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1 Introduction

Measurements of charged particles multiplicity, pseudorapidity densities and
pT –distributions have been studied considering non–biased event samples [1].
In this note we investigate different algorithms for the Pixel Fast–OR and the
VZERO triggers in order to define an optimal minimum bias (MB) trigger for
proton proton collisions in ALICE. Ideally, the MB trigger should combine
large efficiencies for low multiplicity and diffractive events with a good rejec-
tion of beam backgrounds. Combining the ALICE Silicon Pixel with VZERO
is useful due to the complementarity in geometrical acceptance (see figure 1).
The note is organized as follows. The detectors used for triggering are overviewed
in section 2. The definition of the triggers and their simulation is described
in section 3. In section 4 we present the simulated pp collision data (signal)
used in the present study, the efficiencies for the different event classes (sin-
gle/double diffractive and non–diffractive inelastic processes) as well as the
study of the trigger bias on a number of generated and reconstructed ob-
servables. In section 5 we describe simulations of beam–gas/beam–halo (for
simplicity called “beam background”) and discuss different options for back-
ground rejection using VZERO and/or pixel Fast–OR. Expected rates are pre-
sented in section 7. We discuss possible combinations of VZERO with Pixel
Fast–OR in section 6. Section 8 concludes.
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Fig. 1. The pseudorapidity acceptance of different ALICE sub–detectors
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2 Trigger Detectors

The signals from the two different detectors are used to define different mini-
mum bias triggers for pp collisions in ALICE. These detectors are the VZERO
detector and the Silicon Pixel Detector (SPD). It would be natural to also
include the TZERO detector in this study. We concentrate on VZERO since
the acceptance of TZERO is much smaller and mainly included in the one
of VZERO, so adding TZERO is not expected to improve the minimum bias
trigger. The following gives a brief description of the detector systems – a
more detailed description can be found in refs. [2,3].

2.1 The VZERO Detector

The VZERO is a small angle detector made of two independent arrays of fast
scintillator counters. The main goals of the VZERO detector are:

• Produce a L0 minimum bias trigger for both pp and heavy ion interactions.
• Produce a L0 veto for beam background interactions during the pp running

mode.
• Produce a L0 centrality trigger based on forward multiplicities for heavy

ion collisions.
• Measure and monitor the luminosity for both, pp and heavy ion collisions.

The counters, named V0A and V0C, are currently being built. The design
of the detectors is finished, but there are still some issues regarding their
integration within the ALICE environment (especially for V0A) which are
currently being discussed. The two arrays will be made of plastic scintillators.
Each counter will be segmented in 4 rings along the radial direction and each
ring is segmented in 8 channels along the azimuthal direction. There are thus
32 channels for each array.

In both detectors the light will be collected by wave length shifting (WLS)
fibers. In the case of the V0A the fibers will go directly to the photo multiplier
tubes (PMTs), while for the V0C the WLS will be coupled to clear fibers
(BCF98 d.c.) of 3.3 m length which will then conduct the light to the PMTs.
The PMTs will be inside the magnetic field of ALICE. The expected time
resolution for each channel is of the order of 600 ps. See [3] for more details

The VZERO counters are positioned at both sides of the interaction point
along the beam direction as shown in figure 2. The position of the V0A array
is not fixed yet. At the moment it is planned to have it at 3.4 m from the
nominal interaction point, but depending on the mounting of the V0A and
FMD detectors with respect to the beam pipe of ALICE, the V0A array could
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be moved up to 10 cm closer to the interaction point. It has been checked that
results for the 3.3 m case are equal to the 3.4 m case within the precision of
these studies.

V0A

V0C

3.4 m 90 cm

Fig. 2. A schematic cross–section of the VZERO arrays within the ALICE detector.
The V0C counter is located at 90 cm from the nominal interaction point, just in
front of the absorber, while the V0A is located at around 3.4 m in the opposite
direction.

2.2 The Silicon Pixel Detector (SPD)

The basic building block of the ALICE SPD is a ladder consisting of a 200
μm thick silicon sensor bump bonded to 5 front–end chips. The sensor matrix
consists of 256×160 cells each measuring 50 micron (rφ) × 425 micron (z).
Two ladders together with one read-out electronics module are mounted along
z to build one half stave, two half staves make one stave.

Table 1 summarizes the dimensions of the two layers of the ALICE SPD.
Figure 3 shows a schematic drawing of the detector.

Layer r [cm] ±z [cm] Nchips Nchannels η–acceptance

1 4.0 14.1 400 3278400 ±2.0

2 7.2 14.1 800 6556800 ±1.4
Table 1
Summary of SPD dimensions for each of the two layers. Second column gives the
radius, third the length, fourth the total number of read–out chips per layer. Note
that this is also the number of incoming Fast–OR signals. The fifth column gives
the total number of pixels. The last column gives the acceptance in pseudorapidity
seen from the nominal interaction point.
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Fig. 3. A schematic drawing of the ALICE SPD: the fully assembled detector (on
the left) consists of two layers of staves. Each stave consists of 4 ladders, each ladder
of a 200 μm sensor bump–bonded to 5 ALICE1 read–out chips. See table 1 for a
summary of the parameters.

3 Trigger Definitions and Simulation

The current release of the AliRoot software package does not include a detailed
simulation of the different triggers available in the ALICE detector. For these
studies we have written algorithms which use as an input the Hits and Digits
already defined in AliRoot and add some extra functionality to simulate the
expected behavior of the VZERO and Pixel Fast–OR. These algorithms are
described in this section.

3.1 The VZERO Trigger

The main task of the VZERO trigger during pp running is to select events
coming from real pp collisions and to veto interactions of the beam with the
residual gas in the beam pipe.

The basic principle of the VZERO triggers is to make use of the fact that the
arrival time of particles at each of the two arrays will be different in pp and
beam–gas interactions.

We define t0 as the time when the bunches coming from opposite directions
cross the nominal interaction point. This time will be passed on from the LHC
clock to the VZERO trigger. Particles originating from pp collisions will arrive
at the V0A (V0C) array approximately 11.3 ns (3.0 ns) after t0. Particles orig-
inating from beam background from z < −90 cm (behind the V0C counter)
will arrive at V0C around 3.0 ns before t0, while they will reach V0A at about
11.3 ns after t0. Particles originating from beam background from z > 340 cm
(behind the V0A counter) will arrive at V0A around 11.3 ns before t0, while
they will reach V0C at about 3.0 ns after t0. All three cases are illustrated in
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figure 4 (a), (b) and (c) respectively. Beam–gas interactions between the two
VZERO counters are equivalent to normal pp interactions (see figure 4).

(a)

(c)

(b)

V0A V0C

t(V0A) = 11.3 ns

t(V0A) = 11.3 ns t(V0C) = 3 ns

t(V0A) = −11.3 ns t(V0C) = 3 ns

t(V0C) = − 3 ns

Fig. 4. A schematic view of the different time of arrival of particles at the VZERO
counters for pp collisions (a) and for beam–background interactions behind V0A (b)
and V0C (c). t0 is the nominal time for pp interactions, t(V0A) is the arrival time
of particles at V0A and similarly for t(V0C).

The arrival times relative to t0 are not exact because the bunches have a
spatial extension and thus (i) the collisions happen not exactly at the nominal
interaction point, but in a region around it, and (ii) the collisions do not
happen necessarily exactly at t0 but in a time region around it. Other factors
to take into account are that not all the particles travel at the same speed and
that there are different distances form the interaction point to the different
VZERO cells. All these effects are taken into account in the present simulation
of the VZERO trigger.

The VZERO triggers use these different arrival times to define four interaction
windows for each channel. They are called BBA, BBC, BGA and BGC, where BB
stands for beam–beam (i.e. pp) and BG for beam–background interactions.
The windows are centered at +11.3, +3.0, −11.3 and −3.0 ns with respect
to t0 for BBA, BBC, BGA and BGC respectively. The trigger is built with logical
combinations of the status (hit or empty) of the windows. The detailed im-
plementation of the trigger logic is shown in Figure 5 which was taken from
ref. [4]. The signal from each PMT is sent to a discriminator. The threshold
voltage will be set such that 98% of minimum ionizing particles produce a
signal above it. Using a delay for each channel, the output of the comparator
will be ANDed with the open gate of the each window. If a signal goes above
the threshold at anytime within the window, the AND operation will set the
status of the window to TRUE. The window center and width can be set with
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a precision of around 20 ps.

The status of each type of window for each channel will be checked and if
more channels than a given threshold have a TRUE signal then the event gets a
general BBA, BBC, BGA or BGC flag. With logical combinations of these flags one
can then build the trigger. In the following, these thresholds on the number
of counters with a TRUE signal in a given window will be taken as one, i.e. it
will be required that at least one window is fired.

The thresholds will have to be adjusted depending on the experimental con-
ditions at the moment of running to avoid triggers and vetoes because of
spurious hits, either from noise or from the machine background. During com-
missioning of ALICE, their influence can be assessed taking advantage of the
initial period with a reduced number of bunches.

3.1.1 Fast simulation of the VZERO trigger

The time of arrival of the particle at the sensitive material of VZERO was
taken from the data stored in AliVZEROhit objects. Each AliVZEROhit cor-
responds to a charged particle which has deposited energy in the sensitive
material of the VZERO detector. The time of the hit has been corrected and
smeared to provide a fast simulation of the timing behavior of the VZERO
trigger setup.

In order to simulate the behavior of the discriminator only 98% of the hits are
accepted. For pp collisions the time when the signal crosses the threshold of
the discriminator is computed according to the following formula:

t = tMC − tΔ + tσ + tColl, (1)

where

tMC is the time elapsed from the pp interaction until the given particle hits the
VZERO as given by the detector MC.

tΔ simulates the delay needed to put all rings at the same distance from the
nominal interaction point.

tσ is the time resolution of the VZERO counters. The value of tσ for a given hit
was taken as a random Gaussian variable with RMS of 600 ps. The value
was taken from the results of beam and cosmic ray tests of the VZERO
modules. The results do not depend on reasonable variations of this value.
Values from 0.5 to 1.0 ns have been tested yielding results compatible within
their uncertainties.

tColl is the time spread of the collision. As mentioned before, the position and
time of a pp collision are distributed around the nominal interaction point
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and around t0, due to the size of the bunch. The position smearing is taken
into account in the MC via smearing on the position of the interaction
point along the beam direction. The time smearing is not considered in the
original simulation. It is implemented here as a Gaussian smearing of the
time of the collision with a RMS of 160 ps.

In the case of beam–gas and beam–halo collisions the time when the signal
crosses the threshold of the discriminator for a given hit is computed using

t = tΔz − tMC − tΔ + tσ + tσB + tnb, (2)

where

tΔz is a time shift to move the origin of the time coordinate to t0, because the
MC starts the time from the moment of the interaction. The shift depends
on the location of the beam–gas collision: tΔz = |zvtx|/c with c the speed of
light.

tσB takes into account the position of the particle within the bunch. It is ob-
tained from a random Gaussian distribution with RMS of 250 ps corre-
sponding to 7.5 cm. Changing the RMS to correspond to 10 cm has no
effect in the results presented here.

tnb takes the values zero or 25 ns. This second option is used to study the effect
of beam–gas interactions happening in the next bunch with respect to the
colliding bunches (see Section 5.3 below for more details).

3.2 The Pixel Fast–OR trigger

The Fast–OR (FO) trigger is formed by trigger signals, one produced for each
chip of the SPD. Thus, there are 1200 FO trigger signals which can logically be
combined to form the FO trigger. The trigger signal for each chip is currently
foreseen to be sent if there is at least one fired pixel in the chip. Pixel noise
is not a problem since the typical pixel threshold is more than 100 σ above
the noise level. Thresholds larger than one fired pixel are possible, but have
not been studied. It should be noted that the FO trigger is synchronous with
the 10 MHz pixel system clock. Hence the signal is integrated over 100 ns, or
4 bunches for the LHC machine parameters foreseen for nominal pp runs.
The final layout of the Fast–OR electronics is not fixed, for a possible design
we refer the reader to the Physics Performance Report [7].
We consider in this note seven different possible algorithms for combining the
incoming FO signal. These are 1 :

1 We will stick to the terminology defined here but might use short forms to de-
note the trigger algorithms (such as LAY for LAYER), the meaning will always be
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• GLOBAL FO: the fastest (most simple) FO trigger formed by an OR of all
incoming chip signals.

• LAYER: At least one hit in each SPD layer is required. Note that events
fulfilling LAYER logically also fulfill GLOBAL FO.

• SECTOR: A sector in the SPD is formed by 2 staves in the inner layer and
4 staves in the outer (see figure 3 and figure 6). A SECTOR coincidence
requires at least one hit in the inner two staves of a sector in coincidence
with at least one hit in the 4 staves of the outer layer, see figure 6 for an
illustration.

• HALF SECTOR: We require a hit within each half sector, i.e. a coincidence
between one stave of a sector in the inner layer with the corresponding two
staves on the outer layer,see figure 6 for an illustration.

• SLIDING WINDOW (SW): This algorithm requires at least one hit in a stave
in the inner–layer in coincidence with at least one hit on 5 corresponding
staves of the outer layer. The corresponding staves are hereby situated sym-
metrically in φ around the stave in layer 1 (see figure 6 for an illustration).

• VERTEX: The VERTEX trigger adds to the φ– coincidences, such as SW or
SECTOR coincidences, a correlation with the interaction vertex. Given a hit
in layer 1 of the SPD we require hits in geometrically defined chips of layer
2 in the SPD (see figure 7 for an illustration.)

• UPPER CUT: The UPPER CUT is a cut on the FO occupancy, which should
be smaller than a cut value (in the cases presented here occupancy < 4 % ).
This trigger will be introduced as a possibility to reduce beam–background
(see section 5).

Fig. 6. Illustration of the sector and sliding window triggers. Left panel: 1 denotes
the half sector trigger, 2 denotes the sector trigger. A sector is formed by 2 staves
in the inner layer and 4 staves in an outer layer. On the right panel: sliding window
trigger. The arrows indicate that the requirement is moved in φ.

The simulation of the FO trigger is particularly simple: the required condition
on the number/combination of FO signals is imposed on the unbiased SPD
digits as obtained from the simulation. In this way a trigger bit array is formed
which can be combined ad libitum.

sufficiently clear.
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  Chip # [k....l]

Beam

Layer 1
Layer 2

12 cm

Fig. 7. Illustration of the VERTEX trigger. Given a hit in a chip of layer 1, a co-
incidence with geometrically defined number of chips (here denoted chip #[k....l])
is required. This is illustrated for two examples of chips hit in layer 1 (solid and
dashed line, respectively).

3.2.1 Latency of the Pixel Fast–OR trigger

It is not a priori clear that the Fast–OR signal can be formed fast enough
to reach the central trigger processor (CTP) in time to form a L0–trigger.
The general requirement for the L0–signal to arrive at the detector Frond end
electronics (in particular the HMPID) is less than 1.2 μs. The CTP latency and
the transmission time from the CTP to the read–outs amounts to about 300
ns, which leaves about 900 ns for the Fast–OR signal to be formed. According
to the estimates presented in [5] and [6] the latency will be ranging from 800 ns
to about 875 ns. It is particular important to mention the fact that since the
read–out chip has a clock frequency of 10 Mhz, it is impossible for the Fast–OR
to identify single bunch crossings in nominal pp–running (with a bunch spacing
of 25 ns). Three different algorithms ranging from the fastest (GLOBAL FO)
to the most restrictive (VERTEX) algorithm have been simulated by A. Kluge
and the results are summarized in table 2. With times < 25 ns, the algorithm is
not the limiting factor in latency considerations. The overall latency is however
close to the critical value.

Algorithm GLOBAL FO SECTOR VERTEX

Time [ns] 5 5 15
Table 2
Time needed for the Fast–OR electronics to form three different trigger conditions
for the Fast–OR.
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4 Trigger efficiencies for pp collisions

4.1 The data sample

The event sample used for the pp trigger study consist of approximately
10000 pp Pythia [8] events from the DC04 data 2 . The sample contains single
and double diffractive (denoted by SD and DD respectively) as well as non–
diffractive inelastic events (ND). In our data sample 68.5% are ND, 17.8%
SD and 13.7% DD. Figure 8 shows the generated multiplicity distribution
of charged particles from these different processes. Here charged particles are
defined as all charged primary particles, including products of strong and elec-
tromagnetic decays, but excluding products from weak decays and particles
produced in secondary interactions.
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Fig. 8. Charged particle multiplicity (|η| < 1.5) generated with Pythia (125000
events) for different process types. The insert shows the region of low multiplicities.

4.2 The efficiency of the VZERO trigger

The above described data set has been used to evaluate the performance of the
VZERO trigger to select physics events. The efficiencies have been calculated
by dividing the number of events that fulfills a certain trigger condition with
the total number of events – this is done for each process type. The width of
all windows was set to 6 ns and the windows were centered at 11.3 (BBA), 3.0

2 The DC04 data have been made with AliRoot version 4-02-07, which includes
Pythia version 6.214.
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Process BBA BBC BBA or BBC BBA and BBC

Non–diffractive Inelastic

qq → qq 96.2 (89.6) 94.5 99.7 (99.2) 91.0 (85.0)

qg → qg 99.6 (98.9) 99.7 100 (100) 99.4 (98.7)

gg → qq̄ 100 (100) 100 100 (100) 100 (100)

gg → gg 99.9 (99.2) 99.9 100 (100) 99.9 (99.2)

Total ND 99.1 (97.1) 98.7 99.9 (99.8) 97.8 (96.0)

Diffractive

pp → pY 73.2 (66.0) 45.1 74.6 (70.8) 43.8 (40.4)

pp → Xp 39.2 (33.6) 70.0 71.4 (71.1) 37.8 (32.5)

pp → XY 68.0 (59.1) 65.1 86.2 (83.9) 46.8 (40.3)

Total Diff 61.2 (53.8) 60.6 78.4 (76.3) 43.3 (38.1)

All inelastic 87.6 (84.0) 87.2 93.4 (92.7) 81.4 (78.5)
Table 3
Efficiency of the VZERO trigger for different processes in fully simulated pp Pythia
events. The width of all time windows was set to 6 ns. The results in parenthesis
correspond to a BBA window width of 1 ns.

(BBC), −11.3 (BGA) and −3.0 (BGC) ns. The results for each class of events is
shown in Table 3. A variation of the width of the BBA window from 6 to 1 ns
produces the results quoted in parenthesis.

These results show that the VZERO trigger is quite efficient to select the non–
diffractive inelastic part of the pp cross section. This is the most interesting
physics from the point of view of using pp to compare to heavy ion collisions.
There is a very small change in the efficiency of the BBA window when its
length is shortened. The reason is that the window is triggered by the first par-
ticle arriving at the counter. When the window is shortened the later particles
may be lost, but normally the first particle is still inside the window.

In the diffractive case the situation is different because the multiplicity of
these events is lower. So there is not so much room for losing the signal in
some channels. Note that the efficiency is slightly different for SD events going
toward V0A and V0C. This is because of the slightly different pseudorapidity
acceptance of the counters.

One also observes that the combination that changes the most when shortening
the time window is, of course, BBA and BBC, while BBA or BBC almost do not
change. It is interesting to note that the efficiency of BBA or BBC is quite high
even for diffractive events. Note that no pp event has a signal either in the
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Process GLOB. FO LAYER SECTOR HALF SECTOR SW VERTEX UPPER CUT

Non–diffractive Inelastic

qq → qq 96.6 94.7 93.4 93.1 93.7 92.9 82.8

qg → qg 100 100 100 100 100 99.7 47.9

gg → qq̄ 100 100 100 100

gg → gg 99.9 99.7 99.7 99.7 100 100 54.5

Total ND 99.1 98.6 98.3 98.2 98.4 98.2 57.0

Diffractive

pp → pY 59.8 56.2 56.2 54.3 56.2 54.8 55.7

pp → Xp 60.1 56.8 56.3 55.9 56.3 55.9 56.3

pp → XY 69.6 62.0 59.9 58.7 60.8 58.4 62.0

Total Diff 64.1 58.9 57.8 56.6 58.2 56.6 58.6

All inelastic 88.0 86.0 85.5 85.0 85.6 85.0 57.5
Table 4
Efficiency of the Fast–OR trigger algorithms for pp fully simulated Pythia events.
Note that the upper cut has been tuned to give high efficiency for low multiplicities.
Therefore the comparatively low efficiency for all multiplicities.

BGA nor in the BGC windows, so a natural trigger, based only on VZERO, to
select most of the events would be

notBG and VZERO.OR., (3)

where notBG ≡ (not BGA) and (not BGC) and VZERO.OR. ≡ BBA or BBC.

Note that, even if it is not as efficient, a notBG and VZERO.and. trigger, where
VZERO.AND. ≡ BBA and BBC 3 ,is still a very good option.

4.3 The efficiency of the Pixel Fast–OR

Table 4 summarizes the efficiency of the different triggers for the different
process types.

Figure 9 shows the multiplicity distributions for charged particles (|η| < 1.5)
considering two of the seven studied versions of the Fast–OR trigger. The

3 The combination of the beam–beam windows will also sometimes be called BBand
or BBor
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Trigger GLOBAL FO LAYER SEC HALF SEC SW VERTEX UPPER CUT

Efficiency 100 98 96 95 97 94 98
Table 5
Efficiency of the FO for 1≤ Nch ≤ 3. The reduction going from GLOBAL FO to LAYER
is due to reduced acceptance.

GLOBAL F0 is 100% efficient for events with one or more charged particles
within |η| < 1.5. The reduction going from a GLOBAL FO to LAYER is due to
the reduced acceptance. Table 5 gives the efficiencies for events with number
of charged particles between 1 and 3 for the considered FO combinations. In
figure 10 we show (for future reference) the multiplicity distribution for the
UPPER CUT trigger.
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Fig. 9. The multiplicity distribution of charged particles for the GLOBAL FO and
the HALF SECTOR triggers. For comparison the VZERO.AND. is also shown. Primary
charged particles (generated) have been considered in |η| < 1.5.
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Fig. 10. The multiplicity distribution of charged particles for the UPPER
CUT.AND.LAYER trigger. It is very efficient for low multiplicities (basically as ef-
ficient as the LAYER) but looses at higher multiplicities. However, it is useful for
beam–background rejection (see section 5). For comparison the GLOBAL FO and
VZERO.AND. are also shown. Charged particles have been considered in |η| < 1.5.

4.4 Trigger bias on generated and reconstructed measurables

In this section we study what bias the different triggers impose on the set
of generated particles. The trigger conditions are made on the raw detector
information, i.e. the digits of the trigger detectors (see section 3), while the
physics distributions are made from the generated particles. We consider three
physics distributions: The multiplicity of charged particle with |η| < 1.5, the
pT –distribution (also with |η| < 1.5) and the pseudorapidity distribution. The
distributions obtained from events without any trigger requirements are in the
following compared to distributions obtained with trigger requirements. The
comparison is done considering all inelastic collisions.

Figure 11 shows the trigger efficiencies as function of primary charged particles
with |η| < 1.5. The GLOBAL FO is approximately 20% efficient for events
with no primary charged particles within |η| < 1.5, while it becomes 100%
efficient for events with one or more charged particles with |η| < 1.5. The
VZERO. AND. trigger is less efficient for low multiplicity events and only
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Fig. 11. Trigger efficiency for inelastic collisions collisions with N primary charged
particles within |η| < 1.5.

events with more than 4 particles within |η| < 1.5 gives a VZERO AND
trigger with more than 90% probability.
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Fig. 12. Trigger bias on the generated pT –distribution, i.e. yields from collisions
with a certain trigger divided by the yields for all inelastic collisions.

Figure 12 shows the effect of the trigger on the pT –distribution for three dif-
ferent triggers. Since the SPD covers the considered η range the trigger bias
on the spectrum is minimal – only a very small fraction of events with charged
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Fig. 13. Trigger bias on the pseudorapidity distribution, i.e. yields from collisions
with a certain trigger divided by the yields for all inelastic collisions.

particles with |η| < 1.5 are missed by the GLOBAL FO trigger. Furthermore,
it is very likely that at least one particle hits one of the VZERO counters,
which is why the bias is negligible also for the VZERO.OR trigger.For the
VZERO.AND. trigger the bias is slightly higher, but still only of the order
of a few percent. Note that the yields are normalized to the total number of
collisions and not to the number of collisions picked up by the trigger.

Figure 13 shows the effect of the triggers on the pseudorapidity distribution.
Around the central rapidities (|η| � 1.5) the effect of the VZERO.OR. and
GLOBAL.FO trigger inefficiency is negligible while it is of the order of two
percent for the VZERO.AND. trigger.

At higher pseudorapidities the trigger bias becomes slightly larger, but it re-
mains of the order of a few percent in the pseudorapidity region covered by
ALICE.

It has been verified that the trigger bias on distributions from reconstructed
tracks and SPD tracklets 4 is similar to that on distributions from generated
particles (figures 12 and 13).

4 A tracklet is combination of a hit in the inner layer and a hit in the outer layer
of the SPD that points to the vertex within some fiducial window.
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5 Beam background: beam gas and beam halo

5.1 Simulation

Beam–gas 5 is a background originating from the interaction of the circulating
protons with residual gas in the beam pipe. To simulate this type of events, the
HIJING generator is used to simulate pA collisions, where A = {O, H, C, He},
the main constituents of the gas. The collision vertices are distributed between
−20 and +20 meters. The z component of the momentum of the incoming pro-
ton is either positive or negative (± 7 TeV). The resulting trigger efficiencies
do not depend significantly on the different types of beam gas interactions.
Results presented are for pO collisions.
Beam–halo collisions can be simulated in much the same way as the beam–gas
[11]. The positions of the collisions were distributed uniformly between zvtx =
−50 m and zvtx= 30m 6 .

5.2 Beam background rejection using the VZERO

In this section we study how effective the VZERO trigger is to reject the
background. Note that V0A is positioned at 340 cm while V0C at −90 cm.
The results are presented in figure 14 as a function of the position zvtx of the
beam background interaction.

The beam–beam windows have a signal in half of the events. This is mostly a
geometrical effect (see discussion in section 5.4). The notBG and VZERO.and

trigger is the most efficient trigger to reject beam–gas and beam–halo in-
teractions. The notBG and BBor trigger is not as good (see figure 14), but
depending on the real conditions of LHC it may be acceptable. Remember
that this trigger is the most efficient to select the pp collisions. The spike on
figure 14, right panel around zvtx = 0 is for beam–gas interactions happening
between both VZERO counters and thus they are not tagged as beam–gas in-
teractions. Fortunately the rate of beam–gas collisions expected in this region
is very small with respect to that of pp interactions.

5 preliminary studies of these issues have been made in [10], although without
considering the current proposed trigger electronics.
6 For positive z the ALICE geometry in the simulation is only defined upto +30m,
therefore it was not simulated to +50m
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Fig. 14. Efficiency of the VZERO trigger to tag beam–gas events. To the left
the efficiency for the individual windows is shown. The right plot shows the
rejection power of the (VZERO.OR).AND.notBG condition. Not shown is the
VZERO.AND.and.notBG, which is extremely efficient to reject background ( it
accepts � 0.01 % of beam–gas as well as beam– halo).

5.3 The case of beam gas interactions in the next bunch

Given that the V0A is located at 11.3 ns from the interaction point and that
the bunch spacing of LHC when fully operational will be 25 ns, the beam–gas
interactions happening in the next bunch with respect to the colliding bunch
and behind V0A may produce particles reaching the BBA window at the right
time as shown schematically in Figure 15. These interactions will then mimic
pp collisions.

This may be a problem only for fully operational LHC and when using the
notBG and VZERO.OR. trigger. At the start of operation the bunch spacing
in the LHC will be 75 ns, so there is no ’resonance’ with the V0A position.
Furthermore this type of events can not have a signal in the BBC window at
the right time, so they do not affect the notBG and VZERO.AND. trigger.

There are three solutions if the VZERO rejection is still to be used in normal
pp running conditions:

(1) To use the notBG and VZERO.AND. trigger.

20



(BBA window is open)
@ T0 + 11.3 ns 2.4 ns

(next BGA window is open)
@ T0 + 13.7 ns

BBA window

next BGA window

25 ns

13.7 ns 11.3 ns
@ T0

Fig. 15. Beam–gas interactions behind V0A for the bunch after the current colliding
beam may have particles reaching V0A within the BBA window.

(2) To reduce the size of the BBA window. The ’resonance’ between the po-
sition of V0A and the bunch spacing is not exact. For smaller window
sizes it could be avoided in most cases. This is shown in figure 16. For a
window of 1 ns the rate of beam–gas collisions accepted by the trigger is
much reduced, while, as shown in Table 3, the efficiency to tag pp events
remains high.

(3) Use the BBC window of the next bunch (BBCn) to tag this type of events.
Note that this type of events is a normal beam–gas interaction for the
next bunch, so they produce a signal in the corresponding BBC window
as shown in Figure 14. The trigger defined by

notBGn and VZERO.OR. (4)

where notBGn ≡ (not BBA) or (not BBCn) accepts less than 0.1% of beam–
gas events in the next bunch using a 6 ns BBA window.

5.4 Beam background rejection using the Pixel Fast–OR

The efficiency for beam–gas and beam–halo background for the Pixel Fast–OR
are given in table 6. As one can see even the very restrictive VERTEX trigger
has an efficiency not far from 50 % to detect a beam background event.
Note that the efficiency is calculated by integrating over the full vertex range
– this means that beam–gas collisions that happen after the detectors (seen
from the direction of the incoming proton) are taken into account even though
particles originating from such collisions are very unlikely to hit the detectors.
If only collisions “before” the detector (i.e. with negative z and positive z
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using the notBG and VZERO.AND. trigger.

Trigger GLOBAL FO LAYER SEC HALF SEC SW VERTEX UPPER CUT

Beam–gas 46 42 40 39 41 40 7

Beam–halo 41 39 38 38 39 38 3
Table 6
Efficiencies of the FO triggers for beam background interactions.

component of the proton momentum or opposite) is taken into account the
efficiency will be closer to 100%. This is illustrated in figure 17.

The reason for this behavior is the high occupancy (in terms of number of
FO signals) which is characteristic for beam background events. Figure 18
shows the FO occupancy as a function of the z of the vertex. The linear
increase points to the fact that that the signals are dominated by secondary
particles. This fact is corroborated by looking at figure 19: signals in the SPD
are dominated by secondary particles produced in the beam pipe.

As can be seen in figure 18, the occupancies for beam–background events are
easily 10 % or more. In order to test the performance of the trigger algorithms
for such a high occupancy a small MC is used. For fixed occupancy, the FO
signals are randomly distributed in the array and the efficiency for the trigger
algorithms is evaluated. Figure 20 shows the efficiency as a function of occu-
pancy for a this type of random trigger. It can be seen that the VERTEX
trigger reaches full efficiency already at occupancies of about 3–4 %.
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Fig. 18. The FO occupancy (number of hits/total number of channels) as a function
of vertex position in z of the primary collision

The high occupancy on the other hand can be used as a tool to reject beam–
background with the SPD. Figure 21 shows the quantiles 7 of the distribution

7 The (100x)% quantile q of a probability density function P (z) is defined as∫ q
0 P (z)d z = x.
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Fig. 20. The efficiency of the SW and VERTEX triggers for a random distribution
of FO signals as a function of FO occupancy.

of charged particles for pp data and background. Since the FO occupancy is
proportional to the charged particle multiplicity (figure 22), further improve-
ment is possible. If it is possible to run the pixel in an OR with another
detector which is efficient at high multiplicities, one can impose tight upper
cut on the number of FO signals, leading to a significant reduction in beam
background.

The resulting efficiencies for pp data (UPPER CUT) have been presented
in table 5, for the beam gas see table 6. We show an example multiplicity
distribution in figure 10.
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6 Possible minimum bias triggers as combinations of VZERO and
Fast–OR

The studies of efficiencies in the previous sections suggests a combination of
VZERO and Fast–OR, possibly in OR, as the choice of minimum bias trigger.
Efficiency–wise the best choice certainly would be:

MB1 : (GLOBAL FO) or VZERO.OR. and notBG (5)

This option can be used “as is” for initial pp running (> 75 ns bunch spacing)
given that bunch crossing identification is not indispensable. For nominal pp
running the problems described in section 5.3 become important if no further
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Process MB 1 MB 2 MB 3

Non–diffractive Inelastic

qq → qq 99.7 96.3 97.4

qg → qg 100 100 100

gg → qq̄ 100 100 100

gg → gg 100 99.9 100

Total ND 99.9 99.1 99.4

Diffractive

pp → pY 74.0 59.4 56.6

pp → Xp 73.7 59.6 57.7

pp → XY 87.8 68.7 70.2

Total diff 79.9 63.5 62.8

All Inelastic 93.6 87.8 87.8

Beam Gas 7.7 2.0 16.4

Beam Halo 2.3 0.3 12.3
Table 7
Efficiency to tag pp or Beam Gas/Beam Halo events for the combinations of Fast–
OR and VZERO as defined in section 6. Note that pp and background have different
rates (see table 8).

tuning of the VZERO beam gas rejection is performed. If bunch–crossing
identification is indispensable, an option might arise in having:

MB2 : (GLOBAL FO) and VZERO.OR. and notBG (6)

Here again, however, beam gas rejection will depend mainly on VZERO.
A possible minimum bias trigger with good beam gas rejection and high effi-
ciency which does not need retuning of VZERO and is usable also in nominal
pp running is:

MB3 : (UPPER CUT) OR VZERO.AND. (7)

Again here, events only triggering the SPD will not have bunch crossing iden-
tification. The relevant efficiencies are summarized in table 7.

7 Expected Rates

Expected rates for beam gas and beam halo interactions are subject to sub-
stantial uncertainties mostly related to the uncertainty in the final gas den-
sities. Here we will give rate estimates which are based on the most recent
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source pp 25 ns pp 75 ns pilot runs

Rate [kHz] Rate [kHz] Rate [kHz]

pp 200 (188) 200 (188) 10 (9.4)

beam gas 5 (0.4) 1 (0.08) 0.05 (4 · 10−3)

beam halo 100 (2.3) 17 (0.4) 1 (0.023)
Table 8
Expected rates for pp signal and beam background for different running conditions.
The number in parenthesis is the rate including the MB1 trigger, assuming that it
can be used in all running conditions. For the definition of pilot run, see [11]

Quantity pp 25 ns pp 75 ns pilot runs
I
I◦ 1 0.3 0.02
L
L◦ 1 1 0.05
N
N◦ 1 0.5 0.5

Table 9
Assumptions used to calculate the rates for the different running scenarios. I denotes
the beam intensity, L the luminosity and N the residual gas density. Quantities
subscripted with ◦ denote quantities under nominal pp running conditions. The
nominal beam gas rate has been assumed to be Rbg = 120 Hzm−1. The nominal
beam halo rate has been calculated from slide 22 in [11]. The nominal pp luminosity
has been taken to be L◦ = 3 · 1030. .

numbers [11] and we will explicitly state the assumptions made in calculating
these rates, see table 9. The reader can then easily scale to different assumed
conditions. The results are summarized in table 8.

8 Summary

We have described the VZERO and Silicon Pixel Detectors and various pp
minimum bias and beam–gas rejection trigger definitions from these detectors.
The different trigger setups have been studied via simulations of pp and beam–
gas collisions and we have identified and discussed the different opportunities
and obstacles. The main conclusions of the study are:

• Technically, advanced topological SPD triggers are feasible (do not intro-
duce significant latency). However, if the SPD triggers are used in OR op-
eration with another trigger detector, bunch crossing identification might
not be possible for a fraction of the minimum bias events. For a discussion
of the impact of non-identified bunch crossings we refer to [12]

• Background from beam interactions with the residual gas in the beam pipe
can be rejected efficiently by the VZERO beam–gas trigger in the initial pp
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running (75 ns bunch spacing). Under nominal conditions the shorter time
between the beam crossings (25 ns) will require that the trigger time win-
dows are retuned or that new time windows are added in order to efficiently
separate beam–gas and beam–beam events.

• VZERO and SPD triggers are highly efficient for non–diffractive events (>
99 %). The highest efficiency for diffractive events is obtained by the OR of
the VZERO counters, which has an efficiency close to 100 %.

• Only very small bias on the shape of the pT and η distributions of particles
is imposed by the trigger conditions considered here. The strongest bias
(using the VZERO.AND.) is of the order of 2% for pT –distributions at the
lowest pT and < 5% on the pseudorapidity distributions on the edge of the
ALICE acceptance. The bias on the multiplicity distribution is larger in the
low multiplicity region.

• Three MB triggers for pp running have been suggested. These will give effi-
ciency for inelastic pp events of 93.6%, 87.7% and 87.8%. With the expected
beam–beam and beam–gas rates in the initial pp running they will give a
contamination by beam–gas events of approximately 0.2 to 1%. Under nom-
inal running, the contamination will be around 1% given that the VZERO
trigger could be used to reject background. Using the SPD to reject back-
ground as suggested in the variant MB3, leads to a contamination of around
5%.
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