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Part 1: Recalling last century
          
          when perturbative QCD ruled the world

   (on the very long road to RHIC and sQGPs)

 
          

Part 2: The plot thickens and the ante goes up.
              
                       PHENIX kills the dead cone !

Part 3: Can pQCD be resurrected numerically at N~7-9 ?
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From the Fuzzy pages of Pre-History  1971   After LBL’s 1966 Omnitron Proposal  
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 TD set foundation of  ideas of using relativistic A+A to 
                        probe dense matter in 1974                    

  “Bev/nucleon collisions of heavy ions” at Bear Mountain, New York,

organizers:
Arthur Kerman, Leon Lederman, Mal Ruderman, Joe Weneser and T.D. Lee

“The driving question at the meeting was, as Lee emphasized,
 whether the vacuum is a medium whose properties one could change; 

“we should investigate  phenomena by distributing high energy or high 
nucleon density over a relatively large volume.” (TD)

one could restore broken symmetries of the vacuum, then it might be
 possible to create abnormal dense states of nuclear matter, 
as Lee and Gian-Carlo Wick speculated.”

           Gordon Baym  QM2001 talk
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Al’s first public A+A Nuk’em talk 1981
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Al’s  1981 Speculation  for Pion Rapidity Distribution in 
      high energy A+A at ISABELLE assuming maximal          
                               shadowing at small x  

Projectile A
Fragmentation
Region

Central 
Region

Target A
Fragmentation
Region

If True it would have been a bummer for RHIC
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Longitudinal Flux Tubes Save the Day
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            The BGK Longitudinal Color Neutralization Model 

1<
 
<2

Explained Busza’s
pA “Triangle” rapidity

And
 Predicted 23 years

 before RHIC that

     dN(A+A)/dy
     dN(p+p)/dy
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 dN(A+A)/dy
 dN(p+p)/dy

~(1.5- 2.0) A

First experimental confirmation of 

Wounded
Nucleon 
Model

BGK
MCM

Si28 + Ag107   5 TeV/nucl

(and validity of Glauber AA Geometry) 
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First professional pQCD estimate of RHIC initial conditions



Gyulassy CU Al@70 14



Gyulassy CU Al@70 15



16

XN Wang, MG

BULK
Entropy

PA Null
Control

Jet Quenching

Shadow 

Quench

A+A
p+p

p+A
p+p

                 Our HIJING = multi minijets + strings Monte Carlo 
                                      predictions for RHIC at 200 AGeV cm
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“Day 1” discovery

Elliptic Flow
 in Au+Au 
Collisions 
at 130 GeV

Sep. 12, 2000
PRL86 (2001)
 402

First STAR TPC
event at RHIC
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A1/3 factor seen !
BGK or Minijets seen!

First Phobos 
PRL 7/20/00
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XN Wang, MG

BULK
Entropy

PA Null
Control

Jet Quenching

Shadow 

Quench

  

A+A
p+p

p+A
p+p

PHOBOS 

BRAHMS

PHENIX data by 2003
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QGP birth day announcement (in disguise)PHENIX
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 By 2004  first 275 RHIC publications 

22    (  4 PRL)   from  BRAMHS 

92    (15 PRL)  from  PHENIX 

34    (  6 PRL)  from  PHOBOS  

127  (21 PRL)  from STAR 

Plus SPS/CERN data base E<20 AGeV    

(108: NA49/35, 69: NA50/38, 26: CERES/NA45,

  79: WA98/80, 32: na57/wa97) 

Conviced TD, L.McLerran, and me that two new forms of 
matter, sQGP and CGC, were discovered at RHIC. So we 
organized a RBRC Workshop to work out the details 

Wit Busza acted as honest referee to keep the fighting as 
clean as possible.
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Three Lines of Empirical Evidence in 2004 
            converged to QGP Discovery

•Unique long wavelength collective properties
•   Elliptic flow            PQCD   

•Unique short wavelength dynamical properties
•   Jet Quenching      pQCD

•Conclusive Null Control with D+Au 

QGP =PQCD + pQCD + dA  = v2 + (R+I) AA + (R+I)DA

 RHIC QGP = sQGP = wQGP 
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Part II: The plot thickens and the ante goes up 9/24/04
PHENIX kills the dead cone  
                           and pQCD jet quenching predictions of it
            

“Heavy quark colorimetry of QCD matter”  
Y.Dokshitzer, D. Kharzeev PLB591 (2001)

                      Finite quark mass effects lead to an in-medium 
enhance- ment of the heavy–to–light D/π ratio at moderately large 
(5–10 GeV)

Extension of BDMSP formalism for energy loss:
R.Baier, Y.L.Dokshitzer, A.H.Mueller, S.Peigne and D.Schiff,
NPB483,B484 1997

to Heavy quark jets
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DGLV Theory of  Mass M Quark Jet radiation + thermal dispersion glue
         n-th order in opacity induced gluon radiation

Current elements
“Dead Cone”

Formation Time
QCD LPM Effect
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Electron data seems to falsify pQCD radiative loss theory
even after bells and whistles (elastic+geom fluc) added 

Recent RHIC data closed the b/c loophole
observed b/c ~ 1  => pQCD HQ production OK but quenching is not 

Both
c+b

c
only

Simon Wicks, William Horowitz, Magdalena Djordjevic, MG 2007

_ =0.3The Bottom Quark jet quenching data stumped us all !
    How can a heavy bowling ball stop in air ?
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Should we abandon QCD and follow Ed 
and Dam into the 5D AdS Black Hole to 
describe Quark Gluon Plasmas at RHIC?

=
?

Ed may want to stop his clock, but we better 
Keep one foot on this side of the horizon.
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Gubser et al
Herzog et al

Very different
 from pQCD
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Speed Limit!

Even Al dived into the  AdS Black Brane to save his Qsat
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1) Stochastic trailing string and Langevin dynamics from AdS/CFT.
G.C. Giecold, E. Iancu, (Saclay, SPhT) , A.H. Mueller, (Columbia U.) . Mar 2009. 26pp.
Published in JHEP 0907:033,2009. e-Print: arXiv:0903.1840 [hep-th]

2) Deep inelastic and dipole scattering on finite length hot N=4 SYM matter.
A.H. Mueller, (Columbia U.) , A.I. Shoshi, (Bielefeld U.) , Bo-Wen Xiao, (LBL, Berkeley) . Dec 2008. 26pp. 
Published in Nucl.Phys.A822:20-40,2009. e-Print: arXiv:0812.2897 [hep-th]

3) Jet evolution in the N=4 SYM plasma at strong coupling.
Y. Hatta, (Tsukuba U., GSPAS) , E. Iancu, (Saclay, SPhT) , A.H. Mueller, (Columbia U.) . Mar 2008. 37pp. 
Published in JHEP 0805:037,2008. e-Print: arXiv:0803.2481 [hep-th]

4) Comparing energy loss and p-perpendicular - broadening in perturbative QCD with strong coupling N = 4 
SYM theory. Fabio Dominguez, (Columbia U.) , C. Marquet, (Saclay, SPhT & Columbia U.) , A.H. Mueller, 
(Columbia U.) , Bin Wu, (Peking U. & Columbia U.) , Bo-Wen Xiao, (Columbia U.) . Mar 2008. 33pp.
Published in Nucl.Phys.A811:197-222,2008. e-Print: arXiv:0803.3234 [nucl-th]

5) Deep inelastic scattering at strong coupling from gauge/string duality: The Saturation line.
Y. Hatta, E. Iancu, (Saclay, SPhT) , A.H. Mueller, (Columbia U.) . Oct 2007. 40pp.
Published in JHEP 0801:026,2008. e-Print: arXiv:0710.2148 [hep-th]

6) Deep inelastic scattering off a N=4 SYM plasma at strong coupling.
Y. Hatta, E. Iancu, (Saclay, SPhT) , A.H. Mueller, (Columbia U.) . Oct 2007. 36pp.
Published in JHEP 0801:063,2008. e-Print: arXiv:0710.5297 [hep-th]

Al @70  and colleagues are now somewhere  in the depths of 
                                     the AdS Black Hole
  
       Will they tunnel back to our illusionary MATRIX QCD like world?
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AdS5

* New result
J. Noronha

*Predicts analytic correlations
between soft thermo, transport,
and hard nonequilib dynamics 
for the first time !

Gubser, Klebanov, Tseytlin (98)
Gubser, PRD74 (06)
Buchel, Myers, Sinha, Paulos (08,09)

R2 
GBboth R2 

GB
~1/N

c
  and R4 -3/2  pertubations to R1 (AdS

5
)

Kats, Petrov 07
Brigante 08
Maldacena Hoffman 08

(3)

(2)

(1)

J. Noronha, M. Gyulassy, G. Torrieri, hep-ph: 0906.4099

The Lure of Black Holes
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s)

     5 Fold AA correlations!  described by the  sQGP ~ AdS BH paradigm

Bulk Collective Flow

(3) Heavy quark 
Jet quenching

J.Noronha,  G.Torrieri, MG (2009)  to appear

Initial
Conditions

(4)

(1)

(2)

(5) Heavy
 quark Jet 
induced 
collective
 flow

The Future

J. Noronha, MG, G. Torrieri, hep-ph: 0906.4099
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Part 3: Can Radiative Energy Loss

Radiative Energy Loss

at intermediate opacity  (L/ ) N~7 rescue pQCD?

 Alessandro Buzzatti, Andrej Ficnar, MG, Simon Wicks,     
                      (work in progress)
     
     “DGLV-BFW-MC1.0: High Order DGLV Monte Carlo       
       Radiative Energy Loss”
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The only practical numerical tool to compute intermediate
order up to N=10 is brute force Monte Carlo 

 Simon Wicks in  2008,  Buzzatti, Ficnar 2009

1) Sample 2N  vec( q_i) momentum kicks 
    from given v(q_i) differential distribution

2) Sample N collision points from Glauber multiple scatt

3) Evaluate integrand n~ 10^7 times for each x, kT point

4) Wait a 3^N minutes  until job done and plot answer
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results for x=0.05, =5 GeV,  Ejet=100 GeV,  L/ = 6

(x/L) dN/dxdk

Bertsch-Gunion incoherent 'limit' * L/x

= 1fm,     = 0.5 GeV

S. Wicks 08
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First results with DGLV-BFW MC Heavy Quark Quenching 

Compared to multi soft Armesto Salgado Wiedemann
       finite kinematics extension of BDMSP and the vacuum dead cone
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Happy Birthday, Al

Physics has never been so fun and full of opportunities 

             The LHC energy frontier is just about to open

May you enjoy the pleasures of its physics and discoveries
                                  
               and keep guiding us on the right trails
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