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            sQGP is a novel form of QCD matter 
       discovered at RHIC in Au+Au @200 AGeV
 and probed at higher temp at LHC in Pb+Pb @2760 AGeV

 Theoretical interpretations of sQGP include 

 1) strongly coupled – Quark - Gluon Plasmas  (sQGP)

 2) Color Glass Condensate (or Color Scintillator Arrays )  

 3) 10D  Black Holes  in AdS
5 
X S

5
  with strings

 4) Unruh Radiation Fields from Accelerating SU(N) sources
    
 5) semi-Quark-Gluon-Monopole Plasmas (sQGMP)
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          Bulk Flow suggests strongly coupled “perfect  fluidity”  for pT<2 GeV 
          But Hard Jet probes suggest weak jet medium interactions pT>10.
                  

From B. Mueller's Theory Overview talk 12/2/13
HTL
Weakly 
Coupled

v2 Jets

What is the missing physics that could resolve this Puzzle?



M.Gyulassy, Wigner, 3/13/15 4

Kinetic theory => inverse connection between eta/s and  the jet transport qhat(T,E) field

Jiechen Xu, Jinfeng Liao, MG arXiv:1411.3673 [hep-ph]

We must know composition and mfp
Of all quasi-particles a=1, …, n
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Part 1:  Open problems

1) QCD thermodynamics near Tc~ 150-250 MeV
     Is not consistent with a wide range of popular models
     Something is missing in sQGP picture.   

2) Jet Quenching pT>10 GeV  in AA can be well understood
     In a perturbative QCD paradigm with only a modest
         Qhat(pT>10,T)/T^3  ~ 4   but pQCD Qhat → 0 near Tc !
             which is inconsistent with (3)

3) Bulk collective low pT< 2 GeV flow v2(pT) requires  
       Close to minimum  eta/s ~ T^3/Qhat(pT~3T, T)  ~ 0.1-0.2 
         That is Inconsistent with (2)

Part 2: Our proposed sQGMP solution to Part 1 puzzles
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. Continuum EoS for QCD with Nf=2+1 flavors

In the QCD transition temperature range 150 < T< 200 MeV the sQGP is
       (1)  NOT a Hadron Resonance Gas (HRG)
       (2) NOT a perturbative Q+G plasma of quasi free quarks and gluons
       (3) NOT a conformal AdS Black Hole
       (4) possibly a semi-QGP + Mag monopole Plasma  (sQGMP)

LATTICE2013 (2014) 155

AdS BH

http://inspirehep.net/record/1268334
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Elliptic Flow =>  near minimum quantum uncertainty bound
        (P.Danielewic,MG 1985;  Kovtun-Son-Starinets 2004)

From low pT<2 GeV elliptic flow exp, QGP appears to be a nearly perfect fluid

With viscosity to entropy ratio eta/s ~ 0.1 – 0.2 << perturbative QCD estimates ~ 0.5-1.0
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             Bulk IR vs Jet Quenching UV Physics in A+A from SPS  to LHC 

IR band UV band
pT >10 GeVpT <2 GeV

UV band IR band

Is the physics in the bulk “IR” decoupled from  jets in the “UV”

1+1D

?? What is the
Missing Link ??
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RHIC

LHC

For HTL plasma with
FE=1, fM=0

Jiechen Xu, A. Buzzatti, MG: CUJET2.0=rcDGLV+VISH2+1 

LHC RHIC

Consistent with both
RHIC and LHC at ~1.5 sigma
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    The CUJET2.0   v2 Albatross 

2

Jiechen Xu, A.Buzzatti, MG, JHEP 1408 (2014) 063 

CUJET2.0 
Under predicts
Jet v2 at LHC

With alpha_max
Constrained by
RAA(RHIC+LHC)

Our v2 Albatross

2
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The Theoretical Dilema:

At long wavelength pT<2 GeV QGP seems like almost infinitely coupled fluid

But at small wavelengths pT>10 GeV probes QGP appear perturbative

(This is commen  unusual in superfluids and  superconductors)

Can we reconcile these contradictory properties of QGP

In some unified calculable way??

We need a “missing link” ingredient like Cooper pairs

that can interpolate between near conformal perturbative QCD short wavelength

And far from conformal nonperturbative confinement physics near Tc ~ 200 MeV
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Part 2: Our proposed sQGMP solution to Part 1 puzzles

sQPMP =  semi-chomoelectric(Q+G)+ semi-chromomagnetic Monolopes M

semi color elect quasiparticle Q+G are suppressed by Polyloop and Polyloop^2
    (aka Pisarski et el)

semi color magnetic quasiparticle M that are emergent in vicinity of Tc
   (aka Liao and Shuryak)

Semi also  in sense that the competiting three  Q+G+M  Deg. Of Freedom
   Evolve into perturbative Q+G HTL DOF for T > 3 Tc
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A  key missing ingredient in both pQCD and AdS/CFT are Hadrons!!

Something must confine color electric q and g degrees of freedom below Tc

The most natural candidate from analogy with condensed matter physics

is the magnetic dual of superconductivity (Nambu, Mandelstam, T'Hooft  ~ 1974)

IF QCD has emergent chromo-magnetic monopole degrees of freedom near Tc

And IF they condense below Tc  (like Cooper pairs do in superconductors)

Then  they can provide the missing sQGMP link physics between 

the T >> Tc asymptotic pQCG  wQGP world

and 

the T<< Tc confined color neutral HRG world 

Could critical scattering on elecmonopoles amd mag monopoles 
explain perfect fluidity near Tc?  (aka Liao and Suryak ?)
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1
9 ArXiv:1409.1599 :  a 277 page review !

 Also arXiv:1412.8009 [hep-lat]
Status of QCD Monopoles Still Uncertain
And Hotly Debated After 40 !!
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sQGP Kinetic theory => inverse connection between eta/s and  the jet transport qhat(T,E) field

Jiechen Xu, Jinfeng Liao, MG arXiv:1411.3673 [hep-ph]

In sQGMP , a=1,2,3
(1) L suppresed quarks             Q
(2) L^2 suppressed glue            G
(3) emergent mag monopoles   M



M.Gyulassy, Wigner, 3/13/15 23

section

Posted 11/17/13

: arXiv:1312.5003 Phys.Rev. C90 (2014) 1, 014909

CUJET2.0 sQDP+DGLV+VISH2

http://arXiv.org/abs/arXiv:1312.5003
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(wQGP)
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CUJET 2.0 vs 3.0 result fig 1: eta/s > 0.3 wQGP  vs  eta/s < 0.1 sQGMP  for T< 300 MeV

Jiechen Xu, Jinfeng Liao, MG arXiv:1411.3673 [hep-ph]

(wQGP)

(sQGMP)
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sQGMP interpolates between conformal pQCD and AdS limits Non-Conformally in T~ (1-2)Tc

Jiechen Xu, Jinfeng Liao, MG arXiv:1411.3673 [hep-ph]



3
/
1
4
/
1
5

2
7

Lattice QCD
Input data to

CUJET3.0
XLG, 1411.3673v2
Result Fig.3 

Only parameter
Ro be fixed by 
RAA(pt=10) LHC
Is
alpha_max
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8 The  running coupling model choices in CUJET3 
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1 Open charm and beauty at high pT RAA and v2

at RHIC and LHC (20-30% centrality) from CUJET3.0
 CUJET3.0

LBNL, 01/08/2015 J. Xu 31

RHIC RAA RHIC v2

LHC RAA LHC v2

B

D

π

π

B

D

π

B

D
B

D

π

CUJET3.0 heavy quark RAA “level crossing”  pattern similar to CUJET2
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3
3 Summary :  

(1) The combined  12 sets of observables,

   (RHIC + LHC) * (RAA + V2) * (pion + D + B),

are consistently accounted in the CUJET3.0 sQGMP framework 

using a lattice QCD constrained Q, G and M decomposition

of bulk constrained  VISH2+1 hydrodynamic evolved fluids. 

(2) Most remarkably, for the first time,  the CUJET3.0 framework 

Can solve the past apparent paradoxical inconsistency between previous 

perturbative QCD based high E>10  jet transport field, qhat(E,T), 

and the small kinetic theory eta/s (~ sum  n_a/qhat_a(3T , T) )  

needed to account for bulk "Perfect Fluidity".

In sQGMP is due to the 1/alf_s enhancement of color electric interactions 

with emergent nonabelian color magnetic monopoles near Tc together

With the Polyakov line suppression of color electric components
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