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• Jet (geometric) tomography, and how I came into this	

• CUJET3: What It Is & What It Does	

• HF Tests from CUJET3	

• Summary & Discussions
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Geometric Anisotropy of Jet Quenching
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Geometric tomography(~2000) 	
[Gyulassy,Vitev,Wang, arXiv:nucl-th/0012092

In-Plane

Out-of-Plane

Positive v2 for high Pt hadrons — beautiful idea! 	
It could be a “crowning” confirmation of jet energy loss model.



Maybe Sometimes We Got Too Ambitious…
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Compilation of J.Jia, ~2008

Till ~2008: clear and significant discrepancy between data / any model. 	
That was the situation when I dived into this water…



Magnetic Component of sQGP

There is the strongly coupled QGP, 
in the 1~2Tc regime.!
!
What is the making of sQGP?!
!
What is the connection to the 
vacuum confinement?!
!
How the knowledge about sQGP !
helps us understand confinement?!
!

“Magnetic Component”
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sQGP: The Matter Just About to Be Confining
The old dream

A few of us, quickly came to realize: !
The matter just above confinement (in 1~2Tc), !

is more like the confined world, rather than like !
the far-far-away place of asymptotic QGP!

The new paradigm thanks to discoveries at RHIC and LHC (1~3Tc):

Tc

Tc ~2Tc

strongly coupled !
confined phase asymptotically free QGP

asymptotically free QGPstrongly coupled !
confined phase

strongly coupled !
QGP (sQGP)

This is to say, the confinement physics (whatever it is), !
must continue robustly into this region !

— we call it “postconfinement” regime! 
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The Special Near-Tc Matter: What are the DoF?

Shuryak, Liao,…: this is a monopole plasma!
Pisarski, …: this is a semi-QGP!

Liberation of Thermal DoF Degree of color liberation

The two pictures are in complement, from Electric or Magnetic language 
respectively, and reconciled into one coherent message: !

! ! Postconfinement Regime in 1~2Tc, !
with lively new manifestation of confinement physics   
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Magnetic Scenario of Near-Tc Plasma

Condensate monopoles —> dense thermal monopoles  1-2Tc:!
thermal monopoles hold together electric flux, yet with dissipation.



What A Magnetic Component Does?

A	mixture	of	
E&M	charges	

can	help	
explain	the	

“perfect	fluid”.	
!

[quantum	E-M	
sca?ering:	

RaB,	Shuryak]

Shear	Viscosity
Diffusion

We	first	studied	the	plasma	of	a	completely	new	kind:		
Coulomb-Lorentz	Plasma!	
Molecular	Dynamics	for	1000	par9cles	with	long	range	forces	
for	varying	E/M	ra9o:		
pure	electric	;		25%		magne9c	charges	;		50%	magne9c	charges

“Lorentz-Trapping Effect”

What about the jets? Can they sense the M charges? !
We spent a busy summer of 2008 on this problem… 



From “Transparency” to Opaqueness
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TemperatureTc

Jet-Medium 	
Coupling

TemperatureTc

Jet-Medium 	
Coupling

? ?

“Waterfall” scenario “Volcano” scenario

The temperature dependence of jet-medium coupling  
has profound consequences!



Where Are Jets Quenched (More Strongly)?
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Taken for granted in all previous models:  
“waterfall” scenario.  !

We realized the puzzle may concern  
more radical questions:	!

Where are jets quenched (more strongly)?

Geometry is a sensitive feature:	
“Egg yolk” has one geometry,“Egg white” has another.



Near-Tc Enhancement (NTcE)
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In the paper we concluded: 	
“In relativistic heavy ion collisions the jets are quenched 

about 2--5 times stronger in the near-Tc region !
than the higher-T QGP phase.”



Hot QCD Matter from RHIC to LHC

From	RHIC	to	LHC:		
Capability	of	shifting		
QGP	Temperature!

RHIC	Events	 LHC	Events	

http://cms.web.cern.ch/sites/cms.web.cern.ch/files/field/image/HI-150431-630470-huge_1.png


Jet Tomo vs Mono vs Holo -graphy

Liao, “Nonperturbative !
Jet Quenching from !
Geometric Data”!
arXiv:1109.0271[nucl-th]

My calculation 
results were 
reported at 
PANIC2011, July !
@MIT

RHIC Raa
RHIC V2

LHC Raa LHC V2



The Opaqueness Does Shift!
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Beautiful jet quenching measurements 	
from all collaborations 

Already a clear hint of LESS OPACITY: 	

similar R_aa, despite twice the density! 	

— “surprising transparency” (Horowitz 

& Gyulassy, QM11) 	

— naturally expected if the “volcano 

scenario” is indeed true (Liao PANIC11)



Quantifying the Reduction of Opaqueness

Analysis by me and student came to the same conclusion.	
Zhang & JL, arXiv: 1208.6361,1210.1245.

Let me emphasize: this reduction is naturally born out 
from near-Tc enhancement !



V2 from RHIC to LHC
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RED: L^2 model+waterfall       BLUE: L^2+volcano      BLACK: L^3+waterfall

* We do see big difference between waterfall/volcano at RHIC, and this 
difference becomes much smaller at LHC	
* RHIC + LHC data are in favor of the L^2 + Volcano scenario

Zhang & JL, arXiv: 1208.6361



Detailed Analysis from Earlier CUJET
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Xu, Buzzatti, Gyulassy, 1402.2956;  
Betz, Gyulassy, 1404.6378

effectively: 	
kappa_out > kappa_in



 Results from Renk’s Simulations 
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Renk, 1402.5798 & QM14 



Extractions at RHIC vs LHC
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In the paper PRL(2009) we (Liao&Shuryak) concluded: 	
“In relativistic heavy ion collisions the jets are quenched about 

2--5 times stronger in the near-Tc region !
than the higher-T QGP phase.”

JET Collaboration,  
arXiv: 1312.5003

Liu, Zhang, Zhang, Wang,  
arXiv: 1506.02840



Message from One More Dimension
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Deforming the conformal-AdS to 	
introduce non-conformal dynamics: 	

using graviton-dilaton system in the bulk

D. Li, JL, M. Huang, arXiv:1401.2035

We use the Liu-Rajagopal-Wiedemann scheme 	
to compute q-hat 



Results from Non-Conformal Holo-QCD
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D. Li, JL, M. Huang, arXiv:1401.2035

Same	non-conformal,	non-monotonic,	non-perturba9ve	dynamics		
--->	shows	up	in	trace	anomaly	and	in	jet	transport	parameter	

Thermodynamics Jet	Transport

Rougemont, Ficnar, Finazzo, Noronha, !
arXiv:1507.06556!
!
Quite different holo setup, but showing !
the same robust connection as above!



Near-Tc Matter is Special

RHIC

LHC:	2.76	àtop	energy?!

Will	we	see	a	systematic	deviation	from	RHIC	to	LHC?	Yes!	
The	“see-saw”-QGP	expects	such	a	picture	to	occur	in	a	narrow	regime	1-3Tc.	

A	kind	of	“critical	opalescence”!	
Reminiscence	of	a	phase	transi]on	underlying	the	crossover

Inverse	relation		between	viscosity		
and	opacity	
Majumder-Muller-Wang	2007;	
Dusling-Moore-Teaney	2009

LIAO@DNP11



The QGP Liquidity is Shifting Too!
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Works of multiple groups (BNL-McGill, Frankfurt, Scalay, OSU) consistently 
suggest a visible increase, ~40%, of average eta/s from RHIC to LHC.

To be in context: the temperature is 	
increased only by ~30% from RHIC to LHC.

Such rapid change is an indication 	
of near-Tc phenomenon. 

⌘/s ⇡ 0.12 ⌘/s ⇡ 0.2



Toward Microscopic Making of sQGP!
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There are a number of outstanding challenges in understanding  
how the QGP does what it does:  
* We know that there are nonperturbative dynamics and emergent 
degrees of freedom in sQGP — how to implement such physics? 
* Experimental & lattice data validation/constraints? 
* Perfect fluidity v.s. Jet quenching — how to reconcile the two key 
properties of the sQGP?

Xu, JL, Gyulassy,  
arXiv:1411.3673;  
arXiv:1508.00552



CUJET3: Semi-Quark-Gluon Monopole Plasma 



A Sophisticated Simulation Framework
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Our goal is to implement the nonperturbative NEAR-Tc Physics	
 —> CUJET3.0

Xu, JL, Gyulassy, arXiv:1411.3673 

Original DGLV formalism has 	
only quark/gluon scattering centers

We now include both color-electric 	
and color-magnetic scattering centers.

DGLV-CUJET framework for describing multi-parton scattering:



The Making of sQGP
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The model implementations of electric and magnetic components 	
are well constrained by available lattice data.

Xu, JL, Gyulassy, arXiv:1411.3673 

* Electric density: !
L-loop suppression 

* Magnetic density: 
constrained by total pressure

* Running coupling: !
L-loop suppression 

* Screening: !



CUJET3.0 Explains (RHIC+LHC)*(Raa+V2)!
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The SEVEN set of single hadron observables 	
[ (RHIC+LHC) * (RAA+V2) * (pion) ]  

+ [ (LHC) * (RAA+V2) * (D) ]  
+ [ (LHC) * (RAA) * (B) ], 	

are nicely explained by CUJET3.0 framework 	
(with essentially ONE model parameter)	

that implements the nonperturbative near-Tc physics!

Xu, JL, Gyulassy, arXiv:1411.3673 



Near-Tc Matter Properties are Special!
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Jet transport coefficient q-hat/T^3  
computed from CUJET3.0  

shows a prominent peak near Tc!

Xu, JL, Gyulassy, arXiv:1411.3673 

Shear viscosity, eta/s,   
computed from CUJET3.0  

shows a  clear minimum near Tc  
and rapid increase to high T!

CONSISTENCY of Perfect Fluidity & Jet Quenching in  
the semi-quark-gluon monopole plasma (sQGMP)!



Test CUJET3 @ LHC 5TeV



Test CUJET3 @ LHC 5TeV



Test CUJET3 @ LHC 5TeV



Test CUJET3 @ LHC 5TeV



HF Test from CUJET3 for RRTF



HF Test from CUJET3 for RRTF



HF Test from CUJET3 for RRTF



HF Test from CUJET3 for RRTF



HF Test from CUJET3 for RRTF



HF Test from CUJET3 for RRTF



HF Test from CUJET3 for RRTF



Summary & Discussions


