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Decadal Physics Goals in Light of LHC Results 

What physics? 
Why? 
Why at RHIC? 
(a few examples, to 
get discussion going) 

B. Jacak  Sept. 9, 2011 



Totally new physics ques<ons 

2 PAC talk – Y. Akiba 
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Today’s discussion 

  How LHC informs approach to these ques<ons 
Mostly we’ve learned about QGP at LHC, so I shall 
focus mostly upon the heavy ion ques<ons. 

  See Joe Seele’s talk for spin physics discussions 

4 



5 

The bulk maJer flows collec<vely 

  Ellip<c flow @ pT < 2 GeV/c agrees with hydrodynamics 
~ideal hydro flow 
Thermaliza<on <me < 1 fm/c 

  Flow scales with # of valence quarks 

PRL98, 162301 (2007) 

   How is equilibration achieved so rapidly? 
   Are there quasiparticles in the quark gluon plasma?  

If so, when and what are they? 



LHC tells us 

  QGP flow is very similar 
Also must have very rapid equilibra<on at LHC 

  Various clever theore<cal ideas about rapid equilibra<on 
Plasma instabili<es (maybe growth is too self‐killing?) 
Holography to describe the early system 

  Not so many ideas about experimental probes for how 
equilibra<on happens 

  Hun<ng for quasipar<cles 
Are there composite quasipar<cles (Al Mueller, Wiedemann)? 
Theorists have suggested comparing collisional energy loss of 
different mass probes 

Similar approach (and no knowledge yet) at RHIC/LHC 
Will this be answered in next 5 years w/ vertex detectors? 
Any reason to prefer RHIC or LHC for this study? 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Quan<fy viscosity of QGP 

  Low viscosity/entropy → good momentum transport 
∴ strong coupling 

  At what scales is the coupling strong? 
  What are the initial conditions? Glauber, CGC, or ? 

v2 described by both Glauber and CGC 
      but different values of η/s 

arXiv:1105.3928 

Theory calculation: 
Alver et al. 
PRC82,034913   

v3 described only by Glauber 
   breaks degeneracy 



v3 and other higher harmonics 

  Hot topic on both sides of the Atlan<c 
Careful and systema<c study could yield η/s(T) 

  Study of v2, v3, vn at low energies at RHIC a key part of 
this mapping 
Will be done with data from exis<ng energy scan! 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Strong coupling at what scale? 

  Test by using probes at different mass, pT scales 

  Heavy quark energy loss vs. gluons & light quarks 

  Jets 
At different energies (up to 40‐50 GeV at RHIC) 
Heavy quark jets using vertex detectors to tag 
γ‐jet coincidence to compare energy tagging by photon 
with reconstructed jet energy 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Energy Scan topics 
  STAR ques<on 3: Is there a cri<cal point and if so, where? 

Unique to RHIC (at least un<l CBM at FAIR) 

  STAR ques<on 4: Novel symmetry proper<es 
Need to show they turn off when QGP cannot form 
Of course, LHC energies are key part of the scan, too 

  I shall argue that PHENIX ques<on about the color 
screening length is also an energy scan topic… 

  Current energy scan is effec<ve for large cross sec;on 
observables. Need larger acceptance in φ, η and pT to look 
at √s dependence of rarer probes.  
   σ(√s) implies focus on upper part of RHIC √s range 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Hard probe insights from first LHC results 
  Quarkonia energy dependence not understood! 

Need charmonium and boJonium states at >1 √s at RHIC 
+ guidance from laqce QCD! 

  Jet results from LHC very surprising! 
Steep path length dependence of energy loss 
   also suggested by PHENIX high pT v2; AdS/CFT is right? 

Unmodified fragmenta<on func<on of reconstructed jets 
   looks different at RHIC, depends on “jet” defini<on? 

Lost energy goes to low pT par<cles at large angle 
   is dissipa<on slower at RHIC? Due to medium or probe? 

LiJle modifica<on of di‐jet angular correla<on 
    appears to be similar at RHIC 

  Need full, calorimetric reconstruc<on of jets in wide y range at 
RHIC to disentangle probe effects/medium effects/ini<al state 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Why bother with jets at RHIC? 

  20‐35 GeV jets may not be the same as 100 GeV jets! 

  Requiring narrow jet ‐> same suppression as leading hadron 
Hard to reconcile if eloss is spliqng inside the jet cone 
Jets of ~100 GeV don’t seem to get wider at LHC 
            CMS sees excess 1‐2 GeV par<cles in interjet region 13 



Structure and correla<ons of 20‐40 GeV jets 

  Yet, we DO see hints of medium‐induced fragmenta<on 
func<on changes in γdir‐h (PHENIX) and jet‐h (STAR) @ RHIC 

  Fragmenta<on more affected by coherent scaJering? 
Maybe parton virtuality vs. medium T, ρ, mfp maJers? 

  Perhaps more jet‐medium effects (beyond eloss) at RHIC?? 
Would really like to scan from ~Tc to 300 MeV to probe 
temperature dependence 

Control system size by asymmetric species (eg. Cu+U) to 
control for pathlength dependence 

  More from Berndt on this subject 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Is there a relevant screening length? 

  Plasma: interac<ons among charges of mul<ple par<cles 
spreads charge into characteris<c (Debye) length, λD 
mul<ple par<cles inside Debye sphere 
 they screen each other 

plasma size > λD 
  In strongly coupled plasmas: few (~1‐2) par<cles in 

Debye sphere 
Par<al screening ‐> liquid‐like proper<es 
   some<mes even crystals! 

  Test with heavy quark bound states 
Do they survive?  
All? None? Some? Which size? 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J/ψ vs. system size, √s (SPS to RHIC) 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No obvious pa+ern of the 
suppression with ε, T! 

Why more suppression at y=2? 

To understand color screening: 

 study as funcAon of √s, pT, ronium + 
 d+Au to disentangle cold matter effects 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arXiv:1103.6269 

SPS J/ψ suppression 



Suppression paJern ingredients 
  Color screening 

  Ini<al state effects 
Shadowing or satura<on of  
   incoming gluon distribu<on 
Ini<al state energy loss 
(calibrate with p+A or d+A) 

  Final state effects 
Breakup of quarkonia due  
   to co‐moving hadrons 
Coalescence of q and qbar  
   at hadroniza<on  
(calibrate with A, centrality dependence) 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arXiv:1010.1246 



Look at higher √s at LHC 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Low pT 

  prompt J/ψ < inclusive? 
(b states less suppressed) 

  √s dependence is weak 
LHC less suppressed! 
Final state coalescence? 

scale J/ψ Rcp to “RAA” to compare  



Expect if c‐cbar pairs numerous or correlated 

19 

PRL.98: 172301,2007 

Open charm flows 

J/ψ seems not to 
So coalescence @  
 RHIC is not large 



Need to understand quan<ta<vely! 
  Coalescence could be important at LHC 

More c‐cbar pairs produced. Use b‐bar to probe… 

  Does par<al screening preserve correla<ons, enhancing 
likelihood of final state coalescence? 

  arXiV:1010.2735 (Aarts, et al): Υ unchanged to 2.09Tc  
χb modified @ 1‐1.5Tc, then free. Need Υ states at RHIC!  20 

   ϒ (2S,3S)  
suppressed 
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Heavy quark  
diffusion Ding, et al. 

arXiV: 
1107.0311 

J/Ψ: Not yes/no! 

Is the correla<on 
gone @ T >1.5 Tc? 

What happens at 
1.0‐1.2Tc? 

Is there observable 
evidence of par<al 
screening? 



Need to: 

  Understand onium suppression paJerns in terms of 
medium effects on the correla<on screening length 
Relate correlator to screening length 
Laqce should be able to do this… 
Connect laqce results to observables! 

  Update recombina<on calcula<ons using correlator from 
the laqce in place of purely thermal quark distribu<ons 

  Must make sense of observed (non) dependence on √s 
Experimental data on different c,b bound states 
Measure as a func<on of T at >3 points!  
 This is a job for RHIC, down to ~ 40 GeV √s 
 Needs a large acceptance detector, sensi<ve at low pT 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 backup slides 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Context: QCD maJer at T =300‐600 MeV  

  Collec<ve flow with low viscosity/  
entropy ra<o: “perfect liquid” 
How low? Strong coupling… 

  Opacity very high 
Effec<vely stops quarks & gluons 
How and why? Strong coupling… 

  Even heavy quarks lose energy & flow 
Not expected from pQCD; mechanism? 
‐>(very) strong coupling 

  Color is screened 
 How much? 

Example of the 
viscosity of milk. 
Liquids with higher 
viscosities will not 
make such a 
splash when 
poured at the same 
velocity.


Non photonic electrons    
                               π0, η


 



 
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Similar to forefront ques<on in other fields! 
Quark gluon plasma is like other systems with STRONG COUPLING 

– all exhibit liquid proper;es & phase transi;ons 

Cold atoms: 
coldest & hottest 
matter on earth 
are alike! 

Dusty plasmas & 
warm, dense plasmas 
have liquid and even 
crystalline phases 

Strongly correlated 
condensed matter: 
liquid crystal 
phases and 
superconductors    

In all these cases have a compe;;on: 

AIrac;ve forces ⇔ repulsive force or kine;c energy 
Result: many‐body interac;ons; quasipar;cles exist? 



J/ψ vs. system size, √s 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No obvious pa+ern of the 
suppression with energy density. 

To understand color screening: 

 study as funcAon of √s, pT, ronium + 
 d+Au to disentangle cold matter effects 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arXiv:1103.6269 

SPS J/ψ suppression 

NSAC milestone DM5 PRL101, 122301 (2008) 

Major step forward in precision and 

kinemaAc reach! 

 
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No obvious paJern of the 
suppression with energy 
density! 



Dense gluonic maJer (d+Au, forward y):  
large effects observed 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Shadowing/absorpAon stronger than 
linear w/nuclear thickness 

Di‐hadron suppression at low x 

      pocket formula (for 22): 

trend as, e.g. in CGC … 

arXiv:1105.5112 arXiv:1010.1246 

Toward NSAC milestone DM8  



γ‐jet correla<ons 

29 
Toward NSAC milestone DM11 

Does QGP medium modify how q, g 
fragment into jets of hadrons? 

Measure the fragmentaAon funcAon 

Differs from that in e+e‐ collisions! 

p+p 

Au+Au 



 
Stefan Bathe for PHENIX, QM2011 

Direct photons flow! 

30 

inclusive photon v2 

Au+Au@200 GeV 

minimum bias 
Sta<s<cal subtrac<on 

   inclusive photon v2 
‐      decay photon v2   

=     direct photon v2 

inclusive photon v2 

Au+Au@200 GeV 

minimum bias 

π0 v2 

π0 v2 similar to inclusive 
photon v2 

Au+Au@200 GeV 

minimum bias 

Direct photon v2 

Flow magnitude is a real surprise! 

arXiv:1105.4126 

Toward NSAC milestone DM13 



gluon & sea quark polariza<on 

  500 GeV p+p: π0 ALL to constrain Δg (0.01<x<0.3) 
central/forward correla<ons tag kinema<cs 

  W AL at forward, backward, mid rapidity for Δu, Δu, Δd, Δd 
31 

Current result 
from global fits 

Still surprisingly 
small   

See talk from Elke 
Aschenauer 

Toward NSAC milestone HP12 



Mysteries in heavy ion physics 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NSAC milestone DM11, 12 

NSAC milestone DM5 

 



PHENIX‐> 
sPHENIX‐> 
ePHENIX 
plan 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To answer these ques<ons 

34 
 



Upgrade Concept 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  2T mid-y magnet, I.d.~ 60cm (could be up to ~ 1m) 
  Compact EMCal ΔE/E ~ 20%/√E (Si/W & Scint/W?) 
  Intermediate tracker ~80µ resolution (GEM or Si) 
  Compact HCAL for jet reco (first HCAL at RHIC!) 
  Forward spectrometer optimized for electrons, γ, hadrons 
  Hadron ID: forward yes, mid-y ?  



Cost es<mate 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 



Staging 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(  ) 

 











Forward physics upgrade 

  Transverse spin phenomena 
Reach high xF at |η| > 2 
Drell‐Yan: test QCD predic<on SIDIS vs. Drell‐Yan 
Separate Sivers and Collins; do flavor separated PDFs 

  Longitudinal spin phenomena 
Extend x coverage for ΔG and Δq 

  Drell‐Yan in d+Au 
Quark distribu<ons in nuclei 

  First EIC physics 
Polarized and unpolarized inclusive structure func<ons 
in ep and eA (F2, FL, F3, g1, g2, g5) 
 DVCS + other diffrac<ve processes? 

42 



Direct photon flow ingredients 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γinc. v2 with external 
conversion method 

200GeV Au+Au 20-40% 
      PHENIX Preliminary 

γinc. v2 
(Φ2

BBC) 

  Key cross checks: 
γinc are really γ’s:  

   check using γ‐> e+e‐ 
Rγ for virtual vs. real γ 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High meff → large collisional energy loss 

R. Kolevatov &  
U.A. Wiedemann 
arXiV:0812.0270 

  Composite 
quasiparticles? 
  b/c separation 
provides the test! 


