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Study	
  of	
  direct	
  photon	
  
	
  with	
  internal	
  conversion	
  method	
  in	
  Cu+Cu	
  collisions 

Tomoya	
  Hoshino	
  for	
  the	
  PHENIX	
  collabora8on	
  
Quark	
  Physics	
  Laboratory	
  (Hiroshima	
  U.)	
  and	
  Radia8on	
  Laboratory	
  (RIKEN)	
  

Direct	
  photon	
  measurement	
  
•	
  Photons	
  and	
  dileptons	
  are	
  good	
  probes	
  to	
  understand	
  space-­‐8me	
  
evolu8on	
  of	
  the	
  produced	
  system	
  in	
  heavy	
  ion	
  collisions.	
  
•	
  The	
  PHENIX	
  experiment	
  has	
  published	
  direct	
  photons	
  in	
  p+p,	
  d+Au	
  
and	
  Au+Au	
  [1	
  –	
  3].	
  
•	
  PHENIX	
  has	
  observed	
  thermal	
  photons	
  in	
  Au+Au.	
  
•	
  The	
  mo8va8on	
  of	
  this	
  analysis	
  is	
  search	
  for	
  thermal	
  photons	
  in	
  Cu+Cu,	
  
finaliza8on	
  and	
  publica8on	
  of	
  preliminary	
  Cu+Cu	
  results,	
  comparison	
  to	
  
Au+Au.	
  

Summary	
  
•	
  Direct	
  photons	
  are	
  a	
  good	
  probe	
  to	
  understand	
  the	
  space-­‐8me	
  
evolu8on	
  of	
  the	
  produced	
  medium	
  in	
  heavy-­‐ion	
  collisions.	
  
•	
  The	
  mo8va8on	
  of	
  this	
  analysis	
  is	
  search	
  for	
  virtual	
  direct	
  
photons	
  and	
  thermal	
  photons	
  in	
  Cu+Cu.	
  
•	
  The	
  analysis	
  is	
  ongoing	
  aiming	
  to	
  be	
  finalized	
  and	
  published.	
  
•	
  FG	
  and	
  CB	
  distribu8ons	
  are	
  evaluated	
  in	
  different	
  pT	
  slices.	
  
•	
  Correlated	
  BGs	
  are	
  es8mated	
  using	
  EXODUS	
  and	
  PYTHIA8.	
  
•	
  Hadronic	
  cocktail	
  is	
  calculated	
  by	
  EXODUS.	
  

Outlook	
  
•	
  Subtrac8on	
  of	
  correlated	
  BGs	
  is	
  now	
  ongoing.	
  
•	
  A_er	
  BG	
  subtrac8on,	
  real	
  data	
  will	
  be	
  compared	
  with	
  cocktail.	
  

•	
  PHENIX	
  has	
  an	
  excellent	
  eID	
  capability.	
  
Electron	
  iden<fica<on	
  

•	
  Ring-­‐imaging	
  Cherenkov	
  detector	
  (RICH)	
  
•	
  Electro-­‐Magne8c	
  Calorimeter	
  (EMCal)	
  	
  

Momentum	
  measurement	
  
•	
  Dri_	
  Chamber	
  (DC)	
  

Centrality,	
  z-­‐vertex	
  ,and	
  Reac<on	
  Plane	
  
•	
  Beam-­‐Beam	
  Counter	
  (BBC)	
  

Mo<va<on	


Virtual	
  direct	
  photon	


The	
  PHENIX	
  experiment	
 Simula<ons	
 Summary	
  and	
  Outlook	


Analysis	


Current	
  results	


Dielectron	
  invariant	
  mass	
  
•	
  The	
  equa8on	
  of	
  invariant	
  mass	
  

	
  
•	
  The	
  unlike-­‐sign	
  foreground	
  spectrum	
  measures	
  the	
  signal	
  plus	
  
background,	
  while	
  the	
  like-­‐sign	
  spectra	
  measure	
  only	
  background.	
  
	
  
	
  

Backgrounds	
  
Combinatorial	
  background	
  (CB)	
  
•	
  The	
  distribu8on	
  of	
  CB	
  is	
  obtained	
  via	
  mixed-­‐event	
  technique.	
  
Cross	
  pairs	
  
•	
  Cross	
  pairs	
  are	
  produced	
  by	
  two	
  e+e-­‐	
  pairs	
  in	
  the	
  final	
  state	
  of	
  a	
  
meson.	
  

	
  e.g.	
  π0	
  à	
  γγ	
  à	
  e+e-­‐e+e-­‐,	
  and	
  π0	
  à	
  e+e-­‐γ	
  à	
  e+e-­‐e+e-­‐.	
  
•	
  They	
  are	
  calculated	
  by	
  EXODUS	
  simula8on.	
  

Dielectron	
  invariant	
  mass	
  distribu<on	
  

Source	
  of	
  virtual	
  direct	
  photon	
  
•	
  Any	
  source	
  of	
  high-­‐energy	
  real	
  photon	
  can	
  also	
  emit	
  virtual	
  photon.	
  
•	
  They	
  materialize	
  into	
  electron	
  pairs.	
  

How	
  to	
  measure	
  virtual	
  direct	
  photon	
  

Hadronic	
  cocktail	
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FIG. 1. (Color online) The direct-photon fractions from the virtual-photon analysis as a function of pT in (a) p + p, (b) d + Au, and (c)
Au + Au (MB) [4] collisions. The statistical and systematic uncertainties are shown by the bars and bands, respectively. The curves show
expectations from a NLO pQCD calculation [18,19] with different cutoff mass scales: (solid line) µ = 0.5pT , (dashed line) µ = 1.0pT , and
(dash-dotted line) µ = 2.0pT .

is the number of binary nucleon-nucleon collisions and σ inel
pp

is the cross section of inelastic p + p collisions of 42 mb.
The p + p data points were much improved statistically
compared to the previously published data, especially above
3 GeV/c, and the p + p result is in good agreement with the
NLO pQCD expectations. The d + Au data are higher than
the expectation in pT < 4 GeV/c. Their pT dependence is
similar to the NLO pQCD expectation, unlike the Au + Au
data.

B. Real-Photon Analysis

While the virtual-photon analysis suffers from low statistics
at pT > 5.0 GeV/c, the real-photon analysis is robust at
high pT . The primary detector for the real-photon analysis
is the EMCal, which comprises six sectors of lead-scintillator
calorimeter and two sectors of lead-glass calorimeter. Con-
tamination from charged hadrons is eliminated by a track-
matching veto in the drift chamber, as well as a profile cut on
the EMCal shower. Analysis details have been described in
Refs. [6,21]. The key to the method is the precise subtraction
of the large photonic background originating from hadronic
decays, about 80% of which come from π0 → 2γ and about
15% from η → 2γ . Two techniques, π0 tagging and statistical
subtraction methods, are used to remove decay photons.

The π0-tagging method identifies neutral pions by recon-
structing pairs of photons in the lead-scintillator EMCal sectors
that deposit more than 150 MeV. All pairs of photons at
least 10 towers (≈0.1 rad) inside the edge of the EMCal
which reconstruct to invariant mass 105 < mγ γ < 165 MeV
are tagged as π0 decays. The number of direct photons, γdir, is

determined as

γdir = γincl − (1 + Rh/π0 )(1 + δmiss)γπ0→2γ , (1)

where γincl, γπ0→2γ are the number of inclusive and π0

decay photons, respectively, and Rh/π0 is the ratio of other
hadronic contributions to π0 decay photons. δmiss represents
the probability that either of the photons from π0 → 2γ misses
the detector. A fast Monte Carlo (MC) simulation, which
includes the geometric acceptance and EMCal response, is
used to estimate δmiss. The input pT distribution of π0 is
taken from p + p collisions [22]. δmiss is then determined as
a function of pT and its uncertainty is evaluated as ∼6%–8%
by varying the implemented simulation conditions. Rh/π0 is
calculated using the yield ratios of η and ω to π0 measured by
PHENIX [22,23].

The statistical subtraction method [5,24] is applied to
MB-triggered data from both the lead-scintillator and lead-
glass EMCal. The hadron decay contribution is estimated
by a hadronic cocktail simulation based on the observed pT

spectrum of π0; other particle spectra are based on the π0

using mT scaling [9]. The acceptance and shower merging
effects are also implemented in the simulation. A double ratio,
Rγ , is calculated as

Rγ =
(

dNγ /dpT

dNπ0→2γ /dpT

)data / (
dNγ /dpT

dNπ0→2γ /dpT

)sim

(2)

An excess owing to direct photons gives Rγ > 1, and the
direct photon yield is determined by γdir = (1 − R−1

γ )γincl.
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a corresponding electron pair contribution that behaves like
1/mee in the same pT bin. Therefore, the real direct photon
production can be determined from the yield of the excess
electron pairs.

For Dalitz decays, the 1/mee behavior is truncated by the
kinematic limit and S(mee) becomes zero for mee > mh, where
mh is the mass of the hadron. The functional form of S(mee)
for Dalitz decays is given by Eq. (B10) in Appendix B. In
contrast, the factor S(mee, q) for the direct photon process is
unity for pT ≫ mee. We exploit this difference to separate
the direct photon signal from the hadronic background. Since
80% of the hadronic photons are from π0 Dalitz decays, the
signal-to-background (S/B) ratio for the direct photon signal
improves by a factor of five for mee > mπ0 ≈ 0.135 GeV/c2,
thereby allowing a real direct photon signal that is 10% of
the yield of hadronic decay photons to be observed as a 50%
excess of e+e− pairs for this mass range.

Figure 30 shows a visible excess above the π0 cutoff for all
pT bins of the Au+Au data. For pT > 1 GeV/c, the excess
is almost a constant factor above the cocktail. As we examine
later the mass distribution for pT > 1 GeV/c is consistent with
the 1/mee shape expected for the electron pairs from internal
conversion of virtual direct photons.

In the following we assume the excess for pT > 1 GeV/c
and mee < 0.3 GeV/c2 is entirely due to internal conversion of
virtual direct photons and deduce the real direct photon yield
from the e+e− pair yield using Eq. (31). We demonstrate the
validity of this assumption later. Although the data are consis-
tent with 1/mee over a wider mass range (mee ∼ 0.7 GeV/c2),
we limit our analysis for 0.1 < mee < 0.3 GeV/c2. We
do so in order (i) to ensure the condition mee ≪ pT for
the lowest pT bin (1.0 < pT < 1.5 GeV/c), (ii) to keep the
correction factor S(M,q) close to unity, and (iii) to minimize
uncertainty due to cc̄. In this kinematic range, the contribution
of cc̄ → e+e−, estimated by PYTHIA, is less than 5% of the
excess.

In order to quantify the excess, we fit a two-component
function,

f (mee; r) = (1 − r)fc(mee) + rfdir(mee) (34)

to the mass distribution. Here fc(mee) is the shape of the
cocktail mass distribution (shown in Fig. 30), fdir(mee) is the
expected shape of the virtual direct photon internal conversion
mass distribution, and r is the only fit parameter. In the
low-mass region used for the fit, the functional form of fc(mee)
is the sum of Dalitz decay mass distributions of hadrons
[Eq. (B8)–Eq. (B10)] filtered through the PHENIX acceptance
and smeared by the detector effects. It is calculated by a Monte
Carlo simulation that takes into account detector effects such
as finite mass resolution. The functional form of fdir(mee)
corresponds to Eq. (31) with S(mee) = 1. It is also filtered
through the PHENIX acceptance and smeared by detector
effects.

Both fc(mee) and fdir(mee) are separately normalized to
the data for mee < 30 MeV/c2. In this mass region S(mee) of
π0 Dalitz decays is very close to unity. Thus the functional
shapes of fc and fdir are essentially identical and equal to
L(mee)/mee smeared by the detector effects. This means that
the fit function f (mee; r) in this mass range is independent of
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FIG. 31. (Color online) Electron pair mass distribution for
Au+Au (Min.Bias) events for 1.0 < pT < 1.5 GeV/c. The two-
component fit is explained in the text. The fit range is 0.12 < mee <

0.3 GeV/c2. The dashed (black) curve at greater mee shows f (mee)
outside of the fit range.

the fit parameter r as (1 − r)L(mee)/mee + rL(mee)/mee =
L(mee)/mee. Thus this normalization ensures that the yield of
fit function f (mee; r) is always normalized to that of the data
for mee < 30 MeV/c2. The parameter r can be interpreted as
the direct photon fraction of the inclusive photon yield.

This fitting method has the advantage of canceling most
of the systematic uncertainties of the cocktail normalization
relative to the data. The PHENIX acceptance for electron pairs
with mee < 0.3 GeV/c2 and pT > 1 GeV/c is almost constant,
and its shape can be calculated accurately as a function of
mass. Many systematic effects, such as electron identification
efficiency, detector dead area, etc., can influence the absolute
value of the acceptance but not its shape.

For each pT bin, f (mee) is fit to the data for several mass
ranges with r the only fit parameter. Figure 31 shows fdir(mee)
and fc(mee) together with the fit result for Au+Au Min.Bias
data for 1.0 < pT < 1.5 GeV/c and the cocktail components.
The dashed curve shows f (mee) extended outside of the fit
range. Although the mass region is not used in the fit, the fit
function describes the data for mee > 0.3 GeV/c2.

The fit shown in Fig. 31 has χ2/NDF = 12.2/6. The
somewhat large χ2 values is due to the large contribution from
the lowest mass bins, where statistical errors are small and
systematic errors due to the detector resolution are significant.
The χ2 value is calculated from the statistical errors only.
The results for the fit range 0.12 < mee < 0.3 GeV/c2 are
summarized in Table X. For pT > 1.5 GeV/c2 the fit gives
good χ2/NDF, demonstrating that the shape of the excess is
consistent with 1/mee as expected for internal conversion.

To evaluate the systematic uncertainty due to the mass
range used for the fit, the fit was repeated for three mass
ranges: 0.08 < mee < 0.3 GeV/c2, 0.1 < mee < 0.3 GeV/c2,
and 0.12 < mee < 0.3 GeV/c2. The value of r is taken as the
average of the results for these three fit ranges.

The sources of systematic uncertainty on the fit include
(a) the fit range, (b) the mass spectrum of the data, and (c)
the cocktail. The sources of the systematic uncertainty on the
mass spectrum relative to the cocktail include (a) uncertainties
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FIG. 34. (Color online) Invariant cross section (p+p) and invari-
ant yield (Au+Au) of direct photons as a function of pT . The filled
points are from this analysis and open points are from [81,82]. The
three curves on the p+p data represent NLO pQCD calculations, and
the dashed curves show a modified power-law fit to the p+p data,
scaled by TAA. The dashed (black) curves are exponential plus the
TAA scaled p+p fit.

[App(1 + p2
T /b)−n] as shown by the dashed curve in Fig. 34.

The Au+Au data are above the p+p fit curve scaled by TAA
for pT < 2.5 GeV/c, indicating that the direct photon yield in
the low-pT range increases faster than the binary-scaled p+p
cross section.

We fit an exponential plus the TAA-scaled p+p fit function
[Ae−pT /T + TAA × App(1 + p2

T /b)−n] to the Au+Au data.
The only free parameters in the fit are A and the inverse slope
T of the exponential term. The systematic uncertainties in T
are estimated by changing the p+p fit component and the
Au+Au data points within the systematic uncertainties. The
results of the fits are summarized in Table XII, where A is
converted to dN/dy for pT > 1 GeV/c. For central collisions,
T = 221 ± 19stat ± 19syst MeV. If an unmodified power-law
function (∝ p−n

T ) is used to fit the p+p spectrum, we find
n = 5.40 ± 0.15 and T = 240 ± 21 MeV.

TABLE XII. Summary of the fits to the Au+Au data with the
exponential plus the modified power-law function [Ae−pT/T + B(1 +
p2

T /b)−n] as explained in the text. The first and second errors are
statistical and systematic, respectively.

Centrality dN/dy (pT > 1 GeV/c) T (MeV) χ 2/NDF

0–20% 1.50 ± 0.23 ± 0.35 221 ± 19 ± 19 4.7/4
20–40% 0.65 ± 0.08 ± 0.15 217 ± 18 ± 16 5.0/4
Min.Bias 0.49 ± 0.05 ± 0.11 233 ± 14 ± 19 3.2/4
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FIG. 35. (Color online) The e+e− pair invariant mass distribu-
tions in minimum bias Au+Au collisions for the low-pT range. The
solid curves represent the cocktail of hadronic sources (see Sec. IV)
and include contribution from charm calculated by PYTHIA using the
cross section from Ref. [48] scaled by Ncoll.

F. Dependence of low-mass excess

The shape of the enhancement in Au+Au data in
LMR II (low mass, low pT ) differs substantially from that
in LMR I (low mass, high pT ), where it behaves like 1/mee

and is consistent with internal conversion of direct photons.
In LMR II, the enhancement is larger, as seen in the two
lowest-pT bins of Fig. 30. For these bins, no excess is observed
in the p+p data. In the lowest-pT bin the enhancement in
the Au+Au data is approximately a factor of five above the
expectations from the cocktail. The data are significantly above
the cocktail up to mee = 1 GeV/c2, reaching their maximum
around mee ≃ 0.4 GeV/c2.

Figure 35 shows the mass distribution in three pT bins (0.4–
0.6, 0.6–0.8, and 0.8–1.0 GeV/c) in the LMR and a possible
transition from 1/mee behavior at higher pT (LMR I) to much
larger enhancement at lower pT (LMR II). For the highest pT

bin (0.8–1.0 GeV/c) the excess is approximately a constant
factor above the cocktail. This means that the mass spectrum is
still close to 1/mee expected for internal conversion. The large
enhancement seems to appear for the next pT (0.6–0.8 GeV/c)
bin. For the lowest-pT bin the shape appears to differ from the
1/mee behavior.

Figure 36 shows R = (data-cocktail)/fdir(mee) for the three
low-pT bins. These ratios are proportional to the S(mee) factor,
and a constant S(mee) leads to a constant ratio R as a function
of mass. While in Fig. 36(a) R is still consistent with a constant
as a function of mass, Figure 36(b) suggests that there is
an enhancement for 0.1 < mee < 0.4, although the statistical

034911-36

Data	
  set	
  and	
  selec<ons	

Data	
  set	
  

•	
  The	
  data	
  of	
  Cu+Cu	
  collisions	
  at	
  √sNN	
  =	
  
200	
  GeV	
  were	
  collected	
  in	
  2005.	
  

Event	
  selec<on	
  
•	
  Collisions	
  were	
  collected	
  by	
  Min.Bias	
  
trigger.	
  
•	
  The	
  centrality	
  is	
  determined	
  by	
  the	
  
BBC	
  charge	
  sum,	
  and	
  divided	
  into	
  four	
  
centrality	
  classes	
  (0-­‐10,	
  10-­‐20,	
  20-­‐40,	
  
and	
  40-­‐94%).	
  

Track	
  selec<on	
  and	
  eID	
  
•	
  Charged	
  par8cles	
  are	
  reconstructed	
  
by	
  DC	
  and	
  PC.	
  
•	
  Electrons	
  are	
  iden8fied	
  by	
  EMCal	
  and	
  
RICH.	
  

η	
 ω	
 η’	
 φ	


meson/π0	
 0.51	
 0.81	
 0.25	
 0.40	


LS = A++,−− Combinatorial( )+B++,−− Jetpair( )+C++,−− doubleDalitz( )

Jet	
  pairs	
  
•	
  Jet	
  pairs	
  are	
  produced	
  by	
  two	
  electrons	
  from	
  
same	
  jet	
  or	
  back-­‐to-­‐back	
  jet.	
  
•	
  They	
  are	
  calculated	
  by	
  PYTHIA8	
  simula8on.	
  

Cocktail	
  of	
  hadronic	
  sources	
  	
  
•	
  The	
  input	
  pT	
  shape	
  of	
  π0	
  is	
  parameterized	
  by	
  a	
  
modified	
  Hagedron	
  func8on.	
  
	
  
•	
  The	
  pT	
  distribu8on	
  of	
  all	
  other	
  mesons	
  are	
  
determined	
  by	
  mT	
  scaling.	
  
•	
  Each	
  component	
  is	
  normalized	
  by	
  meson/π0	
  
ra8os	
  measured	
  at	
  high-­‐pT	
  and	
  branching	
  ra8o.	
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EXODUS	
  
•	
  A	
  phenomenological	
  event	
  generator.	
  
•	
  It	
  simulates	
  the	
  phase-­‐space	
  distribu8on	
  of	
  
electron	
  source	
  and	
  the	
  decay	
  of	
  these	
  
sources.	
  

PYTHIA8	
  
•	
  In	
  this	
  analysis,	
  PYTHIA8	
  with	
  CTEQ	
  5L	
  parton	
  
distribu8on	
  func8on	
  are	
  used.	
  

GEANT	
  
•	
  Par8cles	
  generated	
  EXODUS	
  and	
  PYTHIA8	
  are	
  
passed	
  through	
  a	
  PHENIX	
  GEANT	
  simulator	
  to	
  
apply	
  the	
  PHENIX	
  acceptance	
  and	
  detector	
  
resolu8ons.	
  

•	
  Virtual	
  direct	
  photons	
  are	
  measured	
  with	
  
e+e-­‐	
  pairs	
  as	
  an	
  excess	
  compared	
  to	
  
hadronic	
  cocktail	
  (Fig.4).	
  
•	
  Quan8fica8on	
  of	
  the	
  excess	
  is	
  done	
  by	
  a	
  
two-­‐component	
  fitng.	
  
	
  
	
  

Here	
  fc	
  is	
  the	
  shape	
  of	
  the	
  cocktail,	
  and	
  fdir	
  
is	
  the	
  expected	
  shape	
  of	
  the	
  virtual	
  direct	
  
photon.	
  

Cu+Cu	
  200	
  GeV	
  Min.Bias	
  
1.0<pT<1.5	
  GeV/c	


Unlike-­‐sign	
  
1.0<pT<5.0	
  GeV/c	


Figure	
  5:	
  
Beam	
  view	
  of	
  the	
  
PHENIX	
  detector	


Table	
  1:	
  Meson	
  to	
  π0	
  ra8o	
  at	
  high-­‐pT	
  (>5	
  GeV/c)	
  [4,	
  5]	


Figure	
  4:	
  Dielectron	
  mas	
  distribu8on	
  and	
  
comparison	
  with	
  cocktail	
  for	
  Au+Au	
  (MB)	
  	
  
for	
  1<pT<1.5	
  GeV/c	
  [1].	


f mee;r( ) = 1− r( ) fc mee( )+ rfdir mee( )

Cocktail	
  (EXODUS+GEANT)	
  
Cu+Cu	
  200GeV	
  Min.Bias	
  

1.0<pT<1.5	
  GeV/c	
  

-­‐	
  η’	
  
-­‐	
  φ	
  

Figure	
  10:	
  Hadronic	
  cocktail	
  calculated	
  by	
  EXODUS	
  plus	
  a	
  
PHENIX	
  GEANT	
  simula8on	
  for	
  1.0<pT<1.5	
  GeV/c	
  in	
  Min.Bias.	


Figure	
  8:	
  Cross	
  pairs	
  from	
  double	
  Dalitz	
  decay	
  of	
  
π0	
  and	
  η	
  for	
  1.0<pT<1.5	
  GeV/c	
  in	
  Min.Bias.	


Cross	
  pairs	
  (EXODUS+GEANT)	
  
Cu+Cu	
  200GeV	
  Min.Bias	
  

Unlike-­‐sign	
  
1.0<pT<1.5	
  GeV/c	
  

-­‐	
  π0	
  

-­‐	
  η	
  

Figure	
  9:	
  PYTHIA8	
  simula8on.	
  Red	
  line	
  is	
  electron	
  pairs	
  
from	
  same	
  mother	
  par8cle,	
  and	
  blue	
  line	
  is	
  electron	
  
pairs	
  from	
  different	
  mother	
  par8cle	
  	


PYTHIA8+GEANT	
  simula8on	
  
1.0<pT<5.0	
  GeV/c	
  

Unlike-­‐sign	
  

-­‐	
  same	
  mother	
  
-­‐	
  different	
  mother	
  

Figure	
  6:	
  Foreground	
  and	
  combinatorial	
  background	
  for	
  
unlike-­‐sign	
  pairs	
  in	
  Min.Bias	
  with	
  pT	
  slilces	


Figure	
  7:	
  Foreground,	
  combinatorial	
  background,	
  and	
  
their	
  ra8o	
  for	
  like-­‐sign	
  pairs	
  in	
  Min.Bias	
  with	
  pT	
  slilces	


-­‐	
  Foreground	
  
-­‐	
  Combinatorial	
  BG	
  

-­‐	
  Foreground	
  
-­‐	
  Combinatorial	
  BG	
  

12 Result

Direct photon fraction ∞

§ as a function of p

T

in Cu+Cu collisions and com-
parison with various collision systems are shown Fig.67.

Figure 67: ∞

§ as a function of p

T

in p+p, d+Au, Cu+Cu, and Au+Au
collisions.
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12 Result

Direct photon fraction ∞

§ as a function of p

T

in Cu+Cu collisions and com-
parison with various collision systems are shown Fig.67.

Figure 67: ∞

§ as a function of p

T

in p+p, d+Au, Cu+Cu, and Au+Au
collisions.

80

Figure	
  1	
  (le_):	
  Invariant	
  cross	
  sec8on	
  (p+p)	
  and	
  invariant	
  yield	
  (Au+Au)	
  of	
  direct	
  photon	
  [1].	
  
Figure	
  2	
  (center):	
  The	
  direct	
  photon	
  frac8on,	
  rγ	
  ,	
  as	
  a	
  func8on	
  of	
  pT	
  in	
  p+p,	
  d+Au,	
  and	
  Au+Au	
  (MB)	
  [2].	
  
Figure	
  3	
  (right):	
  PHENIX	
  preliminary	
  results	
  on	
  virtual	
  photon	
  in	
  Cu+Cu.	
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Cu+Cu	
  200	
  GeV	
  Min.Bias	
  
1.0<pT<1.5	
  GeV/c	


Like-­‐sign(Nega8ve)	
  
1.0<pT<5.0	
  GeV/c	


•	
  Foreground	
  and	
  combinatorial	
  background	
  are	
  shown	
  with	
  pT	
  slices	
  in	
  Min.Bias.	
  
•	
  FG	
  to	
  CB	
  ra8o	
  is	
  calculated	
  for	
  like-­‐sign.	
  It	
  will	
  be	
  used	
  BG	
  subtrac8on.	
  

Es<ma<on	
  of	
  correlated	
  backgrounds	
  

-­‐	
  π0	
  

-­‐	
  η	
  
-­‐	
  ω	
  

•	
  Correlated	
  backgrounds	
  are	
  obtained	
  by	
  
simula8ons	
  in	
  Fig.8	
  and	
  Fig.9.	
  
•	
  These	
  BGs	
  will	
  be	
  normalized	
  using	
  like-­‐
signs,	
  and	
  will	
  be	
  subtracted	
  from	
  FG.	
  
•	
  Hadronic	
  cocktail	
  is	
  calculated	
  in	
  Fig.10.	


What’s	
  going	
  to	
  be	
  new?	
  
•	
  Meson	
  to	
  π0	
  ra8os	
  at	
  high-­‐pT	
  are	
  updated	
  from	
  
the	
  preliminary	
  plot.	
  
•	
  Generated	
  par8cles	
  by	
  EXODUS	
  and	
  PYTHIA	
  are	
  
passing	
  through	
  a	
  PHENIX	
  GEANT	
  simula8on.	
  
•	
  In	
  the	
  previous	
  analysis,	
  the	
  par8cles	
  are	
  just	
  
filtered	
  through	
  the	
  PHENIX	
  acceptance	
  and	
  
smeared	
  with	
  the	
  detector	
  resolu8on.	



