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ADbstract. The ATLAS detector at CERN will provide a high-resolition
Iongitudinally— segm ented calorin eter and precision tracking for the upcom ing study
of heavy ion collisions at the LHC (pm = 5520 Ge&V ). The calorim eter covers
j j< 5 with both electrom agnetic and hadronic sections, while the inner detector
spectrom eter covers j j< 2:5.ATLA S will study a full range of observables necessary
to characterize the hot and dense m atter form ed at the LHC . G Iobalm easurem ents
(particle m ultiplicities, collective ow ) w il provide access Into its thermm odynam ic and
hydrodynam ic properties. M easuring com plete gts out to 100’s of G&V will allow

detailed studies of energy loss and its e ect on Fts. Q uarkonia w ill provide a handle
on decon nem ent mechanisms. ATLA S will also study the structure of the nucleon
and nucleus using forw ard physics probes and ultraperipheral collisions, both enabled

by segm ented Zero D egree C alorin eters.

1. Introduction: H eavy Ion P hysics at the LHC

Heavy ion physics at the LHC is the next natural step in the evolution of the
understanding of Q CD . T his can be seen m ost clearly when one considers the dynam ical
evolution of a heavy ion collision. T he study of particle m ultiplicities and m ono fts give
Insight into high density Q CD and the parton structure of the nucleus via m odels based
on parton saturation, such as the color glass condensate[ll]. H ard processes probe the
very earliest phase of the collision process via the production of fts, photons, and heavy
quark states from parton-parton interactions [2]. Through the use of these calbrated
probes, one can study theirm odi cation in nuclear collisions and thus leam aboutQ CD
inmedium aswellas them edium itself [3]. By the study of particke yieds in , and
pr , both inclusive and denti ed, one can m ake connections to hydrodynam ics (both
ideal and not) and probe the equation of state which encodes the relevant m icroscopic
degrees of freedom [4]. Finally, the study of Integrated yields and the com parison of
di erent hadron species and their decays gives a handle on the them al and statistical
properties of the system [3].

T he suite of collision system s (p+p,A+2A ,p+A ) and detectors ALICE,ATLAS,
and CM S) atthe LHC are deally suited to address all of the above theoretical questions
via precise experim ental m easurem ents using phenom enological tools developed in the
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Figure 1. ATLAS acceptance in pseudorapidity. A 1l detectors have com plete
azin uthal coverage.

context of RH IC collisions [2,[6]. H ere we discuss the progress of the AT LA S heavy ion
e ort to ready itself for Pb+ Pb running in late 2008 or early 2009. Previous progress
in preparations or AT LA S running have been reported in Refs. [7,/8,[9,[10,11]and in
the Letter of Intent ].H

2.ATLA S D etector

The ATLA S detector is a powerfiil tool for studying the high m ultiplicity of particles
that em erge from the collision of protons and nuclei [13,[14]. A particular strength of the
ATLA S detector is the hem etic liquid argon (LA r) electrom agnetic (EM ) calorim eter,
w hich provides excellent energy and position inform ation on electrons and photons via
its Jongitudinally-segm ented towers [15]. O f course, there is also a sophisticated inner
tracking system for reconstructing charged tracks and a large volum e muon tracking
system .

Likem any m odem collider detectors, AT LA S has herm etic azin uthal coverage over
a w ide range In pseudorapidity. T he Inner tracking system covers j j< 2:5 with silicon
pixels, silicon strips (SCT ), and a straw -tube transition-radiation tracker (TRT ). The
electrom agnetic calorin eter covers j j< 3 with angular resolution depending on the
layer ( = 0003 0:1;0:025 0025;0:05 0025). The barrel hadronic tile
calorin eter covers (j j< 18) with towers of 01  0:d. In the forward direction, the
hadronic forward calorimeter has cellsup to 02 02, and a forward LA r calorin eter
coversup to = Swith cellsof 02 02.

A dditional detectors w ill extend the ATLA S acceptance farther into the forward
region. The LUCID gas Cerenkov detector [16]] detects prin ary charged particle from
53< j j< 6. W hik it willbe prim arily purposad for lum inosity m onitoring, it should
z Note on Figures: Unless otherwise noted, the gures shown here were based on studies
using modi ed versions of ATLA S production software. Thus, they should be considered \ATLA S
prelin inary". For com pleteness, we list the version of A thena software used for each gure: Figure
2(left) used 12.031 with a new tracking algorithm while Figure 2(right) and Figure 3 used 12.03.

Figures 4-6 used 11.041 and special gt algorithm s. Figure 7 (right) was produced w ith an unm odi ed
11.03.
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Figure 2. (left) Reconstruction of tracklets in the ATLA S pixel detectors. (right)
Tracking reconstruction e ciency, ghost rate, and fake rate in centralH IJING events.

also provide a m easure of forward particle yieldsw ith a readout system that can resolve
m ultiple particles per tube. M ore im portantly for heavy ion physics is the Zero D egree
Calorim eter (ZDC ) being designed and built especially for ATLA S by a consortium
of US groups [17]. This detector will be able to detect forward neutron spectator
fragm ents, which serves as both a high-purity event trigger as well as an estin ator
for the \centrality" of the collision (related directly to the im pact param eter). H ow ever,
its highly-segm ented front EM  section w ill also be able to m easure the angl of neutral
clusters. This allow s the reconstruction of neutraldecays like ° and , which willbe
discussed below .

3. G lobalD ynam ics

T hem ost pressing issue for the early days at the LHC is to establish the global features
of heavy jon collisions. This involves the estim ation of the Inclusive charged-particle
yield, both integrated and as a function of pseudorapidity, to get a handle on the
hitialstate entropy production which controls the hydrodynam ic evolution as well as
Bt quenching [18]. It also entails studying the elliptic ow for inclusive particles as a
function of centrality, pr and pseudorapidity [19]. O ne of the m a pr questions for the
LHC heavy lon program isw hether the presum ed \hydro 1im it" has really been reached
In RHIC collisions, or if the m agnitude of elliptic ow scaled by the eccentricity (¢= )
w ill continue to increase w ith particle yield.

E stim ating the particle density can be done In a variety of ways. Even before the
tracking system is fillly com m issioned , a reasonably-aligned pixeldetector can beusad to
m easure particle yields by the \tracklet" technique pioneered atRH IC by the PHOBO S
expermm ent [20]. T his technique involes m atching the angles of two pixel space points
w ith the estin ated event vertex m easured using the rest of the inner detector. W hile
it is not as robust as the full tracking procedure, it has a lower intrinsic pr cuto and
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Figure 3. Two calculationsofreaction plane resolution in AT LA S, relative to the true
reaction plane (left) and between sym m etric subevents (right). See text forde nitions
of these quantities. Results are shown for di erent calorim eter subdetectors, which
coverdi erent pseudorapidity regions (see Fig[d).

thuso ersquick access to the fullyield. Tnitial studies of track lets w ith full sim ulations,
shown In the left panel of Fig.[d, show a good e ciency which is constant over a w de
range of m ultiplicities em itted In j j< 1. O f course the full Inner detector will be
Indispensible forestin ating particle yields and spectra. T he perform ance of early studies
of the full tracking algorithm in a heavy ion environm ent is shown in the right panel
of Fig.[d. For central (b= 23 fmn ) HIJING events, we nd an approxin ately constant
e ciency of 70% over a broad range In pr and low fake and ghost rates.

Estin ating elliptic ow Involves the calculation of the Fourder com ponents of the
m easured angular distribbution relative to the \reaction plane" (the angle gp seen
by the neutron spectators) or \event plane" (the angle gp seen by the em itted
particles them selves) [21l]. The param eter v, is de ned via the expansion dN=d /
1+ 2w, cos[2( )] where = g Or g, and is estinated by calculating v, =
hoos[2 ( )i from experim ental data.

Thekey gureofm eritwhich controls the quality ofthem easurem ent is the reaction
plane resolution which isused to correct the experim entaldata. T his can be estin ated
In an deal case by the expression hcos( zp rp )i. In a realm easurem ent, it is
@/pjca]y assum ed that the filll event sees the sam e reaction plane and the form ula

hcos2( gpy rps )L Is used to estinate the reaction plane resolution by the
m easuram ent of tw o sym m etric subevents, one in the forw ard hem iphere and the other in
the backw ard hem isphere. F ig.[3 show s the dealand subevent reaction plane resolution
as a function of im pact param eter and subdetector, each of which cover a di erent
pseudorapidity region. The resolutions are typically near 1 for m ost of the nelastic
cross section. Even for the m ost challenging environm ents, eg. peripheral collisions
with Jow multiplicity and central collisions w ith a low v, signal, they are always above
03. These high resolutions provide a m a pr advance over RH IC m easuram ents which
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had reaction plane resolutions typically kelow 0.5 [22,[23].

4. Jets

The detailed study of fullyreconstructed ts will be the m apr contrdbution of the
LHC to the understanding of the strongly-interacting Q GP thought to be formed in
heavy ion collisions at RH IC . Both the copious production of gts and the experin ental
acceptance are unprecedented in the study of relativistic heavy ions [2]. The rates of
hard processes in p+ pand A + A collisions w ill increase dram atically relative to RH IC
energies. O f course, so will the yields of uncorrelated soft particles, which may well
su er enomm ous uctuations if copious m inift production indeed dom inates the bulk
particle production. T hus, it is essential to have a calorim eter w ith a lJarge acceptance
In and with excellent energy and position resolution, to contain full gt, digt, —gt
and Z —gt events. C om bining inform ation from the di erent m easurem ents w ill provide
a good handle on the Bt E; scale (eg. from —gt and Z =gt event) and fragm entation
properties.

A sm entioned above, the longitudinal segm entation of the AT LA S electrom agnetic
(EM ) calorim eter, iustrated in Figld is unique at the LHC and w ill be essential for gt
physics at the LHC [15]. D etailed sin ulations have shown that 60% of the total energy
(Including both charged and hadronic energy) ranges out In the rst EM CAL layer.
M ost of the hadronic com ponent is charged and only leaves M IPS in the rst layer.
T hism eans that photons, especially those of several G €V and above, are easily obsaerved
above the large central H IJING background in the rst layer, as shown in Fig[4. This
w ill dram atically enhance AT LA S’s ability to m ake direct photon m easurem ents by
being able to rejct even close decay photon pairs 24].
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Figure 5. Energy resolution for gts in the ATLA S acceptance, as a function of gt
Er and

In order to study the ability of ATLAS to dentify and reconstruct Fts, eg.
generated by PYTH IA , they are em bedded into heavy ion events. From these sam ples,
various reconstruction procedures can be tested and evaluated. O ne procedure involves
estin ating the background by excluding gt candidates and averaging the energy in the
calorin eters w ithin a chosen tower size. T his average energy is subtracted and then the
standard AT LA S £t reconstruction algorithm s are run on the modi ed towers. This
allow s heavy ion data analysis to take advantage of progress w ith Ft reconstruction
algorithm s and callbration. T he current results, applying the subtraction technigque and
the standard ATLA S et reconstruction algorithm sdown to 50 G €V , are shown in F ig[J
for gts ranging from E; = 50 300 G&V and resolutions range from 25% at the
lowest energies considered to 10 12% at higher energies. T he resolution is currently
independent of ,asseen n Fig[d for § j< 25.

A nother technique currently under intense developm ent is one applying the \Fast
ke " algorithm [25]directly to heavy ion data w ithout a separate subtraction step. In
general, kr algorithm s reconstruct gts backwards along the fragm entation chain by
com bining particles that m inin ize di; = m in(kir jksr )R? (where R P )
which essentially encodes the 1=k% probabilities of parton splitting. W hile these
algorithm sare typically O (N 3) (whereN isthe num ber of tracks or calorin eter clusters),
Cacciariand Salam have used the technigue of Voronoidiagram s to reduce the problam
to O (N logN ). This allows the algorithm to be run quikly even in central heavy
ion events. Early results are shown In Fig.[d. One can set a maximum radius for
particles to be clustered, eg. Ry ax = 04 which groups the towers into m any (eg. 10's)
of et candidates. These candidates can be characterized by various properties, eg.
maxim um tower energy and average cell energy, as illustrated for a single event in the
left panel of Fig.[d. The ratio of these quantities for a single event’s £t candidates is
shown as a function of pseudorapidity In F ig.[d, where it is cbserved that Fts are easily
distinguished from the rest of the background on an eventby-event basis, and w ithout
a separate background-subtraction step.
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Figure 7. (left) Reconstruction of upsilons within the ATLA S m uon spectrom eter.
(right) Acceptance e clency for upsilons as a function of pseudorapidity ( ) and
transversem om entum (pr ).

5. Quarkonia

T he suppression of J= ’sproduced In heavy ion collisions has becom e a m a pr question
arisihg from recent RHIC data. W hen cast as R, , it is found that the suppression
slightly forward of m drapidity is quite sin ilar in data from the SPS ¢ sy = 173
GeV ,and RHIC (p syn = 200G eV) 26]]. These two energies are an order ofm agnitude
di erent,w ith particle densitiesdi erent by a factor of two, m aking the sin flarity in the
data quite puzzling. The LHC w ill increase b Syn by another factor of 27, which should
shed som e Iight on the situation regardless whether the suppression pattems rem ain
energy independent or undergo a dram atic change.

The ATLA S muon spectrom eter is a high precision tracker covering j j< 2:5 with
full azimuth. W hile it has unprecedented rapidity coverage in heavy ion collisions, its
design is optim ized for very high energy muons. T hus, while it can m easure m uons of
order 1 TeV , them aterialbudget of the inner detector and calorim etersm ake itdi cult
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to reconstruct m uons below pr = 3G &V /c. Thisin posesm ininum pr cutson J= and
reconstruction since each m uon needs to have several G €V .

The left panel of Fig.[1 shows an ATLAS reconstruction of upsilon m esons
reconstructed in a high statistics sam ple of p + p collisions. The m ass resolution at
present is 120M eV=¢ or j j< 1,which isonly slightly a ected by the presence
of an uncorrelated heavy ion background. The right panel of F ig.[7 shows the ATLA S
acoeptance for Upsilons as a function of pseudorapidity and transverse m om entum .
This gure shows a broad acoeptance that goes beyond the nom inal spectrom eter
resolution, stemm ing from the dimuon decay kinem atics, and out to very high pr.
ATLAS will be sensitive to quarkonia states over a wide kinem atic range, and w ill
thus probe various aspects of decon nem ent dynam ics.

6. Low x Physics

The ATLAS ZDCswillbe prin arily used for centrality selection In A+ A aswellas the
study of ultraperipheral collisions (which w ill explore sin ilar physics as next-generation
electron ion colliders) 271. H ow ever, their ability to reconstruct farforward °’sih p+ p
collisions [17], shown in F i.[8, gives them particular utility in addressing low x physics.
V ia the kinem atic relations typical for CG C physics, %,  (pr P s)e ¥ (wherepr and y
are the transverse m om entum and rapidity of thedetected °),Figl8 shows thee ective
range in x, and pr reached or °’s reconstructed in the ZDC . By probing x, down to
10 © 10 ® atm oderate pr , even p + p collisions w ill becom e interesting laboratories

to study universal features of hadronic wave fuinctions [1].

7. Conclusion

In conclusion, AT LA S is preparing intensely for heavy ion data at the LHC in 2008 and
beyond. Studies shown in thiswork include bulk observables in p+ p and A + A , inclusive
Bts In p+p and A+ A, quarkonia reconstruction, and early steps towards low % physics
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and ultraperipheral collisions. O f course, In portant work rem ains to be done on m any
tasks. New collaborators are always welcom €, to work on softw are, analysis, physics and
trigger issues!
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