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Framework & running strategy
LHC ion capabilities:

Pb-Pb @ 5.5 TeV

heavy ion running ∼ 4 weeks/year (106 s effective) 

luminosity 1027 cm-2 s-1 (Pb) to >1030 (light ion)

integrated luminosity 0.5 nb-1/year

Inital ALICE program [Phys. Perf. Rep. vol1]:

regular pp @ 14 TeV

Pb-Pb physics pilot run (1/20th luminosity design)

1-2 years Pb-Pb (medium → design luminosity)

1 year of p-Pb like collisions

1-2 years of Ar-Ar
2
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Figure 1.9. (a) Proton–proton cross sections (left-hand scale) and proton–proton collision rates
for a luminosity of 1033 cm−2 s−1 (right-hand scale) as a function of centre-of-mass energy; (b)
Parton kinematic domain in Q2 versus x for pp collisions at the LHC, compared to HERA and
fixed-target experiments. The regions reached by the ALICE ϒ and J/ψ measurements are also
shown.

domain for which the ALICE detector was optimized. We review here some specific issues in
pp physics where ALICE is unique or at least competitive with other LHC experiments.

Particle multiplicity. A simple scaling law for the
√

s dependence was proposed by Feynman
who predicted a logarithmic increase of the average particle multiplicity with

√
s. However,

as already shown in section 1.3.1, the best fit to the pp and pp data is given by a quadratic
polynomial in ln s. This non-linear dependence of Nch on ln s suggests that the Feynman scaling
is only approximately valid.

The general behaviour of multiplicity distributions in pp collisions in full phase space is
uncertain. This makes it inaccurate to extrapolate to higher energies or to full phase space for
distributions measured in limited rapidity intervals only.

The measurement of the multiplicity distributions and their comparison to KNO scaling
and to various QCD-inspired multi-modal distributions, as well as the search for substructures
in a model-independent way, are of relevance for distinguishing between relative contributions
of soft and semihard components in minimum-bias pp interactions [299–301].

Moreover, pp collisions at LHC energies will measure very high-multiplicity events with
charged-particle rapidity densities at mid-rapidity in the range 60–70, with good statistics,
i.e. 10 times the average. This event class may give access to initial states where new
physics such as high-density effects and saturation phenomena set in. Also, local fluctuations
of multiplicity distributions in momentum space and related scaling properties (intermittent
behaviour) might be a possible signature of a phase transition to QGP [302]. This makes it
interesting to study such multiplicity fluctuations in pp collisions.

Particle spectra. ALICE will measure charged-particle spectra in rapidity and transverse
momentum for a wide variety of particle species including π, p, p, $, K, etc. The interest in

[Phys. Perf. Report vol1 ]

Parton kinematic domain in pp @ 14 TeV
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Figure 1.10. Ratios of gluon distribution functions for Pb relative to the gluon distribution for
proton using different models at Q2 = 5 GeV2, see text for more details.

procedure as for protons is complicated due to the lack of experimental data in the perturbative
region (Q2 ! 1 GeV2) at small x. Available experimental information comes mainly from DIS
and Drell–Yan data in the range 0.005 " x < 1 for Q2 ! 1 GeV2 [321]. Up to now, only two
analyses of this type exist: EKS98 [251] (see also [322]) and HKM [323]. They differ mainly
in the sets of experimental data used; Drell–Yan [324] and Q2-dependent DIS data [325] were
used in EKS98 but not in HKM. PDFs were also computed in several models which tend
to disagree where no experimental constraints are available. This is particularly pronounced
for gluon PDFs which are only weakly constrained since they do not enter the measured F2

structure function at leading order. The nuclear data on processes mainly driven by gluons,
such as open heavy flavour, are very poor. The situation is summarized in figure 1.10, where
the ratio of the gluon distribution in a Pb nucleus over the gluon distribution in a proton (at
Q2 = 5 GeV2) is computed by different methods: ‘saturation plus Glauber’ (Armesto [326]);
perturbative QCD (Sarcevic [327]); from diffraction data using the Gribov model (Frankfurt
[328]); the new parametrization included in HIJING (new HIJING [329]); and the only two
presently available DGLAP analyses with nuclei (EKS98 [251] and HKM [323]).

Despite the large uncertainties in the gluon PDF, some constraints [330, 331] exist from
experiment. The Q2-evolution at small x is mainly driven by gluons in the DGLAP equations.
Using this fact, it is possible to constraint the gluon PDF by comparison with the existing
experimental data on Q2-dependence of the F2 ratios of Sn over C. The result, see [331], is
that, in the framework of leading-twist leading-order DGLAP evolution, gluon shadowing is
constrained to be of the same order as that of quarks (the one directly measured in F2). In
particular, very strong gluon shadowing such as the one in the new HIJING parametrization,
is ruled out in this framework. This constraint is valid for x ! 0.01 (the range of NMC data).
For smaller values of x more data in DIS with nuclei and/or pA collisions at very high energy
are needed.

gluon densities ratio Pb/p at Q2 = 5 Gev2

[Phys. Perf. Report vol1 ]
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fixed-target experiments. The regions reached by the ALICE ϒ and J/ψ measurements are also
shown.
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s. However,

as already shown in section 1.3.1, the best fit to the pp and pp data is given by a quadratic
polynomial in ln s. This non-linear dependence of Nch on ln s suggests that the Feynman scaling
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The measurement of the multiplicity distributions and their comparison to KNO scaling
and to various QCD-inspired multi-modal distributions, as well as the search for substructures
in a model-independent way, are of relevance for distinguishing between relative contributions
of soft and semihard components in minimum-bias pp interactions [299–301].

Moreover, pp collisions at LHC energies will measure very high-multiplicity events with
charged-particle rapidity densities at mid-rapidity in the range 60–70, with good statistics,
i.e. 10 times the average. This event class may give access to initial states where new
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procedure as for protons is complicated due to the lack of experimental data in the perturbative
region (Q2 ! 1 GeV2) at small x. Available experimental information comes mainly from DIS
and Drell–Yan data in the range 0.005 " x < 1 for Q2 ! 1 GeV2 [321]. Up to now, only two
analyses of this type exist: EKS98 [251] (see also [322]) and HKM [323]. They differ mainly
in the sets of experimental data used; Drell–Yan [324] and Q2-dependent DIS data [325] were
used in EKS98 but not in HKM. PDFs were also computed in several models which tend
to disagree where no experimental constraints are available. This is particularly pronounced
for gluon PDFs which are only weakly constrained since they do not enter the measured F2

structure function at leading order. The nuclear data on processes mainly driven by gluons,
such as open heavy flavour, are very poor. The situation is summarized in figure 1.10, where
the ratio of the gluon distribution in a Pb nucleus over the gluon distribution in a proton (at
Q2 = 5 GeV2) is computed by different methods: ‘saturation plus Glauber’ (Armesto [326]);
perturbative QCD (Sarcevic [327]); from diffraction data using the Gribov model (Frankfurt
[328]); the new parametrization included in HIJING (new HIJING [329]); and the only two
presently available DGLAP analyses with nuclei (EKS98 [251] and HKM [323]).

Despite the large uncertainties in the gluon PDF, some constraints [330, 331] exist from
experiment. The Q2-evolution at small x is mainly driven by gluons in the DGLAP equations.
Using this fact, it is possible to constraint the gluon PDF by comparison with the existing
experimental data on Q2-dependence of the F2 ratios of Sn over C. The result, see [331], is
that, in the framework of leading-twist leading-order DGLAP evolution, gluon shadowing is
constrained to be of the same order as that of quarks (the one directly measured in F2). In
particular, very strong gluon shadowing such as the one in the new HIJING parametrization,
is ruled out in this framework. This constraint is valid for x ! 0.01 (the range of NMC data).
For smaller values of x more data in DIS with nuclei and/or pA collisions at very high energy
are needed.

gluon densities ratio Pb/p at Q2 = 5 Gev2
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ALICE acceptance (I)
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Figure 6.256. ALICE acceptance in the (x1, x2) plane for heavy flavours in Pb–Pb at 5.5 TeV
(left) and in pp at 14 TeV (right). The figure is explained in detail in the text.

production of cc̄ and bb̄ pairs at the threshold; the points with constant rapidity lie on straight
lines (x1 = x2exp(+2yQ Q)). The shadowed regions show the acceptance of the ALICE barrel,
covering the pseudorapidity range |η| < 0.9, and of the muon arm9, −4 < η < −2.5.

In the case of asymmetric collisions10, e.g. pPb and Pb–p, we have a rapidity shift: the
centre of mass moves with a longitudinal rapidity

yc.m. =
1
2

ln
(

Z1 A2

Z2 A1

)
, (6.104)

obtained from equation (6.101) for x1 = x2. The rapidity window covered by the experiment
is consequently shifted by

"y = yc.m., (6.105)

corresponding to +0.47 (−0.47) for pPb (Pb–p) collisions. Therefore, running with both pPb
and Pb–p will allow the largest interval in x to be covered. The c.m.s. energy in this case
is 8.8 TeV. Figure 6.257 shows the acceptances for pPb and Pb–p, while in Fig. 6.258 the
coverages in pp, Pb–Pb, pPb and Pb–p are compared for charm (left) and beauty (right).

These figures are meant to give only an approximate idea of the regimes accessible
with ALICE; the simple relations for the leading-order case were used, the ALICE rapidity
acceptance cuts were applied to the rapidity of the Q Q pair, and not to that of the particles
actually detected. In addition, no minimum pt cuts were accounted for: such cuts will increase
the minimum accessible value of MQ Q , thus increasing also the minimum accessible x . These
approximations, however, are not too drastic, since there is a very strong correlation in rapidity
between the initial Q Q pair and the heavy-flavour particles it produces and the minimum
accessible pt for D and B mesons in ALICE is expected to be of order 1–2 GeV/c.

6.6.1.2. Heavy-quark production in nucleus–nucleus collisions at high energy. Heavy
quarks are produced in the early stage of the collision in primary partonic scatterings with

9 In the figures the acceptance of the muon arm is shown as 2.5 < η < 4; because of a recent change in the definition
of the ALICE global coordinate system, the acceptance reads now −4 < η < −2.5.
10 When we write pPb, we mean that the proton moves with pz > 0 ; when we write Pb–p, we mean that the proton
moves with pz < 0.

ALICE acceptance in (x1, x2) plane for heavy flavors in Pb-Pb and p-p

[Phys. Perf. Report vol2 ]
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Figure 6.333. Acceptance for J/ψ (up) and ϒ (bottom). The left panels show the acceptance as a
function of rapidity and transverse momentum. The middle (right) panels show the acceptances as
a function of rapidity (transverse momentum). To give an idea of the effect of the trigger, on the
middle and right panels the acceptances are shown without (solid histograms) and with (dashed
histograms) a sharp cut on the transverse momentum of single muons of 1 GeV/c (2 GeV/c) for
J/ψ (ϒ ).

Table 6.79. Integrated absolute (normalized to the full phase space) acceptance (in %) for J/ψ
and ϒ .

J/ψ ϒ

Integrated acceptance (%) 4.46 4.41

are to some extent sensitive to the quarkonia y and pt distributions used as input). The absolute
acceptances are listed in Table 6.79.

6.7.2.4. Expected yields. In this section, the quarkonia yields expected in an ALICE Pb–Pb
data taking period (i.e. 106s running time at a luminosity of 5 × 1026 cm−2 s−1) are presented.
The yields are obtained without assuming any suppression or enhancement. Therefore, they
have to be taken simply as a general guideline. In the next section, the study of a specific
suppression scenario will be addressed to illustrate in more detail the physics potential of the
ALICE Muon Spectrometer.

This section is divided in two parts. In the first one, the quarkonia yields will be studied as
a function of the collision centrality. In the second one, the study of the transverse momentum
dependence of quarkonia yields will be presented, as an example, for a given centrality bin.

Centrality dependence. In this study, dimuon invariant mass spectra have been generated
for five centrality classes (Section 6.7.1.3). For each class, the upper and lower values of the
impact parameter, as well as the corresponding number of participant nucleons are shown
in Table 6.80. The fractions of the total ( ftot) and hard ( fhard) cross sections corresponding
to each centrality class are also displayed in the same table. The smearing due to the ZDC

trigger effect :
cut on single µ
from J/ψpT > 1 GeV/c
from ϒ pT > 2 GeV/c 
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ALICE acceptance (III) - central barrel

trigger effect :

cut on single e
pT > 3 GeV/c
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Figure 6.349. Geometrical acceptance for J/ψ (up) and ϒ (bottom). The left panels show the
geometrical acceptance versus rapidity and transverse momentum. The middle and right panels
show the acceptance as a function of rapidity and transverse momentum, respectively. On the
middle and right panels the acceptance is shown without (solid histograms) and with (dashed
histograms) the trigger cut on single electron pt.

realistic simulation has therefore to include all these possible contributions. The members
of the quarkonia families were generated using the parametrization and rates described in
Section 6.7.1.2. These signals were then merged with electrons and positrons from D- and
B-hadrons, which were generated using the same rates and distributions as described in
Section 6.6. Additionally, a hadronic background, provided by the parametrized HIJING event
generator was added to the input. The multiplicity of the HIJING background was adjusted
so that it results in dNch/dη = 3000, as well as dNch/dη = 6000, in the case of central Pb–Pb
events.

6.7.5.2. J/ψ and ϒ acceptance. The geometrical J/ψ and ϒ acceptances in the dielectron
channel were evaluated with same inputs and similar techniques as for the dimuon channel
(see Section 6.7.2.3). The TRD-L1 trigger condition was simulated by requiring a sharp pt

threshold of 3 GeV/c on both decay electrons. The results are displayed in Fig. 6.349.
For ϒ a small dip is clearly seen developing at pt ∼ 6 GeV/c. This is due to the fact

that low pt ϒ mesons decay by emitting e+e− pairs where both leptons have a pt above
3 GeV/c and hence pass the trigger condition. The decay of intermediate pt ϒ mesons, of
pt ∼ 6 GeV/c, can be asymmetric in the laboratory reference frame with one of the decay
particles having pt less than 3 GeV/c; therefore those ϒ are lost due to the L1 trigger
condition.

The trigger cut on the pt of e+e− has a much stronger effect on the J/ψ distribution since
the mass difference of the J/ψ is much smaller than that of the ϒ ; hence the decays of low

ϒ

J/ψ

9



Resonance separation ?

ϒ

using the muon arm :
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Quarkonia → µµ in Pb-Pb
Statistics for 0.5 nb-1

J/ψ: excellent (>5x105)

 ψ’ : marginal (S/B)

 Y : good (7000)

 Y’ : ok (2000)

 Y’’ : low (1000)
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Figure 6.334. Unlike-sign dimuon mass spectra for the three Pb–Pb centrality classes c1, c3
and c5 for a running time of 106 s and a luminosity of 5 × 1026 cm−2 s−1. Left and right panels
represent the mass spectra in the J/ψ and in the ϒ family mass region, respectively. The different
contributions to the dimuon mass spectrum (both muons come from the indicated source) are
shown separately, while the points on top represent the total number of dimuons (including pairs
with muons originated from different sources). The lines representing the different contributions
do not include statistical fluctuations; these are shown only for the total number of muons.
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respectively.

of the most central class, the background is dominated by muon pairs from bottom decay. (It
is worth noting explicitly that, due to the pt cut, the charm correlated component is several
times less than the bottom one).

pt dependence. An analysis of heavy quarkonia production as a function of the transverse
momentum for a given centrality class is presented in this section. As an example, the
analysis was carried out for the second centrality interval (3! b ! 6 fm, see above). The pt

distributions for the different processes used as input for this study are plotted in Fig. 6.335.
Generated events were subjected to the fast simulation algorithm and selected according to
the same analysis cuts described in discussing the centrality analysis.

The invariant mass spectra corresponding to 106 s of data taking at a luminosity of
5 × 1026 cm−2 s−1 were computed for different bins of the muon pair transverse momentum.
Some of these spectra are shown in Fig. 6.336.

The signal, background, their ratio and the significance were calculated for each pt bin
and are listed in Table 6.83. For the J/ψ , thanks to the high statistics, significances of the
order of 100 can be achieved for all the pt bins considered in this analysis. Nevertheless, a
progressive worsening of the signal to background ratio occurs when moving towards low pt.
This is due to the fact that, as it can be seen in Fig. 6.335, the J/ψ’s pt distribution has a
much harder tail than the ones of the different muon sources contributing to the continuum
in the charmonium mass region. The situation for the ϒ is rather different. The significances
are obviously smaller than the ones for the J/ψ , but the signal to background ratio is larger
than one and is almost constant as a function of pt. This is due to the similar slopes shown
by the pt distributions of the ϒ and of the muon sources contributing to the continuum in the
bottomonium mass region (see Fig. 6.335).

The results presented in this section indicate that the statistics collected in one Pb–Pb data
taking period is adequate to measure the pt dependence of the J/ψ yield. For the ϒ family the
statistics is obviously smaller; nevertheless a detailed measurement of the pt dependence (and
of quantities such as the ϒ to ϒ ′ ratio [878, 902], see below) can be performed by summing
up the statistics of the first two centrality classes (c1 and c2) and/or the statistics collected in
two or three Pb–Pb data taking periods.
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Figure 6.337. Same as in Fig. 6.334 but when the uncorrelated background is subtracted.

to zero). For the first option, the survival probabilities for different centrality classes are given
in Table 6.84.

For each centrality class, the invariant mass distribution with nuclear absorption was
deduced from the one without absorption by applying the central values of the quarkonia

all unlike-sign dimuons

correlated unlike-sign dimuons



J/ψ polarisation in muon arm

in pp, simu + reco ok

in Pb-Pb, it is feasible to study the polarisation vs 
centrality [R. Arnaldi, E. Scomparin, Alice-Physics-Week, 

Münster (2007)]

predicted increasing polarisation in a QGP [B. L. 

Ioffe and D. E. Kharzeev, PRC 68 (2003)061902]

but sys. err. to be evaluated
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B → J/ψ+ X decay
40% J/ψ from B !

in the central barrel acceptance

Primary J/ψ 

Secondary J/ψ 

[G. Bruno, Alice-Physics-Week, Pragues (2008)]



B → J/ψ+ X decay
Performance plot wrt CDF :
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B → J/ψ+ X decay
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B → J/ψ+ X decay
Performance plot wrt CDF :
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possibilités :
séparer les contributions J/psi direct ou par feed-down du b, mesure de 
chi_C to J/psi + gamma, psi’ to J/psi
physique de l’Upsilon (section eff de production, shadowing, color 
screening...)
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