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Abstract

The results of a full simulation of the RICH response in the ALICE radiation environ-
ment for the highest anticipated charged particle multiplicities of 8000 particles per unit of
rapidity in central PbPb collisions at

p
s = 5:5TeV=nucleon are presented. The contribu-

tions of primary and secondary charged and neutral particles to the overall occupancy are
discussed.



1 Introduction
The ALICE collaboration has proposed to use a proximity focusing ring imageC̆erenkov

counter (RICH) for high momentum particle identification (p > 1GeV=c). [1]. The detector will
be installed at a radius of� 4:8m and will cover approximately one unit of rapidity.

For the highest anticipated charged particle multiplicities of 8000 particles per unit of
rapidity in central PbPb collisions at

p
s = 5:5TeV=nucleon, the predicted number of charged

pions and kaons with momenta above1GeV=c (signal particles) amounts to� 5m�2 at the
position of the RICH. The flux of lower momentum primary particles and secondary particles
produced in detector elements below the RICH and in structural elements like the front absorber,
beam pipe and flanges is of the order of100m�2. Those particles have in general a much larger
angle of incidence than the signal particles which have�in � 10�.

The sizable radiation and hadronic interaction lengths of the RICH radiator and quartz
windows (13% and3:7%, respectively) and the hydrogen content of the gas gap, make the RICH
also sensitive to the neutral particle flux. The fluxes of photons and neutrons are, respectively,
one and two orders of magnitude higher than that of charged particles.

To evaluate and optimise the performance of the RICH it is mandatory to estimate the
contribution of the charged and neutral particle background to the overall occupancy. In this
note we describe the GEANT 3.21 [2] based implementation of the RICH response simulation
and the FLUKA [3, 6] based ALICE simulation of the radiation environment. The two programs
are chained to calculate the expected occupancy of the RICH.

2 GEANT Description of the RICH
To simulate its performance in the ALICE radiation environment a description of the

RICH has been implemented into the ALICE GEANT 3.21 based detector simulation code
GALICE [4]. The program uses the GEANT routines GGCKOV and GTCKOV for the genera-
tion and tracking of̆Cerenkov photons.

The modeling of the RICH response is based on the stand-alone coderichsim. In addition
to the original code we explicitly track feedback photons and the response of charged tracks
having a large angle of incidence�inc (gapsize � tan �inc > padsize) is taken into account.
Through the simulation of hadronic and electro-magnetic interactions in the RICH, the GEANT
implementation allows us to evaluate the detector response to gammas and neutrons.

2.1 Geometry
The RICH geometry defined for GEANT [5] comprises the layered structure of the active

part and the frames of the modules. The active part includes dead regions due to spacers and
boundaries between radiator modules. The wire grid is not part of the geometry but its absorp-
tion effect is taken into account during tracking. The backplane of the RICH, i.e. photo-cathode,
pad-plane and electronics is implemented through one volume with tracking medium attributes
bearing theC̆erenkov photon detection efficiency and the average number of radiation length.
The cathode segmentation,162� 162 pads per module and a pad size8� 8mm2, is taken into
account at the signal generation level.

2.2 C̆erenkov Photon Generation and Tracking
The average number of photons produced in a tracking step of sizeSTEP is STEP �

dN=dx with
dN

dx
= 370z2(pmax

 � pmin
 � 1

�2

Z pmax

pmin

dp
1

n(p)2
): (1)
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Herez is the charge of the particle,n the refraction index of the medium andp the momentum
of the photon. The momentum distribution is sampled from the density function

f(p) = 1� 1

n2(p)�2
: (2)

C̆erenkov photons undergo absorption and medium boundary interactions. Rayleigh scat-
tering is not simulated, but the effect is relatively unimportant, since the free path length is
� 1m in quartz. The optical properties of the RICH media, i.e. refraction indices, absorption
constants and the quantum efficiency of the photo-cathode as a function of the photon energy
have been defined to GEANT according to our best knowledge (Figs. 1, 2).

The absorption of the photons by the wire grid is not simulated in detail but on a statis-
tical basis. The grid transmission probabilityT is taken to a function of the angle of incidence
perpendicular to the wires (�?) for cos �? > � is

T = 1� �

cos �?
; (3)

andT = 0 for larger angles.
The parameter� is the absorption probability at normal incidence, i.e. the occupation

density of the wires.
The quantum efficiency QE is, by definition, the probability of photo-conversion of an

incident photon at a given energy; therefore any QE curve includes the reflection losses which,
in turn, depend on the photon incidence angle on the photo-cathode surface. That has to be taken
into account when comparing QE measured in laboratory with perpendicular UV-beam and the
quantum response of the same photo-cathode toC̆erenkov photons having oblique incidence.
Indeed in the simulation a suitable correction for that effect is included: the used QE curve is
such that it can be compared to laboratory measurements and the photo-conversion probability is
calculated as QE� 1�RF (�)

1�RF (?)
.R is the Fresnel reflection probability calculated using a CsI complex

refractive index [7]:

Rs = [
(a� cos �)2 + b2

(a + cos �)2 + b2
]; (4)

Rp = Rs � [ (a� sin � tan �)2 + b2

(a+ sin � tan �)2 + b2
]; (5)

R =
1

2
(Rp(1 + Ip) +Rs(1� Ip)); (6)

with

a2 =
1

2
f[(n2 � k2 � sin2 �)2 + 4n2k2]

1

2 + (n2 � k2 � sin2 �)g; (7)

b2 =
1

2
f[(n2 � k2 � sin2 �)2 + 4n2k2]

1

2 � (n2 � k2 � sin2 �)g; (8)

andIp is the degree of polarization varying from 1 to -1 for perfectp ands-polarization, respec-
tively. In case ofC̆erenkov photons, which arep-polarized, anIp value of 0.8 is assumed to take
into account the modification of the polarization status corresponding to the rotation of the po-
larization plane determined by surface irregularities. A further correction of the photo-cathode
reflectance, related to the changes in the incidence angles caused by surface roughness [8], is
obtained multiplyingRF by:
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� = exp(�(4� cos ��
�
)2); (9)

where� is the rms surface roughness (� 20 nm) and� is the photon wavelength. Both
corrections were needed to best reproduce the relevant feature of the single particle beam-test.

Fig. 3 shows as a function of the photon energy the combined photon efficiency due to
absorption, reflection and the photo-cathode (CsI) quantum efficiency (QE). The CsI efficiency
alone is shown as a dashed line. A break-up of the losses is shown in Table 1. Out of the� 320
photons/MIP produced in the radiator and with energies between5:6 eV and7:8 eV , 21 are
detected.
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Figure 1: Refraction index(n� 1) for
quartz (solid line) andC6F14 (dashed
line) used in the simulation.
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Figure 2: Absorption length forC6F14

(solid line), quartz (dashed line) and
CH4 (dotted line) used in the simula-
tion.
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Figure 3: Overall efficiency (solid
line) and CsI quantum efficiency
(dashed line) as a function of the pho-
ton energy.
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Loss Mechanism Number of Lost Photons
Absorption inC6F14 41.2
Absorption in quartz 52.4
Absorption in methane 1.7
Absorption in wires 21.5
Fresnel Reflection on CsI 17.6
CsI Inefficiency 170.7

Table 1: Photon losses out of 326 produced per MIP in the radiator.

2.3 Background Processes
2.3.1 Photon Feedback

The production of feedback photons is included by the call to a user routine each time a
signal is generated on the pad plane. The number of generated feedback photons is proportional
to the total avalanche charge:Nfeed = �FQ . An �F -value of 0.05, for charge measured in
ADC-channels, reproduces best beam-test events. This value results from a correction for two
distinct effects of the feedback rate proposed by Seguinot for hydrocarbon gases [9]. Firstly the
visiblecharge in the detector is lower than the total charge developed in the avalanche for two
reasons: the integrating time of the front-end electronics, allowing to detect about half of the
full signal [10], and the sharing of the signal among neighboring wires and the two cathode
planes. Secondly the reflection at the anode wires enhances up to� 15% the number of the
feedback photons directed towards the photo-cathode. The photons are generated with an origin
at the location of the avalanche on the sense wire, with an isotropic angular distribution and
with energies shared among the three carbon lines at 193.1 nm, 165.7 nm and 156.1 nm, with
respective probabilities of 13, 57 and 30% [11]. In order to track the feedback photons they are
put asC̆erenkov photons on the GEANT particle stack.

2.3.2 Secondary Charged Particles
The production of background hits through gamma conversions or hadronic interactions

in one of the detector planes is taken into account automatically by GEANT during tracking.
By setting the kinetic energy threshold for the tracking to its lowest reasonable value (50 keV
for gammas, electrons and positrons), we aim at the best possible description of the background
in a high radiation environment.

2.4 Signal Generation
For one detected photon, corresponding to one single electron in the sensitive gas gap,

the avalanche chargeQ0 is drawn from an exponential distribution with mean a value ofq0 .

P (q) =
1

q0
exp

�q
q0

: (10)

For a charged particle we determine the number of primary electrons from the energy lost
by ionisation in the sensitive gas gap and the mean ionisation energy. The avalanche charge is
the sum of the partial charges for each electron.

The evaluation of the distribution of the induced charge on the cathode plane is an elec-
trostatic problem which can be solved by considering the signal induced on the electrodes by a
positive point charge as a function of spatial coordinates. For a given MWPC geometry, different
models provide the parameterization of the geometrical spread of induction [12, 13, 14, 15]. In
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particular, that of Gatti describes the distribution of the induced charges along the anode wires
taking into account: the finite sampling of the signal related to the cathode strip segmentation,
the capacitive coupling among strips, and the amplifier white noise. In that model the fraction
�(�) of the total charge at a given normalized coordinate� = x=D in the sense wire direction
(whereD is the anode-cathode gap), is:

�(�) = K1
1� tanh2(K2�)

1 +K3 tanh
2(K2�)

; (11)

whereK1; K2; K3 are parameters depending on the chamber geometry.
Mathieson et al. [16] have demonstrated that, in a symmetrical chamber, the charge distribution
may be considered approximately symmetrical in both directions, perpendicular and parallel
to the wires, and that�(�) may be conveniently described in in terms ofK3 only, the three
parameters being related by the following relations:

K2 =
�

2
(1� 1

2

q
K3); (12)

K1 =
K2

p
K3

4 arctan(
p
K3)

: (13)

The free parameterK3 may vary between 0 and 1 depending on the wire diameter and on
the ratio ofD and the wire pitch [17] . The pad pattern is generated by distributing the total
charge according to the Mathieson-Gatti parameterization of the charge distribution�(L), where
L = x=h is the impact pointx relative to the pad centre normalised to the anode-cathode gap
heighth. In our simulations, the parameterK3 was set to 0.7 to get the best agreement with
test-beam data.

Background particles can have any angle of incidence and their path in the gas gap pro-
jected on the pad plane can pass many pads (gapsize � tan �inc > padsize). In this case the
signal generation is performed at each crossing of a pad boundary. An example of a simulated
background event is shown in Fig. 4. In this event a350GeV=c charged pion has performed a
hadronic interaction with the RICH backplane. One of the produced secondary particles travels
nearly parallel to the cathode plane and produces a long track.

2.5 Electronics Noise and Zero-Suppression
In the output produced by GALICE, currentlycolumn wise ntuples (cwn), the induced

charge per pad is stored separately for each hit. From this information thedigit of each pad
is obtained by summing up the individual contributions from all hits and then applying the
addition of random noise and zero suppression. This procedure allows, in case of overlapping
hits, to determine in an analysis program the individual contributions to the hits and evaluate
their influence on occupancy, pattern recognition and angular resolution.

For the simulation results presented in this note we added random noise with armsof 1
ADC-channel. In the following we use ADC-channels (ADC chan) as a unit for the pulse-height
(ph) and 1 ADC chan corresponds to 0.17 fC. The pad to pad variation of the noiserms is 0.12
ADC chan. A threshold of 5 ADC chan is applied.

2.6 Comparison with Test Beam Data
Table 2 compares the simulation results of the RICH response to350GeV=c pions to

results from test beam data relevant for the evaluation of the occupancy (number of clusters,
cluster size and integrated pulse height). The overall agreement is very satisfactory.
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Figure 4: Simulated RICH response to a hadronic interaction in the backplane.

3 Background Simulation
Charged and neutral background particles are produced in structural elements (absorber,

beam-pipe flanges) and other detectors. GEANT and FLUKA simulations have been performed
to calculate the expected flux of background particles. Both simulations use a coarse descrip-
tion of the ALICE geometry outside the RICH, representing the material budget to our best
knowledge. The GEANT simulation includes a fine description of the RICH and its response as
described in the previous section. The present version of FLUKA does not provide generation
and tracking ofC̆erenkov photons. Hence, the simulation of the detector response is not possi-
ble within the same program. Instead, we store the momentum vector of particles entering the
RICH region on a file. This file is used as an input to GALICE, where the detector response is
simulated in a second step.

FLUKA was run with the EMF option for explicit electro-magnetic shower evolution.
Close to the material surfaces, the gamma and electron kinetic energy cuts were set to 50 and
100 keV, respectively. Higher cuts where used in shielded regions in order to decrease the calcu-
lation time. Neutrons were produced and tracked down to thermal energies. All other particles
were tracked down to a kinetic energy of1MeV.

The same kinetic energy cuts were used in the GALICE simulations. Except for neutrons
which are only tracked down to minimum kinetic energy of10 keV. The GEANT/MICAP in-
terface has been used to simulate the RICH response to low-energetic neutrons resulting from
the FLUKA simulation.

The primary particle flux has been simulated by sampling from pion and kaon pseudo-
rapidity distributions obtained from the HIJING event generator as described in Ref. [18]. The
normalisation was adjusted to obtain 8000 charged particles per unit of rapidity in the central
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Data Simulation
Photon Fiducial Region

resolved clusters 16 15.5
cluster size 2.0 1.9
total charge (ADC chan) 968 928

MIP Region
cluster size 5.5 5.3
cluster charge (ADC chan) 982 1096

Outside Fiducial and MIP
clusters 1.5 1.45
cluster size 1.5 1.8
total charge (ADC chan) 100 83

Table 2: RICH response to single pions comparing data and simulation for an average single
electron pulse-height ofA0 = 43ADCchan

region.

4 Results
4.1 Charged and Neutral Particle Fluxes

A break-down of the charged and neutral particle fluxes at the radial position of the RICH
as obtained with FLUKA is shown in Table 3. The flux of primary pions and kaons amounts to
32:2m�2 and1:4m�2, respectively. A similar contribution to the charged particle flux comes
from electrons and positrons (43m�2). The proton flux is low (3:7m�2), but a potential hazard
results from their stronger ionisation loss. Only8% of the charged particles enter the RICH
from above, i.e. backscattering from the L3 magnet.

The flux amounts to1500m�2. Most of the s are products from secondary interac-
tions. About30% of the total flux is shining from the L3 magnet onto the RICH.

The total neutron flux amounts to9100m�2, out of which34% are neutrons with kinetic
energies above100 keV and2% are thermal neutrons. The fast neutrons can create a signal by
knocking out a proton from the methane gap. Nearly the same amount of neutrons are reaching
the RICH from below as from above.

The fluxes of charged particles, gammas and neutrons as a function of the position along
the beam axis (z) are shown in Fig. 5. Some asymmetries with respect to the interaction point
(z = 0) can be observed due to the presence of the front absorber and the ITS services.

4.2 Event Displays
The pattern of hit pads in one module for a central PbPb collision is shown in Fig. 6.

The charge amplification expressed as the single electron pulse-height (SEPH) for this event
is 20ADCchan. 9:3% of the pads have a signal above threshold. To get an impression of the
influence of the background hits we show in Fig. 7 the hit pattern produced by primary charged
pions alone. In this case the occupancy amounts to only4%. Fig. 8 shows the ring pattern created
by the pions with momenta above1GeV=c.

The pattern produced by gamma conversions in the RICH alone is shown in Fig. 9. As
for hadronic interactions, backscattering from the cathode-plane can produce track segments as
can be seen in the lower right part of the picture. Conversions in the quartz window can produce
pairs of MIP clusters, but more likely they overlap. Conversion in the radiator or in front can
produce double rings (see figure 10.
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Particle Flux (m�2) Flux from below (m�2)
All �� 40.70 39.6
Primary�� 32.20 32.2
Primary�� (p > 1GeV=c) 4.6 4.6
All K� 1.40 1.40
PrimaryK� 1.33 1.33
PrimaryK� (p > 1GeV=c) 0.59 0.59
�+ �� 14.10 12.3
Electrons 28.66 25.79
Positrons 14.96 12.60
Protons (secondary) 3.69 3.27
All charged 103.5 94.96

All  1490 1030
primary 120 120
 (E > 1MeV) 559 392

All neutrons 9100 4970
Neutrons (Ekin > 100 keV) 3100 2059
Thermal neutrons 205 130

Table 3: Neutral and charged particle fluxes atR = 4:8 m

SEPHADCchan Mean Occupancy (%)
10 5.6
20 9.2
30 11.2
43 12.7

Table 4: Simulated mean occupancy as a function of the amplification expressed as the average
SEPH.

As will be shown in the next section the contribution of neutrons to the overall occupancy
is small. Locally, however, the knock-out of a proton by a fast neutron can lead to a substantial
release of charge creating a large pad cluster as can be seen from Fig. 11.

4.3 Occupancy
The occupancies for each of the seven RICH modules as obtained from one simulated

central PbPb (SEPH20ADCchan) are shown in Table 12. The average occupancy amounts to
9:23%.

The effect on the occupancy of varying the SEPH from10ADCchan to 40ADCchan is
demonstrated in Table 4. If the production of feedback photons is not included in the simula-
tion the occupancy amounts to8:3% for a SEPH of10ADCchan and10:7% for 43ADCchan,
demonstrating the importance of the effect. Decreasing the amplification will also decrease the
number of signal hits. Hence, the choice of the amplification has to come from an optimisation
of pattern recognition efficiency and resolution.

Finally, we show in Table 5 the relative contributions of the different particle species to
the occupancy. The values were obtained by observing the decrease in occupancy when the
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Figure 5: Charged and neutral particle fluxes as a function of the coordinatez along the beam
axis simulated with FLUKA.

Particle Contribution in%
pions 37
�+, �� 13
photons 22
e+, e� 23
neutrons 4.0

Table 5: Simulated contributions of individual particle fluxes to the mean occupancy.

respective particle was taken out of the total flux. Half of the occupancy results from pions and
the muons from their decay. Primary pions and kaons alone lead to an occupancy of3:2%.

Except for neutrons the contribution from MIP hit patterns to the occupancy amounts to
28%. The response to neutrons results mainly from proton knock-out. These protons are below
theC̆erenkov threshold and, hence, the MIP contribution dominates (90% ).

5 Conclusions
A full simulation of the RICH response in the ALICE radiation environment for the high-

est anticipated charged particle multiplicities of 8000 particles per unit of rapidity in central
PbPb collisions at

p
s = 5:5TeV=nucleon has been performed. From a FLUKA simulation we

find that the number of signal particles (pions and kaons with momenta above1GeV=c) seen by
the RICH amounts to5m�2. The signal is deteriorated by a flux of background particles con-
sisting of primary particles and their decay muons with momenta below1GeV=c and secondary
particles produced in structural elements and detectors located below the RICH. The fluxes of
charged particles, gammas and neutrons amount to100m2, 1500m2, and9000m2 respectively.

The response of the RICH to gammas results mainly from conversions in the quartz win-
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Figure 6: Simulated full event (PbPb central collision) as seen by a RICH module.

dows and the liquid radiator. Neutron response is mainly due to proton knock-out.
The irreducible occupancy due to primary particles and their decay muons amounts to

� 3% at a SEPH of20ADCchan. Gamma conversion inside and outside the detector and,
to a lesser extent, pions from hadronic interactions increase the occupancy to� 9%. Neu-
trons contribute only� 4% to the total occupancy. They produce, however, large clusters
(� 100 pads=cluster), which blind the RICH locally. The effect of the corresponding large
local release of charge on the RICH performance and aging should be investigated.
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Figure 9: Same as figure 6, but for gammas only.
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Figure 10: Examples of single gamma interaction in the RICH (E = 100MeV)
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Figure 11: Same as figure 6, but for neutrons only.
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Figure 12: Simulated occupancies (in % ) of the seven RICH modules for one central PbPb
collision (SEPH:20ADCchan).
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