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RHIC & LHC -  next generation 

RHIC  RHIC II 

First collisions 2000 

• p+p, d+Au, Cu+Cu,  

Cu+Au, Au+Au, U+U 

• sNN ~ 7 – 200 GeV 

• Polarized protons 

LHC -> LHC II 

• First collisions 2010 

• p+p, Pb+Pb, p+Pb 

• sNN =2.76 TeV 

• (5.5 TeV in 2015-16) 

 

 
2 

2 

http://www.flickr.com/photos/brookhavenlab/3293671738/sizes/o/in/photostream/


RHIC+LHC Today: Five Experiments 

RHIC 
 

 

 

• PHENIX 

 

 

 

 

 

• STAR 

LHC 
 

 

• ALICE 

 

 

• ATLAS 

 

 

 

• CMS 
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http://www.phenix.bnl.gov/
http://www.flickr.com/photos/brookhavenlab/4866157511/sizes/o/in/set-72157613690851651/
https://mediastream.cern.ch/MediaArchive/Photo/Public/2008/0802025/0802025_03/0802025_03-A4-at-144-dpi.jpg
https://mediastream.cern.ch/MediaArchive/Photo/Public/2007/0702016/0702016_10/0702016_10-A4-at-144-dpi.jpg
http://cdsweb.cern.ch/record/1474902/files/CMSrealSize5000_final_darker.gif?subformat=icon-640


• The matter produced in LHC collisions exhibits the same 

qualitative features discovered at RHIC: 

 

• Strong  

hydrodynamic  

   flow  

• Strong  

   fluctuations: 

 high harmonics of flow 

• Strong  

quenching of high momentum  

   particles 

5 years of RHIC/LHC complementarity 

See P.Sorensen talk 4 
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dn/df ~ 1 + 2 v2(pT) cos (2 f)  

                 + 2 v3(pT) cos (3 f)  

                 + 2 v4(pT) cos (4 f) + … 

 

http://arxiv.org/abs/nucl-th/0306046
http://arxiv.org/abs/1204.1409
http://www.bnl.gov/rhic_ags/users_meeting/agenda/Thurs/Alver.pdf


Theoretical Break-Through 2003-4 

• An estimate (bound?) on viscosity appeared from string theory’s 

AdS/CFT correspondence: 

• A Viscosity Bound Conjecture,   

P.    Kovtun, D.T. Son,  A.O. Starinets,  

hep-th/0405231 (1300+ citations!) 

 

 

 

 

 Fundamental measure of strong coupling 

 Cleanest result from gauge/gravity duality 

 A measure of “quantum liquidity” 

W.Zajc, 2014 5 
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Degree of imperfection 

http://arxiv.org/abs/hep-th/0405231
http://arxiv.org/abs/hep-th/0405231
http://arxiv.org/abs/hep-th/0405231


Viscosity near Phase Transitions 

Many systems have 

minimum shear viscosity 

to entropy density near 

phase transformation 

Quark-Gluon Plasma is 

not yet well constrained 

on this question 
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Difference in viscosity – next is the hard sector 
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≈ 1.5 x KSS Bound ≈ 2.5 x KSS Bound 

C. Gale, S. Jeon, B. Schenke, P. Tribedy, R. Venugopalan, Phys. Rev. Lett. 110, 012302 

(2013)   

 

The fundamental matter formed at RHIC and the LHC 

is within a factor of 3 of KSS bound(!) 
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• 0-th order observable  for high pT diagnostics: 

 

 

 

 

 

 

 

 

 

• Higher orders:  

• Differential studies versus: impact parameter, reaction plane, away-side partner;  

• flavor tagging, tagged photons, complete jet reconstruction… 

Hard Sector 

W.Zajc, 

2014   
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QGP Constituent Mass Dependence 
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2007 Long Range Plan Recommendations 
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By this time RHIC II Upgrade is DONE 
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 Design Luminosity 

 RHIC II Luminosity 

DONE! 

Sharpening the program and upgrading tools 

DONE! ≠ Finished! 
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• To date: 

Data from RHIC and LHC 

      together with theoretical modeling… 

     Tell us what the QGP does. 

 

• Yet we have only very limited insight into  

   How the QGP does it. 

• Creates near-perfect fluidity 

• Approaches first order phase 

transition 

• Modifies jet fragmentation 

• Many other observed signals… 

Where we are and Why “Done!” ≠ “Finished!” 
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Discovered: 

hydrodynamic flow in 

small systems 

 the critical role of 

fluctuations 

Opened a new energy 

frontier – the LHC 

Begun exploration of QCD 

phase diagram - RHIC 

Developed sophisticated 

multi-scale models 



 Beam Energy 

Scan at RHIC 
 Only at RHIC ! 

 Note:  

COLLIDER   

complete control of 

systematics vs. √s  

 Range explored 

to date 
 Note:  

horizontal position 

accurate;  

vertical position 

schematic  

Exploring the QCD 

phase diagram”in  

search of the critical  

point 

s Varies a True Control Parameter: mB 

200 

39 

27 

19.6 

11.5 

7.7 
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Deliberately increase the value of mB/T 

Search for a fundamental feature of 

thermal QCD: 

The critical end point and change to 1st 

order phase transition 



Strongly Coupled (s)QGP Paradigm 
14 

small-viscosity hydrodynamic evolution of QGP implies a strong-

coupling and is at the heart of a “standard model” for heavy ion 

collisions 

To  become comprehensive this “standard model” 

needs examination from the hard sector: 

parton energy loss and quarkonia suppression 



Hard Sector – case for new experiment 
15 

 

Temperature 

dependence of the 

QGP by beam 

energy variation 

 

Time dependence 

of the QGP by 

virtuality variation 

(hard process Q2, 

heavy flavors) 

 

Length scale within 

the QGP by 

interaction 

hardness 

(interaction Q2) 

(1) Physics case for a jet detector at RHIC (sPHENIX) 

 and the key measurement observables 
 

 

(2) What should be  detector configuration to fit jet observables 
 

 Can a detector be built on time to make these measurements? 

 



Transition of the physical system to the perfect frictionless fluid 

with increasing the interparticle interaction 

h/s vs coupling parameter.  

1,2 – calculations for different screenin

g mass,  3 – one component plasma. 
 

Comparison between different fluids.. Data

: filled circle-H2O, filled square-N2, filled rh

ombus-He, filled hexagon-relativistic heavy 

ion collider, open bottom faced triangle-me

son gas, open top faced triangle- quark glu

on plasma, open hexagon-intermediate-en

ergy colli- sions; filled pentagon-quark gluo

n plasma; filled star-strongly coupled plas

ma, present work.  

 

smaller viscosity ⇨ larger coupling ⇨ larger interaction with jets 

where k
 
~ 0:69 at Z= 1 for the 

Boltzmann statistics and K 
~ 0:4 for 

the Fermi-Dirac statistics. 



Rates: jets, di-jets, γ-jets 
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Huge rates allow differential 

measurements with geometry 

 (v2, v3, A+B, U+U, …) &  

precise control measurements  

(p(d)+Au & p+p). 

~80% as dijets! 

Events: 50 billion collected, 200 billion sampled 

-1 < η < 1 



PHENIX - > sPHENIX to the challenge 
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•  Single jets, direct photons: RAA, vN  

 

•  Intra-jet hadron correlations (longitudinal and radial modifications) 

 

•  Jet-jet, photon-jet correlation: IAA, AJ    

 

•  Jet-hadron correlations (global response) 

 

•  Heavy flavor jets  

 

•  Separated Upsilon States 

 

•  Compatibility with future EIC detector 

18 



sPHENIX detector 
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Acquisition of the BaBar Magnet 
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sPHENIX Calorimeters 
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sPHENIX evolution 
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BNL Proposed 10-year Plan 
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RHIC / LHC Timeline 
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2015 >2025 

Electron-Ion Collider 

End of  

Long Shutdown 

1 
LHC 

RHIC 

1 Month Ion Running 

 11/2015, 11/2016, 6/2018  

1 Month Ion Running 

11/2020, 11/2021, 12/2022 

Long Shutdown 

2 7/18-12/19 

2020 

LS2 

Installation 

Shutdown 2020 

sPHENIX 

2014-2016 

Heavy Flavor 

Probes of 

QGP 

Installation 

Shutdown 2017 

eCooli

ng 

2018-2019 

Beam Energy 

Scan II 

2021-2022 

Precision jets 

and quarkonia 
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Goal: to fully understand thermal QCD matter 

 

Organized as 3 campaigns: 

1. 2014-16: Heavy flavor probes of the QGP 

• 2017: Install low energy e-cooling 

2. 2018-2019: Precision scan of QCD phase diagram 

• 2020: Install sPHENIX upgrade 

3. 2021-2022: Precision measurements of jets and quarkonia 

 

Supported with sustained theoretical studies, modeling and 

phenomenology 

 

Summary: Completing RHIC’s Mission 

B.Muller 25 
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The End 


