
1.	  What	  is	  the	  experimental	  evidence	  
for	  hydrodynamics	  in	  heavy-‐ion	  

collisions?	  
	  

2.	  Are	  there	  any	  observables	  that	  are	  
sensi<ve	  to	  the	  process	  of	  

thermaliza<on?	  



Mass	  dependence	  of	  mT	  slopes	  due	  to	  
radial	  flow	  blue	  shi7	  
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Radial	  flow:	  Mass	  dependence	  of	  
mean	  pT	  and	  mT	  slopes	  

 0.2

 0.4

 0.6

 0.8

 1

 1.2

 1.4

 1.6

 0  50  100  150  200  250

〈p
T〉

 [G
eV

/c
]

〈Ntracks〉

pp

pPb

pp
pPb

pp

pPb

π±

K±
p,−p

CMS

ALICE PbPb

ALICE PbPb

ALICE PbPb

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0  0.2  0.4  0.6  0.8  1  1.2

T
′ [

G
e
V

/c
]

m [GeV/c2]

8

32

58

84

109
135

160
185

210

235

pPb, ���√sNN = 5.02 TeV, L = 1 µb-1

CMS

mt scaling, no flow

flow



Mass	  dependence	  of	  v2,3(pT)	  
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Simultaneous	  descripAon	  of	  all	  vn	  



Simultaneous	  descripAon	  of	  all	  so7	  hadron	  data	  
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plus	  many	  more….	  



Dynamical	  response	  to	  geometry:	  
ellipAc	  flow	  as	  funcAon	  of	  centrality	  
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CollecAvity	  





CMS,	  Pb+Pb	  @	  2.76	  A	  TeV,	  0-‐0.2%	  



CMS,	  Pb+Pb	  @	  2.76	  A	  TeV,	  0-‐0.2%	  



Event-‐plane	  decorrelaAon	  in	  rapidity	  

Bozek	  (arXiv:
1506.04362)	  
showed	  how	  to	  
to	  describe	  
these	  with	  
hydrodynamics	  



Event-‐plane	  correlaAons	  
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Event-‐plane	  correlaAons	  Correlation of EP angles
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Event-‐plane	  correlaAons	  
Correlation of EP angles

���

���

���

���

���

��	

��


���

���

�

⟨cos(2Ψ2 + 3Ψ3−5Ψ5)⟩
���

�

���

���

��	

���

⟨cos(2Ψ2 + 4Ψ4−6Ψ6)⟩
����

���

����

�

����
⟨cos(2Ψ2−6Ψ3 + 4Ψ4)⟩

� ��� ��� ��� ���
���

����

�

����

���

⟨cos(−8Ψ2 + 3Ψ3 + 5Ψ5)⟩

� ��� ��� ��� ���

���

���

�

���

���

���

���

���

��	

⟨cos(−10Ψ2 + 4Ψ4 + 6Ψ6)⟩
� ��� ��� ��� ���

���

����

�

����

���

⟨cos(−10Ψ2 + 6Ψ3 + 4Ψ4)⟩

�

MC-Glb., η/s = 0.08 MC-KLN, η/s = 0.2

�

ATLAS dataNpart

�Hydrodynamical three event-plane angle correlations describe data.
PLB717, 261-265

Thursday, March 28, 13

Correlation of EP angles
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SensiAvity	  of	  observables	  to	  
thermalizaAon	  Ame:	  

Need	  combinaAon	  of	  observables	  to	  pin	  down	  duraAon	  of	  
thermalizaAon	  stage.	  


