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  In	
  heavy-­‐ion	
  collisions,	
  measurement	
  of	
  azimuthal	
  anisotropy	
  in	
  emiFed	
  par7cle	
  
momentum	
  distribu7on	
  is	
  a	
  one	
  of	
  the	
  important	
  themes	
  for	
  the	
  inves7ga7on	
  of	
  
Quark	
  Gluon	
  Plasma	
  (QGP).	
  For	
  this	
  measurements,	
  we	
  need	
  to	
  be	
  able	
  to	
  measure	
  
the	
  reference	
  reac7on/event	
  planes	
  direc7on	
  with	
  good	
  accuracy.	
  	
  	
  
	
  In	
  2011	
  the	
  Silicon	
  Vertex	
  detector	
  (VTX)	
  was	
  installed	
  in	
  the	
  RHIC-­‐PHENIX	
  
experiment.	
  The	
  VTX	
  is	
  composed	
  of	
  four	
  layers,	
  in	
  which	
  the	
  inner	
  two	
  layers	
  are	
  
built	
  with	
  pixel	
  detectors	
  and	
  the	
  outer	
  two	
  layers	
  are	
  built	
  with	
  strip	
  detectors.	
  The	
  
VTX	
  can	
  reconstruct	
  charged	
  par7cle	
  tracks	
  and	
  iden7fy	
  hadrons	
  that	
  include	
  c/b-­‐
quark.	
  The	
  reac7on	
  plane	
  reconstructed	
  using	
  the	
  VTX	
  is	
  expected	
  to	
  have	
  good	
  
resolu7on	
  due	
  to	
  the	
  wide	
  eta	
  acceptance	
  of	
  the	
  detector,	
  -­‐1	
  to	
  +1.	
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Measurement	
  of	
  v2	
  using	
  
standalone	
  VTX	
  	
  tracking	
  	
  	
  	


p  pT	
  dependence	
  of	
  v2	
  	
  （|η|<0.5)	
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0.25<pVTX	
  is	
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  good	
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  Plane	
  resolu7on	
  !!	


Event	
  Plane	
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Wider	
  η	
  region!!	


VTX	
  Event	
  Plane	
  resolu7on	
  	
  
is	
  beFer	
  than	
  BBC	
  !!	


p  Comparison	
  with	
  PHOBOS	
  v2	
  /	
  STAR	
  v2	


Conclusion	
  &	
  Outlook	

ü  VTX	
  	
  South	
  side	
  and	
  North	
  side	
  Event	
  Plane	
  resolu7on	
  is	
  beFer	
  than	
  BBC.	
  
	
  	
  	
  	
  	
  -­‐	
  We	
  can	
  use	
  Event	
  Plane	
  reconstructed	
  by	
  VTX.	
  
ü  We	
  prepare	
  various	
  	
  types	
  of	
  Event	
  Planes.	
  
ü  v2	
  	
  is	
  measured	
  by	
  standalone	
  VTX	
  tracking	
  in	
  pT<1[GeV/c].	
  
	
  	
  	
  	
  	
  -­‐	
  Standalone	
  tracking	
  	
  can	
  be	
  used	
  for	
  2-­‐p	
  method	
  and	
  measurement	
  of	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  higher	
  harmonics	
  azimuthal	
  anisotropy.	
  
ü  Consistent	
  with	
  PHOBOS’s	
  result	
  within	
  systema7c	
  error.	
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ü  Divide	
  VTX	
  with	
  0.5	
  η	
  slice.	
  
	
  	
  	
  	
  	
  	
  -­‐	
  reconstruct	
  	
  12	
  types	
  of	
  Event	
  Plane.	
  
ü  Plot	
  correla7on	
  of	
  	
  each	
  η	
  slice	
  plane	
  	
  
	
  	
  	
  	
  	
  and	
  BBC	
  S+N	
  plane	
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In	
  the	
  following	
  all	
  plots	
  ,	
  	
  
ü  Use	
  standalone	
  VTX	
  tracking.	
  
ü  Two	
  types	
  of	
  systema7c	
  error	
  bars	
  
	
  	
  	
  	
  	
  -­‐	
  TypeA:track	
  cut	
  and	
  RP	
  varia7ons	
  and	
  sin	
  term	
  	
  
	
  	
  	
  	
  	
  -­‐	
  TypeB:difference	
  to	
  the	
  ppg132	
  point	
  at	
  1GeV/c	
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FIG. 3: Elliptic flow as a function of transverse momentum
(v2(pT )) for charged hadrons with 0 < η < 1.5 for the most
central 50% of the 200 GeV Au+Au inelastic cross section.
The one sigma statistical errors are shown as the error bars.
The gray boxes represent the systematic errors (90% C.L.).
The data points are located at the average pT position within
a pT bin whose size is given by the horizontal error bars. The
curve shows a calculation from hydrodynamics [24].

spectrometer, the transverse momentum dependence of
the flow strength v2(pT ) can be measured. This is
shown in Figure 3 for the top 0 − 50% centrality for
tracks averaged over the range 0 < η < 1.5. The curve
shows the prediction of a hydrodynamical model [24]. As
previously observed [2], the v2 rises as pT increases and
at pT above 1.5 GeV/c tends to flatten out well below
the hydrodynamic curve.

In these analyses, the reaction plane is determined
in sub-events that are at different pseudorapidities from
those where the v2 is measured. This should significantly
reduce the contribution of any non-flow effects to the
measured v2, particularly those due to short-range corre-
lations. Comparisons of the v2(pT ) result to the reaction
plane and cumulant methods results from reference [5],
averaged over a similar centrality range, show that our
result is most consistent with the one obtained with the
four particle cumulant method [25], suggesting that our
track-based methodology is indeed largely immune to
non-flow effects over the range |η| < 1.5.

Figure 4 shows v2(η) for three centrality classes as
defined in Table I. Excellent agreement is seen across
all of the centrality classes over the range of overlap
suggesting that our hit-based method is also minimally
affected by non-flow effects around mid-rapidity.

To examine how the shape of the distribution changes
with centrality, the results of the hit-based method and
track-based methods are combined. Although obtained
in the same experiment, the measurements should effec-
tively be considered independent of each other due to
the very different methods and elements of the PHOBOS
detector used; hence the results for each method are
combined with the reasonable assumption that the errors
are uncorrelated. First, the hit-based results that are ap-
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FIG. 4: Elliptic flow as a function of pseudorapidity (v2(η))
for charged hadrons from 200-GeV Au+Au collisions for the
three different centrality classes described in the text, ranging
from peripheral to central (25 − 50%, 15 − 25%, 3 − 15%)
from top to bottom. The triangles are the results from
the hit-based method, and the circles are from the track-
based method. The open circles are the track-based results
reflected about mid-rapidity. One sigma statistical errors are
shown as the error bars (within the points for the track-
based method); the gray and open boxes show the systematic
uncertainties (90% C.L.) for the hit-based and track-based
methods, respectively.

proximately an equal η distance away from mid-rapidity
are combined (e.g. η = −4.87 with η = +5.06), weighted
by their statistical uncertainties. The points at 〈η〉 =
−3.05 and 〈η〉 = +3.67 are just reflected due to the lack of
symmetry of these points around η = 0. The track-based
results at η = +0.17 and η = +0.46 are also combined
to give v2 at η = +0.31, and similarly for η = +1.05
and η = +1.34, to give a v2 at η = +1.20. The hit-based

PHOBOS	
  	
  	
  	
  	
  mean	
  v2	
  	
  	
  	
  
・centrality	
  25-­‐60%	
  
・0<pT	


ü  In	
  the	
  above	
  centrality	
  bins,	
  η	
  dependenc	
  of	
  v2	
  	
  looks	
  flat.	
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FIG. 3: (Color online) v2 for charged hadrons from the Lee-Yang Zero Product Generating Function (solid circles) and from
the Event-Plane method (open circles), as a function of pseudorapidity. Both sets of data have been averaged over pT from
0.15 to 2.0 GeV/c and centrality from 10 to 40% of

√
s
NN

= 200 GeV Au + Au collisions. For comparison, the PHOBOS data
(10–40%) [35] (crosses) are also shown. The error bars are shown only for the statistical uncertainties.
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FIG. 4: (Color online) (a) v2 as a function of pT for charged hadrons with | η | < 1.0 in 10–40% Au+ Au collisions, at
√

s
NN

=
200 GeV, from the Event-Plane method (open circles), 4-particle cumulant method (solid squares), and Lee-Yang Zero method
(solid circles) with Sum Generating Function. (b) The ratios to the polynomial fit to v2{EP} are shown for v2{4}/v2{EP} and
v2{LYZ}/v2{EP} as a function of transverse momentum. The error bars are shown only for the statistical uncertainties.
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η	


η	


centrality	
  10-­‐40%	
  
0.15<pT	
  <2.0	
  [GeV/c]	
  	
  	


ü  I	
  compared	
  our	
  v2	
  with	
  PHOBOS’s	
  v2	
  .	
  
	
  	
  	
  	
  	
  -­‐	
  	
  consistent	
  within	
  systema7c	
  error.	
  
ü  I	
  aFached	
  v2	
  measured	
  in	
  STAR.	
  

STAR	



