
The ``ridges” and 
large jet v2 are explained by 

magnetic plasma near Tc 



Outlook: 

•  the ridges: not just flow but 
(quite robust)  flux tubes! 
•  ``tomography” (v2) of the jets show that it 

happens near Tc 
•   “magnetic” (color monopole) plasma near 

Tc to explain them, as well as 
deconfinement! 



Three main 
observations 
from jet 
correlations may 
be explained by: 

•  ``cone” on the away side  
=> hydro flow 

(H.Stoecker,J.Casalderrey+ES, 2005) 
•  ``Hard ridge” => forward-

backward bremmstrahlung 
cones kicked out by hydro 
radial flow  (4 jets!) 

(Shuryak 0706.3531, PRC76) 

•  ``Soft ridge” => initial 
stage fluctuation of the 
color changes, also 
carried by flow 
(Dumitru,Gelis,McLerran,Venugopalan, 
0804.3858, Gavin et al 0806.4718) 



The jets we trigger on are 
biased to be near the nuclear 

surface: 



 the``soft ridge” exists even without any 
hard trigger 

(Phobos further observed  
that ridge extends at least till       
|y|=4)  

McLerran et al: 
Fluctuations of 
Color charges 
At early time  

What happens next, till freezeout  (>10 fm), is quite nontrivial  



The peak width decreases for 
central collisions 

•  L.R
ay 



Naively, ``spots” should excite a wave and get 
expanded to a spherical (or conical, or cylindrical)  
wave  
Like in the case of stone thrown into the pond, 
nothing is left at the original position: so how can 
they be observed? 
Its size =>the sound horizon => is comparable to 
fireball size 6-8 fm/c 
And thus large angular size 

If one wants to get large radial flow, one has to 
wait the time needed for it to develop. The sound 
speed during this time creates large rings.  



Can we restrict its size (at 
freezeout) from the data? 

•  This is how 
azimuthal 
distribution 
would look 
like: 

•  comparing 
with data, we 
concllude 



The decay products of the ridge are 
clusters which are larger than in pp! 

they have up to 10 pions and they decay unisotropically 

G.Stephens 



1612: 
Galileo 
discovered what we 
now call solar 
corona 





Predictions for energy dependence: ridges 

As energy decreases, M phase 
Goes inside the fireball => 
Much smaller radial flow => 
Disappearance of the ridge 
 at fixed matter density 

L.Ray 



Nucl-th/
01012042 





Realistic geometry made the ``standard 
predictions” even lower! 

<= ! 



“Onionization” (slicing matter 
into shells/bins of the same entropy density 
then adjusting quenching to reproduce the 
RAA(b) and predicting v2) 



 Liao,ES: Resolution of the old puzzle of large v2(large pt): 
Phys.Rev.Lett.102:202302,2009.  
two different quenching in QGP and M phases (zero in H)                
λ=quenching(QGP)/quenching(M) 
 λ=0.2-0.4    =>


Other  
Models 
with 
quench. 
going as 
density  



The solution: (color) 
magnetic monopoles 
are important 
excitations near Tc 

•  Strongly coupled plasma with electric and magnetic 
charges. 
  Liao,ES,   Phys.Rev.C75:054907,2007.  
 hep-ph/0611131 

•   Magnetic component of Yang-Mills 
plasma,M.N.Chernodub and V.I.Zakharov, 98, 082002 
(2007)  [arXiv:hep-ph/0611228]. 

•  Electric Flux Tube in Magnetic Plasma. 
Liao,ES, Phys.Rev.C77:064905,2008.  
 arXiv:0706.4465 

•  Magnetic monopoles in the high temperature phase of 
Yang-Mills theories, A.D'Alessandro and M.D'Elia, 
Nucl.Phys.B 799, 241 (2008)  [arXiv:0711.1266  

•  Magnetic Component of Quark-Gluon Plasma is also a 
Liquid! Liao,ES,  
Phys.Rev.Lett.101:162302,2008.  
e-Print: arXiv:0804.0255  

•  Angular Dependence of Jet Quenching Indicates Its 
Strong Enhancement Near the QCD Phase Transition. 
Jinfeng Liao,, Edward Shuryak Phys.Rev.Lett.
102:202302,2009.  
e-Print: arXiv:0810.4116 

•  Thermal Monopole Condensation and Confinement in 
finite temperature Yang-Mills Theories. 
Alessio D'Alessandro, Massimo D'Elia, Edward 
Shuryak, . Feb 2010. 17pp. 

Four lectures on strongly 
coupled Quark Gluon Plasma. 
Edward Shuryak, (SUNY, Stony 
Brook) . 2009. 46pp.  
Published in 
Nucl.Phys.Proc.Suppl.
195:111-156,2009. 



The lesson: monopoles at Tc, 
behave as He4

 =>Bose-Einstein 
condensation 



Moving e-charge leads to 
magnetic coil => e-flux 

tubes above Tc? 
(with J.F.Liao, archive 0706.4465) 

•  Dual superconductivity at T<Tc as a 
confinement mechanism (‘tHooft, Mandelstam 1980’s)  =>                   
monopole Bose condensation =>                     
electric flux tubes (dual to Abrikosov-Nielsson-Olesen vortices) 

•   Dual magnetohydrodynamics at T>Tc ? Electric 
flux tubes in magnetic plasma (M=phase)  

•  monopoles are reflected from  E field => pressure 
=>  metastable flux tubes 



(Dual) 
magnetohydrodynamics 
Ideal if conductivity => infinity, 
Viscosity => 0 

Dual(H) = E 

For weak field  
Splitting into two 
cones 

For  H||=0 (wave normal to H) 
One velocity =0, stabilization 



  ``metastable flux tube” option 
for ``cone” and ``ridge”: 

•   there are enough monopoles to stabilize 
the flux tubes  mechanically up to 1.4Tc:  

•  They can survive for a long time, 5-10 
fm/c due to heavy electric quasiparticles 
(q,g,dyons) at Tc  

Mq=300 MeV at T=0 
but about 800 MeV at 
Tc 



Summary  


