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6.10 Ultra-peripheral collisions

Contributors: V. Nikulin, J. Nystrand, E. Scapparone, R. Schicker, D. Silvermyr

Heavy ions accelerated at the LHC are surrounded by strong electromagnetic fields. Electromagnetic
interactions may occur in heavy-ion interactions at any impact parameter. However, in collisions where
the nuclei overlap, the strong (hadronic) interactions dominate, and it becomes impossible to distinguish
the electromagnetic interactions. This section will therefore only deal with such collisions in which the
ions do not interact strongly. This roughly corresponds to impact parameters, b, larger than twice the
nuclear radius, RA (b � 2RA). Cleary, these events will have a very different topology compared with the
central, hadronic interactions normally considered in ALICE. They will thus require different trigger and
anlysis techniques, but will also broaden the physics potential of ALICE.

6.10.1 Physics of ultra-peripheral collisions

The electromagnetic field of one of the nuclei in an ultra-peripheral collision corresponds to a spectrum
of equivalent photons impinging on the other (target) nucleus. The quasi-real photons may interact with
the target in a variety of ways and provide an opportunity at the LHC to study photonuclear and photon-
nucleon interactions at energies higher than at any existing accelerator.

One can identify two classes of ultra-peripheral collisions depending on whether the target nucleus
remains intact or breaks up. Examples of ’elastic’ interactions (i.e. no break-up) include two-photon
interactions and photonuclear interactions without color transfer. The latter can be mediated by exchange
of two-gluons or by exchange of the phenomenonlogical particle known as the Pomeron. Photonuclear
interactions leading to the breakup of the target include photoproduction of jets and heavy quarks.

There have also been proposals to use ultra-peripheral collisions to search for more exotic processes.
Examples of this are investigation of the γWW–coupling through two-photon production of W-pairs,
searches for the Higgs boson, two photon production of supersymmetric charginos and sleptons, and a
direct determination of the electric charge of the top quark. The following three sections will discuss
exclusive vector meson production, two-photon interactions, and photon-induced partonic processes in
more detail. Two recent reviews of the physics of ultra-peripheral collisions can be found in [1, 2].

6.10.1.1 Vector meson production

The cross section for exclusive vector meson production in nucleus-nucleus collisions, A�A� A�A�
V , is very large at the collision energies of RHIC and the LHC (Fig. 6.1). This can be understood from
the Vector Meson Dominance (VMD) model. According to VMD, the interaction of a photon with a
hadronic or nuclear target is preceded by a fluctuation of the photon into a virtual vector meson. The
scattering amplitude can then be written as the product of the probability of finding the photon in the
vector meson state with the scattering amplitude for the V �A interaction:

dσ
dt
�γA� �∑

V

4πα
f2
V

dσ
dt
�VA�� (6.1)

Here, fv is the photon vector meson coupling, and t is the momentum transfer from the target nucleus or
nucleon squared. The sum is over all applicable vector meson states. The photon vector meson couplings
are constrained from data on the semi-leptonic decay widths, ΓV�e�e� .
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For the low and intermediate mass vector mesons (ρ �ω �φ ), the nuclear momentum transfer can be
treated as exchange of a meson or a Pomeron, and the vector meson is produced through γ-Pomeron (or
γ-meson) fusion. The cross section in photon–proton interactions, γ� p�V � p, exhibits a characteristic
increase with the centre of mass energy, Wγ p, to the power W0�22

γ p for these mesons.
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Figure 6.1: Cross section for exclusive J/Ψ production in Pb–Pb interactions as a function of the collision energy.
The open symbols show the cross section when one or both of the nuclei are broken up by Coulomb excitation.
From Refs. [3, 4].

The cross section for photoproduction of heavy vector mesons (J/Ψ and ϒ) has been calculated from
QCD (two-gluon exchange) by Ryskin [5]. The scattering amplitude is then

dσ�γ p�V p�
dt

�
��
�
t�0

�
α2

s Γee

3αM5
V

16π3 �xg�x�M2
V�4�

�2
� (6.2)

Two other calculations have considered the use of relativistic wave functions, off-diagonal parton dis-
tributions, and NLO contributions [6, 7]. Although the approaches differ, the final results are in good
agreement. The cross section for ϒ(1S) production scales roughly as W1�7

γ p , while the cross section for
J/Ψ exhibits a slower increase with energy ∝ W0�8

γ p .
The cross section for heavy vector meson production depends on the gluon density, g�x�Q2�, to the

second power, and is therefore a very sensitive probe of the nuclear gluon distribution. A 30% reduction
in the nuclear gluon density due to shadowing would roughly halve the cross section. Production of J/Ψ
and ϒ at mid-rapidity in Pb–Pb collisions at the LHC corresponds to a gluon x of 5�10�4 and 2�10�3,
respectively.

Table 6.1: Vector meson cross sections and production rates in one ALICE year (10 6 s), from [3, 9]. The cross
section for ϒ�1S� is calculated without nuclear shadowing; the range corresponds to the uncertainty in the measured
γ+proton cross section. See the references for further details.

Final state Pb–Pb Ca–Ca
σ rate (per 106 s) σ rate (per 106 s)

ρ0 5200 mb 2�6�109 120 mb 4�8�109

J/Ψ 32 mb 1�6�107 390 μb 1�6�107

ϒ(1S) 150 – 500 μb 80 000 – 250 000 2 – 8 μb 80 000 – 320 000

The cross section to produce a vector meson in a nucleus–nucleus collision is obtained through a
convolution of the photonuclear cross section with the equivalent photon spectrum [8, 9].

σ�A�A� A�A�V� � 2
� ∞

0

dn
dk

σγA�VA�k�dk � (6.3)
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The 2 takes into account the fact that both ions can act as photon emitter and target. The resulting total
cross sections for J/Ψ and ϒ are summarized in Table 6.1. The table also includes the cross section for
coherent ρ0-meson production, for comparison.

In interactions at small impact parameters, the probability is high that the nuclei will exchange one
or more additional photons. The most probable effect of these photons is that the nucleus is excited to
a giant dipole resonance and decays by emitting one or a few neutrons. These neutrons can be detected
in zero degree calorimeters. The exchange of multiple photons factorizes, leading to an reduction in the
photon spectrum when vector mesons are produced in coincidence with nuclear breakup [4]. The total
cross section for exclusive J/Ψ production and the cross section with photonuclear breakup is plotted in
Fig. 6.1 as a function of collision energy for Pb–Pb collisions.

By changing variables and differentiating, Eq. 6.3 can be written

dσ
dy

� 2k
dn
dk

σγA�VA�k� � (6.4)

Here, y is the rapidity of the produced vector meson. If the photon spectrum, dn/dk, is known, the dif-
ferential cross section dσ /dy is thus a direct measure of the photonuclear vector meson cross section. At
mid-rapidity, the kinematics is uniquely determined because of symmetry. Away from y � 0, the differ-
ent photon emitter/target configurations give different contributions. If this ambiguity can be resolved,
significantly lower values of gluon x can be probed.

In Eq. 6.4, the cross sections for both target nuclei are added. In general, the amplitudes will in-
terfere, and this leads to a modification of the vector meson transverse momentum spectrum [10]. The
interference does, however, not affect the total cross sections significantly.
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Figure 6.2: Calculated rapidity distributions for J/Ψ and ϒ production in Pb–Pb interactions at the LHC [9].

The rapidity distributions for J/Ψ and ϒ in Pb–Pb interactions, as calculated in [9], are shown in
Fig. 6.2. These calculations are based on parameterizations of the measured γ–proton vector meson
cross sections. For comparison, the results from the calculations in Refs. [8, 11] are listed (for different
colliding systems) in Table 6.2. Both the estimates obtained in the Leading Twist Approximation (LTA)
and in the Impulse Approximation (IA) [8, 11] are presented in the Table (more details on these calcula-
tions can be found in [12]). Due to the leading twist shadowing, the cross sections obtained in the LTA
are smaller than those predicted by the impulse approximation. For Pb–Pb collisions, the ϒ cross section
is suppressed by a factor of about 2, while the suppression of the J/Ψ cross section is much stronger, by
about a factor of 5. The cross section for the J/Ψ in Table 6.1 is between the IA and LTA results. The
cross section for the ϒ is a bit higher in Table 6.1 than in the IA and LTA approximations, but for the ϒ
the uncertainty in the measured γ-proton cross section is higher.

It is worth noting that, in principle, multiple eikonal-type rescatterings due to gluon exchanges could
also result in a suppression of vector meson production. However, the suppressions arising from this
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Colliding ions Ca–Ca �γ � 3500 Pb–Pb �γ � 2700
Quarkonium J/Ψ ϒ J/Ψ ϒ

Impulse 0.6 mb 1.8 μb 70 mb 133 μb
Leading Twist 0.2 mb 1.2 μb 15 mb 78 μb

Table 6.2: Total cross sections of J/Ψ and ϒ coherent production in ultra-peripheral collisions at the LHC.

mechanism are significantly smaller (by a factor of � 2) than those due to leading twist shadowing, at
least for x� 0�001.

Figure 6.3: Rapidity distributions for J/Ψ and ϒ coherent production in ultra-peripheral Ca–Ca and Pb–Pb col-
lisions at LHC calculated with the leading twist shadowing based on H1 parameterization of gluon density (solid
line) and in the Impulse Approximation (dashed line).

The rapidity distributions for coherent J/Ψ and ϒ production with Ca and Pb beams obtained with
the LTA and with the IA are presented in Fig. 6.3. The comparison of these distributions indicates that
quarkonia suppression due to the leading twist shadowing is very strong at midrapidity. In the forward
rapidity region covered by the Muon Spectrometer (2.5 � y � 4.0) the suppression is smaller, but a
significant difference in the rapidity distributions is still present, at least for the J/Ψ .

The momentum transfer distributions (at rapidity y = 0) for coherent J/Ψ and ϒ production with Ca
and Pb beams obtained with the impulse approximation are shown in Fig. 6.4. The same figure also shows
the distributions for incoherent production estimated in Refs. [8,11] in the impulse approximation. While
the momentum transfer distributions for the incoherent process are flat, the ones for coherent production
show a typical peaked shape which makes the latter process dominant in the low momentum transfer
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Figure 6.4: Momentum transfer distributions for J/Ψ and ϒ coherent (solid line) and incoherent (dashed line)
production in ultra-peripheral Ca–Ca and Pb–Pb collisions at LHC.

region.

6.10.1.2 Two-photon interactions

Particles can also be produced in ultra-peripheral collisions via a two-photon interaction. In principle
any pair of fermions can be produced via γγ � ff. A quark/anti-quark-pair can appear either as a bound
state (meson) or fragment into two jets of hadrons. Since the virtual photons emitted by heavy nuclei are
nearly real, only scalar and tensor mesons will be produced in two-photon interactions.

Two-photon production of mesons and of meson- and baryon-pairs is a sensitive probe of the internal
hadron structure. For standard qq-mesons, the quark model can predict the relative two-photon widths
(Γγγ) with good accuracy. For exotic states, in particular glueballs, one expects either a strongly reduced
coupling to two-photons or none at all.

However, when comparing the two-photon production cross sections of scalar and tensor mesons
with those of photoproduced vector mesons, one finds that the two-photon cross sections are lower by a
factor of�100 for mesons of comparable mass [1]. The vector mesons will thus be a serious background
to scalar or tensor mesons produced in two-photon interactions. For example, the cross section for two-
photon production of the ηc meson will be of the same order of magnitude as photoproduction of a J/Ψ
followed by the decay J/Ψ� ηc� γ (Br. ratio 1.3%).

Similarly, the two-photon production of jets and heavy quarks is a sensitive probe of the partonic sub-
structure of the photon. However, the rates for processes γγ � qq are only fractions of the corresponding
processes in which the photon interacts with a parton in the target (e.g. γg� qq) [13]. This will make
detection and identification of these two-photon processes very difficult.
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A two-photon process which can be studied is two-photon production of lepton pairs. This has
been shown by both the STAR [14] and PHENIX [15] collaborations at RHIC, and also by fixed target
experiments at the SPS and AGS.

Table 6.3: Cross sections for two-photon production of lepton pairs for different cuts on the invariant mass of the
pair, calculated within the equivalent photon approach (* from [16]).

Selection σ�Pb�Pb� Pb�Pb� ll�
e�e� μ�μ�

Total 223 kb* 2.0 b
minv � 1�5 GeV 140 mb 45 mb
minv � 6�0 GeV 2.8 mb 1.2 mb

The total cross section for e�e�-pairs is huge (Table 6.3). In fact, the probability of producing an
e�e�-pair in a grazing nuclear collision (b� 2R) is near one, and lowest-order perturbative calculations
break down. Higher order calculations must include the possibility for producing multiple pairs in a sin-
gle event. Observing such multiple pairs would provide a unique opportunity to study strong field QED,
but since most pairs have invariant masses of about �100 MeV or less at the LHC, this is experimentally
very difficult. The production of high-mass e�e�-pairs and μ�μ�-pairs is beleived to be well described
by leading order calculations. It has therefore been suggested to use this process for luminosity moni-
toring. Lepton pairs with invariant masses around the J/Ψ or ϒ mass will furthermore be an important
background to photonuclear vector meson production, as discussed below.

The cross sections for two-photon production of e�e�- and μ�μ�-pairs for different cuts on the
invariant masses of the pairs are listed in Table 6.3.

6.10.1.3 Partonic interactions

A photon from the electromagnetic field of one of the nuclei may interact with a parton in the target
nucleus. The basic processes are γ �g� q�q and γ �q� g�q. In the second process, the q can be
replaced by a q from the sea. The partonic cross sections can be calculated from perturbative QCD, and
to leading order they are proportional to the strong coupling constant αs�Q2�, evaluated at scale Q2 �

m2
qc2 � p2

T. Calculations can thus be performed for the production of heavy quarks via γ �g� q�q
[13, 17, 18], and for di-jet production [19, 20].

The total cross sections for heavy quark production are listed in Table 6.4. It is worth noting that the
cross section for cc-pairs is as large as 1barn. The cross sections are peaked near threshold, and mid-
rapidity production of cc- and bb-pairs therefore mainly probes x values of � 5�10�4 and � 3�10�3,
respectively. The cross sections are dominated by direct photon–gluon fusion and therefore directly
probes the nuclear parton distributions. See Ref. [13] for a discussion of the sensitivity to different
parameterizations of the nuclear shadowing.

Photonuclear production of top quarks would be an interesting probe for a direct determination of the
electric charge of the top quark [21]. The existing data from Fermi lab do not exclude an exotic state with
charge 4/3e instead of the expected 2/3e. The statistics from a 106s run, however, seems to be insufficient
(Table 6.4).

Calculations for the photonuclear production of jets have only been performed recently [19, 20].
Resolved processes are beleived to be more important for jets than for heavy quark production, and this
makes the cross sections less sensitive to the parton distributions [19], but photonuclear jet production
should still be a sensitive probe of low-x nonlinear QCD dynamics [20].

Both photonuclear heavy quark and jet production lead to the break up of the target nucleus. This
makes the event topology different from that in exclusive interactions, where a very clean signal can be
obtained from the coherence requirement when the entire event is reconstructed. There are to date no
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Table 6.4: Cross sections and production rates for γ �g� qq in one ALICE year (10 6 s), from [13, 21].
Final state Pb–Pb Ar–Ar

σ rate (per 106 s) σ rate (per 106 s)
γ �g� cc�X 1050 mb 5�5�108 14 mb 5�6�108

γ �g� bb�X 4.7 mb 2�3�106 70 μb 2�8�106

γ �g� tt�X 0.3 nb – 29 pb (�1)

experimental data on photon-parton interactions in heavy ion collisions. The events are, however, char-
acterized by a gap in rapidity, void of particles, between the photon emitting nucleus and the produced
final state. This distinguishes the photon–parton events from hadronic interactions and may allow for
experimental identification.

6.10.2 Results from lower energy

The virtual photon spectrum extends up to a maximum energy of � γ h̄c�RA, where γ is the Lorentz
factor of the beam. For coherent and exclusive processes, this means that the maximum mass of the
final state will be given by � 2γ h̄c�RA, where γ is the Lorentz factor in the center-of-masss system. At
the SPS and RHIC, this is 0.8 GeV and 6.0 GeV, respectively, for heavy ions (Au or Pb). The particle
production is significant only at energies well below this value. Thus, from purely kinematical reasons,
the particle production in ultra-peripheral collisions before the start-up of RHIC was in practice restricted
to e�e�-pairs.

Results from the SPS with sulphur beams [22,23] on two-photon production of free e�e�-pairs were
found to be in agreement with lowest order QED calculations. Charge changing reactions, where a lead
nucleus is transformed into bismuth and a negative pion (γ �Pb� Bi�π�), have also been studied [24].
The results are in agreement with electromagnetic excitation calculations.

At RHIC, the first results on ultra-peripheral collisions were obtained by the STAR collaboration on
exclusive production of ρ0 mesons [25]. The production was studied both exclusively and with Coulomb
breakup of both nuclei. The latter happens if two additional photons with very low energy are exchanged
in the same event that produced the vector meson.

The rapidity and transverse mass of the ρ0 for interactions at
�

snn � 200 GeV is shown in Fig. 6.5.
The measured cross section and rapidity distribution are in good agreement with the calculations [3, 4].

As mentioned above, STAR has also measured the production of e�e�-pairs in interactions with
Coulomb breakup [14]. The results were found to be in good agreement with lowest order perturba-
tion theory. The pair pT distribution deviated from the Weizsäcker–Williams virtual photon approach,
showing that the virtual photon mass was important in that kinematical regime.

Recently, the PHENIX Collaboration presented the first preliminary results on exclusive J/Ψ pro-
duction in Au+Au collisions at RHIC [15]. The electron/positrons from the decay J�Ψ� e�e� were
measured by the electromagnetic calorimeters in the PHENIX central tracking arms. The electromag-
netic calorimeters were used in coincidence with the zero-degree calorimeters for triggering on events
where a high-mass e�e�-pair was produced in coincidence with Coulomb breakup of one or both nuclei.

The measured J/Ψ cross section is dσ�y � 0��dy � 44�16�stat���18�syst�� μb. The main back-
ground is continuum production of e�e�-pairs from two-photon interactions. The electron-positron in-
variant mass distribution is shown in Fig. 6.6.

The mutual Coulomb breakup of the beam nuclei without particle production has also been studied
at RHIC [26].

The first results from RHIC have shown that it is possible to trigger on and identify ultra-peripheral
interactions in the high-multiplicity environment of relativistic heavy-ion interactions. So far, only ex-
clusive interactions have been studied, and the identification has been based on reconstructing the entire
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Figure 6.5: Rapidity (a) and invariant mass (b) distributions for coherent ρ 0 production in Au+Au interactions
accompanied by mutual Coulomb breakup at

�
snn � 200 GeV, by the STAR Collaboration [27]. The dashed

curves in (b) correspond to a relativistic Breit–Wigner function and a Söding interference term; the solid curve is
the sum of the two. The dash–dotted curve describes the background from incoherent interactions.

event and using the low pT as signature for coherence. The measured cross sections have generally been
found to be in agreement with expectations. This shows that the photon spectrum is fairly well under-
stood, and that information on the photonuclear cross section can be extracted. The increased energy at
the LHC will greatly enhance the physics potential.

One example where it is easy to show that LHC will provide new insights is photoproduction of
ϒ. This has been studied in γ-proton interactions at HERA. The accumulated data amounts to less than
50 events in total (H1 and ZEUS). ALICE should have a unique opportunity to improve the existing
measurements.

6.10.3 Ultra-peripheral collisions in ALICE

The two classes of ultra-peripheral collisions mentioned above (’elastic’ and ’inelastic’) will require
different analysis and trigger techniques. For exclusive vector meson production, the identification is
based on reconstructing the entire event (the two tracks from the decay), and identifying the coherent
production through the low pT. The γ-parton interactions must be identified based on the presence of
a rapidity gap between the photon emitting nucleus and the produced particles. The method of using
rapidity gaps is a standard technique in diffractive interactions at hadron colliders, but it has not been
used in heavy-ion experiments so far.

6.10.3.1 Trigger schemes

The very different topology of ultra–peripheral interactions compared with central nucleus–nucleus col-
lisions leads to different trigger requirements. For hadronic interactions, it is possible to use the charged
particle multiplicity in a region of phase space outside the acceptance of the central barrel as trigger. This
is not possible for ultra-peripheral interactions, which are characterized by gaps, several units of rapidity
wide, void of produced particles. To detect the ultra-peripheral events it is necessary to have a low-level
trigger sensitive to the production of a few charged particles around mid-rapidity.

In ALICE the time-of-flight (TOF) detector is a natural candidate to address this task. The fast
response of the multigap resistive plate chambers (MRPC), the large area covered (�η �� 1) and the high
segmentation, makes the TOF well suited for triggering at Level 0 in the central region. Taking advantage
of the FPGAs implemented in the hardware, the TOF trigger has a high flexibility, allowing the selection
of a large variety of event topologies. The segmentation used by the trigger can be decided at software
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Figure 6.6: Invariant mass distribution of e�e�-pairs in coherent Au�Au� Au�Au��e�e� reactions mea-
sured by the PHENIX Collaboration [15]. The distribution can be explained by the sum of a continuum contribution
from γγ � e�e� and decays of J�Ψ� e�e�.

level, allowing a minimum of 48 pads (�500 cm2) per TOF cell.
A reduced signal from the TOF (an ’OR’ of several cells) can be used as pretrigger for the ALICE

Transition-Radiation Detector (TRD). A division of each ALICE azimuthal sector into 16 segments in
z-direction and into 2 segments in azimuthal direction is currently under discussion. Such a scheme
leads to 32 cells per azimuthal sector, hence to a total of 576 cells covering all of the central barrel. A
trigger bit is derived from each cell depending on whether a track is seen within the cell. A Trigger
Bit Logic Unit (TBLU) takes the 576 bits as input and generates a Level 0 signal which is sent to CTP.
In this TBLU, the 576 bits are examined for coincidences generated by the track topologies of interest.
In addition, coincidences or anti–coincidences of T0,V0–counters can be required at this level. Such a
coincidence definition corresponds to a rapidity gap requirement as discussed above.

A possible trigger scheme for exclusive vector meson production is described below:
Pretrigger for TRD: The TRD pretrigger signal is taken from the output of the TBLU. Every Level 0
signal of TBLU is sent to TRD as pretrigger signal.
Level 0: The TOF Level 0 multiplicity coupled with a suitable topology cut (see next section) will
provide a trigger for exclusive events with exactly two charged tracks in the central barrel. The different
TBLU output bits carry the information of track multiplicity as well as of empty rapidity gap 1.6 �� η ��
3.9. Level 0 triggers are asserted or rejected in the CTP by examining information of the Si-pixel detector.
Dark triggers generated by TBLU will be mostly empty in the Si-pixel detector. The information from
Si-pixel will therefore eliminate the dark rate considerably at Level0.
Level 1: For the J/Ψ � e�e� and ϒ � e�e� decay channels, the main trigger cut at this level will be
the identification of one electron and one positron in the TRD. If a more accurate measurement of the
multiplicity in the central barrel is available, it could be used to select events with exactly two charged
tracks. Information from the zero-degree calorimeters may be used to select events with or without
Coulomb breakup.
High-level trigger: The high-level trigger may be used to require exactly two tracks from the primary
vertex in the TPC with opposite charge. Using the reconstructed momenta, a cut on the summed pT of
the tracks can be applied. This is highly efficient in suppressing the background from incoherent events.
Some of the pions from the decay of the coherently produced ρ0 could be misidentified as electrons in
the TRD at level one. Due to the extremely high rate for ρ0 production, it might be necessary to apply a
cut on invariant mass in the High-level trigger to remove these events.
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A similar scheme for γ-parton events is
Level 0: Asymmetric signal in the V0 counters, in other words a low or intermediate multiplicity signal
in the counter on one side and no signal in the counter on the opposite side, supplemented by a low-
multiplicity trigger from a detector in the central arm, e.g. the time-of-flight.
Level 1: The ZDC on the same side as the rapidity gap should be empty. The signal in the ZDC on the
opposite side should be low.
High-level trigger: The photonuclear events will occur with high rates and only a small fraction of them
will be interesting. In addition, the asymmetric signature used in the lower trigger levels are satisfied by
beam–gas interactions as well. The high level trigger will be needed to reject beam–gas events and to
select the interesting photonuclear events. This selection could involve identification of open charm.

6.10.3.2 Trigger backgrounds

When triggering on ultra-peripheral collisions, the most important parameter to face is the fake trigger
rate (FTR), due to combinatorial background. The signal is characterized by a few tracks in an otherwise
empty detector. The key ingredient when computing the FTR for the TOF Level 0 trigger is the MRPC
noise, the measurement of which, performed in the CERN PS-T10 area, gave 0.5 Hz/cm2. Such noise
is due to ionizing particles in the chamber, while the fraction coming from the Front End Electronics
noise is just few percent (this was measured by switching off the MRPC high voltage). A guess on the
noise that the TOF will experience when running in ALICE is not straightforward: the main sources
of background will be the beam-gas collision, the beam mis-injection and the neutron delivered by the
Pb-Pb interaction itself. Although the TOF does not contain materials with large neutrons absorption
cross section, the TRD, placed in the neighborhood, makes use of a gas mixture containing Xe (85%),
whose isotop Xe-135 has a neutron absorption cross section of few millions of barns. As a safety margin
we will use for the prediction reported below a MRPC noise of 2.5 Hz/cm2, a fraction 5 larger than the
measured one.
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Figure 6.7: Level0 fake trigger rate as a function of the single pad rate.

Fig. 6.7 shows the FTR as a function of the rate in the TOF single pad, whose area is approximately
10 cm2. The FTR, when selecting a number of fired cells Ncell 	 5 is 
 1 Hz, while the FTR for
Ncell = 2 is 200 kHz. Such high rate, unmanageable also at Level 0, can be further reduced by using the
vector meson decay topology. We simulated the J/Ψ � l�l� and the ρ�ππ decay, using the starlight
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Monte Carlo code [28]. The particles produced in the decay were traced in a empty cylinder in a B=0.5
T magnetic field. We found an efficiency for containing both the decay products of εJ�Ψ

cont =16.7% and
ερ

cont=8.3% respectively. Fig.6.8 shows the distribution of the difference between the φ angles of the
two particles produced in the decay, in the plane orthogonal to the beam axis. Although smeared by the
magnetic field, a clear topology is still evident: for the leptons from J/Ψ decay, by selecting only pairs of
cells in a 150o � Δφ � 170o window, the FTR can be reduced by a factor 18, while for the pions from ρ
decay, by selecting only the cell pairs in a 70o � Δφ � 110o window, the FTR can be reduced by a factor
9, while keeping 60% of the signal.
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Figure 6.8: Difference in the azimuthal angle between the decay products in the J/Ψ� l�l� and ρ � ππ decay.

A further FTR reduction can be obtained for both vector mesons decay considering that in Pb–Pb
interaction, despite a bunch crossing length of 125 ns, the TTC will distribute a 40 MHz clock. Since
the OR signal has a 20 ns length, we can align this signal so that the positive edge of the TTC clock is
well inside it. By enabling the latching only in the edge effectively corresponding to the bunch crossing
and vetoing the latching in the four remaining edges, we can reduce the noise by a factor 5. In the
combinatorial background, for Ncell=2, this reflects in a factor 25, giving:

FTRL0 � 200kHz�18�25 � 440Hz f or the J�Ψ� l�l� decay and (6.5)

FTRL0 � 200kHz�9�25 � 880Hz f or the ρ � ππ decay� (6.6)

Such FTR at L0 level has to be compared with the genuine J/Ψ� l�l� rate:

RateJ�Ψ � L �σ � εJ�Ψ
cont �Γ � 5�1026cm�2s�1 �32mb �0�167 �0�12 � 0�32Hz (6.7)

and with that of ρ � ππ rate:

Rateρ � L �σ � ερ
cont � εΦ � 5�1026cm�2s�1 �5200mb �0�083 �0�6 � 120Hz� (6.8)

The TOF can tag at Level 0 several meson decays: a detailed study on the selection capability in each
UPC channel is undergoing.
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6.10.3.3 Expected rates in the central tracking arm

The expected yields of vector mesons and lepton pairs from two-photon interactions have been estimated
from the geometrical acceptance of the ALICE central barrel and muon arm. Events have been generated
from a Monte Carlo model based on the calculations in [3, 28, 29]. The rate calculations have been done
with a beam luminosity of 5�1026 cm�2s�1 for Pb–Pb collisions.

Table 6.5: Expected yields within the geometrical acceptance of the ALICE central barrel for Pb–Pb interaction.
Meson Production Rate Decay mode B.R. Geometrical Rate

(per 106 s) Acceptance (per 106 s)
ρ0 2�6�109 π�π� 100% 7.9% 2�108

J�Ψ 1�6�107 e�e� 5.93% 16.4% 150 000
ϒ�1S� 80 000 - 250 000 e�e� 2.38% 23.6% 400 - 1400

The geometrical acceptance of the ALICE Central barrel is defined as �η �� 0�9 and pT � 0�15 GeV/c,
and for the muon arm 2�5� η � 4�0 and pT � 1.0 GeV/c is used. It is required that both tracks are within
the acceptance for the event to be reconstructed.

For the TRD, a trigger cut of pT � 3�0 GeV/c will be necessary in central collisions. It is not clear
if this would be necessary for ultra-peripheral events. If it is, then it would preclude measurements of
coherently produced J/Ψs, which all have transverse momenta � 100 MeV/c. The rates for e�e�-pairs
are calculated with cuts in pT of both 0.15 and 3.0 GeV/c.

The calculations for vector mesons are summarized in Table 6.5, and the calculations for lepton pairs
are shown in Tables 6.6 and 6.7.
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Figure 6.9: Invariant mass distributions for e�e�-pairs from two-photon interactions and decays of coherently
produced J/Ψs, where both the e� and e� are within the geometrical acceptance of the central barrel. The left
figure shows the expected yield after 2�104s at the design luminosity (corresponding to an integrated luminosity
of 10 μb�1). The right figure is for 2�106s (1000 μb�1). Only the natural widths of the vector mesons have been
included.

The rates for the J/Ψ seem high enough for an early measurements in ALICE. For example, a lumi-
nosity of 5% of the design luminosity would give about 500 reconstructed J/Ψ’s in a 24–hour run. A
106 s run with Pb–Pb would be sufficient to improve the statistics of photoproduced ϒ’s from HERA
significantly.

The expected yield of e�e�-pairs in the central barrel with minv � 1.5 GeV for a 2�104 s run at the
design luminosity is shown in Fig. 6.9 (left). The corresponding plot for minv � 6.0 GeV for a 2�106 s
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Table 6.6: Expected yields within the geometrical acceptance of the ALICE central barrel for two-photon pro-
duction of e�e�-pairs.

Pb�Pb� Pb�Pb� e�e�, minv � 1.5 GeV
Selection Geometrical Acceptance Rate (per 106 s)

All 100% 7 �107

�η �� 0�9, pT � 0�15 GeV 1.0% 7 �105

�η �� 0�9, pT � 3�00 GeV 0.02% 14 000

run is shown in Fig. 6.9 (right).

Table 6.7: Expected yields within the geometrical acceptance of the ALICE muon arm for two-photon production
of μ�μ�-pairs.

Pb�Pb� Pb�Pb�μ�μ�, minv � 1.5 GeV
Selection Geometrical Acceptance Rate (per 106 s)

All 100% 2.2 �107

2�2 � η � 4�0, pT � 1�0 GeV 0.26% 60 000

6.10.3.4 Background sources in the central tracking arm

The experience from RHIC is that coherent events can be identified with good signal to background ratios
when the entire event is reconstructed and a cut is applied on the summed pT of the event. The amount
of background from incoherent processes can be estimated by reconstructing events with two tracks of
the same charge, e.g. π�π� or π�π� if the signal is ρ0 � π�π� [25]. For heavy vector mesons, the
main background will most likely be lepton pairs produced in two-photon interactions (since these are
produced in coherent interactions, they are not rejected by a cut on pT ) [30].

The following sources of background have, nevertheless, been investigated: peripheral A–A interac-
tions, incoherent γ–A interactions and cosmic muons. These sources were considered for a similar study
in STAR [29].

The contributions from cosmic muons to the trigger was non-negligible in STAR since the scintillator
counters used in the central trigger barrel surrounded the TPC and covered a large area. Measurements
from L3+Cosmics which also used scintillators surrounding a large volume (the L3 magnet) saw a cosmic
rate about a factor of five lower than calculated for STAR. Note that L3 is situated about 100 m below the
surface of the earth. In STAR, the rate of cosmic triggers were reduced by a topology cut on the zenith
angle. If the Si-Pixel detector is used for triggering, the area that is susceptible to cosmic muon triggers
is much reduced.

Peripheral A-A interactions have been studied with FRITIOF 7.02 [31]. 5 000 peripheral events have
been processed. The impact parameter b was in the range [13,20] fm, corresponding to about 25% of
the inelastic cross section. Of these events, 435 (9%) fulfilled the condition that the number of charged
tracks in the central barrel, nTPC should be in the range: 1 � nTPC � 5 and 97 (2%, corresponding to a
cross section of about 40 mb) had nTPC � 2. This latter number is then an order of magnitude lower than
the cross section for ρ production. Furthermore, the pT distribution is completely different from the one
expected from the signal.

Incoherent photonuclear interactions might be an important background at the trigger level, and for
inclusive events also at the analysis level. The direct photon–parton interactions constitue only a small
fraction of the total photon–nucleus cross section. The bulk of the cross section is explained by the
generalized vector meson dominance model, where the photon first fluctuates to a vector meson (ρ0)
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which subsequently interacts with the target inelastically. Since the energy spectrum of virtual photons
is peaked at energies much lower than the beam energies, these interaction will resemble interactions
between the beam nucleus and a hadron nearly at rest.

The total photonuclear cross section can be calculated by integrating over the virtual photon energy
spectrum

2
� ∞

kmin

σγ�A�k�
dn
dk

dk� (6.9)

The 2 takes into account that each nucleus can act as both photon emitter and target. With a minimum
photon energy cut-off kmin � 10 GeV in the rest frame of the target nucleus, and assuming a constant
total cross section σγ�Pb � 15 mb [32], this is 44 b. 50 000 γ–Pb events have been simulated under
these conditions with the DTUNUC 2.2 event generator [32]. 1595 (3%) of these fulfilled the acceptance
criteria: 1 � nTPC � 5. This corresponds to a cross section of 1.4 b.

6.10.3.5 Expected rates in the muon arm

Coherent quarkonium photoproduction in ultra-peripheral ion collisions has a clearly distinguishable
signature: a muon pair should be detected, and nothing else. The useful Level 0 component for this
purpose is the muon trigger provided by the Muon Spectrometer in the forward rapidity region. Recently,
it has been decided to equip PHOS with the electronics needed to provide a Level 0 trigger. The veto
output is foreseen. The PHOS covers approximately 10% of the ALICE barrel solid angle, so it will
always fire in the most central ALICE events. Combining the muon arm trigger with the PHOS veto,
events with muon production in forward direction and abnormally low multiplicity will be selected at
Level 0. We note that the trigger system of the muon arm will allow to select the reaction in two different
configurations:

• ‘muon arm’: both muons are detected in the dimuon arm

• ‘muon-barrel’: one muon is detected in the muon arm, the other in the central barrel.

At trigger Level 1 different detectors can be used to improve the selection of ultra-peripheral colli-
sions, for example applying the veto from the outer rings of the V0 detectors.

The expected counting rates were estimated using the AliRoot simulation code [33]. In the AliRoot
simulation we assume that once the muon passed through the detector (10 tracking chambers + 4 trigger
chambers of the muon spectrometer and/or has hits both in ITS and TPC), the detector response could
be successfully analysed. The resulting acceptances are of the order of 5% and 2% for J/Ψ and ϒ,
respectively.

Table 6.8: Expected rates for J/ψ photoproduction in Pb–Pb collisions (running time 10 6s). The mass bin to
estimate the the background was taken as ΔM � 0�25 GeV/c2.

LTA S/B Significance IA/LTA
muon arm 25000 5 150 2.28

muon-barrel 21400 0.5 80 6.19

The counting rates (in LTA approach) expected in a Pb–Pb data taking period (106 s) for J/ψ and
ϒ photoproduction are given in Table 6.8 and 6.9, respectively. The corresponding counting rates for
Ar–Ar collisions are shown in Table 6.10.

In Table 6.8 and 6.9, the signal to background ratios (S/B) and statistical significances (S�
�

S�B)
are also given. Note, that background level in [12] was underestimated. The background is caused by
muon pair production in γ� γ collisions (generated according to the distributions taken from [34]). The
angular distribution of the muon pair (which is highly peaked in forward direction) explains difference
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Table 6.9: Expected rates for ϒ photoproduction in Pb–Pb (running time 10 6s). The mass bin to estimate the
background was taken ΔM � 0�5 GeV/c2.

LTA S/B Significance
muon arm 25 0.36 2.5

muon-barrel 60 0.03 1.3

Table 6.10: Expected rates for J/ψ and ϒ photoproduction for Ar–Ar (running time 10 6 s, beam luminosity
4�1028 cm�2s�1).

LTA J/Ψ LTA ϒ
muon arm 25000 33

muon-barrel 13000 72

in S/B ratio in the mentioned above cases. The mass bins used to compute S/B and significance (see
caption of Table 6.8 and 6.9) are larger than than those quoted for central collisions; they were derived
from the results of the ������� simulations taking into account the poor knowledge of the quarkonia
decay vertex. Approximately 85-90% of the quarkonia reconstructed mass spectrum are within these
limits.

The background from muon pairs produced in two-photon interactions will be a problem mainly for
the ϒ. The situation is different for J/Ψ : in this case the rate is large (about 1000 detected resonances per
day) and both the signal to background ratio and the significance are sufficient for clean measurement of
the phenomenon. In the last column of Table 6.8 the ratios of the J/Ψ rates obtained in the IA and LTA are
displayed. The large value of this ratio (about 6) for the muon-barrel indicates that the rates measured
in this configuration are very sensitive to the reaction mechanism, allowing to explore the transition
from nuclear colour transparency to the regime of colour opacity. The smaller value of the ratio for the
Muon Arm configuration suggests that measurements of muon pairs in the Muon Spectrometer would be
sensitive to gluon density functions.

6.10.3.6 Background sources in the muon arm

The first source of background is represented by the incoherent production of heavy quarkonia. As dis-
cussed above (see Fig. 6.4) the coherent and incoherent processes show completely different momentum
transfer distributions. This feature, together with the fact that incoherent production can be accompa-
nied by neutrons emitted in the ZDC acceptance, means that the two processes can be experimentally
identified and studied separately.

Another source of physical background is muon pair production in γ–γ interactions. The total cross
section for this process is large, and, as shown in Tables 6.8 - 6.9, the yield in the mass range of interest
can also be significant.

Finally, we note that coherent production of heavy quarkonia can also occur in strong (pomeron–
pomeron) interactions. The cross sections for this process are expected to be small. However, a more
accurate evaluation of this contribution still has to be performed.
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