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HIGH DENSITY QCD PHYSICS W ITH HEAVY IONS IN CM S

Ferenc Sikler
KFK I Research Institute for Particke and Nuclkar Physics,
1121 Budapest, H ungary

The heavy ion program of the CM S experin ent w ill exam ine the Q CD m atter under extrem e
conditions, through the study of global observables and speci ¢ probes.

1 Introduction

The CM S detector has a large acceptance and hem etic coverage. T he various subdetectors
are: a silicon tracker w ith pixels and strips (j j< 2#4), electrom agnetic (7 j< 3) and hadronic
(7 < 5) calorin eters, muon chambers (j j< 2#4). The acceptance is further extended w ith
forw ard detectors (j j< 6:8). CM S detects legptons and hadrons, both charged and neutralones.
In the follow ing, capabilities in soft, hard and forward physics are describbed . For a very recent
extensive review seeRef. 1.
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2 Soft physics

Them Inmum bias trigger w i1l be based on the requirem ent of a sym m etric num ber of hits in
both forward calorin eters (3 < J j< 5, see Fig.[dl). For Pb-Pb collisions the centrality trigger
w ill be provided by correlating barrel and forward energies. T he charged particle m ultiplicity
can bem easured eventy-event using hits in the iInnem ost pixel layer w ith about 2% accuracy
and system atics below 10% .

CM S can study soft physics better than previously thought. Using a modi ed pixel hit
triplet nding algorithm , charged particles down to very low @ can be reconstructed (Fig.[2-
Jeft). Particle denti cation using energy loss in silicon ispossble ifp< 1 2G eV /c,bene tting
from analogue readout. A cceptances and e ciencies are at 80{90% , the pr resolution is about
6% . At the sam e tin e low fake track rate is achieved thanks to the geom etrical shape of the
hit cluster: below 10% even In central Pb-Pb for pr > 0:4 GeV /c. This enables the study of
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Figure 1: Left: Estin ated loss of low m ultiplicity events due to triggering requirem ents on nTow ers for cuts on E

Inm inimum biasp-p collisions. R ight: P seudo-rapidity distribution of charged hadrons in centralPb-Pb collisions

at 55 TeV from the Hyd gt generator. Particle selection to m In ic the leveldl trigger is applied for totalhE i and
transverse hE 1 1 energy.

denti ed particle spectra (down top of0:1 03 GeV /c) and yieds, m ultiplicity distribbutions
and correlations. W eakly decaying resonances are accessible if the found tracks are com bined and
selected via decay topology: strange neutral particles (K g , Fig.Beenter, , ), multistrange
baryons ( , ). A 1so open cham (DO,D *)and open beauty (B ! J= + K ) can be studied.

In Pb-Pb collisions azim uthal correlations give Inform ation on the viscosity and parton
density of the produced m atter. T he event plane can be reconstructed using calorim etry. T he
estin ated event plane resolution is about 037 rad ifb= 9 fm . The second m om ent v, can be
m easured w ith about 70% accuracy. T he results w ill in prove by adding tracker inform ation and
using forw ard detectors, such as the zero degree calori eter.

1 500 F 104; —HLT _E
450 |- E I ]
08 400 | K0 M = 0.496 GeV/c? L ]
350 | s 0=0016Gevic? |
8 L 300 £ i =
g 06 | : =
° 250 E =
& 3 ] /c("._
Q r £ E
g o4r 200 ¢ R
[ 150 |- .
1 100 - E S, = 7800 mb 3
oz j 50 E, ; 10° =0.40 (mb s)* E!
ot s T Y el v ey 0 | | \/0,0QE
0 : 02 03 04 05 06 07 08 L.
0 04 06 0.8 1 2 1 10 10
M+ [GeV/c .
pr [GeV/c] o | ] jet ET" [GeV] or part. pT'" [GeVic]

Figure 2: Left: A cceptance of the track reconstruction algorithm asa function ofpr , for tracks in the range j j< 1.
Values are given separately for pions (circles), kaons (triangles) and (anti)protons (squares). Center: Invariant
m ass distribbution of reconstructed Kg ! * in single m Inimum bias p-p collisions. The m ass distrbution of
the background is indicated w ith a black dashed histogram . R ight: M inim um bias and high level trigger J= , ,

and Pt trigger rates for design lum inosity in centralPb-Pb collisions.
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Figure 3: (color online) Invariant m ass spectra of opposite-sign and lke-sign m uon pairs with dNp,=d j-o =
2500, in the J= (left) and (right) m ass regions.

3 Hard physics

Interesting events are selected rst by the leveld trigger. It is a fast hardw are trigger, decisions
arem ade w ithin about 3 s after the collision. Tt m ostly uses signals from the m uon cham bers
and calorin eters. A fter that step the event rate is stillhigh, the e cient observation of rare hard
probes requires a high level trigger (HLT ). T he trigger uses about ten thousand CPU s working
with the full event nform ation ncliding data from the silicon tracker. A detailed study has
been done w ith running o ine algorithm s by param etrising their perform ance. Trigger tables
are produced considering various channels and lum inosity scenarios (F ig.[2HAght).

Cham onium and bottom onium resonances can report on the them odynam ical state of the
m edium via their m elting. It is an open question whether they are regenerated or suppressed
at LHC energy. They can be reconstructed in the dinuon decay channel w ith help of precise
tracking. A coceptances are at 25% ( ) and 12% (J= ) with 80% e ciency and 90% purity.
Them ass resolution is 86 M eV /¢? at the massand 35 M eV /& at the J= mass, in the full
acceptance, and even better in the barrel (Fig.[d). This is the best resolution achieved at the
LHC.W ith help ofthe HLT ,50 tinesmore J= and 10 tinesmore  w illbe collected.
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Figure 4: Left: Expected inclusive gt Er distrdbutions in 10 centrality bins. R ght: Expected statistical reach
for the nuclear m odi cation factor for inclusive charged hadrons. For both gures, central Pb-Pb collisions at
5.5 TeV have been generated by Hydjt, w ith integrated lum inosity of 0.5 nb .



Finding gts on top of a high background is a challenge in Pb-Pb collisions. Jets are recon—
structed using a pileup subtraction algorithm . Tt consists of an iterative gt cone nder and an
event-y-event background subtraction. For 100 G &V Fts the directional resolutions are
2.8%, 32% ,while the energy resolution is g, 16% . Thanks to the HLT , the reach of
the £t Er m easurem ent can be extended to about 0.5 TeV (Fig.[dHeft). T he data sets, triggered
with 50, 75 and 100 G &V , are m erged w ith a sin ple scaling procedure.

Parton energy loss in the hot and densem edium created in Pb-Pb collisions can be studied
by m easuring the nuclearm odi cation factorsRya and Rcp . High pr charged particles can be
tracked w ith about 75% algorithm ice ciency, few percent fake track rate forpr > 1 G eV /cand
excellent m om entum resolition. U sing the HLT , the pr reach of the m easuram ent is extended
from 90 to 300 G &V /c (Fig.[d+ight).

4 Forward physics

The study of di ractive photoproduction of vector m esons in ultraperipheral Pb-Pb collisions
can constrain the gluon density at amall x (Fig.[BHeft). The decay channels ! ¥ and

! ¢e or * have been studied, tagged w ith forw ard neutron detection in the zero degree
calorim eter. T he com bined acceptance and e ciency of them ethod is around 20% and it gives
a good m ass resolution in both channels (F ig.[B-centre and right).
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Figure 5: Left: The approxin ate (x;0Q ) range covered by photoproduction in ultraperipheral Pb-Pb collisions
at the LHC is indicated. R ight: Invariantmasse' e and ° distributions for photoproduced and dilepton
continuum , as expected In ultraperipheral Pb-Pb collisions at 5.5 TeV , for integrated um inosity of 0.5 nb .

5 Summ ary
The CM S detector com bines capabilities for global event characterization and for physics w ith

soeci ¢ probes. It perform s equally well In soft, hard and in forward physics, often supported
by high level triggering.
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