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QCD Phase Diagram: qualitative view
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Deconfined Quark-Gluon Plasma
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Baryon chemical potential µB

~few hundred MeV

Heavy Ion physics: study phases and dynamics of hot QCD matter



QCD thermodynamics: calculation
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QCD on the lattice (µB=0)

Slow convergence to non-interacting Steffan-Boltzmann limit
Hint of “strongly-coupled plasma”?

RHIC LHC
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T [MeV]

Cross-over, not sharp phase transition 
(like ionization of atomic plasma)



Key probe of the medium: QCD jets
e+e-→jets

QCD jets: ubiquitous in high energy collisions of all kinds 
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QCD jets: ubiquitous in high energy collisions of all kinds 

Jet quenching in nuclear collisions: interaction of hard-scattered parton in the colored 
medium

Energy loss via QCD bremsstrahlung (medium-induced gluon radiation)
• Measures color-charge density
• Sensitive to correlation structure of medium

• Bjorken ’82 (considered elastic scattering)
• First quantitative predictions: Gyulassy, Pluemer and Wang in early ‘90s



Jet quenching: experiment
• Recoiling jet is strongly altered by medium
• Clear evidence for generation of very high density matter

Azimuthal separation of 
high pT hadron pairs

trigger

recoilX
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STAR, Phys Rev Lett 91, 072304

• Striking experimental signatures  
• Very active area in QCD theory→ quantitative understanding
• Speculative calculations using AdS/CFT correspondence
A major focus of the LHC Heavy Ion Program

recoilX



Annual yields in 5.5 TeV Pb+Pb
P. Jacobs and M. van Leeuwen
Nucl. Phys. A774, 237
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104/year

Large kinematic reach in 
central region
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ALICE



Size: 16 x 26 meters
Weight: 10,000 tons
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Technologies:18
Tracking: 7
PID: 6
Calo. : 5

Trigger, Nch:118P. Kuijer

ALICE combines the capabilities of STAR and PHENIX (RHIC)
→ the comprehensive heavy ion experiment at the LHC



ALICE compared to ATLAS/CMS
Requirements for heavy ion physics:

• measure large-scale collective phenomena:
reconstruct complex hadronic  events

• QCD cross sections “relatively large”
→ moderate rate and rejection capabilities

• precise measurements of heavy flavor, photons, leptons 
• energy scale 100 MeV – 100 GeV
→ high precision tracking in moderate field
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→ high precision tracking in moderate field
→ very low material budget near vertex
→ particle ID over very broad momentum range

Requirements for Higgs/SUSY searches:
• missing energy signatures → hermetic coverage
• energy scale 10 GeV – 1 TeV
• tiny cross sections: high rate and rejection capabilities

ALICE favors robust tracking, PID, precision, and low mass 
over large acceptance, high rate, and huge dynamic range



Russia

JINR

Japan BrazilRomania
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China
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Korea

Ukraine
Mexico

France

Italy

UK

Hungary

Netherlands

ALICE Collaboration

~ 1000 Members 

(63% from CERN MS)

~30 Countries

~100 Institutes

~ 150 MCHF capital cost
US Participation
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Sweden

Poland
Norway

Czech Rep.
Slovak Rep.

CERN
Denmark

Finland

GermanyGreece
UK~ 150 MCHF capital cost

(+ ‘free’ magnet)

A brief history of ALICE
1990-1996: Design
1992-2002: R&D
2000-2010: Construction
2002-2007: Installation
2008 -> : Commissioning

10P. Kuijer

US Participation
Cal Poly San Luis Obispo

Creighton University  
University of Houston 

Lawrence Berkeley National Laboratory
Lawrence Livermore National Laboratory 

Oak Ridge National Laboratory 
Ohio State University

Purdue University 
University of Tennessee 

University of Texas Austin (pending)
Wayne State University

Yale University
~55 PhDs and students



ALICE Design Performance
TPC acceptance = 90%

Momentum resolution
~ 5% @ 100 GeV/c

Low material budget àlow pt cut off

Tracking 
efficiency

Momentum 
resolution
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Impact parameter 
resolution 
< 60 µm (rφ)
for pT > 1 GeV/c

PID

+ decay topologies ((K0, K+, K-, Λ, φ, D) K and Λ beyond 10 GeV/c
11

PID



Distribution of material

Very low mass out to ~250 cm
→ helpful for precise electron and 
photon measurements
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Distance from Beam Line



First interactions September 11 2008
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Circulating beam 2:
stray particle causing an 

interaction in the ITSITS tracks on 11.9.2008
7 reconstructed tracks, common vertex 

13P. Kuijer
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LHC 2010 – draft schedule
• 2009:

• 1 month 
commissioning

• 2010:

• 1 month pilot & 
commissioning

• 3 month 3.5 TeV

• 1 month step-
up

• 5 month 4 - 5 
TeV

• 1 month ions

2727--0808--0909 1515LHC status LHC status -- CMS weekCMS week

200-300 pb-1

With luck: Collisions 
at 3.5+3.5 TeV by 

Christmas

Heavy ion running: 
4 physics weeks per year



Subsystem status – a few examples

• ITS
• TPC
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• TPC
• High Level Trigger
• EM Calorimeter
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The ALICE Time Projection Chamber
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Largest TPC ever built



TPC Noise Measurements
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TPC-only momentum resolution
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TPC dE/dx
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Design resolution ~5%
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High Level Trigger
Fast online tracking
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Major US contribution to ALICE: EMCal

EE
E %11

~
σ
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Lead-Scintillator sampling  calorimeter
|η|<0.7, ∆φ~110o    

Shashlik geometry, APD photo-sensor
~13k towers (∆ηx∆φ~0.014x0.014)

• Very late start relative to LHC schedule
• Full DOE funding (CD2/3) Feb ’08; TPC $13.5M
• International project: US, France, Italy
•TDR approved by LHCC Feb ‘09



Support frame insertion: Nov ‘07
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EMCal super-module installation 
(spring/summer ‘09)
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J. Rasson
LBNL Engineering

T. Cormier
WSU/LBNL
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p+p physics in ALICE
ALICE capabilities for QCD studies

– very low-momentum cutoff <100 MeV/c (xT ~ 4×10-6 )
– excellent particle identification
– efficient minimum-bias trigger
– excellent vertexing capabilities
– very low mass

Startup at 900 GeV: connect to existing systematics

First high energy run: 50 ns scheme decouples ALICE lumi from ATLAS/CMSFirst high energy run: 50 ns scheme decouples ALICE lumi from ATLAS/CMS
Expected Lumi ~2·1029 cm-2 s-1 ( → ~109 events)

First ALICE pp physics: 
Important reference data for heavy-ion programme

• Minimum bias running 
• Physics at high multiplicities
• baryon transport

Unique QCD studies
• charm and beauty production cross sections (low pT acceptance is crucial)



Charged Particle Multiplicity

Fast multiplicity trigger L0 from Silicon Pixels
• enriched high-multiplicity sample for comparison with Heavy-Ion 

collisions

acceptance

TPC

SSD/SD
D

SPD



D0 → K + π

Heavy-flavour production in p+p collisions

30%

D0 → K + π

for 109 pp events (full year)

depends on 

Reach up to 12 – 14 GeV/c with 5 – 10×107 events

B → e + X

depends on 
TRD coverage



Heavy Ion Physics in “The First 3 Minutes”

integrated multiplicity distributions from Au-
Au/Pb-Pb collisions and scaled pp collisions

dN /dy = 2600

Multiplicity measurement: 
• first estimate of energy density achieved
• evidence for/against saturation, Color-Glass Condensate,…

dNch/dy = 2600

dNch/dy = 1200

ln(√s) extrapolation

saturation model
Eskola hep-ph/050649

Before RHIC, predictions for 
the LHC  were considerably 
higher, ranging up to 
dNch/dy=8000



Heavy Ion Day-1 Physics (105 events): 
Elliptic Flow 

AGS SPS

L

H

C

• One of the first  answers from LHC
– Experimental trend & scaling predicts large increase of flow 
– Hydrodynamics: modest rise 

eccentricity vs. particle 
multiplicity in overlap region

SPS

RHIC

X

Z

Y



Heavy Ion Day-1 physics: Chemical composition

Particle composition via statistical model (grand canonical ensemble)
Free parameters: thermalization temperature and bario-chemical potential

RHIC: T ~ 170 MeV , mB ~ 30 MeV



Awaiting beam...

36



Extra slides

9/26/2009 Status of ALICE 37



11-12 July 09 LHC extraction test
Single –bunch 0.4x 1010 p each  and 12-bunch trains  (25 
ns apart)  with 25 x 109 particles per bunch 

• trigger timing (MTR, SPD, V0, T0), FMD calibr, 
gate adjustments, SDD delay tuning

SDD

FMD

ZPC_TC

ZNC_TC

Gate 
from 

Muon trigger chambers

SPD

from 
Pixel 
trigger ZDC


