
Initial Geometry & jet quenching 

n  Event averaged quantities: vn(pT,η,cent,n,PID) 
n  Geometry & high pT vn 

n  Dipole asymmetry and v1 

n  Event-by-event quantities 
n  Correlations between Φn. 
n  Distribution of vn 
n  Event shape engineering. 
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Origin of single particle vn(pT,η,cent,n) 
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n  Both effects are related to global geometry à ridge & factorization  

Hydrodynamics Jet quenching 



Three different planes 

n  PP, EP and QP can be different from each other 
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Event plane (EP) Participant plane (PP) Quenching plane (QP) 

EP vs PP 

U. Heinz  
1104.0650 

QP vs PP 

1203.3265 



Consequence on high pT vn 
n  Intrinsic anisotropy due to jet quenching can be 

sizable 
n  But QP de-correlated with the PP, so possibly 

also with EP. 
n  Interpretation of vn for n>3 can be complicated. 
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1203.3265 



“Surprisingly” large rapidity-even (dipolar) v1 
n  Sizable dipole asymmetry in initial geometry 
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Φ1 



First coefficient v1,1=<cosΔϕ> from 2PC 6 

n  Peripheral collisions (GMC dominated): v1,1 negative, linear in pT
a,pT

b. 
n  Central collisions (flow dominated): v1,1 becomes positive at 1.5-6 GeV 

range, but on top of a negative momentum conservation component 
n  Cross each other at low pTà where flow driven v1,1 ~ zero. 



Dipolar v1 from 2PC via two-component fit 7 
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Comparison with AMPT model: arxiv:1203.3410 

n  HIJING only need momentum conservation, while AMPT need both 
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Arxiv1203.34
10 

|Δη|>1.5 HIJING HIJING+Final state inter. 

The complex pT dependence of v1,1 naturally 
generated from final state interactions 



v1,1=<cosΔϕ> in 2PC (0-5%) 
n  Correlation function well described by v2-v6 and v1,1 
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Most of v1,1 is due to 
momentum conservation 

~1.5 : 1 ~3:1 
Most of v1,1 is due to 
dipolar flow 
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Ultra Central Collisions 11 

n  The shape of vn is very different 
from v2. 

n  pT of the peak increase with n. 
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Seen in the vn scaling and fluctuation  12 

1205.5761 



Event-by-event quantities 
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EbE vn fluctuations 14 

vNΔ=<cosnΔϕ> 
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Jean-Yves QM2012, central event, NeXus+Ideal hydro 
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Jean-Yves QM2012, central event, NeXus+Ideal hydro 
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EbE distribution of vn 

n  p(vn) distributions with shape uncertainty only 
n  Overlaid with Gaussian function adjust to the same mean (curves) 
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pT dependence of vn shape 18 

n  Distributions for higher pT bin is broader, but they all have ~same 
reduced shape. Also works at higher pT.  
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Measuring the hydrodynamic response: v2 
n  Check:  

Rescale εn distribution to the mean of data 

19 

For Glauber and CGC mckln 3.46 

Both models fail describing p(v2) across the full centrality range 
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Glauber or MC-KLN? 

n  MC-KLN works better in more central collisions 
n  Glauber better in more peripheral collisions 
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Compare to vn
EP results 

n  Expectations: 

21 
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Verified!! 
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Correlations between Φn, Φm etc 22 
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Correlations between three EP 

n  Dynamic mixing in hydrodynamics 

23 

Not only vn, but also vn,m, vn,m,k etc   

v5e
!i 5"5 = geometry +v2v3e

!i 2"2!i 3"3 + ...



How to measure number/size of the hot spots? 24 

G. Qin 1109.5961 

Not so easy due to 
non-linear effects 



EVENT SHAPE ENGINEERING
• Selection of azimuthally anisotropic events: length of flow vector, q2
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Talk of S.Voloshin: Plenary IC 

Talk of A.Dobrin:1C 

Talk of L.Milano: 5A 

expected effect on v2 and consequence on PID’ed transverse momentum spectra

25 

Largely expected since v2~ε2.  
 
More useful as a tool for jet tomography? 



Transverse size fluctuation 

n  d 
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Piotr Bozek 1203.1810 


