ( I ]
]

o total of : . N .
_— Perturbative Cross Section of Distribution function

BESIEERG @ —g scattering of gluonsinthe

quarkonia®-h Hadtor

Bethe-Salpeter Formalism

O jnel Calculation : Y. Oh, S. Kim, S. H. Lee, (2002)
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Physical Process
Bethe-Salpeter Formalism

O ejas With Bethe-Salpeter Formalism ... our Formalism

Elastic Process Inelastic Process

Méller scattering (el.)
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Physical Process
Bethe-Salpeter Formalism

O ejas With Bethe-Salpeter Formalism ... our Formalism

Elastic Process Inelastic Process

Compton diffusion ... Most important for us Gluon dissociation ell Known

Dp)

- ‘// P2 7
Bethe-Salpeter Vertices 3[ %

Not well Unknown

Méller scattering (el.)
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Physical Process

O ejas With Bethe-Salpeter Formalism ... our Formalism Bethe-Salpeter Formalism

Bethe-Salpeter Equation

@ Resume Bound state by Bethe-Salpeter Equation

v
M=V + VGV + VGVG + - - + (VG)V" + = m, M: amplitude, V: Kernel, G: propagator
. :
O,L - %
Py
.q -. q
- = =
R s
- P2

d*k
My (pr,—p2) = ij/or/ Wng(k)v” A(pr+ Ky (pr+k,—p2 + k) A (—p2 + k)

Y. Oh, S. Kim, S. H. Lee, (2002)
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Physical Process

O ejas With Bethe-Salpeter Formalism ... our Formalism Bethe-Salpeter Formalism

Bethe-Salpeter Vertices

© Case of ¢ in the rest frame: 1t order on relative velocity v

- 5.2\ (Mo ? I+ 70 + =0+
(Geegtee) (B () o B

Projection on positive and
negative energy parties
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Physical Process

O ejas With Bethe-Salpeter Formalism ... our Formalism Bethe-Salpeter Formalism

Bethe-Salpeter Vertices

© Case of ¢ in the rest frame: 1 order on relative velocity v

- 2 1
q —q 2 My 2 I+v%+y I =0 +y
r#(i*“?“’)?(“#) (%) 2 2

Projection on positive and
negative energy parties

© Case of ¢ in NR mvt, with vy # 0: m?g? < |q°> < l\/lg

=2 1
q —-q Py My = I+v—vf —y I —yotvf — ¥
r, (= _= =—|e- 2 -2
“(2“”2“’) <6 m) (N) 2 2

Very Important consequences
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Calculations and Results
alculations and Results
Tinel» Telas - Results and Discussions e/ ¢ Results and Discussion

J/1-g Gluon Dissociation Process

2 4g’m*Myk?
B 3N
\(3

o _128g% 5 (Meo— 1)%/2
%7 3N, T (Meo)

[ (B)

. k s — M?
with : x= 3% = ¢
M, 2M,
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inel - Calculations and Results
s © Calcul s and Results
Oinel Telas - Results and Discussions Its and Discussion

J/1-g Gluon Dissociation Process

crinel :0GeV < Vs < 30GeV

\

M

oSy Vi 1Gev]

rinel_ J/g—glmbj

|vv(B))? st <3 < 305ev

2 4g’m*Myk?
B 3N
\(3

V

S 128¢g2 2 Weo— 1)%/2 \
%7 3N, T (Meo) e

. k s — M?
with : x= 3% = ¢
M, 2M,

Y. Oh, S. Kim, S. H. Lee, (2002)
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Tiinel Calculatlons and Results
ions and Results

Oinel Telas - Results and Discussions ; : Results and Discussion

J/¢-N Hadron Dissociation Process

T

1
oen (V) :/ dx ug(xv) g(x), with: v="22
0

ogstv) - J/1p-g Gluon dissociation process

1 —x)"

(
g(x) = 0.5(n +1) , m =5 (BP)

Gluon distribution function in the proton
& Factorization Theorem
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inel : Calculations and Results

Oinel Telas - Results and Discussions

J/¢-N Hadron Dissociation Process

s and Results

sion

m
dip) / i)
— ==
q " q

)

1
oen (V) :/ dx opg(xv) g(x), with: v =22
0

oustav) - J/10-g Gluon dissociation process

(1 —x)"
g(x) = 0.5(n + 1)

, n=5(BP)
X

Gluon distribution function in the proton

& Factorization Theorem

/

/

e @y =048,€= 0.2, m= 1.5[GeV

;= 086, €= 0.64, m= 1.5 [GeV

MGEV)

Y. Oh, S. Kim, S. H. Lee, (2002)
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Calculatlons and Results
Calculations and Results
: Results and Discussions e/ ¢ Results and Discussion

Tinelr Telas

J/1¢-q Quark Dissociation Process

> 4
3 =
Iy o) =>—<T> Ty(p) > \_m_/,

)

(b 2a €My dw
dO'J/)wq = daf/)wg n(w) dw, with : n(w) = = n (—) =

™ mghw w

n(w) - Spectral distribution of equivalent gluons.

w: energy of gluon in the rest frame of J/.
!

(b) 2731asap [ (w/eo — 1)3/2 | eM dw
o = n —
J/vaq M — e o (w/e€0)® myw w

& WeiZS;'iCker-Wi"ia MS method of g equivalent
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Calculatlons and Results

ul

: Results and Discussions

Tinelr Telas

J/1¢-q Quark Dissociation Process

¥
. =
Iy ) =>—> o) ==
: . g
(a) L1l () T
)
(b) __ (a) . 200 My dw
do) g =940y, N n(w) dw, with : n(w) = —n (m) -

n(w) - Spectral distribution of equivalent gluons.

w: energy of gluon in the rest frame of J/.

|

(w/eo — 1)3/2 In eM
(w/eo)? mqw

& WeiZS;'iCker-Wi"ia MS method of g equivalent

(b) _ 273104530

dw
Oy/pq = M — e o

w

s and Results
Its and Discussion

ggg 1J=q){ mbarn]

;=048 6= 02, m = 1.5 [GeV

;=085 €= 064, m.= 1.5[GeV

a; =084, €= 0.78, = 1.95|Ge?

(b)
9J/p—q

x o a(2)

NGeV)
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Calculations and Results
Calculations and Results
Oinel Telas - Results and Discussions Results and Discussion

J/1(n.)-g Compton Diffusion Process

© 2 gluons exchanged "LO"

= 6 diagrams (bb||, bbx, tt||, ttx, tb, bt)

25/38 H. Berrehrah Théorie LHC France



Calculations and Results
Calculations and Results
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J/1(n.)-g Compton Diffusion Process

O 2 gluons exchanged "LO"

= 6 diagrams (bb||, bbx, tt||, ttx, tb, bt)

@ 3, ...gluons exchanged "SNLO"

= 7 diagrams (gluon emitted in each
fermionic and gluonic line).

26/38 H. Berrehrah Théorie LHC France

= 4 diagrams (btx, bb||, tt||, tbx)

= 1 diagram



Calculations and Results
Calculations and Results
Results and Discussic

Oinel Telas - Results and Discussions

nc-g Compton Diffusion Process

& Case of pseudo-scalar vertice 7).

O 2 gluons exchanged Diagrams "LO" y
abs part

® coulombic state
5o Imaginary
|M(k, k'~ mg*)| ~ 2ag2W ex1(k 1).ex(k 2) -

v/ Opening of the imaginary part for K > |¢|
v/ Opening of the inelastic channel for K = |e| L S \
Y . Realpart
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Calculations and Results
: Calculations and Results
; : Results and Discussion

Oinel Telas - Results and Discussions

nc-g Compton Diffusion Process

& Case of pseudo-scalar vertice 7).

O 2 gluons exchanged Diagrams "LO" y

abs part

® coulombic state 15

18 Imaginary
! 4 29" art
[M(k, k' = mg")| = 208" =— exi(k 1).ex2(k 2) 0 o B
2N, &
v/ Opening of the imaginary part for K > |¢| f\ 2 i 4 el
v/ Opening of the inelastic channel for K = |e| L S \
Tk . Realpart

® coulombic state -

4g265.6% 1

Mk, K~ mg)| = = o
Lk—k'|

- ()

U Form Factor
.
g" 1+8:\\ é(SM\\)Q

~ X
O elas 7(m2 N2 KZ 3
1+ 3 Fmle]
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Calculations and Results
: Calculations and Results
: Results and Discussions / ; : Results and Discussion

Tinelr Telas

g Compton Diffusion Process

& Case of vector vertice J/1

O 2 gluons exchanged Diagrams "LO"
® coulombic state

IM(k, k' =~ mg*)| ~ 4(1 (sab kmght ex1(k 1).ex2(k 2)

+/ Opening of the imaginary part for K > |¢| )
+/ Opening of the inelastic channel for K = |¢| Imaginary

05 / R part
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Calculations and Results
: Calculations and Results
; : Results and Discussion

Oinel Telas - Results and Discussions

g Compton Diffusion Process

& Case of vector vertice J/1

O 2 gluons exchanged Diagrams "LO"
® coulombic state

IM(k, k' =~ mg*)| ~ 4(1 (sab kmght ex1(k 1).ex2(k 2)

+/ Opening of the imaginary part for K > |¢|
v/ Opening of the inelastic channel for K = |¢|

® coulombic state

1

(e (22))

I Form Factor

2
|M(k, k" =~ rngA)\ =] 74g—53bgkm mv

_K* 1 2
12g* Lt garg 2(8m\ \)

7m2 N2 x 3
K
(1+ Bmle ‘)

Telas R

Imaginary
05 / e part

el %10, - 0.4, c TOO-GeY__
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J/¢¥ — g : Gluon Dissociation vs Compton Diffusion

Oinel Telas - Results and Discussions

Oelas' Tinel *

s and Results
s and Results
Results and Discussion

.."LO" Diagrams

Parton density OR

o|mbam]

31/39

T (5 MP)(GeV]

H. Berrehrah

R = /d3k "mb(k) Ufnel/elas(s(k))

+o0
“— R= / ds Amb(S) Tinel/elas(S)
.

2

o Inelastic J/i — g

Parton density at RHIC

energy
o Elastic J/¢¥ — g
o Elasticn. — g
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s and Results
s and Results
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Oinel Telas - Results and Discussions Oelasi Tinel

. "LO" Diagrams

J/¢¥ — g : Gluon Dissociation vs Compton Diffusion ..

Parton density OR ombam|

';f\ R = /d3k "mb(k) Ufnel/elas(s(k))

+o00

! \
\ — R :/ ds fimb(S) Tinel/elas(S)
M

2

| \ o Inelastic J/i — g

e \ Parton density at RHIC

energy
o Elastic J/¢ — g

= e . . o Elastic n. —
J’:Li—l—l—k (s MYGEV] Ne— &
H. Berrehrah Théorie LHC France

32/39



s and Results
s and Results
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Oinel Telas - Results and Discussions Oelasi Tinel

J/¢ — g : Gluon Dissociation vs Compton Diffusion ... "LO" Diagrams

Parton density OR ombam|
0

R = /d3k "mb(k) Ufnel/elas(s(k))

F oA
\
\ foo
— R :/ ds fimb(S) Tinel/elas(S)
M

2

o Inelastic J/i — g

Parton density at RHIC
energy

o Elastic J/¢ — g

o Elasticn. — g

[s-M2)[GeV]
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Transport Coefficient and Energy Loss

Energy loss and Transport Coefficient

& Energy loss given by Bjorken

dE 3 elas ) (p-q)* — M?m?
P /d q Nmp(G)[flux] /dt — E), with : [flux] := =
_t_(Ecal ﬁce//-ﬁ )
zwi (iF, Il G112
——

Energy loss term
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Transport Coefficient and Energy Loss

Energy loss and Transport Coefficient

& Energy loss given by Bjorken

dE _ 3 Telas / o ) (p.q)2 — M2m?
P /d q Nmp(G)[flux] /dt (E" — E), with : [flux] := —
i ce/, pcs/l q
T
~——

Energy loss term .
Parssn Deusaty OR ol |GV aibars]

& Transport Coefficient

do
as) = | g
dt

2
R2ra? Vi—M 1 1
§(s) o< — < —and— > 5 — M
3 Vs+ M ag a0

e 107

| Tw 05 GeV(LHC)

| 7 = 0.3 GeV (RIIC

64ma’ 1 \
g(s) x —————————— p < — < Vs—M | %
322(v/5 + M) a |

T
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Transport Coefficient and Energy Loss

Summary and Outlook

© Global project : revisiting quarkonium cross sections

© Develop a calculating method of elastic cross section of bound
state in the plasma.

© Interests of the study of elastic cross section ...
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Transport Coefficient and Energy Loss

Summary and Outlook

© Global project : revisiting quarkonium cross sections
© Develop a calculating method of elastic cross section of bound
state in the plasma.

© Interests of the study of elastic cross section ...

-

& Outlook

© Implement this o elastic in hydrodynamic model to study the
propagation of quarkonia in the plasma.

@ Extract information from studying quarkonia during their
"travel" in the plasma : elliptic flow, energy losses ...

© Finish our calculation for "SNLO" . ..

o
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Transport Coefficient and Energy Loss

Summary and Outlook

- Recombination Outlook " Elliptic flow o,

- Energy losses

= - (Re)generation

; - Quarkonia
hydrodynamic Suppression
model L

= - Limited
Hadronic Suppression
phese a
Scattering
‘ : B2 el o
Pr'opagahon ‘Of Quarkonia Q(,P
in Thermalized Plasma PJ‘OprietieS
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