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The Strongly Coupled Quark-Gluon-Monopole Plasma (sQGMP)
as viewed through jet v2 at RHIC and LHC

Magnetic Component of Quark-Gluon Plasma is also a Liquid!
Jinfeng Liao, Edward Shuryak, Phys.Rev.Lett. 101 (2008) 162302
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Celebrating T. W. Bonner Prizes in the field of the High Energy AA Field

1/10/15  @ LBNL

and the appointment Professor B. Jacak at UCB and as NSD/LBL division head 

2015 201420152008 UCB&NSD
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Another cause for celebration in 2015 for the High Energy AA Field of Nuclear Science
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The Theory of Everything
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But Experimentalists
Always have the Last Word
In Physics

The Theory of Everything

Oops, we
May have missed 

A term



M Gyulassy WWND 1/31/15

 

7

TD and Walter were right. The physical vacuum
 is very interesting in both strong field QED and QCD
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Xin-Nian and I joined forces during 1990 BNL Workshop on RHIC
and somehow we got to be coauthors on 
John Harris' and 38 experimentalists including Howard Weiman , and
 Tim Hallman, P. Jacobs, Art Poszkanzer, Reinhard Stock, James Symons, …. 

1990 LBL-29488  a TPC exp proposal (later STAR) 
“Concept for an experiment on particle and jet production at mid-rapidity “

“aimed to study correlations between global observables on an event by event basis
and  the use of hard scattering of partons as a probes of the properties of high density
nuclear matter”

Xin-Nian and I wrote the first of 33 papers so far on  “Jets in relativistic heavy ion collisions”
Sep 1990. 23 pp. LBL-29390 (BNL RHIC Workshop 1990:0079-102) 

Over 100 theorists and 1000 experimetalists work in the AA field fo ther past 40 years
 
It was my luck to work at  LBL , Columbia, ITP Frankfurt, RBRC/BNL, CERN, INS Tokyo, 
and KFKI Budapest  with many 
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MG's
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         Jet Probes of sQGMP @ RHIC and LHC with RAA and v2
                         
 
1) in 2013  QCD Tomography with CUJET2.0 =  rc-DGLV + VISH2+1
  results for RAA at RHIC and LHC were compared with 5 pQCD models
      * JET collab PRC90(2014)014909  
      ** Jiechen Xu, A.Buzzatti, MG, JHEP 1408 (2014) 063 
       
  Success with RAA@RHIC&LHC, but the jet v2 “Albatross” Remained

2) 2014 CUJET3.0 =  rc-DGLV + VISH2+1 + semi-QGP+ mag-Monopole
           = CUJET2.0+sQGMP  (semi-Quark-Gluon-Monopole-Plasma)**
    * Jiechen Xu, Jinfeng Liao, MG, arXiv:1411.3673 [hep-ph] 
    ** J.Liao and E.Shuryak,  PRL102(2009),PRL101(2008),PRC75(2007)

 Solves v2 Problem AND provides a quantitative new connection between 
 a Tc enhanced jet transport qhat(E>10GeV, T) field and
 minimal viscosity eta/s ~  T^3/qhat( E → 3T, T)

Recent attempts to establish a quantitative link between Jets and Perfect Fluidity

Part 2: 
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RAA @ RHIC and LHC are now quantitatively accounted for
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AdS hybrid qhat is 
Incompatible with RHIC+LHC
RAA data for pT>10 GeV

Nevertheless Conformal AdS
Minimal viscosity/entropy 1/4pi
Is consistent with pT< 2GeV
Perfect Fluidity observed at
RHIC and LHC

What is the missing link physics
Between 2-10 GeV?

Does that physics also solve the
Jet v2 Albatross problem?

Liu et al.PRL 2006
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2

The JET collab's v2 Albatross 

Is this relate to the apparent incompatibility of Perfect Fluidity with Jet Tomography?
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CUJET3.0 was designed to test quantitatively this proposal

Could this be the
Missing link??
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Part II: CUJET3.0  

      CUJET3.0 =  (rc-DGLV + VISH2+1)* + Mag-Mono**+ semi-QGP***

              = CUJET2.0+ sQGMP  (semi-Quark-Gluon-Monopole-Plasma)**
    
    *      Jiechen Xu, Jinfeng Liao, MG, arXiv:1411.3673 [hep-ph] 
    **     J.Liao and E.Shuryak,  PRL102(2009),PRL101(2008),PRC75(2007)
    ***   Y. Hidaka and R. D. Pisarski, PRD 78(2008), 81(2010)   

 Solves v2 Problem retaining RAA consistency
 AND provides a quantitative new connection between 
 a Tc enhanced jet transport qhat(E>10GeV, T) field and
 minimal viscosity eta/s ~  T^3/qhat( E → 3T, T)   →  0.1  near T -> Tc
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CUJET2.0 Radiative rc-DGLV Kernel:

Collective flow Doppler factor
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fE=1, fM=0
in pQCD/HTL QGP

Djordjevic et al

Liao,Shuryak
SQGMP
ansatz
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Kinetic Theory estimate of viscosity of semi-QGMP:





Near-Tc Matter Properties of sQGMP are special!

Jet transport coefficient q-hat/T^3 
computed from CUJET3.0 shows a 

strong peak near Tc!

J.Xu, JLiao, MG, arXiv:1411.3673 

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

shows a  clear minimum near 
Tc and rapid rise at high T!

BES@RHIC and LHC are both essential to constrain and map 
out the strongly non-conformal QCD confinement 

transition physics in and out of perfect fluidity jet opacity! 
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Summary

30

CUJET2.0 solved both the “heavy quark puzzle” and the “surprising 
transparency” of QGP @LHC
Dynamical QCD medium + Elastic energy loss + Realistic path length 

fluctuations + pQCD pp spectra
Multi-scale running strong coupling

But v2  50% underpredicted high pT  >10 with CUJET2.0 !
And eta/s way over predicted with extrapolated down to pT-> 2GeV

With pQCD + semi-QGP + magnetic monopoles, CUJET3.0 explains high pT 
(RAA & v2) at (RHIC & LHC) simultaneously
** qhat from CUJET3.0 smoothly bridges the hybrid AdS/SYM holography 

and the pQCD tomography limit
** eta/s from CUJET3.0 approaches perfect fluidity near Tc

Future test with heavy quark tomography at RHIC and LHC will be important
To further test consistency of the sQGMP non-perturbative features constrained
By lattice QCD

Gyulassy WWND2015 1/30/15
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