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Hydrodynamics

•  Flow observables: since 2010 
Fluctuations ➡ higher harmonics

•  Theory:  
Relativistic Viscous Hydro. OK!

But sensitivity to initial eccentricity (initial cond.)

 

initial 
eccentricity
⇓

Flow



M. Luzum

ADS-CFT bound: η/s > 1/4π ≈ 0.08



P.  Romatschke

Long-lived sound 
waves scatter off and 

contribute to the 
shear viscosity 



Initial state fluctuations B. Schenke



Initial state fluctuations (Glasma)

B. Schenke

M. Luzum



Before Hydro  τ<1 fm  (Initial state):

From

 Color Glass Condensate (nuclear wave function)

to Thermalization



From ADS-CFT: P. Chesler



W. Florkowski
But hydro rather requires early isotropization... 

➡  Running Anisotropic Hydro



W. Florkowski
But hydro rather requires early isotropization... 

➡  Running Anisotropic Hydro



K. Dusling



R. Venugopalan

CGC



R. Venugopalan

Dusling, Epelbaum, Gelis, Venugopalan (2011)  



Jets
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So far experiments do 
better than theory!

q̂ = 1− 15 GeV 2/fm

Diff  models ⇒ various transport 

coefficients



A. Majumder
Transport coefficient    

on the Lattice
q̂

QGP



Modeling Jet evolution

Shower interacts 
Additional 
splittings

Early QCD 
Shower

Late QCD 
Shower

Modified 
splittings

Additional 
e-loss

MARTINI, Boltzman PYQUEN, I. Vitev T. Renk, JEWEL

t

t0

We need guidance from theory!

Is it reasonable to assume a separation of these processes?

J. Casalderray-Solana



•   In-medium scales? (before doing the math) 

   
M⊥ ≡ E θjet

Q0 ∼ ΛQCD
+

r−1
⊥ jet ≡ (θjetL)−1

Qs ≡
�

q̂L ≡ mD

�
Nscat

QGP

L

Q−1
s

M⊥ ≡ E θjet r⊥ jet

In-medium color correlation length
jet transverse size

Color transparency for                 or r⊥ < Q−1
s

r⊥ > Q−1
s

θjet < θc ∼
1�
q̂L3

Decoherence Y. M.-T, K. Tywoniuk, C. A. Salgado (2010-2012)
J. Casalderray-Solana, E. Iancu (2011)  

Qs-1



F. Dominguez

Decoherence of soft 
gluons

tf � L



F. Dominguez

medium-modified splitting function
trans.mom. broadening

Blaizot, Dominguez, Iancu, Mehtar-Tani (2012)

• resummation of length-enhanced terms

• soft gluons decohere rapidly in the 
medium



• Numerical solution of the JIMWLK eqs. (CGC) 
for 2-particle correlation
• NLO  forward hadron production 

 

T. Lappi

B. Xiao
F. Yuan

Initial state (proton-Nucleus collisions) 



THANK  YOU!


