
Summary of Heavy Flavor Workshop 
(June 21, 2005)

Organizers: Tony Frawley and Manuel Calderon

Six 1 hour talks - two experiment and four theory: 

� Quarkonia in Ultrarelativistic Heavy-Ion Collisions  Ralf Rapp     

� Heavy Flavor results from PHENIX Dongjo Kim

� Jpsi production in dA collisions Kirill Tuchin

� Heavy Flavor results from STAR Frank Laue

� Heavy quark production and energy loss Carlos Salgado

� The opaque plasma and charm Denes Molnar



Heavy Flavor  Results from PHENIX

DongJo KimDongJo Kim

Yonsei University for PHENIX collaborationYonsei University for PHENIX collaboration

2005 RHIC & AGS Annual Users' Meeting
June 20-25, 2005, BNL
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 Scale with number of collision in d-Au collision
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 no indication of shadowing effect at mid-rapidity.
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� Need to go to cocktail analysis to obtain sufficient statistics at high-pT.� Will lower systematics at low-pT by combining with converter method.
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Theory curves from N. Armesto, et al., hep-ph/0501225

 See talk by
 Carlos Salgado
 for theory plot.
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First result from PHENIX for heavy flavor single muons!



• Spectra agree with the ISR p-p data scaled by TAB  i.e. with the 
number of binary collisions Ncoll with uncertainty.
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Modest cold nuclear effects 
seen, but data are not 
sufficient to completely 
understand those effects.

σ dA/ σpp = (2A)α 
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 RUN2 Au-Au data disfavor enhancement�

 RUN4 has accumulated 50 times(~240mb-1) more data and already 
see clear J/

�

 signal from a small portion of AuAu (data less than 10%).

J/ψ->ee J/ψ->µµ

~ 600 J/psi’s mid-rapidity, ~2k forward-rapidity



South North

Mid rapidity
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~13k J/psi’s

J/ψ->ee

J/ψ->µµ

~1.2k J/psi’s

Forward rapidity

3816 J/ψ s

South
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June 12th (~2.17 pb-1) 



Silicon Vertex Detector
(displaced vertex heavy flavor measurements ) 

Nose Cone Calorimeter
(χc 

�  J/ψ + γ, jets:  0.9 < | �| < 3.5)

Muon Trigger Upgrade
(High luminosity triggering, high 
multiplicity background rejection)

Planned PHENIX Upgrades for heavy flavor



















Quarkonia in Medium
and in Heavy-Ion Collisions

   Ralf Rapp
   Cyclotron Institute  
+ Physics Department

   Texas A&M University
   College Station, USA

Heavy-Flavor Workshop
RHIC & AGS Annual Users Meeting

 BNL, 21.06.05



Resonance rescattering (via unbound “D” states) causes much shorter c 
quark thermal equilibration times in plasma.

Assume J/ψ state persists for T < 2 Tc (Lattice).

Dissociation in QGP by gluon absorption (larger εB), quasifree dissociation 

(lower εB) �  J/ψ lifetime in plasma.

Regeneration of J/ψ calculated from detailed balance (equilibrium 
abundance limited by primordial cc pair number and competition with 
open charm states, and depends on c quark momentum distribution).

Calculation uses in-medium masses of open charm, reduced J/ψ binding 
with higher T, incomplete thermalization of c quarks in early stages.

Mixed and hadronic phases included, but they have little effect on J/ψ yield.

Highlights of discussion



2.3 Bottom vs. Charm Thermalization in QGP     
[van Hees+RR ’04]

• charm quark equilibration time ~ fireball lifetime
• bottom quarks do not thermalize  (RHIC)

Thermalization Times 

 Thermalization 
 times with  
 resonance 
 rescattering of
 heavy quarks.



3.4 Time Evolution of Quarkonia at RHIC
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• Equilibration close to Tc ?!

Solve kinetic rate-equation:

J/ψ in Central Au-Au  Upsilon

• Suppression only!
• importance of screening



4.1.2  J/ψ  pt-Spectra in Au-Au at RHIC 

• total yields different by factor 3

• large sensitivity to radial flow (βt,max=0.5-0.65)

[Thews+Mangano ’05]

[Greco,Ko+RR ’04]

Quark Coalescence at Tc



4.1.3  Scrutinizing Charmonium Regeneration II:  
J/ψ Elliptic Flow

Thermal Coalescence at Tc Suppression only

[Wang+Yuan ’02]

[Greco etal ’04]

MB Au-Au

• factor ~5 different!   
• transition in pt!?



• QGP regeneration dominant
• sensitive to:
   mc

* , (Ncc )2  �  rapidity, 

�

s, A

[Grandchamp
 +RR ’03]

4.) Charmonium in A-A
      SPS                                                      RHIC

J/ψ  Excitation Function



4.2  Intermediate-Mass Ions  

                        SPS                                        RHIC

• suppression prevalent • onset of regeneration

NA60

[Grandchamp+RR ’04]



RHIC

[Grandchamp,Lumpokins,Sun,van Hees+RR ’05]

4.3 Upsilon at RHIC and LHC

• bottomonium suppression as unique QGP signature ?!

LHC



J/ψ production in dA collisions

Kirill Tuchin

AGS/RHIC Users Meeting, June 21, 2005, BNL 



Described a model of J/ψ production in the parton saturation model 
(color glass condensate).

At forward rapidity at RHIC, the c-c production time (~1/2*m) is 
longer than the interaction time. So charm is coherently produced by 
the nuclear color field in dAu at RHIC at forward rapidity.

In the Color Glass Condensate model, coherent production occurs 
when Qs > m.

Coherent production dominates at y ~ 2 - 3. The model breaks down at 
y ~ -1 at RHIC.

Expect very large saturation effects on charm production at LHC.



Dipole model (I)

•  Since τP>>τint all dipoles x-x0, y-x0, x1-z1 etc. are frozen 
  during the interaction (recall: color glass)

•  There are two stages in a scattering process:

� Development of a dipole system long before the 
      interaction.

� Instantaneous interaction of dipoles with the target. 

Deuteron
wave function

Dipole interaction

Gluon wave
function





 This effect is important for PHENIX muon arm rapidity!



1) Production is suppressed as a function of s and y.

2. x1 and x2 scaling of RdA is broken down.

J/ψ production in dA (II)

Mψ<Qs:

1) Collinear factorization: x1 

and x2 scaling.

2) Shadowing models: x2 

scaling

3) Saturation: no scaling



J/ψ production in dA (II)



Conclusions (I)

• If the gluon saturation is the mechanism responsible for light 
hadron production at midrapidity at RHIC, then it should also be 
responsible for open charm production at somewhat higher 
energies / rapidities.

�

 production pattern is similar : e.g.Cronin effect, 
anomalous suppression;

�

Although there are differences: e.g. correlations, flow.

�

 so far in agreement with data.   

• kT-factorization seems to be a reasonable approximation.





pQCD calculations of heavy quark energy loss in medium.

� Heavy quarks provide a different example of medium induced gluon 
radiation from light parton jets.

� Energy loss suppression is different in detail in medium than in 
vacuum, but energy loss is still smaller for heavy quarks.

� But the mass effects are smaller for smaller lengths. Argues that 
surface emission (trigger bias) can explain the observed similarity of 
light quark and charm suppression. 

� Proposes massive/light particle ratio vs pT as a signature of medium 
effects. Theoretically less dangerous at LHC energy.



Agrees very well 
with PHENIX data

c quark

D meson

electron

RAA for:
























