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Au+Au Collision at RHIC
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Going back in time

Universe

Heavy-Ion 
Collision
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 Phase Transition at high T
~ 170 MeV

~ 1 GeV/fm3

Deconfinement: Quark-Gluon Plasma

(F. Karsch, hep-lat/0106019)

Baryon Density
T/TCrit

ε/T4
Quark Gluon Plasma
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Heavy Ion Collision

Medium?  QGP?



Gunther Roland/MIT    

?
What we see:

“Ashes” of the Medium

Heavy Ion Collision
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Relativistic Heavy Ion Collider
First Physics in ‘00
Versatile machine 

– Au+Au (‘00-’02, ‘04)
• 19.6 GeV
• 56 GeV
• 62 GeV
• 130 GeV
• 200 GeV

– p+p (‘02,’03,’05)
• 200 GeV polarized
• 410 GeV

– d+Au (‘03)
• 200 GeV

– Cu+Cu (’05)
• 22 GeV
• 62 GeV
• 200 GeV

• 4 Experiments
– 2 big
– 2 small
• Complementary capabilities
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A few definitions 
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Rapidity

Before Collision

Rapidity
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Measures longitudinal velocity
Logarithmic: CMS region is magnified
Lorentz-boost in beam-direction: Shift in y
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Rapidity vs Pseudo-Rapidity
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Angular Distribution

22%

Only 22% emitted
with pT > pL 
However, these
particles carry 
information about
the densest region
formed in the 
collisions

B. Back, Breckenridge ‘05
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Collision Geometry
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b
2R ~ 15fm

Spectators

Spectators

Participant Region

Smaller Impact Parameter b

Bigger Collision System

More Participants (Npart)

More Produced Particles!

Collision Geometry
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Dense Matter?

~1 fm/c
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Azimuthal Anisotropy

Initial State Anisotropy
Coordinate Space
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Azimuthal Anisotropy

Initial State Anisotropy
Coordinate Space

Final State Anisotropy
Momentum Space

Interaction!

Time
Transverse
 Plane
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(D.Teaney,2003) Lines:
Viscosity/Entropy

Ideal Hydro

Lower Bound 
from String Theory

The QGP as an ideal fluid?

Hydrodynamics and Flow
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Hadron Multiplicities
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Spectrometer
Octagon

137000 Silicon Pad Channels

NIM A 499, 603-623 (2003)

TOF

Rings

Rings

PHOBOS Detector at RHIC
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“Soft” and “Hard” Physics

Drees, QM ‘01

Npart/2 ~ A

“Volume”

L~A1/3

Ncoll= # of NN collisions: ~A4/3

“Collisions”
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First RHIC Paper

Mid-Rapidity Multiplicity 
surprisingly low

PHOBOS PRL (2000)
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dN/dη@η=0
PHOBOS Whitepaper

Oct 2004

c.f. Blaizot, McLerran, Venugopalan, Kovchegov, Kharzeev, Nardi, 
Levin, Mueller, Salgado, Wiedemann, Eskola, Tuchin + many others

Manifestation of Parton Saturation?
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Parton Saturation

Low Energy

High Energy

Particle Multiplicity at RHIC

Rapidity Density
600   1200

PHOBOS Central Au+Au (200 GeV)

Compilation by K. EskolaColor Glass
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Au+Au σinel=42 mb
(RHIC)

PHOBOS Glauber MC

σinel=33 mb 
(SPS)

σinel=21 mb 
(low AGS)

Use centrality, energy to change 
balance of soft and hard particle production

“Soft” and “Hard” Physics
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Npart

Compilation: Sasha Milow/QM’04-1 < η < 1
Mid-rapidity Multiplicity vs Centrality

Npart
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Energy + Centrality Dependence

1-σ errors

“Factorization of Energy and 
Centrality Dependence”

PHOBOS PRC 2004, nucl-ex/0405027
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62.4 GeV
200 GeV

Factorization of transverse dynamics?

PHOBOS PRL in press 
Au+Au: Ratio 200/62.4 GeV

Factorization of Energy and 
Centrality Dependence over large range in pT 
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Rapidity Distributions
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Bjorken Picture

1/γ1/γ

“Boost-invariant” 
Expansion
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Pseudo-Rapidity Distributions in p+p
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Limiting Fragmentation

e+e-

Particle production in restframe of one of the 
colliding particles
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Limiting Fragmentation cntd

PHOBOS PRL 91, 052303 (2003)



Gunther Roland/MIT    

Limiting Fragmentation vs Centrality

PHOBOS

PHOBOS

Different Limiting Curves for 
Central and Peripheral Data

But both energy-independent

Dominance of Geometry?

PHOBOS PRL 91, 052303 (2003)
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Factorization of Longitudinal Dynamics

H - ybeam
R

PCN
pa

rt

η - ybeam

Dominance of Collision Geometry?

PHOBOS PRL 91, 052303 (2003) Text
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Rapidity Dependence of v2

Pseudorapidity

El
lip

tic
 F

lo
w

PHOBOS PRL 2005    Au+Au 0-40%   

No Boost-invariant plateau:
Same initial asymmetry leads to different final 
state v2 vs y at all √s
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Limiting Fragmentation for Elliptic Flow?
Au+Au

PHOBOS nucl-ex/0406021

η - ybeam
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Total Multiplicity
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<Nch>pp *<0.5Npart>

PHOBOS nucl-ex/0409021

d+Au 200 GeV

Npart Scaling in d+Au

PHOBOS nucl-ex/0409021
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200 GeV

Total Multiplicity〈Nch〉 in Au+Au 

200 GeV

130 GeV

19.6 GeV

<Nch>e+e-*<0.5Npart>

PHOBOS nucl-ex/0301017

19.6 GeV

“Npart -Scaling”

PHOBOS PRL 91, 052303 (2003)
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e+e-, p+p, A+A Correspondence ?

yT

Surprising agreement in shape between AA/e+e- /pp

e+e- measures dN/dyT
(rapidity relative to

“thrust” axis)AA/pp ~ 1.4-1.5

200 GeV
Central Au+Au

q

q

PHOBOS QM’02, Steinberg
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Landau Hydrodynamics

Expansion

Carruthers, Duong-Van on pp data in 1973:

Stopped 

1/γ1/γ
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Rapidity Distributions

Meson rapidity distributions 
are approximately Gaussian 
- reminiscent of Landau?



Gunther Roland/MIT    

Landau Hydrodynamics?

AGS
SPS

RHIC
BRAHMS

Pion rapidity width
Central Au+Au/Pb+PB

<Nch>/<0.5 Npart> Au+Au

<Nch> e+e-

PHOBOS QM’02, nucl-ex/0301017

Carruthers, Duong-Van 

on pp and e+e- data in 1983
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The Future 

LHC
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Energy Dependence Detectors 
planned for 
dN/dy > 5000!

Armesto, Salgado, Wiedemann hep-ph/0407018

Models prior to RHIC

dN/dη ~ 1800

dN/dη ~ 1100



Gunther Roland/MIT    

Limiting Fragmentation and LHC
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Extrapolation to LHC

Saturation model

log. extrapolation

dN/dη ~ 2000

Landau model 
(<Nch> ~ s1/4)
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Limiting Fragmentation in p+p

Holds up to 900 GeV!
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Summary
Slow, logarithmic growth of mid-y density

Parton saturation?
Npart scaling of total multiplicity

Parton saturation?
Limiting fragmentation scaling vs energy, centrality

Parton saturation?
Factorization of energy and centrality dependence (η=0, vs 
pT, vs η)

Parton saturation?

But:
Correspondence of multiplicity in A+A vs e+e- vs p+p (1/2√s)

Everything points to early (initial) determination of 
multiplicity distributions

LHC will provide definitive answers!
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Elliptic Flow at LHC

Pseudorapidity

El
lip

tic
 

Fl
ow

PHOBOS  nucl-ex/0406021   Au+Au 0-40%   
El

lip
tic

 
Fl

ow

η’ = η - ybeam
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Elliptic Flow at LHC

RHIC

Hydro-limit
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+ =

v2 vs pT <pT> vs √s

v2(η’) vs √s

dN/dη’ vs √s


