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1. TheLargeHadron Collider Challenges

The Large Hadron Collider (LHC) opens a new era for our urtdadsng of matter at extreme
conditions. With more than a 25-fold increase in centemals energy compared with the Rela-
tivistic Heavy lon Collider (RHIC), it is hard to believe thaothing novel will be revealed. But
even if this will not happen, the LHC scientists will have &mé a few challenges, some physics-
related but also some technical and machine-related cigaiée

With regards to thehysics ‘old’ questions will have to be asked: ‘Is there proof focdafi-
ment?’, ‘Has thermalization been achieved?’, ‘Are the usleskervables enough to claim a decon-
fined system of quarks and gluons?’. Of course, new quest@gs “What isx in x-QGP?") will
be faced by both theorists and experimentalists. The asswell these questions will be given
by using old probes (e.g. highr hadrons, heavy mesons, etc) and methods (e.g. multi4eartic
correlations) that proved their power at RHIC and at the EBpeton Synchroton (SPS). However,
due to the increased energy, higher rates for all the egigtinbes will be achieved (which will
increase the transverse momentum reach), and more imphprteew probes (e.gz°, Y states) will
become available. In these conditions, new methods totigets the medium will also become
possible (e.qg. full jet reconstruction) [1].

From thetechnicalpoint of view, the challenges are related to the unprecedehnigh multi-
plicity that will be created when colliding Pb beams &, = 5.5 TeV (see Table 1). This requires,
in order to have a successful physics program, performacititig, detectors with good momentum
resolution, and also a smart trigger scheme.

Machine AGS | SPS [ RHIC | LHC
J/S(GeVIA) |4 [17 [200 | 5500
Nen 700 | 3000 | 5000 | 15000

Table 1: The evolution in center-of-mass collision energy and rplidtity at the heavy-ion accelerators.

2. CM S Detector Capabilitiesand Performances

In Figure 1 the geometrical acceptance of the CMS detectmosuponents is sketched. Some
of its characteristics will be laid out in the following.

L arge acceptance tracking and calorimetry. With 27t calorimetric coverage in azimuth, full jet
reconstruction is possible. The Si-tracker spans 5 unfséudorapidity|f | < 2.5), making
possible a detailed study of b and ¢ quark physics. Among tHE kexperiments, CMS
has a uniquely large range in rapidity for charged and nkb&drons in the barrel region,
In| < 6.6, and also in the forward regiofn| > 8, for neutral hadrons.

CMS has the detector coverage to address the physics.
High resolution. The fine granularity of the Si-pixel layers combined with #teong (4T) mag-

netic field assures, fopr < 50 GeV/c, a momentum resolution better than 1.5% (Figure 2
left [2]). For jet finding, the calorimeters hawg = 0.028 ando, = 0.032.

CMS has the technical design performance needed to reswvehtysics.
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Figure 1. CMS detector acceptance in pseudorapiditgnd azimuthp.

Trigger architecture. The CMS trigger scheme consists of only two layers of triggdrevel-1
uses custom electronics and inspects events at the fulhbznessing rate, making full min-
bias event information available. The High Level TriggeL{Hruns off line reconstruction

algorithms on every full PbPb event [3]. Using the HLT makesgible the reconstruction
of jets up toEr =~ 500 GeV (Figure 2 right).

3. High-pt Physics

To quantify the hadron production in AA with respect to baselpp collisions, the nuclear
modification factorRaa is normally used. It represents the ratio of the yields intthe collision
systems, properly scaled to take out geometrical effeetsemt in AA but not in pp. Figure 3 left
shows theRaa factor as a function opy for one month of PbPb running (0.5 nH. In order to
obtain high statistics for the charged particles in AA agéatransverse momentum, a jet trigger
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Figure 2: Left: pr dependence of the track transverse momentum resolutioevachin heavy-ion events
with dN/dy = 3200 in the barrel (full symbols) and in the forward (opembypls) regionsRight: Trans-
verse energy dependence of the reconstruction efficiepgn(squares) and purity (closed triangles) of the
jet reconstruction, in central PbPb events in the centraikbéin| < 0.3).
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Jet fragmentation function
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Figure 3: Left: lllustration of the statistical reach for the nuclear magifion factorRaa(pr), for charged
hadrons in central PbPb collisions generated with HY DJEBRfoominal integrated luminosity of 0.5 nb
and data triggered on highr jets. Right: Jet fragmentation function for leading hadrons witl| < 2.4,
In¥| < 3 andEr > 100GeV in central PbPb collisions for the cases without #sgg) and with (circles)
partonic energy loss. The histogram entries and statigticars correspond to the estimated jet rate in most
central PbPb collision for one month of a LHC run.

scheme with three different thresholds was applied [1].i®g€& means, values pf ~ 200 GeV/c
could be reached. The PbPb data set was generated with theEIY[2] event generator. The
PYTHIA [5] proton-proton spectrum has been used here asrdirador for the ratio. The actual
value Raa = 0.3 reflects the specific implementation of the jet energy losdehin the HYDJET
event generator.

The possible measurement of jets upBp~ 500 GeV and of leading hadrons up e ~
300 GeV/c makes possible the detailed study of the progenfithe effects of parton energy loss
on the “jet fragmentation function” (JFFR(z), defined as the probability for a given product of
the jet fragmentation to carry a fractiaof the jet transverse enerdyy. Comparison of the JFF
in nuclear and pp collisions (or in central and peripherall@ar interactions) yields information
about the in-medium modification of the JFF. Figure 3 riglive$i JFFs with and without partonic
energy loss simulated with PYTHIA. The one with energy laas heen computed for central PbPb
collisions using the PYQUEN energy loss model [6]. The jetrgg was determined as the total
transverse energy of the final particles collected arouadiifection of the leading particle inside
a cone of radiuR = \/An2+ Ag? = 0.5. Extra cuts ofn"| < 2.4, || < 3 andE® > 100 GeV
were applied.

3.1 Two particle correlations

An important tool in the study of the medium created in higlergg collisions is the mea-
surement of dijets via hadron correlations. In particulan hadron azimuthal correlations allow
the study of back-to-back hard scattered partons that getpdn the medium before fragmenting
into jets of hadrons. While traversing the medium, the terattered partons lose energy through
collisions and radiation, and thus the properties of thd fatas modified. By measuring these
modifications, information about the properties of the raedis obtained. However, in AA colli-
sions, both jets are affected by the medium. This meanmiti@ energy of the jets is unknown.
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Figure 4: Invariant mass distribution faz°/y* and DD/BB dimuon decays in PbPb collisions at 5.5 TeV.
An integrated luminosity of 0.5 ni? is assumed.

From this point of view, the measurementzft/y*(— u*u~)-+jet presents an advantage. Re-
placing on one side the hadronic probe by an electromagpetice, which propagates through
the medium undisturbed, a measurement ofheof the initial hard scattering is possible since
—p’ft ~ —ﬁ%o/w. The relation is valid up t&r effects, wherdr is the intrinsic transverse momen-
tum of the partons that enter the hard scattering.

Regarding the background, two of the main processes catitripto the dimuon signal are the
semi-leptonic decays of the heavy charm and bottom mesoB BB — u*u~ decay creates a
muon pair that can fake the real dimuon signal frafiy= decays.

Figure 4 shows the dimuon invariant mass distribution fahkhe signal (simulated with
PYTHIA) and the background (simulated with HYQMNR [7]), abted assuming an integrated
luminosity of 0.5nb®. At low invariant mass, the continuum dimuons are overwlelrby the
heavy-meson decays, but in tA& mass region, th&° peak is well above the background.

The signal dileptons fronZ®/y* decays come directly from the collision vertex, while the
background muons fror®D and BB decays are usually produced a few hundged away. The
distance of closest approach (DCA) between the primaryexeand the lepton trajectory can,
therefore, be used to decrease the background level. Themaf of a DCA cut was studied. It
consisted of two separate “point-to-line” DCA cuts, redinggat least oneof the DCASs is bigger
than a & cut. Figure 5 shows a rejection factor of about 5, achievettt wi3o DCA cut and
assuming, in a heavy-ion environment [2], detector regmistof g;, ~ 20um in the transverse
plane ando;, =~ 50um in the longitudinal plane.

4. Conclusions

The CMS detector is perfectly equipped for exploring pérdtive phenomena in heavy-ion
collisions at the LHC. With its & calorimetric coverage, combined with excellent trackiaga:
bilities, high{py resolution and trigger architecture, reconstruction lexed for charged hadrons
up to 300 GeV/c inpr and for jets up tdET ~ 500 GeV. A new control channeZ®+jet, is ener-
getically accessible for the first time in heavy-ion cotiiss: a few thousand&’-+jet signal events
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Figure5: The rejection factor ob andB decay muon pairs obtained applyinga BCA cut in the CMS
silicon vertex tracker. The vertical bars are statisticedes while the horizontal are r.m.s. momentum.

can be collected, considering an integrated luminosity .61, sufficient for studies of the
medium-induced modification of jet fragmentation functon
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