
  

Initial conditions Initial conditions 
and fluctuationsand fluctuations

Initial conditions Initial conditions 
and fluctuationsand fluctuations

 Initial eccentricity from kt-factorization / CGC
 Need to get the surface “right”
 Need to account for nucleon fluctuations

   (sources on light cone)

Adrian Dumitru
RIKEN-BNL and Baruch College/CUNY



  

Pressure gradients and elliptic flow

Idea : Pressure gradients  convert spatial anisotropy to momentum anisotropy

Target
Spectators Projectile Spectators

Participants

X

Y

Initial

Coordinate
 space

Momentum 
space

Later

=
〈 y2

−x2
〉

〈 x2
 y2

〉
v

2
=
〈 p

x
2
−p

y
2
〉

〈 p
x
2
p

y
2
〉



  

Glauber model for the initial 
transverse density profile

Wounded  nucleon model: 
  number of participants scaling
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Inclusive gluon production

 Kt-factorization:
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Hydro with CGC vs. Glauber 
initial conditions

Ideal hydro with CGC initial condition (KLN)
and τ0 ~ 1 fm/c overpredicts  elliptic flow!

T
. H

ira
no

 a
t a

l.,
 P

h
ys

. L
et

t. 
B

63
6 

(2
0

0
6)

 2
9

9



  

Eccentricity from kt-
factorization
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Scaling properties:
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Peripheral Collisions:

CGC ≃ Glauber

BA

x

y

little A↔B 
asymmetry
in x-direction: 
Qs(A) ~ Qs(B)

 Semi-central coll.:

 Periph. coll.: CGC  Glauber

CGC  Glauber



  

Problems

● uGDF Φ does not factorize, Qs not 'universal'  
  (Lappi, Venugopalan, nucl-th/0609021)

● Qs → 0 at the surface
   (IR sensitivity, unreliable for calculating ecc.)
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nucl-th/0611017nucl-th/0611017



  fKLN approaches Glauber in peripheral collisions !fKLN approaches Glauber in peripheral collisions !

~ 30% effect, comparable to
dissip. correction



  

hydro best for central collisionshydro best for central collisions
(if ini. cond. appropriate)(if ini. cond. appropriate)

so, this is probably notso, this is probably not
best way to plot :best way to plot :



  

Voloshin/Poskanzer plot: scaled flow vs densityVoloshin/Poskanzer plot: scaled flow vs density

v
2
/
ε
 
→

centrality →



  

Luzum, Romatschke: 
arXiv:0901.4588

hydro + Glauber ain't good friends !?hydro + Glauber ain't good friends !?

→ → hydro can help to nail initial conditions !hydro can help to nail initial conditions !



  

Heinz, Moreland, Song: arXiv:0908.2617

vv22
datadata //εεMC-KLNMC-KLN  increases with centrality! increases with centrality!

(unlike Glauber-hydro )(unlike Glauber-hydro )
at small b, one should account for fluctuations though.at small b, one should account for fluctuations though.



  

Fluctuations of nucleons (“light-cone sources”)Fluctuations of nucleons (“light-cone sources”)

important forimportant for
●  central / peripheral Au+Aucentral / peripheral Au+Au
●  smaller systems (Cu+Cu)smaller systems (Cu+Cu)
●  fluctuations of vfluctuations of v22

PHOBOS



  

MC-KLN model
Drescher, Nara: nucl-th/0611017



  

Hirano, Nara: arXiv:0904.4080
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Eccentricity fluctuations:Eccentricity fluctuations:
v2 = C(cs,η/s) ε true or not ?

non-flow ???non-flow ???



  

comparison to geometric σ εfluctuations from finite bin widths have not been removed yet
likely to reduce ratio below the model!

STAR Preliminary

systematic uncertainties are 
still large and under 

investigation
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Summary :Summary :
Thanks !

● non-trivial QCD dynamics determines
    initial conditions ?!
● v2/ε  (Voloshin plot)
● fluctuations of nucleons important
    for Cu+Cu and central Au+Au
● δv2/v2 = δε/ε (?) constrains I.C.
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