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This talk is not all my own work
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What we’ve measured
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• STAR, PHENIX,
• PHENIX and STAR, all 4 experiments
 
• h±,π+, π-, π0, p, p
• K+, K-, K0s
• Λ, ,Λ, Ξ+, Ξ -, Ω+, Ω-

• Φ, K*, ρ, η, ω, Λ(1520), Σ+,Σ-

• real and virtual γ 
• D0, D*,NPE
• J/Ψ, Υ
• d,d, He, 3Λ H, 3Λ H
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Where at least 2 results exist
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• In p-p, Au-Au, Cu-Cu at √s = 200 and 62 GeV
• PHENIX and STAR, all 4 experiments
 
• h±,π+, π-, π0, p, p
• K+, K-

• Λ, ,Λ
• Φ,    , ρ
• real                 γ 
•            NPE
• J/Ψ, Υ
• d,d
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And where spectra overlap significantly
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• In p-p, Au-Au, at √s = 200 GeV
• PHENIX and STAR, all 4 experiments
 
•    π+, π-, π0, p, p
• K+, K-

• 
• Φ    
•  
•            NPE
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How data are compared
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• Take the published data points

• Combine in quadrature stat and sys error
 (realize not strictly correct but sufficient)

• Fit data to formula:

(don’t interpret variables just good fit)

• To compare spectra divide fits, plot 95% 
confidence band
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Data references
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STAR π and protons  Phys. Rev. Lett. 97, 152301
STAR low pt π, K, p 
Phys. Rev. Lett. 92, 112301
STAR high pt π and p in p-p 
Phys. Lett. B 637, 161
STAR π0 Phys. Rev. C 80 44905 (2009)
STAR NPE Phys. Rev. Lett. 98 192301 (2007)
STAR ϕ Phys. Rev. C 79 64903 (2009)
BRAHMS π and protons 
 Phys. Rev. C 72, 014908
PHENIX charged π and protons 
 Phys. Rev. C. 69, 034909
PHENIX π0 
Phys. Rev. Lett. 101, 232301 (2008)
PHENIX π0, 2003 
Phys. Rev. Lett. 91, 072301
PHENIX π0 p-p  Phys. Rev. Lett. 91, 241803 (2003) 
PHENIX NPE Au-Au Phys. Rev. Lett. 94, 082301 (2005)
PHENIX NPE p-p  Phys. Rev. Lett. 97, 252002 (2006)
PHENIX ϕ  Phys. Rev. C 72, 014903 (2005) 
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Where problems became evident - RAA of pions

8

Latest/most precise 
PHENIX π0 data 
consistently below 
STAR π± at high pT

No longer the same 
“within errors”
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Is it just a problem with the p-p?
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Calculate RAA using common fit function to PHENIX π0 p-p 

Not a great fit to the π0 but cancels out in comparison 
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RAA of π0
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New STAR data on π0 at first 
glance resolves the issue.

STAR data has large errors

Are STAR data self consistent
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Difference between STAR π0 and π± RCP?
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Seem to be!

How can that be?

A=B
B=C
C!=A?

Large errors cover a 
multitude of sins

Tuesday, December 15, 2009
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Difference between π0 and π±?

12

STAR π0≲ 
STAR π+

STAR π0  ≳
           PHENIX π0

STAR π+ >
PHENIX π0
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π in Au-Au 0-10%

13

STAR
 π+, π-

PHENIX
 π0, π+, π-

BRAHMS
 π+, π-
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π in Au-Au 0-10% - Self consistency
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STAR
 π+/π-

PHENIX
 π0/π0

BRAHMS
 π+/π-

PHENIX
 π+/π0,
π-/π0 

PHENIX 
consistency 
needs more 
detailed check 
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π in Au-Au 0-10% - Comparison

15
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π in p-p - Comparison
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π in p-p - Comparison
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• STAR  π±, PHENIX π0  
compared to a Tsalis fit

• New STAR data from run 
without SVT not published - 
presented at QM09
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Proton spectra - the feed-down correction

17

• STAR - hyperon feed-down of Λ and Σ+ - use measured 

Λ spectra, Σ+/Λ = 0.35 independent of pT

• PHENIX - HIJING tunes to measured ratio of Λ/p, 
including pT dependence, in 130 GeV. Σ+ correction not 
applied

• BRAHMS - Use pT independent ratio of N(Λ) =0.89N(p) 
from 130 GeV data

• From this would expect STAR > PHENIX ~ BRAHMS

Tuesday, December 15, 2009
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10-20%
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Clear centrality 
trend difference
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Comparison 
restricted by 
limited mtm 
coverage.

New data on 
high pT K±

but not 
compared 
here. Starts 
at pT>  
PHENIX

Careful pT range of bottom plots != to top

Tuesday, December 15, 2009
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FIG. 5: K+K− invariant mass spectra for the measured
and mixed events (top half) in the TOF-PbSc combination,
and the subtracted mass spectrum showing the φ meson peak
clearly above the background (bottom half).

i) tuning of detector alignments and mass–squared
parameters in the Monte Carlo with reference to
the real data (∼ 3%), and

ii) systematics in the fiducial geometries in the data
and the Monte Carlo (∼ 12%).

F. Detector Occupancy Correction

The high multiplicity environment in the heavy ion
collisions produces multiple hits in a detector cell such
as in the slats of the TOF or in the towers of the PbSc.
These occupancy effects reduce the track reconstruction
efficiency in central collisions compared to that in pe-
ripheral collisions, and these occupancy dependent ef-
fects need to accounted for in calculating the invariant
yields. The multiplicity dependent efficiency (εoccupancy)
factors were calculated by embedding simulated K+K−

pairs into real data events. This study was done for dif-
ferent centrality bins from 0 to 92% in steps of 10%.
We calculated the multiplicity dependent efficiencies for
TOF–TOF, TOF–PbSc and PbSc–PbSc pairs separately.
The systematic uncertainty associated with the embed-
ding procedure was estimated for the three centrality bins
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FIG. 6: Detector acceptance efficiency vs transverse mass
of the simulated K+K− pairs for the TOF–TOF, TOF–
PbSc and PbSc–PbSc combinations. The statistical errors
are smaller than the size of the data symbols.
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FIG. 7: Multiplicity (occupancy) dependent efficiency cor-
rection for detecting the φ meson in the PHENIX detector as
a function of the collision centrality. The most central colli-
sions are to the right, the most peripheral collisions are to the
left. The statistical errors are less than the size of the data
points.

used in the yield determinations, namely 0 - 10%, 10 -
40% and 40 - 92%. The systematic errors, calculated by
estimating the occupancy efficiency corrections for differ-
ent track confirming criteria, were found to vary from 7%
to 10% for the three centrality bins used here, indepen-
dent of the pair momenta. Fig. 7 shows the εOccupancy

factors as a function of collision centrality for the K+K−

pairs both identified in the TOF detector. The occu-
pancy dependent efficiency factors were found to be in-
dependent of the transverse momenta of the pairs.

PHENIX

ϵ
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FIG. 3: (Color online) Upper panels: same-event (full points) and mixed-event (solid line) K+K− invariant mass distributions at
0.6 < pT < 1.4 GeV/c in p + p 200 GeV collisions (a), 0.8 < pT < 1.2 GeV/c in Au+Au 62.4 GeV collisions (60-80%) (c) and
0.8 < pT < 1.2 GeV/c in Au+Au 200 GeV collisions (0-10%) (e). Lower panels: the corresponding φ meson mass peaks after subtracting
the background. Dashed curves show a Breit-Wigner + linear background function fit in (b), (d). In (f), both linear and quadratic
backgrounds are shown as dashed and dot-dashed lines, respectively.
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FIG. 4: (Color online) Reconstruction efficiency including accep-
tance of φ meson as a function of pT in several centrality bins of
Au+Au, d+Au and p + p 200 GeV collisions.

We employed the STAR standard reaction plane
method as described in Refs. [65, 66], which uses a
Fourier expansion to describe particle emission with re-

spect to the reaction plane angle, that is

E
d3N

d3p
=

1

2π

d2N

ptdptdy

(

1 +
∞
∑

n=1

2vn cos[n(ϕ − Ψr)]

)

,

(4)
where Ψr is the real reaction plane angle and ϕ is the par-
ticle’s azimuthal angle. The coefficient v2 in the second-
order term of the expansion is the dominant part and is
called the second harmonic anisotropic flow parameter,
or elliptic flow.

The real reaction plane angle Ψr is not known, but
can be estimated experimentally [67]. In our analysis,
the estimated reaction plane angle from the second-order
harmonic (Ψ2) was used. This has a finite resolution
due to a limited number of particles available in each
event and a different event-by-event v2, which is used for
the estimation. The estimated reaction plane resolution
was used to correct the observed vobs

2 to obtain the final
estimation of v2.

The event plane angle Ψ2 was calculated by the equa-
tion

Ψ2 =
1

2
tan−1

(
∑

i wi sin(2ϕi)
∑

i wi cos(2ϕi)

)

, (5)

where the sums are over all charged particles used for
reaction plane determination, wi and ϕi are the weight
and azimuthal angle for the ith particle in a given event,
respectively. The weights include both a pT weight and

STAR

STAR:  ~single ϵ2 X accept 
-  canʼt be factor 2 higher

PHENIX:  steep fn of pT
- surprising if make flat offset
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FIG. 5: K+K− invariant mass spectra for the measured
and mixed events (top half) in the TOF-PbSc combination,
and the subtracted mass spectrum showing the φ meson peak
clearly above the background (bottom half).

i) tuning of detector alignments and mass–squared
parameters in the Monte Carlo with reference to
the real data (∼ 3%), and

ii) systematics in the fiducial geometries in the data
and the Monte Carlo (∼ 12%).

F. Detector Occupancy Correction

The high multiplicity environment in the heavy ion
collisions produces multiple hits in a detector cell such
as in the slats of the TOF or in the towers of the PbSc.
These occupancy effects reduce the track reconstruction
efficiency in central collisions compared to that in pe-
ripheral collisions, and these occupancy dependent ef-
fects need to accounted for in calculating the invariant
yields. The multiplicity dependent efficiency (εoccupancy)
factors were calculated by embedding simulated K+K−

pairs into real data events. This study was done for dif-
ferent centrality bins from 0 to 92% in steps of 10%.
We calculated the multiplicity dependent efficiencies for
TOF–TOF, TOF–PbSc and PbSc–PbSc pairs separately.
The systematic uncertainty associated with the embed-
ding procedure was estimated for the three centrality bins
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FIG. 6: Detector acceptance efficiency vs transverse mass
of the simulated K+K− pairs for the TOF–TOF, TOF–
PbSc and PbSc–PbSc combinations. The statistical errors
are smaller than the size of the data symbols.
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FIG. 7: Multiplicity (occupancy) dependent efficiency cor-
rection for detecting the φ meson in the PHENIX detector as
a function of the collision centrality. The most central colli-
sions are to the right, the most peripheral collisions are to the
left. The statistical errors are less than the size of the data
points.

used in the yield determinations, namely 0 - 10%, 10 -
40% and 40 - 92%. The systematic errors, calculated by
estimating the occupancy efficiency corrections for differ-
ent track confirming criteria, were found to vary from 7%
to 10% for the three centrality bins used here, indepen-
dent of the pair momenta. Fig. 7 shows the εOccupancy

factors as a function of collision centrality for the K+K−

pairs both identified in the TOF detector. The occu-
pancy dependent efficiency factors were found to be in-
dependent of the transverse momenta of the pairs.
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29

Significant offset only Au-Au data : 
BG estimate? - STAR and PHENIX checked STAR 
data,  levels what you would estimate from single 
particle yields + PID range of STAR

STAR effic.?
Seems unlikely

Mass peak fit functions?
Only minor effect
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• Clearly issues with compatibility of data now (stat.) errors are 
small

• At best our data is 20% accuracy if you assume all 
experiments are correct

• Not one over arching issue

• ϕ in Au-Au as big a problem as the NPE
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Summary

32

• Clearly issues with compatibility of data now (stat.) errors are 
small

• At best our data is 20% accuracy if you assume all 
experiments are correct

• Not one over arching issue

• ϕ in Au-Au as big a problem as the NPE

Can we PLEASE try and come up with a common format for our data 
tables. 

We want people to use our data!!  Found essentially all possible variations  
including root files, + missing data

Getting almost impossible to find in the long lists of publications
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