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Context

® The Relativistic Heavy Ion Collider (RHIC/BNL) has
discovered a new state of matter in heavy ion collisions

® Experimental evidence indicates it is a hot, dense,
strongly interacting system that behaves as a liquid
with ultra-low viscosity

® The most compelling evidence that a super-dense
medium is formed is jet quenching - the disappearance
of one of the jets in high-pr two-jet events:

® The phenomenon is qualitatively understood,
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but a number of puzzles remain
0.2

® The study of jet quenching in heavy ion
collisions at LHC offers many new possibilities:
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® Much wider kinematic range and larger
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® Well-defined jets
® Heavy quark jets
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INTRODUCTION TO THE
ATLAS EXPERIMENT




The Large Hadron Collider

Is a 27 km long collider ring
housed in a tunnel about 100 m
underground near Geneva
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THE ATLAS
EXPERIMENT

The ATLAS Collaboration and G Aad et al 2008 JINST 3 S08003

2700 collaborators (700 students)

7000 tons, 22 m diameter, 46 m long
Superconducting solenoid and toroid magnets
88 million detector channels

550 M CF
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ATLAS PHYSICS
PROGRAMME

e B Physics

e Exotics

e Heavy lons

e Higgs

e Standard Model

® OLISY

e Top Quark Physics
ATLAS Collaboration,

Fermilab SSC
CERIII i LHl(;‘l

vs TeV

Expected Performance of the ATLAS Experiment, Detector, Trigger and Physics,

CERN-OPEN-2008-020, ISBN978-92-9083-321-5, Geneva, 2008
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Tile calorimeters

: LAr hadronic end-cap and
forward calorimeters
Pixel detector

ATLAS
Detector Systems
1

Toroid magnetfs LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor fracker
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25m

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Pixel detector .

ATLAS
Detector Systems

LAr electromagnetic calorimeters

Toroid magnets

Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor tracker
FCAL LAr Hadronic Tile LAr FCAL
HAD 0.2x0.1 HAD
0.1x0.1 % 0.2x0.2
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ATLAS Detector Status

Number of Channels | Approximate Operational Fraction

Pixels

SCT Silicon Strips

TRT Transition Radiation Tracker
LAr EM Calorimeter

Tile calorimeter

Hadronic endcap LAr calorimeter
Forward LAr calorimeter

MDT Muon Drift Tubes

CSC Cathode Strip Chambers
RPC Barrel Muon Trigger

TGC Endcap Muon Trigger

LVL1 Calo trigger

ATLAS:

80 M
6.3 M
350 k
170 k
9800
5600
3500
350 k
31Kk
370 k
320 k
7160

98.0%
99.3%
98.2%

98.8%
99.5%
99.9%
100%
99.7%
98.4%
>97%
99.8%
99.8%

Operational fraction as of 28 September 2009

CHANNEL COUNT, READINESS
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http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html

ATL AS Jet Event at 2.36 TeV

EXPERIMENT Collision Energy

2009-12-14, 04:30 CET, Run 142308, Event 482137

A JET EVENT IN ATLAS
FROM THIS WEEK!
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THE ATLAS
HEAVY-ION
PROGRAM




FIRST YEAR S Pb-Pb
COLLISION DATA

Baseline measurements for 2010 HI run:

e RHIC data at Ecm = 200 GeV

e ATLAS p-p data (Ecm =7 TeV>—> 14 TeV)
For HI, Ecm = 2.75 TeV>-> 5.5 TeV (per nucleon)

Factor of up to 30 increase in energy means basic
features are unknown; focus on:

e Global properties of collisions

¢ (Quarkonia

e Hard pr obes B. Wosiek, Acta Phys. Pol. B 38 (2007) 1047-1056
P. Steinberg, J. Phys. G 35 (2008) 104151
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MEASUREMENT OF IMPACT
PARAMETER

< 200 x10°

E 180' ATLAS Preliminary
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Estimate impact parameter, number of collision
participants, number of collisions via total
energy in calorimeters
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GLOBAL EVENT PROPERTIES
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arXiv:0707.0564

Busza/PHOBOS:

In s PRC 74 021901

DEPENDENCE OF MULTIPLICITY
P. Steinberg, Nuclear Physics A 827 (2009) 128c-136¢
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GLOBAL EVENT PROPERTIES

PIXEL HITS IN

’ s AND
LAYERS
INDEPENDENTLY
b=2.3 fm DETERMINE
Pb-Pb collisions
5.5 TeV/nucleon dNCharged/ dn

ATLAS Preliminary

A. Truzpek, ATL-PHYS-PROC-2009-090

MULTIPLICITY RECONSTRUCTION FROM PIXEL
CLUSTER FOR A SINGLE HIJING EVENT
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GLOBAL EVENT PROPERTIES

A
SUM OVER EM >
AND HADRONIC &)
CALORIMETER 5
CELLS Ny
© b=2.3 fm

Pb-Pb collisions

5.5 TeV/nucleon

GOOD EVENT- Red points are

BY-EVENT reconstructed

ATLAS Preliminary

MEASURE OF E-+

SINGLE EVENT RECONSTRUCTION OF
TRANSVERSE ENERGY VS PSEUDORAPIDITY
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ELLIPTIC FLOW

Asymmetry of particle
emission relative to the
event plane
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ELLIPTIC FLOW

Asymmetry of particle
emission relative to the
event plane
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ELLIPTIC FLOW
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ELLIPTIC FLOW

ATLAS Preliminary
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Three separate reconstruction 100
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HEAVY QUARKONIA - cc, bb
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TEST PREDICTIONS THAT DIFFERENT QUARKONIUM STATES
DISASSOCIATE AT DIFFERENT PLASMA TEMPERATURES

GOOD RATE, GOOD MASS RESOLUTION - CAN STUDY COLOR
SCREENING THROUGH UPSILON AND

J/VY SUPPRESSION
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Input Spectrum

Reconstructed Spectrum

R METHOD REQUIRES
SUBTRACTION OF
BACKGROUND FROM

UNDERLYING HEAVY
dN /dn =2700 ION EVENT
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INCLUSIVE
JET
RECONSTRUCTION

M. Spousta, ATL-PHYS-PROC-2009-002.pdt
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4 Pyquen Spectrum

® Input Spectrum
e Pythia Spectrum

¢ Reco Spectrum
B Background Spectrum

ATLAS Preliminary

ATLAS Preliminary

FRAGMENTATION

FEASIBLE TO EXTRACT ACCURATE
FRAGMENTATION FUNCTIONS

CAN EXTRACT JET QUENCHING IF IT IS

OF THE SIZE GIVEN BY PYQUEN M. Spousta, ATL-PHYS-PROC-2009-002.pdf
N. Grau, ATL-PHYS-PROC-2009-046.pdf
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r-jet 60<E_<B80 GeV

o O <15 Loose jet quality cuts

« o.. <-25 Tight jet quality cuts
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ATLAS Preliminary
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- S of simultr GAMMA-JET
CORRELATIONS

for 1 year running

THE EXCELLENT ATLAS
ATLAS Preliminary NG CALORIMETRY PERMITS GOOD
NEUTRAL HADRON REJECTION

A I B
50 100 150 200

E; (GeV) CLEAN Y-JET SIGNAL IDEAL FOR
M. Baker, Nucl. Phys. A830:499¢-502¢, 2009 JET SUPPRESSION STUDIES
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HEAVY QUARK
JET SUPPRESSION

1 de Y| aa
RAA 2 Ncoll dN ‘pp 1.5 ——v=r— v Y v Y v I
- = = 2-body elas
o — — 2-body elas+rad
e Naive radiative energy loss j — - —2-body elas+rad
picture predicts minimal < 1ok XL +Qqq+Qqq+Qqq )
suppression of heavy quarks r lotet
-
e Radiation and collisional losses §
in 2 and 3-body interactions E i
provide only partial explanation LEI e
e This puzzle can be probed at
LHC with much higher pr, better o

statistics, and potentially with
directly identified heavy mesons

“KPS” = B. Z. Kopeliovich, I. K. Potashnikova,

Ko and Liu, Nuclear Physics A 783 (2007) 233c—240
I. Schmidt, J. Phys. G35:054001, 2008 O ancu Il G Ea o IVal s (2007) 233c-240c
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HEAVY QUARK
JET SUPPRESSION

1 de > | aa
Ne

Raa = i
Oll Cl ‘pp

Naive radiative energy loss
picture predicts minimal
suppression of heavy quarks

Radiation and collisional losses
in 2 and 3-body interactions
provide only partial explanation

This puzzle can be probed at
LHC with much higher pr, better
statistics, and potentially with
directly identified heavy mesons

“KPS” = B. Z. Kopeliovich, I. K. Potashnikova,

I. Schmidt, J. Phys. G35:054001, 2008
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Ko and Liu, Nuclear Physics A 783 (2007) 233c—240c
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HEAVY QUARK JETS VIA
MUON-TAGGING IN ATLAS

* Semi-leptonic decay ot
heavy quarks can be
tagged by muons

¢ (lean environment in
standalone muon system,
trigger by single /double
tracks

e High purity for muon Et
above ~50 GeV
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CONCLUSIONS

e Exciting physics program for heavy ions with
ATLAS

e ATLAS instrumentation is ideal for measuring jet
quenching

e Methods of global event characterization are

understood; ready for first data

e Heavy-quark jet quenching may yield new
insights
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