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The PHOBOS Apparatus

• 1 Layer 4π Multiplicity Array
• Octagonal Barrel + Annular Rings

• 16 Layer 2-Arm Spectrometer

Trigger & Centrality
• Paddle Counters
• ZDCs

137000 Si Pad Channels
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The  PHOBOS  Spectrometer

z

x

y

70 cm 10cm • Outer layers situated in 
2T magnetic field

• High segmentation in 
bending direction 

• Tracking within 10 cm 
of interaction point

• Coverage near mid-
rapidity

• Phi acceptance of 3% 
per Arm
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• Spectra corrected for 
• Acceptance/Efficiency
• Ghost Tracks  
• Momentum resolution 
• Variable bin width
• Secondaries 

• At 200 GeV min. bias. pp 
reference data exists

PHOBOS-Spectra @ 200GeV

_

0.2<yπ <1.4
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• Production of high pT
particles dominated by 
hard scattering

• High pT yield prop. to Ncoll
(binary collision scaling)

• Compare to pp spectra 
scaled up by  Ncoll

• Violation of Ncoll scaling 
observed at 130GeV
(PHENIX/STAR publications)

• Jet quenching?

Comparing Au+Au and pp Spectra 1
_

_
Au+Au
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Charged Particle Production 
Total Multiplicity

Preliminary

from Peter Steinbergs talk

Total multiplicity scales with Npart
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Comparing Au+Au and pp Spectra 2
_
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Scaled Spectra / pp-Fit 
_

• Centrality range: 
• <b> from  10 to 3 fm
• <ν> from   3 to 6

344 ± 12
276 ± 9
200 ± 8
138 ± 6
93 ± 5
65 ± 4
Npart

0-6%
6-15%
15-25%
25-35%
35-45%
45-50%

Centrality
PHOBOS Preliminary
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Scaled Spectra / pp-Fit 
_

• Shape differs from pp 
already at Npart = 65

• Moderate change from 
Npart = 65 to Npart =344

_

PHOBOS Preliminary
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UA1 200 GeV
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Spectra normalized to  yield at Npart = 65
Npart

Centrality scaling in pT bins
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Npart Scaling at high pT

Normalized to yield 
at Npart = 65

Ncoll-scaling

PHOBOS Preliminary

⇒Npart scaling describes data at pT = 4.25 GeV/c
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Evolution with Centrality
• Follow change of 

shape vs most 
peripheral bin

• Dominantly 
participant scaling

• Violated by about 
30% for most central 
collisions

PHOBOS
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Summary
• Measured h+,- pT spectra  in 200 GeV Au+Au 

collisions
• pT range:           0.2 < pT  <  5 GeV/c
• Rapidity range:   0.2 < yπ       < 1.4
• Centrality range:  65 < Npart < 344

• Data show:
• Substantial difference in spectral shape between pp and 

peripheral Au+Au (Npart ~ 65)
• Minor change from 65 to 344 participants
• Even at pT of 4 – 5  GeV/c, Npart -scaling from peripheral to 

central Au+Au

_
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Comparison to Lower Energies

• Data taken at 
130GeV shows 
similar trends

• Shape is consistent 
with measurements 
by STAR R
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How to compare spectra to pp?
_

• Observations:
• Mid-rapidity multiplicity compatible with two 

component model
• Total multiplicity shows Npart scaling

• How do spectra scale with centrality? 
• Does scaling change over the pT range?
• Crucial for physics interpretation 
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Charged Particle Production 

_
pp

Au+Au

19.6 GeV
preliminary

130 GeV

200 GeV

Two Component Model:

Central Density

Data from PRC 65 061901R (2002)
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Number of collisions at different Energies

σinel=42 mb
(RHIC)

Glauber Monte Carlo

σinel=33 mb 
(SPS)

σinel=21 mb 
(AGS)
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Integrated Yields vs Centrality

dN/dη - Multiplicity data

dN/dy – Spectra Integral
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Mean pT vs centrality
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Centrality scaling in pT bins

UA1 200 GeV
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Spectra normalized to FIT to yield at Npart = 65
Npart



ICHEP 2002, Amsterdam Gerrit van Nieuwenhuizen/MIT
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Systematic Errors
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Triggering on Interactions
Positive 
Paddles

Negative 
Paddles
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• Coincidence between 
Paddle counters

• Paddle + ZDC timing reject 
background
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Particle Tracking In Spectrometer
1. Road-following algorithm 

finds straight tracks in 
field-free region

2. The curved tracks in B-
field found by clusters in 
(1/p, θ) space

3. Find match of straight 
and curved by θ, 
consistency in dE/dx and 
fit in yz-plane

4. Covariance matrix track 
fit for momentum 
reconstruction and ghost 
rejection
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Spectrometer Performance
Acceptance Momentum Resolution

Data Sample Production Run 2001(200 GeV)
• 7.8 M Au+Au Events, Min. Bias Trigger
• 32 M reconstructed particles
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