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1- From Short to Large Distances: 

 

Short distances:    microscopic local QFT 

 

         e.g. 

 
Large distances:    Derivative expansion of  QFT 

 

 
         e.g.     Low energy chiral theory  in QCD 

 



2- Energy-Momentum Tensor 

                л                                       E  

                           

                          

                              Thermal field theory 

 

 

 

 

 



3- Derivative Expansion 

In the long wave-length limit: 

                      

 

 

 

To first order in derivative expansion: 

 



4- Hydrodynamic Equations 

 

Conservation eqs: 

 

 

hydro fields: 

 

or equivalently: 

 

 



5- Hydrodynamic Fluctuations  in                 

Presence of Magnetic Filed: 

 

 

Equilibrium state: 

 

 

External Field: 

 

 



6- Hydrodynamics Modes 

EoM linearized: 

 

Collective excitations:              N.A, A.Davody  (Phys.Lett. B (2016))  

 

 

 

 

 

 

 

Different From Standard Magneto-hydrodynamics Results 

                                     “No Alfven Wave” 



7- Parity Violating Currents 

Vilenkin (Phys.Lett. B80 (1978)): 

 

                                                                                      CVE 

                                                                                                                                        

                                                                            

                                                                               Early universe 
 

 

Vilenkin ( Phys.Rev. D22 (1980)) 

 

                                                                                        CME 

 

 



8- Physical Reason 

Vilenkin(1980): 
 

 

 

 

 

 

 

 

 

 

 

 

 

 H.B. Nielsen, M. Ninomiya (Phys.Lett. B130 (1983)):       

                                Chiral Anomaly   



9- Gauge-Gravity Duality 
Maldacena, 97 

AdS5                                             CFT4 

                                                                                       

                                                     

 

      

  AdS5 Black-Brain       Thermal CFT                                                                                                   

 



10- Fluid-Gravity Duality 
 Minwalla, Et. Al JHEP,2007 

Metric: 

 

 

Constraint Eqs: 

 

 

Energy-Momentum Tensor on the boundary 



11- Generalizations 

1. Forced Fluid                      Minwalla, Et. Al JHEP,2009 

2. Non-Relativistic Fluid        Minwalla, Et. Al JHEP,2009 

3. (Chirally)Charged  Fluid  Bhattacharyya, et.Al JHEP 2009 

 

 

 

 

 

 

 

 

 

                                                                                                                                                                        vorticity 

 

Rmemeber Vilenkin 

 



12-  Parity Violating Terms 

 

Motivated by Fluid/Gravity 

  

 

Contradiction   with   second   law! 

 

Hydro equations modified:    
Son, Surowka( Phys.Rev.Lett. 103 (2009)) 

 



13- Equality Constraints; for the      

First Time: 

 
                                                                                                                 Landau-Lifshitz 

 

 

Variational Principle 
 

 

 

 

 

     

 

    

                                                           Son, Surowka( Phys.Rev.Lett. 103 (2009)) 

                                                                                Kharzeev, Yee,  Phys.Rev. D84 (2011)                                                       

                                                                               Neiman, Oz (JHEP (2011)) 

 



14- Symmetry Considerations 

Time Reversal Sym. 

 

Ohm Law:                                                     dissipative 

                                       (-)    (-)(+) 

 

London 2nd eq.:                                             non dissipative                   

                                      (+)    (+)(+) 

 

Anomalous transport:                                   Guess What? 

                                         (-)    (+)(-) 



15- Quark-Gluon-Plasma 

Experiment  
 

 

 

 

 

 

 

 

 

 

 

                                                                                      Steffan Bass: Probing the QGP at RHIC 

 

1- Initial State      

                         2- Evolution     

                                               3-  Particle Spectrum in detectors 

 



16- Observables in QGP  

Elliptic Flow: 



17- Why Hydrodynamically 

Evolution?  

initial spatial anisotropy       anisotropy  in pressure gradients 

 

       Hydrodynamics                     a  non-zero  

 

___________________________________________________ 

                   Data :                         Nearly Perfect fluid !!!      

                                                                 Shuryak (2008) 

 From AdS/CFT: 

                                                        son ,  starinets ,  kovtun, (2004)        

                                  Strongly Coupled  Plasma 

 



18- Axial & Vector Currents in QGP: 

Microscopic:                            vector  current: 

                                                        axial  current: 

 

  

                                                               axial anoamly 

 

Macroscopic: (QCD Plasma): 



19- CMW in QGP: 

 

CME: 

 

CSE: 

 

 

Chiral magnetic wave: 

 

 

                                                                      Kharzeev, Yee (2011) 



20- From the CMW to the charge 

dependence of v2 
Burnier, Kharzeev, Liao, Yee, (2012) 

 

 

                                CMW 

                             evolution 



21- Signature in Experiment 

 

     

     … 

 



22- CVW in QGP 
Jiang, Huang, Liao, (2015) 

vector and axial charge fluctuations  

      at  finite density 

 

 

 

Chiral vortical wave 



23- Full Hydro Computations 
N.A,,  D,AllahBakhshi, A.Davody, F.Taghavi (2016) 

 

 

 

 

 

 

 

       

            two sectors:      1) scalar       2) scalar-vector 

 

 



24- Mixed CMVW in Scalar Sector 

                                                                       Kharzeev-Yee 

 

 

 

 

 

                                                   

                                                                  Jiang-Huang-Liao 

    

 

 

 

 

 

                                         Gravitational Anomaly: New obsevation 

 

 

 

 



25- Outlook 

1. The full Spectrum in Presence of  Dissipation 

2. The full Spectrum to Second Order 

3. The full spectrum from Chiral Kinetic Theory 

4. The full spectrum from AdS/CFT 

5. The full spectrum at Large D 

6.   Anomalous Shock waves  
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