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Study	  of	  iden,fied	  par,cle	  harmonics	  azimuthal	  anisotropy	  
in	  200GeV	  Au+Au	  collisions	  at	  RHIC-‐PHENIX	  experiment	  

Sanshiro	  Mizuno	  
University	  of	  Tsukuba,	  RIKEN(JP)	

Azimuthal	  anisotropy	  and	  parEcle	  species	  dependence	  of	  transverse	  momentum	  
distribuEon	   have	   been	   studied	   acEvely	   because	   they	   reveal	   informaEon	   about	  
the	  QGP	  generated	  in	  high	  energy	  heavy	  ion	  collisions.	  From	  the	  study	  of	  ellipEc	  
event	  anisotropy	  v2,	  we	  have	  understood	  that	  azimuthal	  anisotropy	  is	  generated	  
by	  iniEal	  parEcipant	  geometry,	  with	  a	  role	  for	  the	  QGP	  property	  η/s	  (the	  raEo	  of	  
shear	   viscosity(η)	   to	   entropy	   density(s)).　 In	   recent	   years,	   higher	   harmonics	  
azimuthal	   anisotropies	   vn,n>3	   are	   analyzed	   so	   hard	   to	   improve	   study	   of	   QGP,	  
because	   they	  are	  expected	   to	  be	  more	   sensiEve	   to	   iniEal	  parEcipant	   geometry	  
and	  η/s	  than	  will	  be	  v2.	  

Introduc,on	

It	   is	   known	   that	   ellipEc	   anisotropy	   v2	   and	   transverse	   momentum	   distribuEon	  
have	   parEcle	   dependence,	   and	   recent	   year	   it	   is	   studied	   higher	   harmonic	  
anisotropy	  v3,	  v4	   	  and	  v4(Ψ2)	  have	  also	  parEcle	  dependence.	  Specially,	  they	  have	  
mass	  dependence	  in	  low	  pT	  range.	  

Blast	  Wave	  model	

The	  experimental	  results	  (spectra	  and	  azimuthal	  anisotropies)	  and	  BW	  model	  are	  compared.	  
Similar	  behaviors	  of	  parameters	  are	  obtained	  regardless	  harmonics.	  
These	  results	  indicate	  v3,	  v4	  and	  v4(Ψ2)	  are	  generated	  due	  to	  the	  effect	  of	  iniEal	  fluctuaEon	  and	  hydrodynamic	  expansion	  of	  QGP.	  
	  
The	  anisotropic	  velocity	  ρn	  at	  freeze-‐out	  seems	  to	  have	  similar	  centrality	  dependence	  to	  the	  measured	  higher	  harmonic	  anisotropies	  themselves,	  which	  show	  large	  centrality	  
dependence	  for	  ρ2	  like	  v2,	  while	  the	  higher	  moments	  ρ3	  and	  ρ4	  do	  have	  flaXer/weak	  dependences	  like	  v3	  and	  v4.	  
	  
In	  terms	  of	  spaEal	  or	  density	  anisotropies	  sn	  at	  freeze-‐out(I	  would	  call	  εfn),	  the	  final	  eccentricity	  εf2	  does	  sEll	  show	  sizable	  magnitude	  (which	  can	  also	  be	  taken	  as	  consistent	  
observaEon	  of	  Ψ2	  dependence	  of	  HBT	  radius),	  however	  the	  final	  triangularity	  εf3	  or	  rectangularity	  εf4	  are	  both	  small	  especially	  in	  the	  central	  collisions.	  This	  tells	  us	  that	  the	  
iniEal	  higher	  harmonic	  spaEal	  anisotropies	  εin	  are	  mostly	  converted	  to	  the	  velocity	  anisotropy	  at	  freeze-‐out	  with	  rather	  small	  final	  higher	  harmonic	  spaEal	  anisotropies	  εfn,	  
while	  it	  is	  sEll	  finite	  εf2,	  which	  is	  consistent	  with	  the	  large	  iniEal	  eccentricity	  εi2.	  
	  
From	  comparison	  spaEally	  anisotropy	  between	  iniEal	  and	  final,	  that	  gets	  weak	  but	  doesn’t	  disappear.	  
This	  is	  similar	  to	  HBT	  results.	  

iden,fied	  par,cle	  collec,ve	  flow	

Conclusion	

It	  is	  known	  that	  hydrodynamic	  model	  can	  describe	  in	  less	  than	  KET=1.0[GeV]	  for	  
spectra	  and	  v2.	   In	  this	  poster,	  simple	  hydrodynamic	  model	  called	  Blast	  Wave	   is	  
used	  for	  comparison	  with	  the	  data,	  this	  model	  can	  describe	  the	  final	  state	  from	  
the	   informaEon	   at	   freeze-‐out	   such	   as	   temperature(Tf),	   average	   velocity(ρ0),	  
anisotropic	   velocity(ρn)	   and	   spaEally	   anisotropic(sn).	   Spectra	   is	   calculated	   by	  
temperature	  and	  average	  velocity,	   	  and	  vn	  is	  described	  by	  temperature,	  average	  
velocity,	  anisotropic	  velocity	  and	  spaEally	  anisotropic.	  
Fibng	  for	  not	  only	  spectra	  and	  v2	  but	  also	  v3,	  v4	  and	  v4(Ψ2),	  the	  informaEons	  at	  
freeze-‐out	  are	  extracted.	  
	  
Tf	  :	  temperature	  at	  freeze-‐out	  
ρ0	  :	  average	  velocity	  w.r.t.	  azimuthal	  angle	  
ρn	  :	  anisotropic	  velocity	  
sn	  :	  spa,ally	  anisotropic(	  like	  eccentricity	  at	  freeze-‐out	  )	  
I0,	  In,	  K1	  are	  modified	  bessel	  funcEon	  
αT	  =	  (pT/Tf)sinh(ρ(φ))	  
βT	  =	  (mT/Tf)cosh(ρ(φ))	  

fiSng	  range	  
π	  	  :	  0.5	  -‐	  1.13[GeV/c]	  
K	  	  :	  0.4	  -‐	  1.40[GeV/c]	  
p	  	  :	  0.6	  -‐	  1.70[GeV/c]	

Result	

dN
pTdpT

∝ r dr∫ dφmTI0 αT( )K1 βT( )∫

vn =
r dr∫ dφ cos nφ( ) In αT( )K1 βT( ) 1+ 2sn cos nφ( ){ }∫

r dr∫ dφI0 αT( )K1 βT( ) 1+ 2sn cos nφ( ){ }∫

ρ(φ,r)	  =	  ρ0(1+2ρncos(nφ))*r	  
	  
This	   model	   has	   hypothesis	   that	   parEcle	  
emits	   with	   ρ(φ,r)	   velocity	   from	   Tf	  
temperature	  maXer.	  

radius	  integra,on	  BW	
dN
pTdpT

∝ dφmTI0 αT( )K1 βT( )∫

vn =
dφ cos nφ( ) In αT( )K1 βT( ) 1+ 2sn cos nφ( ){ }∫

dφI0 αT( )K1 βT( ) 1+ 2sn cos nφ( ){ }∫

ρ(φ)	  =	  ρ0(1+2ρncos(nφ))	  
	  
This	   model	   is	   a	   special	   ediEon	   of	  
radius	   integraEon	   BW,	   which	   is	  
parEcle	   emits	   from	   only	   surface	   of	  
maXer.	  

surface	  BW	
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From	  comparison	  iniEal	  
and	  freeze-‐out,	  spaEally	  
anisotropic	  gets	  small,	  
but	  doesn’t	  disappear.	  
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Image	  about	  expansion	  w.r.t.	  second	  and	  third	
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