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ALICE, the dedicated heavy ion experiment at the LHC, will also have an important
impact on the proton-proton physics program. The physics analyses foreseen with the
ALICE muon spectrometer are reviewed. A particular emphasis is placed on heavy flavor
measurement.

1. Introduction

With a nucleon-nucleon center-of-mass energy for Pb-Pb collisions that will exceed
the one reached at RHIC by about a factor 30, the LHC (Large Hadron Collider)
will offer new insights in heavy ion physics. ALICE (A Large Ion Collider Ex-
periment), the only experiment devoted to heavy ion physics at the LHC, will
investigate properties of strongly interacting matter at extreme energy densities
and temperatures. The successful achievement of the heavy ion program requires
also the study of proton-proton, proton-nucleus and light nucleus-nucleus systems.
Proton-proton collisions are of great interest since besides providing the necessary
baseline for nucleus-nucleus collisions, they allow to test both perturbative and
non-perturbative regimes of QCD in a new kinematic region associated with very
low Bjorken-z values. Moreover, the ALICE proton-proton physics program is com-
plementary to the studies performed by the dedicated proton-proton experiments
at the LHC.

The LHC is scheduled to start to operate in fall 2007. It will deliver, in nominal
conditions, proton beams at /s = 14 TeV several months per year (data taking
time t ~ 107 s, average ALICE luminosity < £ > = 3.10°° cm~2s7!) and Pb beams
at /sy~ = 5.5 TeV one month per year (t ~ 10% s, < £ > = 5.10% ecm™2s71). It
is also foreseen that the LHC provides light ion beams. This will allow the study of
both symmetric and asymmetric systems, such as proton-nucleus.

In the following, after a short description of the apparatus, we will discuss
selected proton-proton physics topics that will be studied with the ALICE muon
spectrometer. The ALICE heavy ion program as well as proton-proton physics with
the central barrel were presented at this conference.!
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2. Overview of the ALICE muon spectrometer

The ALICE apparatus, under installation, consists of a central barrel (|n| < 0.9)
placed in the L3 magnet, a forward muon spectrometer and other sub-detectors of
smaller acceptance.?

The main aim of the ALICE muon spectrometer is the study of heavy flavor
production (open heavy flavors and quarkonia) in the (di)muon channel.® In ad-
dition, the production of weakly interacting probes (Z° and W# bosons) and low
mass resonances (p, w, ¢) is also investigated.

The main design criteria are driven by the requirements that the detector should
operate in the high multiplicity environment of central Pb-Pb collisions at \/syn =
5.5 TeV and should reach a mass resolution of 100 MeV/c? in the T mass region in
order to resolve the T(15), T(2S5) and Y (35) states. The ALICE muon spectrometer
covers the polar angular range 171° < 6 < 178° which corresponds to a pseudo-
rapidity range —4.0 < n < —2.5. It is composed of a passive front absorber, a small
angle absorber, a dipole magnet, five stations of high granularity tracking chambers,
a muon filter and two stations of trigger chambers.

3. Heavy flavor production

At the LHC, hard processes will contribute significantly to the total cross section.
Expected yields and cross sections of ¢¢ and bb pairs, calculated in the framework of
perturbative QCD (pQCD) at next-to-leading order (NLO), are reported in Table 1
for the 5% most central Pb-Pb collisions at \/syn = 5.5 TeV and for p-p collisions
at /s = 14 TeV.4

Table 1. ALICE baseline for heavy quark production cross sections and yields
in p-p collisions (y/s = 14 TeV) and in central Pb-Pb collisions (\/syy = 5.5
TeV). For Pb-Pb collisions, nuclear shadowing is included and a binary scaling

is applied.
System Nezjevent 0L (mb) Nib/event oé%N (mb)
Pb-Pb (/syn = 5.5 TeV) 115 4.32 4.56 0.18
p-p (Vs = 14 TeV) 0.16 11.2 0.0072 0.51

Heavy flavors are produced in the early stage of the collision and, due to their
long life-time, they allow to probe the dynamics of the hot and dense system cre-
ated in heavy ion collisions. In this regard, the study of p-p collisions is of crucial
interest for the interpretation of results obtained in A-A and p-A collisions in or-
der to unravel the effects induced by the nuclear medium (such as shadowing and
quenching effects). In addition, the measurement of charm and beauty cross sections
in p-p collisions at /s = 14 TeV should constrain free parameters of NLO pQCD
calculations since the theoretical uncertainties on the absolute values are about a
factor 2-3.> However, simulation results indicate that an extrapolation, based on
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pQCD calculations, can be used to compare charm and beauty cross sections mea-
sured in p-p (v/s = 14 TeV) and in Pb-Pb (y/syny = 5.5 TeV) collisions since the
theoretical uncertainty introduced by the extrapolation is only a few %.°

3.1. Open beauty production

In addition to the motivations discussed above, the study of open beauty production
in p-p collisions is of particular relevance for understanding bottomonium produc-
tion in p-p, p-A and A-A collisions. Such measurement provides the most natural
normalization for Y yields because of similar production processes at the partonic
level. The measurement of the B hadron cross section is also mandatory to estimate
the contribution of secondary J/v (from B decays) to the total J/v¢ yield.

The possibility to determine the differential B hadron cross section has been
first investigated for central (5%) Pb-Pb collisions at /syn = 5.5 TeV by means
of fast simulations and by using a method developed by the UA1 collaboration in
p — P collisions.® The cross section is determined from the measured single muon
transverse momentum (p;) distribution as well as from the unlike-sign dimuon yields
in the low mass region (each muon originates from the same B meson through a D
meson decay) and in the high mass region (each muon comes from the direct decay
of a B meson).>” In one data taking period, one expects a large statistics of single
muons and unlike-sign dimuons from open beauty over a wide p; and mass range,
respectively.” Figure 1 shows that the B hadron cross section can be measured up
to about 30 GeV/c and that a remarkable agreement between the different channels
is achieved.
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Fig. 1. Differential B hadron inclusive production cross section in central Pb-Pb collisions (,/sy N
= 5.5 TeV) for single muons, low mass unlike-sign dimuons (BDsgme) and high mass unlike-sign
dimuons (BBg;ss). The input cross section used in the simulation is also displayed (solid curve).

The preliminary statistics estimates for a nominal p-p run at 14 TeV are pre-
sented in Table 2.8 In the acceptance of the ALICE muon spectrometer, one expects
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a huge statistics of single muons and unlike-sign dimuons from open beauty. We
have also estimated the yields for a reduced sample of events, as it could be collected
during the first weeks of data taking at 14 TeV, assuming an average luminosity of
103° cm~2s5~! and an effective time of 7.2.10° s (run-1). This suggests that the mea-
surement of single muon p; distribution can be used to provide a first measurement
of the open beauty cross section at forward rapidities in ALICE.

Table 2. Expected yields of single muons and unlike-sign
dimuons from open beauty in the ALICE muon spectrom-
eter for p-p collisions at 14 TeV. See text for details.

b— uX pt (GeV/c) nominalrun  run-1
1.5-3 8.3.107 2.0.108
3-6 2.6.107 6.3.10°
6-9 2.2.107 5.3.10%
9-20 4.7.10° 1.1.10%
bb — utu~ M (GeV/c?) nominal run  run-1
0.3-5 7.3.10° 1.8.10%
5- 20 1.2.10° 3.0.103

Open beauty cross section can also be measured by means of .J/1 from B hadron
decay. In p-p collisions at 14 TeV, this contribution represents about 22 % (in 47) of
the total J/ yield. Feasibility studies have demonstrated the possibility to isolate
these secondary J/+ in p-p collisions by triggering on three-muon events.® This
component can be identified with a signal to background ratio S/B = 3 and a
significance of 80 in a nominal p-p run at /s = 14 TeV.

3.2. Quarkonium production

The study of quarkonium production should be combined with that of open heavy
flavors. The measurement of quarkonia in p-p collisions is of great interest since
it is expected to provide information on production mechanisms in a new energy
range and it should allow to extract information on parton distribution functions
(PDF) at very small Bjorken-z values, down to about 107°. Tt is also mandatory
for the determination of the nuclear modification factor in Pb-Pb collisions.
Charmonium and bottomonium production in p-p collisions at /s = 14 TeV
has been investigated by means of fast simulations. 5° The invariant mass of unlike-
sign dimuons leads to a direct measurement of quarkonium production. The results,
corresponding to a standard p-p run at /s = 14 TeV, show that charmonium and
bottomonium states (Fig. 2) are well separated. All quarkonium states are identified
with a good significance and the corresponding signal to background (S/B) ratios
are always greater than one, except for ¢ (S/B = 0.62). The statistics is very
large, in particular for J/¢» (S = 2.8.10%) and should allow for detailed analyses
as a function of rapidity and transverse momentum. In particular, the rapidity
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dependence of the J/1 yield should be a relevant observable to unravel PDF at
very low Bjorken-z values.® The J/4 polarization is an other promising observable
for testing different production mechanisms in p-p collisions. Recent investigations
have demonstrated the capabilities of the ALICE muon spectrometer to measure
this observable in p-p collisions at /s = 14 TeV, even with a limited statistics.!?
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Fig. 2. Invariant mass distribution of unlike-sign dimuons, in the Y region, in p-p collisions at
/s = 14 TeV.

4. Production of electroweak W+ and Z° bosons

Massive electroweak W= bosons are produced in hard primary collisions. These
bosons decay into muons, mainly in the channel W* — p*v,. In p-p collisions
at /s = 14 TeV, they will allow to probe PDF at large Q* (Q? ~ myw ) in the
Bjorken-x range from ~ 1074 to ~ 1073.

The dominant process for W+ (W ™) production is ud (du) scattering. As pro-
tons are made up of uwud valence quarks, W+ will in p-p collisions be more abun-
dantly produced than W, leading to a larger yield of ut than p—.11!2 This asym-
metry is more pronounced at the large rapidities, covered by the ALICE muon
spectrometer. As can be seen in Fig. 3, W¥ production exhibits a maximum around
40 GeV/c and dominates the high range of the single muon p; distribution. In a
nominal p-p run at 14 TeV, more than 5.10° W bosons decaying into muons will
be produced. This corresponds to about 8.6.10* muons in the acceptance of the
ALICE muon spectrometer. It has also been shown that the p; dependence of the
N(ut)/N(u~) ratio is a promising observable for W+ production.!!+12

Preliminary studies reveal that Z° bosons also can be reconstructed in the
ALICE muon spectrometer by means of the invariant mass of unlike-sign muon
pairs.!?2 The estimated yield for one year of data taking is about 2500.
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Fig. 3. p¢ distribution of single muons reconstructed in the acceptance of the ALICE muon spec-
trometer (stars), in p-p collisions at v/s = 14 TeV. Squares, triangles and crosses correspond to
muons from beauty, charm and w* decays, respectively.

5. Summary

An ambitious proton-proton physics program, through a large variety of physics
channels, will be carried out with the ALICE muon spectrometer at the LHC. It will
bring significant insights in a new energy domain. The detector, which is in its final
installation phase, will be ready for operation with first proton beams scheduled for
November 2007. Intensive preparation for data taking is underway. Full simulations
with high statistics data produced via the ” Physics Data Challenge” are in progress.
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