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Heavy lon Physics at the LHC
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“Soft Physics”
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“Soft Physics™: Particle production with p < 2GeV/c
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Day-| Physics

RHIC Delivered Au-An Luminosity
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Within the wvertex fiducial volume we found a to
tal of 103 central events for the low enerey and 151
central events in the high energy data =et. For the

2.5 - 0.25 In{s) + 0.023 In%(s)

Charged particle multiplicity near mid-rapidity in central Au4 Au collisions —
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First “soft physics” paper 6 weeks after first collisions
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Soft Look at a Heavy lon Collision

Spectator Calorimetry
Fractional x-section
Reaction Plane Elliptic Flow
Geometry Thermalization

Particle Ratios
Particle Yields
Hadronization

Entropy Production Hydro Evolution  Kinetic Freezeout
Energy Deposition Elliptic Flow Overall Timescale
Multiplicity Radial Flow Spectra
E; Calorimetry Spectra HBT

Net Baryon Distribution HBT |
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Soft Look at a Heavy lon Collision

Particle Ratios

Elliptic Flow
Thermalization

Hadronization

Entropy Production Hydro Evolution

Elliptic Flow
Multiplicity
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Energy Dependence of Particle Ratios
Horn” :

Non-monotonic behavior at AGS/SPS boundary
Smooth evolution between SPS and RHIC ]I]LHC
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Hadron Multiplicities
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Energy Dependence of Hadron Multiplicities

Models/Extrapolations
to LHC
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Detectors
planned for
dN/dy > 5000!

dN/dn ~ 1800
dN/dn ~ 1100




Rapidity Distributions

0-5% centrality | [/ BRAHMS
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Meson rapidity distributions
are approximately Gaussian
- reminiscent of Landau?

RMS(dN/dy)

- Pion rapidity width
-Central Au+Au/Pb+PB
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Rapidity Distributions
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Meson rapidity distributions
are approximately Gaussian
- reminiscent of Landau?

RMS(dN/dy)

- Pion rapidity width
-Central Au+Au/Pb+PB
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Extrapolating to LHC

— PHOBOS QM’02, nucl-ex/0301017
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Extended longitudinal scaling

19.6 GeV 62.4 GeV 130 GeV 200 GeV
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“Extended longitudinal scaling” (aka limiting fragemtnation)
of all longitudinal distributions
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Limiting Fragmentation: Universal phenomenon
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Extrapolation to LHC

— central AusAu PHOBOS

200 GeV
130 GeV

19.6 GeV
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W. Busza, Zakopane ‘04
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Extrapolation to LHC
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Mid-rapidity dN/dn vs Vs and N
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dN/dn vs Vs and N
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Ncoll/Npart vs Vs and Nt
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Factorization in a hard/soft picture?
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Factorization of Longitudinal Dynamics

Ratio of 0-6% and 35-40% centrality
bins, each normalized by Npapt
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Dominance of Collision Geometry?
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Factorization of Transverse Dynamics

Ratio of yields in bins of p+
between 200 and 62 GeV
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Dominance of Collision Geometry?
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Energy independence of v2(p-|- Npart)

pT ~ 0.5 (200 GeV)
pT ~1.35 (200 GeV)
pT ~1.35(130 GeV)
pT ~0.50 (130 GeV)

Centrality (%)
Factorization!

Dominance of Collision Geometry?
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Azimuthal Anisotropy

Reaction z/

—L '1 ;

plane

Initial State Anisotropy Final State Anisotropy
Coordinate Space Momentum Space
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Elliptic Flow at LHC

~ PHOBOS Au+tAu data

19.6 - 200 GeV
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PHOBOS preliminary

1306 GeV. Star

% 17 GeV, Nad9

4 GeV, E877

200 GeV, Au, trks

200 GeV. Au, hits

130 GeV, Au, hits

200 GeV, Cu, trks

200 GeV, Cu, hits

62.4 GeV, Cu, hits
20 40 60

-2
1/S) (d Nch/dy> [fm™]
Low Density Limit:
STAR, PRC 66 034904 (2002)

Voloshin, Poskanzer, PLB 474 27 (2000)
Heiselberg, Levy, PRC 59 2716, (1999)
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Vo VS pT
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Summary

First exciting LHC results will be on “soft physics”

win/win
situation!

Dynamical connection between soft observables?
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