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Subjects

● Phase diagram of nuclear matter
● Global observables and the initial state
● Hydrodynamical flow
● Partonic energy loss in the medium
● Provocative ideas
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The phase diagram of nuclear matter
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Cross-over 
transition

Lattice groups agree on critical 
temperature

Theoretical 
searches for 
the critical 
point
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Take home messages

● Theory:
● Agreement on critical temperature from Lattice
● Searches for critical point

● Experiment:
● Unprecedented wealth of data
● Some evidence for the critical point... but not yet 

conclusive
● RHIC & SPS data agree
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Global observables and the initial 
condition

Bjoern Schenke
David Silvermyr
Magdelena Malek
Sooraj Radhakrishnan
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dNch/dη

D. Silvermyr, ORNL 14

N.B.: Approx. same centrality dependence at 7.7 GeV as at 2.76 TeV!
[note: no RHIC average here, just PHENIX..]

David Silvermyr



dET/dη

D. Silvermyr, ORNL 15

Also for transverse energy: 
Approx. same centrality dependence at 7.7 GeV as at 2.76 TeV!

David Silvermyr
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Take home messages

● Theory:
● Fluctuations in initial state energy density are very 

important

● Experiment:
● Energy densities reached at the LHC several times the 

critical energy density
● Same dependence of particle multiplicity, transverse 

energy produced on system size independent of collision 
energy

● Outlook
● Advances in calculations will allow us to distinguish 

between different proposed initial states
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Flow

Huichao Song
Michael Strickland
ShinIchi Esumi
Monika Sharma
Ramiro Debbe



Perfect Fluid and Hydrodynamics
Temperature Profile + Velocity Vectors

v2

2005 – RHIC Discovery of QGP as nearly perfect fluid

2011 – LHC energy density increase more than x2.6
perfect fluidity persists

Jamie Nagle



ShinIchi Esumi



                QGP viscosity from dydNSv /)/1(/2 −ε

24.016.0/ −=sη for MC-KLN initial conditions  

MC-KLN MC-Glauber
(Part. Plan)  (Part. Plan)

20H. Song, S. Bass, U. Heinz, T. Hirano, and  C. Shen, PRL2011

)41(3/)41(1 πηπ ×≤≤× s

for MC-Glauber initial conditions  16.008.0/ −=sη
Huichao Song
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CMS π0 v2 results compared to PHENIX π0 v2 

22Monika Sharma                      CIPANP 2012 St. Petersburg, FL, June 02, 2012

• PHENIX: Phys. Rev. Lett. 105 (2010) 142301
• Results agree despite a factor of ~14 increase in √s
• Same as observed for inclusive charged particles 
• Systematic errors not shown on PHENIX results

Monika Sharma
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A short summary
-     is sensitive to

 Extraction          from elliptic flow data using viscous hydro + UrQMD indicates:   

)41(3/)41(1 πηπ ×≤≤× s
s/η

s/η2v

)4/1()21(/ πη ×−=s

-Relatively smaller uncertainties are  from

initial flow,  bulk viscosity,  single short hydro  vs.  e-by-e simulations … 

-Relatively larger uncertainties are from initial geometry   

MC-Glauber:                                                   MC-KLN: )4/1()32(/ πη ×−=s

24

Similar averaged QGP viscosity at RHIC and LHC energies   

Huichao Song
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     The perfect fluid

Michael Strickland

η/S≈0
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The not-so-perfect fluid

Michael Strickland

η/S>>0



Entropy Production

                      CIPANP 
2012 - June 2, 2012

27

T0 = 600 MeV

Tf = 150 MeV

τ0 = 0.25 φµ/χ

T0 = 400 MeV

Tf = 150 MeV

τ0 = 0.25 φµ/χ

Michael Strickland

Exact 
solution

2nd order 
approximation
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Take home messages

● Theory:
● Hydrodynamical flow is a powerful tool to understand 

the properties of the medium (ie, η/S, T)...
● ...provided we take all relevant effects into account

● Experiment:
● Extensive experimental data over a wide range of 

momenta, particle type

● Outlook
● Upcoming U+U, Cu+Au results from RHIC valuable 

for distinguishing models



  

Christine Nattrass (University of Tennessee at Knoxville), CIPANP 2012 29/43

Jets and energy loss
Phys. Rev. Lett. 105, 252303 (2010)

ATLAS

Guang-you Qin
Sevil Salur
Jinfeng Liao
Di-lun Yang
Ramiro Debbe

Ramiro Debbe

http://arxiv.org/abs/arXiv:1011.6182
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Number of particles in A+A

Number of nucleon-nucleon collisions * 
Number of particles in p+p

No suppression

Suppression
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Take home messages

● Theory:
● Electromagnetic probes described by pQCD.  

Strong probes require energy loss.

● Experiment:
● Data in the LHC era allow quantitative 

determination of energy loss in the medium

● Outlook
● Many more detailed measurements of jets
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Provocative ideas



Roy A. Lacey, Stony Brook University; CIPANP, May 29th - June 3rd, 2012 38 

Scaling of high-pT v2

v2 follows the pT dependence observed for jet quenching
Note the expected inversion of the 1/√pT dependence

arXiv:1203.3605

Roy Lacey



Roy A. Lacey, Stony Brook University; CIPANP, May 29th - June 3rd, 2012 39 

Scaling of high-pT v2

Combined ∆L and 1/√pT scaling  single universal curve for v2 

arXiv:1203.3605

Roy Lacey



Giorgio Torrieri
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Take home questions

● What causes these empirical scalings?
● Are we measuring the right things?
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Summary

● Quantifying the properties of the QGP
● Better understanding of the initial state
● Unprecedented amount of data from RHIC & 

the LHC to constrain theories
● More to come from data at RHIC & the LHC
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Thank you!

Co-convener: Will Horowitz
Plenary speaker: Jamie Nagle
Parallel speakers:
Dan Cebra
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Swagato Mukherjee
Rajan Gupta
Grzegorz Stefanek
Bjoern Schenke
David Silvermyr
Magdelena Malek
Sooraj Radhakrishnan
Huichao Song
Michael Strickland
ShinIchi Esumi

Monika Sharma 
Ramiro Debbe 
Guang-you Qin
Sevil Salur
Jinfeng Liao
Di-lun Yang
Ramiro Debbe
Roy Lacey
Scott Pratt
Paul Stankus
Giorgio Torrieri
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