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Introduc?on:	  	  Azimuthal	  Anisotropy	  
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•  System	  evolu?on	  

•  Ridge	  Phenomena	  

•  Medium	  Property:	  	  
	  	  	  	  	  	  	  	  	  	  
	  	  	  	  	  	  	  eg.	  η/s	  
	  
•  	  Constrain	  the	  models	  	  

Introduc?on:	  	  Azimuthal	  Anisotropy	  
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Ridge : long range Δη correlation at near-side  

Note:	  	  
For	  most	  perfect	  liquid	  η/s	  =	  1/4π	  is	  
the	  theore?cal	  	  lower	  bound.	  



Mo?va?on	  

u  Par?cle	  produc?on	  mechanism	  	  
u  Anisotropic	  flow	  	  

•  Any	  difference	  between	  Au+Au	  and	  U+U?	  	  	  
•  Separate	  body-‐body	  and	  ?p-‐?p	  in	  U+U?	  	  

u  Chiral	  Magne?c	  Effects(CME)	  	  
•  Does	  CME	  	  disappear	  at	  fully	  overlaped	  

collisions	  ?.	  
•  Three-‐par?cle	  correlator	  signal	  induced	  by	  v2?	  

u  	  	  Path-‐length	  dependence	  of	  hard	  probes	  	  

The	  prolate	  shape	  of	  uranium	  nuclei	  provides	  the	  possibility	  to	  manipulate	  the	  ini?al	  
geometry.	  	  
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STAR	  is	  composed	  of	  
57	  ins?tu?ons	  from	  
12	  countries,	  with	  a	  
total	  of	  533	  
collaborators	  
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 Uniform acceptance in -1 < η < 1  &  2π in azimuth   



Azimuthal	  Anisotropy:	  	  Centrality	  dependence	  	  

•  vn	  	  integrated	  in	  0.15<pT<	  2	  GeV/c.	  	  
•  Centrality	  dependence	  is	  week	  for	  all	  other	  harmonics	  except	  n=2	  
•  v2	  in	  U+U	  central	  	  collisions	  is	  not	  as	  large	  as	  predicted	  based	  on	  MC	  Glauber	  

based	  approach	  	  

H.	  Masui	  et.	  al,	  Phys.	  Led.	  B	  679,	  440(2009)	  

STAR	  Preliminary	  
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Mul?plicity 
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•  v1	  crosses	  zero	  above	  pT>	  1.2	  GeV/c	  
•  vn(pT)	  for	  U+U	  collisions	  is	  similar	  to	  that	  of	  Au+Au	  Collisions	  except	  n=1	  and	  2	  at	  central	  

collisions	  

Azimuthal	  Anisotropy:	  	  pT	  dependence	  	  
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•  Centrality	  is	  selec?on	  is	  based	  on	  	  track	  mul?plicity	  at	  midrapidity.	  
•  pT	  (0.15	  <	  pT<2)	  integrated	  vn:	  v2	  changes	  slightly,	  other	  harmonics	  are	  almost	  constant	  
•  We	  do	  not	  observe	  knee	  structure.	  Need	  to	  go	  below	  ~0.5%	  centrality	  /or	  fluctua?ons	  

mask	  the	  knee	  structure	  in	  the	  data.	  	   8	  

vn	  in	  Central	  Events	  	  	  

Zhi	  Qiu,	  RHIC/AGS	  users	  Mee?ng	  2013	  



•  v2	  is	  s?ll	  dominant	  	  harmonics	  at	  low	  	  	  pT	  (<	  2	  GeV/c)	  at	  ultra	  	  	  	  central(0-‐0.5%)	  	  	  	  collisions	  
•  At	  intermediate	  pT	  (3-‐5	  GeV/c)	  range,	  v3	  ~	  v2	  and	  v1~	  v4	  in	  	  ultra	  central	  	  	  collisions	  
•  Results	  from	  model	  calcula?on	  show	  the	  similar	  trend	  to	  the	  data.	  (Model.	  magnitude	  is	  

larger)	  	  

vn	  (pT)	  in	  Central	  Events	  	  	  
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Zhi	  Qiu,	  RHIC/AGS	  users	  Mee?ng	  2013	  
STAR	  Preliminary	  
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+	  +

v2	  slope	  (v2	  	  vs	  dN/dη)	  	  in	  Central	  Events	  	  	  

Use	  slope	  of	  v2	  vs	  dN/dη	  in	  U+U	  to	  look	  for	  correla?on	  between	  dN/dη	  and	  geometry	  

Mul(plicity	  

v2	  



v2	  (Mul?plicity)	  in	  Central	  Events	  	  	  
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•  Centrality	  selec?on	  is	  based	  on	  	  Zero	  Degree	  
Calorimeter	  (ZDC)	  signal	  (spectator	  neutrons)	  	  	  

•  	  Glauber	  model	  eccentrici?es	  scaled	  by	  the	  ra?o	  
of	  <v2>	  and	  <ε2>	  

•  U+U	  slope	  is	  weaker	  than	  models	  predicted.	  
•  For	  ?ghter	  cuts,	  the	  U+U	  slope	  becomes	  steeper	  

than	  the	  Au+Au	  sample	  

Mult:	  |η|<1	  
Glauber	  

U+U	  

Au+Au	  

top	  1%	  ZDC	   top	  0.1%	  ZDC	  

STAR	  Preliminary	  

STAR	  Preliminary	  
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Directed	  flow:	  expected	  to	  be	  the	  
same	  for	  SS	  and	  OS	  

Non-‐flow/non-‐parity	  effects:	  
largely	  cancel	  out	   P-‐even	  quan<ty:	  

s<ll	  sensi<ve	  to	  
charge	  separa<on	  

A	   direct	   measurement	   of	   the	   P-‐odd	  
quan?ty	  “a”	  should	  yield	  zero	  
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Search	  for	  Local	  Parity	  Viola?on	  



u  The	  difference	  between	  OS	  and	  SS	  is	  s?ll	  there	  	  
	  	  	  	  	  	  	  in	  U+U,	  with	  similar	  magnitude	  to	  Au+Au	  

u  A	  dedicated	  trigger	  with	  0-‐1%	  spectator	  neutrons.	  With	  the	  magne?c	  field	  
suppressed,	  the	  charge	  separa?on	  signal	  disappears	  while	  v2	  is	  s?ll	  >2%	  

Consider	  OS-‐SS	  to	  be	  the	  signal.	  	  
Npart	  accounts	  for	  the	  dilu?on	  

γ = cos(ϕα +ϕβ −ψRP )
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Search	  for	  Local	  Parity	  Viola?on	  
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u  	  Anisotropic	  flow	  	  

1.  For	  higher	  harmonics	  and	  mid	  central	  collisions,	  vn{U+U}	  is	  similar	  to	  vn{Au+Au},	  	  the	  
difference	  appears	  at	  central	  collisions(0-‐5%	  central)	  for	  v1	  and	  v2.	  

2.  The	  U+U	  v2	  shows	  a	  stronger	  mul?plicity	  dependence	  for	  central	  events.	  	  
3.  The	  differences	  in	  the	  slope	  parameters	  between	  Au+Au	  and	  U+U	  increase	  in	  more	  

central	  collision	  
4.  Results	  from	  model	  calcula?on	  with	  low	  viscosity	  setng	  	  are	  similar	  to	  the	  data.	  	  
5.  We	  do	  not	  observe	  “knee	  structure”	  	  in	  v2	  vs	  mul?plicity(centrality)	  in	  current	  analysis	  

as	  predicted	  by	  models.	  
	  	  	  	  	  	  

u Chiral	  Magne?c	  Effects	  	  	  

An	  important	  systema?c	  check	  for	  three-‐par?cle	  correlator	  was	  carried	  out	  in	  U+U.	  With	  
the	  magne?c	  field	  suppressed,	  the	  charge	  separa?on	  signal	  disappears	  while	  v2	  is	  s?ll	  >2%	  

Summary	  


