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Techniques to study the plasma 
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Radiation of hadrons Azimuthal asymmetry and radial expansion 

Energy loss by quarks, gluons and other particles Suppression of quarkonia 



Azimuthal asymmetry and radial expansion 

•  Exploit the fact that there are many peripheral 
collisions that are azimuthally asymmetric 

•  The pressure in the hot drop of strongly 
interacting fluid affects the momentum of 
emitted particles 
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Energy in CMS calorimeters 

•  Particles are emitted in preferred direction 
•  Energy/momentum modulation of ±15% 
•  Visible with naked eye! 
•  Why? (and what can we learn from this?) 
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Non-central collision 

•  Initial overlap of the two ions is asymmetrical in 
azimuth φ 

•  Note that in this cartoon the interaction region is 
nice and symmetric… 
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Initial shape vs momentum anisotropy 
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Emission of particles from lenticular hot region 

8 

Similar to expansion of the ultra-cold atom cloud 



Azimuthal particle distribution (pT dependent) 
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Quantify the strength of the azimuthal effects 

•  Fourier expansion, usually dominated by v2, so-
called elliptic flow 
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First results from RHIC in 2000 
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Momentum dependence of elliptic flow  

•  The “translation” between 

coordinate and momentum 

asymmetries carries information 

about shear viscosity of the fluid 

•  η/s is the relevant parameter in 

hydrodynamic theory (s is entropy 

density) 

•  Elliptic flow is a very large affect. 

At pT=3 GeV v2=0.2 modulation 

(min/max)=2.3! 
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Higher Fourier coefficients 
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Two particle correlation 
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Elliptic flow and geometry of collision 
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Viscosity 
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To be understood: the “ridge” at LHC 

•  Early observation in high multiplicity 
7 TeV pp collisions 
–  Origin still unclear 

•  Then seen in PbPb collisions, 
reminiscent of RHIC 
–  Believed to arise from collective flow 

•  Now confirmed in pPb collisions 
–  Is it collective flow? CGC? 
–  Tool: highest pPb multiplicity 

(<0.0003%) ≈ 55-60% PbPb centrality 
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To be understood: Triangular flow 

•  Remarkable similarity in the v3 signal as a 
function of multiplicity in pPb and PbPb 
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