
SQM 2016 -  TH Summary for EMMI RRTF-HQ 
_______________________________________________________________________________________________ 
 
Vincenzo Greco University of Catania 

EMMI	  Rapid	  Reac,on	  Task	  Force	  
“Extrac,on	  of	  HQ	  transport	  coefficient	  in	  
QCD	  ma>er”	  
July	  18th,	  2016,	  GSI-‐	  Germany	  



Overview 
_________________________________________________________________________________________________________ 

² TH Plenary Talks: 10 

² TH Parallel Talks: 42 (4 parallel sessions) 

² TH Theory Summary: 1 

Time evolution 
Mon-‐27	   Tue-‐28	   Wed-‐29	   Thur	  -‐30	   Fri	  -‐	  1	  

Plenary	   3	   1	   4	   2	  

Parallel	   0	   24	   0	   18	  



² No Intro/Overview of the field but only some: 

      - Open Heavy Flavor 

      - Quarkonia 

    slides from SQM2016 

Outline 
_________________________________________________________________________________________________________ 



Open Heavy Flavor 
_________________________________________________________________________________________________________ 

Differences with bulk QGP dynamics: 
- Initial state known (FONLL- pp, pA data) 
- Non-equilibrium τ ≥ τQGP  à  Carry info on detailed dynamics 

v  After ≈ 12 years we still struggle with RAA and V2 

 Differently w.r.t. to light bulk - hydrodynamics 
 T dependence of interaction very relevant 

One remark 
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 T dependence of interaction very relevant 

Drag 

One remark 

S. Cao, Mon 14:30  

S.	  Das	  et	  al.,	  PLB747	  (2015)	  260	  



RAA – V2 _________________________________________________________________________________________________________ 

Open Heavy Flavor 

S. Das, Thu 16:30 

²  Both pQCD (αs=cost)& AdS/CFT  Γ ≈ T2 
 

²  At RHIC solution for RAA-v2, not clear is sufficient at 
LHC (still large error bars) 

 

Tuning all cases to similar RAA 

drag Γ(T) for HQ much more impact  
than η/s(T) for bulk evolution: 

- factor 2.5-3 in v2 of HQ 

   vs 15-20% in v2 light hadrons  



Open HF – High pT jets 
_________________________________________________________________________________________________________ 

Both Non-eq. dynamics 

J. Liao, Wed 12:00 
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[ J. Xu et al. arXiv: 1411.3673 ] 
CuJET3.0 explains 7 sets of Eloss 
data at RHIC +LHC 
 
See also Caio Prado’s Talk, 
Thu 11:20 – also prediction v3 

Monopoles	  
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Open HF – High pT jets 
_________________________________________________________________________________________________________ 

Both Non-eq. dynamics 

J. Liao, Wed 12:00 
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[ J. Xu et al. arXiv: 1411.3673 ] 
CuJET3.0 explains 7 sets of Eloss 
data at RHIC +LHC 
 
See also Caio Prado’s Talk, 
Thu 11:20 – also prediction v3 
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Drag (HQ transp.) 
Γ  ≈ T2 

Γ  ≈ T0-1	


Diff. space (lQCD) 

Ds(2πΤ) ≈ cost 
Ds(2πΤ) ≈ T1-2 

 Jet transp. Coeff. 

q/T3 ≈ cost 
q/T3 ≈ 1/T1-2 

	


AdS/CFT, pQCD à 

QPM, PHSD, à 
T-matrix, CuJet3... 

Γ
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S. Das, Thu 16:30 



 
_________________________________________________________________________________________________________ 

Heavy & Jets 

From HQ From Jets 

J. Liao’s talk 
E. Bratkovaskaya’s talk, Tue 16:20 
Similar for TAMU, Nantes, Catania… 

This is a result nearly independent on the microscopic dynamics 



T-matrix developments 
_________________________________________________________________________________________________________ 

SYF Liu, Tue 16:00 

Ø  A way to solve the issue of V from F=U-TS 

Ø  Potential keeps long range remnants 
 of confinement  

Ø  Outlook: Σ self-consistent from T-matrix, 

     quarkonium correlator, HQ susceptibilities,  

     EoS, 3-body?  

Fit screened Cornell V(r)+ Im. part. (pert.-like ansatz) 

Open HF Th-developments 

TAMU 

F=U-TS 



T-matrix developments: 
_______________________________________________________________________________________________________________ 

Open HF Th-developments 

SYF Liu, Tue 16:00 



Medium Energy Loss 
_________________________________________________________________________________________________________ 

Open Heavy Flavor 

[ S.Cao, Luo, Qin and Wang, arXiv: 1605.06447 ]  

S. Cao, Thu 12:00 

Linearized Boltzmann Transport : Rad. + Coll. Eloss (LBL-‐CCNU)  
Inelastic Scatt. Probab. based on the average number of medium-induced gluon 

Average	  gluon	  number	  in	  Δt:	  
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[	  Guo	  and	  Wang	  (2000),	  Majumder	  (2012);	  Zhang,	  Wang	  and	  Wang	  (2004)	  ]	  

Number	  n	  of	  radiated	  gluons	  during	  Δt	  –	  Poisson	  distribu,on:	  

P (n) =
hNgin

n!
e�hNgi

Pinel = 1� e�hNgiProbability	  of	  inelas,c	  sca>ering	  during	  Δt:	  



G.-Y.  Qin, Tue 15:20 Open Heavy Flavor 
S. Cao, Thu 12:00 



Medium Energy Loss 
_________________________________________________________________________________________________________ 

Open Heavy Flavor 

[ S.Cao, Luo, Qin and Wang, arXiv: 1605.06447 ]  

S. Cao, Thu 12:00 

² Also PHSD – E. Bratkovaskaia talk, Tue 16:20 

²   Angular correlations between heavy and light 
mesons: inelastic vs elastic processes 

    M. Rohrmoser’s talk (Nantes), Thu 10:00 

•  Star,ng	  from	  pQCD	  T	  and	  p	  depedent	  K	  	  
	  	  	  	  	  	  factor	  are	  needed:	  

	  

•  Compare	  to	  data	  and	  extract	  best	  set	  of	  
parameters:	  Gaussian	  emulator	  and	  Bayesan	  
[now	  undergoing	  w	  DUKE	  Langevin]	  

5	  dimensional	  Parameter	  space:	  [K,	  Ap,	  σp,	  AT,	  σT]	  

q̂ = q̂pQCD ·K2
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PHSD: extension to high pT _________________________________________________________________________________________________________ 

E. Braktovakaia, Tue 16:20 

²  Shadowing OK at low pT 

² No radiative Eloss (mg large) 

² Hadronic rescattering moves RAA peak and increase v2 

Open Heavy Flavor 



Hadroni rescatt. & coalescence 
_________________________________________________________________________________________________________ 

E. Braktovakaia, Tue 16:00 

Ø  Elastic scattering in QGP w QP at finite width 
Ø  Hadronization: coal.+ fragm. 
Ø  Hadronic Rescattering (incl. resonant) 

Open Heavy Flavor 



PHSD: Azimuthal angular correlations 
_________________________________________________________________________________________________________ 

E. Braktovakaia, Tue 16:00 

Open Heavy Flavor 

Ø  Is it the same also in other approaches? 

Ø  What happens in peripheral AA and in pA? 

Ø  PT-cut? 



EPOS3+MC@sHQ 
_________________________________________________________________________________________________________ 

V. Ozvenchuk, Tue 17:20 

Elastic from pQCD + HTL+ semi-hard propag. [Aichelin-Gossiaux] 

Open Heavy Flavor 

EPOS3: viscous hydro + Nonlinear parton evolution + modified core-corona 



EPOS3+MC@sHQ 
_________________________________________________________________________________________________________ 

Open HF Th-developments 

V. Ozvenchuk, Tue 17:20 

²  RAA of D good only at low pt, hadronc rescatt. to be added,  
     v2 to be calculated  

²   STRENGTH: Connect pA and AA 



Magnetic Field 
_________________________________________________________________________________________________________ 

Open Heavy Flavor 

S. Das, Thu 16:30 

HQ best probe for v1 from B: 
-  τform ≈ 0.1 fm/c vs q << g at this time 
-  do not mix with CME [c no chiral] 
-  do not mix CVE,  
-  Needed evolution at t >0.1-0.2 fm/c 
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 NEW 

Effect of strong magnetic field  
on heavy quark diffusion KT>>K|| 
qualitative effect on v2         
H.-U. Yee’s talk, Thu 10:20  

E,B field like Gursoy, Kharzeev, Rajagopal, PRC 89(2014)   
Magnetic field 

≈ m2
π	


c opposite c



Charmonia 
_________________________________________________________________________________________________________ 

Quarkonia 

K. Zhou, Mon 16:00 

²  gluon dissociation+ recombination 

History? 
Color Screening, Survival of J/Ψ,  
Ψ(2S), Y,… up to 1.2 Tc, 1.4 Tc, … 2 Tc 

or 



Different Approaches 
_________________________________________________________________________________________________________ 

Quarkonia 

K. Zhou, Mon 16:00 

²  Quantum treatment: Schroedinger- Langevin eq. 
     beyond independent quarkonia decays 
     (see P. Gossiaux’s talk- Thu 12:00) 

²  Damping + gluon dissociation+ recombination 

History? 
Color Screening, Survival of J/Ψ,  
Ψ(2S), Y,… up to 1.2 Tc, 1.4 Tc, … 2 Tc 



Quantum Evolution: Schrodinger-Langevin 
_________________________________________________________________________________________________________ 

Quarkonia – TH developments 

P. Gossiaux, Thu 12:00 



Quantum Evolution: Schrodinger-Langevin 
_________________________________________________________________________________________________________ 

Quarkonia 

P. Gossiaux, Thu 12:00 

²  V(r) from lQCD 
²  Link to SHM and class. Transp. 
²  Link to lQCD spectral function 
²  Add recombination? 

Quarkonia – TH developments 



Success of Regeneration 
_________________________________________________________________________________________________________ 

Quarkonia 

²  Damping + gluon dissociation+ recombination 

K. Zhou, Mon 16:00 

Intial pT broadening 

Thermal regeneration 



SHM vs Dynamical  
_________________________________________________________________________________________________________ 

K. Zhou, Mon 16:00 

A. Andronic, Tue 11:00 

Quarkonia 

Cross section measurement crucial 
-  Hope improved precision 
-  Must employ current exp. constraint 



Quarkonia at Phase boundary? 
_________________________________________________________________________________________________________ 

Quarkonia 

K. Zhou, Mon 16:00 

R
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High-pT Ψ(2S) less suppression than pA 

X. Du, Tue 17:20 

A. Andronic, Tue 11:00 

ψ(2S)	  produc,on	  	  



Sequential Regeneration 
_________________________________________________________________________________________________________ 

X. Du, Tue 17:20 

Quarkonia 

ψ(2S) Suppression in d/p-A       

•  Hadronic ψ(2S) suppression    ⇒   	

•  ψ(2S) regenerated in Pb-Pb  
  later, with larger flow, than J/ψ	
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TAMU 

ψ(2S)	  	  



SHM/Dynamical regeneration 
_________________________________________________________________________________________________________ 

Precise measurement of v2(J/Ψ ) 

greatly helps, generation at Tc larger v2  

Open HF ßà Charmonia 
 
 

² Observable       indepedent 

Quarkonia 

How to resolve Quarkonia at phase boundary?  

V.G., R. Rapp, C.M. Ko, PLB(2004) 



Conclusions 
_________________________________________________________________________________________________________ 



Conclusions 
_________________________________________________________________________________________________________ 

v Just let’s start our Heavy Work Week …. 



Conclusions 
_________________________________________________________________________________________________________ 

v Just let’s start our Heavy Work Week …. 

An underlying issue I have not discussed: 

•   LBL, CCNU, Nantes, Catania à (linearized Boltzmann) 

•  Frankfurt à 1st order Kadanoff-Baym  ≈ Boltzmann 

•  Duke, TAMU, Torino, (Catania) à Langevin  









	  v2	  	  Boltzmann	  vs	  Langevin	  	  

BM	  

LV	  

No coalescence included, only fragmentation 

BM	  

LV	  


