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Pusan National University, Dept. of Physics, Pusan, South Korea
J. Song, J. Yi, I.-K. Yoo

Universita degli Studi di Bari, Dipartimento Interateneo di Fisica
”M. Merlin ” & INFN Sezione di Bari, Bari, Italy
G. De Cataldo, D. Di Bari, M. Mastromarco, E. Nappi, C. Pastore, D. Per-
rino, G. Volpe

University of Houston, Houston, USA
R. Bellwied, L. Pinsky, A. Timmins

University of Texas at Austin, Austin, USA
C. Markert

Yale University, New Haven, USA
J. Harris, N. Smirnov

Contact person:
Antonio Di Mauro (antonio.di.mauro@cern.ch)

2



Abstract

We propose the construction of a new detector to extend the capa-
bilities of ALICE in the high transverse momentum (pT ) region. The
proposed VHMPID detector performs charged hadron identification
on a track-by-track basis in the 10 GeV/c < p < 30 GeV/c mo-
mentum range and provides ALICE with new opportunities to study
parton-medium interactions at LHC energies. The VHMPID covers
11.2% of the ALICE central barrel and presents sufficient acceptance
for triggered- and tagged-jet studies, allowing for the first time identi-
fied charged hadron measurements in jets. This Letter of Intent sum-
marizes the physics motivations for such a detector, its layout and
integration into ALICE and the trigger opportunities that it presents.
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1 Physics Motivation

The purpose of the ALICE experiment is to identify and study the quark-
gluon plasma (QGP) in heavy ion collisions at LHC energies [2]. The ALICE
detectors were designed in the mid-1990’s with the aim to discover the prop-
erties of QCD matter at high temperatures in the soft regime. However,
after the start of operation of RHIC at BNL in 2000, results from high en-
ergy nucleus-nucleus collisions have shown the importance of high momentum
particles as hard probes and the need for particle identification in a very large
momentum range. The ALICE detector has a unique capability to identify a
wide variety of particles, however its momentum coverage should be extended
to meet new physics challenges at LHC.

To significantly enhance ALICE’s particle identification capabilities in the
regime of particle-by-particle measurements, we propose to construct a new
detector for ALICE, the Very High Momentum Particle Identification
Detector (VHMPID).

The VHMPID aims to identify charged pions, kaons, protons and antipro-
tons in the momentum range 10 GeV/c < pT < 30 GeV/c on a track-by-track
basis. The detector is a state-of-the-art Ring Imaging CHerenkov detector
(RICH), designed to meet the constraints of available space and structure
inside ALICE, without compromising the prospect for new physics. The
VHMPID covers 11.2% of the acceptance of the TPC and will be located on
both sides of the PHOS detector and opposite in azimuth to the HMPID1.

The primary purpose of the VHMPID is to investigate the hadro-chemistry
of the fragmentation process in vacuum and in medium. This gives us a
unique view of the hadronization process itself, which is non-perturbative
and thus often treated simply through a factorization approach in the per-
turbative calculations. The underlying physics and the relevant degrees of
freedom, in particular in the deconfined medium, are not known and gen-
erally approximated schematically on the basis of lattice QCD calculations.
Only specific experimental evidence of the modification of the hadronization
process in medium will enable us to constrain the schematic models and
gain a deeper understanding of the fundamental process of hadron formation
during the evolution of the deconfined matter. Since the low momentum
region of the hadron spectrum is populated by many competing processes,
such as thermal production and recombination in addition to fragmentation,
only the high momentum part of the spectrum can be interpreted unambigu-
ously. Historically this region is considered featureless with respect to specific

1This acceptance for single inclusive measurements on the relevant basis of comparison,
is the TPC acceptance between η = ±0.9. While for jet measurements η = ±0.5 to be
fully able to contain a jet.
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quark configurations, since the fragmentation process and its modification in
medium should not be flavor or configuration dependent, at least in the light
quark sector. Recent results from RHIC though [3, 4], hint at a much more
complex problem by revealing distinct features in the nuclear suppression
factors for light quark hadrons at high pT . It seems that the measurement of
the high momentum hadro-chemistry in jets might enable us to understand
baryon-meson formation and flavor specific effects. This has also led to a
series of theoretical predictions for high-pT particle formation in vacuum and
in medium [5, 6, 7]. In order to measure hadron formation in jets we need
a detector that can identify hadrons on a track-by-track and event-by-event
basis out to 20− 30 GeV/c. A RICH based Cherenkov detector presently is
the only technology capable of such measurements.

The VHMPID, in conjunction with the central barrel tracking, has the
ability to focus on the following physics measurement topics in both proton-
proton and heavy ion collisions, which are not possible in the present ALICE
setup :

• Measurement of jets and identified jet fragmentation functions
on a track-by-track basis for charged hadrons (pions, kaons
and protons) in the momentum range 10 GeV/c < pT < 30
GeV/c to study parton energy loss and medium modification
of the hadronization.

• Measurements of jet structure, intra jet momentum and flavor
correlations, PID tagged hadron-jet correlations to perform
improved PID tagged jet tomography with enhanced preci-
sion.

• Measurement of special jet features (eg. baryonic number bal-
ance) and possible enhancements of specific particle configu-
rations compared to proton yields (modification of hadroniza-
tion).

In the present ALICE configuration the investigation of the high-pT re-
gion is possible by the current sub-detectors in a limited way. The HMPID
provides particle identification up to pT ∼ 3 and ∼ 5 GeV/c for kaons and
protons, respectively [2]. The TPC could provide identification of charged
hadrons at larger momenta on a statistical basis by using the energy loss
measurements in the relativistic rise region. However, results from RHIC
have proven that high-pT identified particles and high-pT hadron-tagged jets
carry more detailed information about the energy loss mechanism and cor-
relations than charged particles alone. The proposed VHMPID detector will
extend the track-by-track PID capability of ALICE in the high-pT region.
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Proton-proton collisions are another primary goal of the LHC, and are
presently performed at various center of mass energies [8]. The ALICE
collaboration has proposed a wide spectrum of measurements of minimum
bias and jet triggered studies for proton-proton collisions. In such an ele-
mentary system the VHMPID measurements at high pT have a significantly
larger signal-to-noise ratio and thus lead to very stringent baseline measure-
ments of the hadron yield for later comparison to the nucleus-nucleus data.
The recent RHIC pp analyses, based on measurements of identified parti-
cles, address two main topics: the aforementioned hadro-chemistry and PID
triggered jet analysis [9, 10, 11, 12]. The first set of measurements mainly
measures the flavor balance in PID triggered minimum bias spectra thus
testing hadronization/fragmentation models. The latter focusses on the ge-
ometrical distribution (e.g. angular distribution) of flavors in event-by-event
analysis.

In heavy ion collisions hadrons emitted from the QGP are predominantly
in the transverse momentum region pT < 2 GeV/c, initial studies focused
on the lower momentum region to ascertain bulk properties of the medium.
These studies have established a rapid buildup of strong collective flow early
in the collision and the consistency of the yields of identified hadrons with
results of a thermal model [5] with a temperature T ≈ 175 MeV, similarly
to predictions of lattice QCD calculations at the time of QGP hadroniza-
tion [13, 14]. The measurement of a strong hadron suppression up to 20
GeV/c at RHIC has highlighted the importance of the high-pT regime. This
regime might have unexpected particle species dependent features, though.
Certain theories, based on recombination for example, have postulated strong
particle dependent effects, in particular in the light flavor baryon sector (en-
hanced formation) out to 20 GeV/c [7], whereas theories based on enhanced
gluon splitting or early formation time [5, 6] predict effects also in the meson
sector. Thus PID out to high pT will unambiguously test certain recombina-
tion and fragmentation predictions. Furthermore, analysis of back-to-back
jets in heavy ion collisions via di-hadron correlations have shown the role of
the non-Abelian jet energy loss [15] on the away side jet [16]. These find-
ings enhanced the interest in jet physics and jet-matter interaction in heavy
ion collisions. Recent high-pT ”jet-tomography” methods like 2 + 1- and
3-particle correlation techniques allow to investigate triggered di-jet produc-
tion and the interaction with the medium (the parton energy loss) [17, 18].
Similar measurements and observations are expected in ALICE as well, how-
ever fragmentation properties cannot be extracted from correlation measure-
ments. Instead, characterization of the underlying event (UE) and full jet
reconstruction will provide access to the hard process and the fragmenta-
tion [19, 20, 21, 22].
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Particle identification would be essential to pursue intra- and inter-jet
correlations to determine details of the fragmentation (hadronization) pro-
cess in the medium [23, 24, 25, 26] and differentiate it using the anomalous
baryon/meson ratio observed in the intermediate transverse momentum re-
gion at RHIC energies. The same anomalous ratio appeared in the so called
’ridge’ of heavy ion collisions. These phenomena constitute a challenge for
theoretical calculations [27, 28, 30, 31]. It is expected that this observed
anomaly will extend higher in pT at the LHC energy due to a combination of
the higher multiplicities and multiple mini-jet production, thus it is crucial
to identify hadrons in pT region as high as possible.

Furthermore, these studies will offer a unique opportunity to investigate
in more detail and from different perspectives the properties of the QGP, as
well as address the issue of parton energy loss mechanisms in the medium.

The higher energy at the LHC will enhance the yields of hard processes
and heavy flavors (factor ∼ 10 in charm production and factor ∼ 100 in
bottom production), compared to RHIC.

The construction of the VHMPID detector is based on earlier experience
with the ALICE HMPID detector, thus the technology is in-hand. Data col-
lection and DAQ integration can be performed on the basis of the present
HMPID experience. The available space on both sides of the PHOS ap-
pears to be sufficient for five VHMPID modules, which will provide sufficient
acceptance to reach the physics goals mentioned above.

In the following we summarize a possible lay-out of the VHMPID detector
and its integration into ALICE. We also review possible trigger methods to
improve the detection of rare events at high-pT .

We propose that both the physics motivation and our experience with
the HMPID provide an appropriate basis for construction of the VHMPID
detector and its installation into ALICE.

2 The VHMPID detector layout

The momentum range of interest for PID has driven the choice towards a
focusing RICH detector with C4F10 gaseous radiator. However, other factors
have a strong impact on the detector design.

The small available space inside the ALICE detector results in limita-
tions of radiator length and geometrical acceptance. This last parameter,
combined with the expected low charged particle yield at high momentum,
makes necessary the implementation of a high-pT trigger to maximize the
event rate. One trigger option, as discussed later, consists in a new dedicated
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detector to be integrated in the same volume available for the full VHMPID
system, thus resulting in further limitations on the radiator length. The ex-
pected large photosensitive area of about 3 m2 and the operation inside the
magnetic field of 0.5 T of the ALICE solenoid suggested to exploit the ex-
perience gained with CsI-based gaseous photon detectors within the ALICE
HMPID RICH project, more than exploring other solutions like vacuum or
solid state devices which are significantly less cost-effective or not suitable
for this application.

Figure 1: Principle scheme of the VHMPID with focusing RICH.

Fig. 1 shows a schematic view of the detector layout. The Cherenkov
photons emitted in the radiator are focused by a spherical mirror (of radius
of curvature R) on the photodetector plane, located at R/2 from the mirror
center. We review here the main elements of the detector, the Cherenkov
radiator and the photon detector.

2.1 The gaseous radiator

Perfluorocarbon gases CnF2n+2 are characterized by refractive index and
low chromaticity which is best suited to particle identification (PID) above
10 GeV/c. In particular, considering only room temperature gases (thus
avoiding a further complication like detector heating) CF4 (〈n〉 ≈ 1.0005,
γth ≈ 31.6) and C4F10 (〈n〉 ≈ 1.0014, γth ≈ 18.9) [32] are the only possible
candidates. Fig. 2 shows the refractive index of the two gases as a function
of the photon energy. The theoretical Cherenkov angle and photon yields
(cm−1eV−1) as a function of the momentum, for pions, kaons and protons,
in both gases are reported in Figs. 3 and 4.
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Figure 2: Refractive index of CF4 and C4F10 as a function of photon energy.

Finally, our choice is restricted to C4F10, since the momentum threshold
for Cherenkov emission in CF4 is too high and not suitable for the momentum
range 10− 30 GeV/c where PID is required. The radiator length, presently
fixed at 80 cm, is limited by the maximum detector height compatible with
the space available inside the ALICE experiment. Further studies will be
performed in order to optimize such length.

The mirror has a lightweight carbon-fiber substrate, a material which min-
imizes the material for traversing particles and is fluorocarbon-compatible,
thus not degraded by C4F10 [33]. High reflectivity up to VUV (Vacuum Ultra
Violet) is achieved by Al/MgF2 coating [34].

Figure 3: Cherenkov angle as a function of momentum for π, K and p in
CF4 and C4F10.
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Figure 4: Photon yield (eV−1cm−1) as a function of momentum for π, K and
p for CF4 and C4F10.

2.2 The photon detector

The baseline solution for the photon detector is a Multi-Wire Proportional
Chamber (MWPC) equipped with a CsI photocathode consisting of pad-
segmented cathode coated with a 300 nm thick CsI layer. The chamber has
the same structure and characteristics as in the HMPID [41]. It is separated
from the gaseous radiator volume by a 4 mm thick SiO2 window. The gas used
is CH4, the pad size is 0.8×0.84 cm2, the wire pitch is 4.2 mm and the anode-
cathode gap is 2 mm. The available space in the ALICE solendoid results in
contraints on radiator length hence on the Cherenkov angle resolution, which
depends on the number of detected photons. To overcome such limitations,
a layout with CaF2 window – to increase the number of Cherenkov photons
thanks to the lower UV cut-off (See later on Fig. 9), and with smaller pads
(to improve the spatial resolution) is under study.

The Front-End electronics (FEE) is based on the Gassiplex chip, achieving
1000e− noise on detector; the single electron average pulse height at 2050 V
is 35 ADC channels corresponding to about 40000e−.

As alternative option, a photon detector based on triple Thick-GEM with
reflective CsI photo-converter is under evaluation (See more in: Appendix A).
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3 The VHMPID integration in ALICE and

design issues

The detector design will be strongly affected by the limited space available
inside the ALICE solenoid. A super-module layout with large radiator vessels
has been adopted in order to exploit all the available space and maximize the
acceptance (Figs. 5, 6 and 7). With four side modules of 3.2×1.7 m2 and one
central of 2.6×1.7 m2, a total acceptance of 12% of the ALICE central barrel
can be achieved in the pseudorapidity range η = ±0.5, corresponding to jets
fully contained inside the ALICE TPC. Fig. 7 shows the cross-section of the
central module with the organization of the different subsystems. According
to the present layout, each super-module will be equipped with an array
or mirrors of about 50 × 60 cm2, each focusing Cherenkov photons on a
corresponding photon detector of 20 × 30 cm2 area. Mirror segmentation
and orientation are under investigation to minimize the photosensitive area
while keeping identification efficiency for close tracks [35].

Figure 5: The proposed VHMPID layout, with five super-modules next to the
PHOS detector and the D-CAL electromagnetic calorimeter extension.

The handling and installation of any new detector in ALICE is a delicate
operation. This is due to the difficult access to crowded areas such as the
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Figure 6: Front-view from the A-side of the proposed VHMPID layout.

front part of the solenoid and the volume inside it. The presence of the mini-
space-frame limits the use of the crane and consequently the weight of the
objects to be integrated. The need of having light elements is a fundamental
parameter in the design of both the detector and the support structures
since the largest part of the installation work has to be made ”by hand”.
The only tools that can be used inside the solenoid to help the installation
are temporary supports and rails and relatively small pulleys. The support
structure of the VHMPID could be realized by an extension of the new DCAL
and PHOS cradle with bolted modular aluminium elements.

The installation of new services (cables, pipes, etc.) inside the solenoid
will also require a very accurate study, given the limited amount of free
slots available in the cable-trays between the doors and the magnet itself.
Nevertheless, due to the limited number of VHMPID modules to be installed,
the integration of services can be achieved without many difficulties.

4 Detector performance

The performance and PID capabilities have been studied [37, 38] by means
of MonteCarlo simulations in AliRoot, the official simulation framework of
the ALICE experiment. Fig. 9 shows the optical properties of all media
and the CsI quantum efficiency used in the simulation. Fig. 10 presents
single pion events for normal incidence and for 15o, respectively, in absence

13



Figure 7: Longitudinal (left) and transversal (right) cross sections of the
proposed VHMPID central module, showing the dimensions of main elements
and the sharing among them the 1.3 m available height.

Figure 8: View of the VHMPID modules from the ’I’ side.

of background. A charged particle at saturation produces 20 photoelectrons
and the number of reconstructed photon clusters, Nrp = 12 (the cluster can
include two or more superimposed photons) on average (Fig. 11).
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Figure 10: Cherenkov event of single pion at saturation (left) and with in-
cident angle of 15o (right). Axes x and y are given in pad units, the color
coding represents the integrated charge in ADC units.

Events obtained by overlapping Cherenkov rings from pions, kaons and
protons, at different momenta, to background PbPb HIJING events at LHC
energies, have been analyzed using the same pattern recognition procedure
developed for the HMPID [39, 40]. Starting from the impact point of charged
particles and photons on the chamber, the Cherenkov angle is determined by
means of a back-tracing algorithm. Then a Hough Transform is applied
to filter out the background and improve the signal of identified particles.
Fig. 12 shows the single photon Cherenkov angle distribution from pions in
presence of background. In Fig. 13 are presented the ring-averaged Cherenkov
angle distributions obtained for pions, kaons and protons at 25 GeV/c, after
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Figure 11: Left: Distribution of the number of photoelectrons per event, for
a charged particle at saturation. Right: Distribution of the number of photon
cluster per event, for a charged particle at saturation.

the Hough Transform processing.
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Figure 12: Distribution of reconstructed single photon Cherenkov angle, from
pions at saturation, in presence of PbPb background.

The summary of the PID performance obtained with the baseline VHMPID
is given in Table 1, where positive identification lower limits are determined
by Cherenkov emission thresholds and minimum Nrp for effective idenitifca-
tion, while upper limits correspond to 3σ separation.

Finally Fig. 14 shows the PID efficiency and contamination for pions,
kaons and protons achieved in this study.
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Figure 13: Distribution of ring-averaged Cherenkov angles for pions, kaons,
and protons after the Hough Transform method at 25 GeV/c.

Momentum range of identification
Particle type Absence of signal Signal

(GeV/c) (GeV/c)

Pions, π — 4− 24
Kaons, K — 11− 24
Protons, p 11− 17 19− 38

Table 1: Identification capabilities for the VHMPID with C4F10 radiator.
The lower and upper limits correspond to Nrp > 3 and to 3σ separation,
respectively.

5 Trigger opportunities

Specialized triggering must be implemented to fully exploit the VHMPID
detector, since the hadron yield drops rapidly in the momentum range of
interest. Two trigger methods can be used to optimize the data collection
with the VHMPID and to enhance the existing physics capabilities of ALICE.

The possible changes in the hadrochemistry in heavy ion reactions are
connected to the passage of parton on the way to hadronisation through the
dense medium created in the collision. It has to be clear that the evnet we
would like to identify in the VHMPID are primarily events that do belong
to partons precursors of so called away side jets i.e. jets that are opposite
to a high-pT jet. A jet with ∼ 100 GeV/c energy jet will result in a leading
particle of ∼ 25− 30 GeV/c and the opposite side jet will have a leading jet
of a lesser transverse momentum. In that sense we can adopt two distinct
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Figure 14: PID performance achieved in single particle events embedded in
HIJING background.

strategies:
One is to trigger on particles of relatively low-pT in front of the VHMPID

and analyse offline the existence of a high-energy jet on the opposite side.
The other possibility is to rely on a jet-trigger, under study by the

Transtion Radiation Detector which would trigger away and nearside jets
with the topology of the VHMPID. We are treating in the following the
alternative of the trigger in front of the VHMPID as in the first alternative.

5.1 Expected high-pT hadron yield

Theoretical estimates for high-pT hadron yields in PbPb collisions contain
large uncertainties in the momentum region of the VHMPID (10 GeV/c
< pT < 25 GeV/c). These uncertainties are connected to the nuclear parton
structure functions (uncertainty in the degree of shadowing), parton energy
loss in-medium (jet-quenching) resulting in the suppression of high-pT hadron
spectra, and competing hadron production mechanisms in-medium (parton
fragmentation vs. parton coalescence).

In Fig. 15 we have selected 800 central PbPb collisions, corresponding
to 1 s of data collection, and display HIJING for pQCD calculations with
and without nuclear effects. Comparison between simulations and pQCD
predictions are in good agreement.

The anticipated yield of charged pions is shown in Fig. 15, with and
without nuclear shadowing and quenching effects. When including these
effects the hadron yield at high-pT is suppressed by a factor 10.

Taking the ’module-0’ as a first planned VHMPID module located at
midrapidity, which has an incident surface with 200 × 140 cm2, will cover
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Figure 15: Comparison of pQCD results and HIJING simulations for π+

production in central PbPb collisions at
√
s = 5.5 ATeV considering 800

central events. The considered yield corresponds to 1 s of data-taking in
ALICE [28].

2.7% of the full acceptance of the TPC.
Thus, we obtain ≈ 4 · 10−4 π+ events in this largest VHMPID module2

in the momentum window 9 GeV/c < pT < 10 GeV/c or ≈ 8 · 10−3 charged
hadrons with pT > 9 GeV/c per second. According to the expected collision
rates at ALICE (with 800 central PbPb collisions per second) there are 8
charged hadrons per second with high-pT in each VHMPID module. With a
data writing speed of 1.5 GB/s only 20 events are recorded per second [29].
Therefore, only 0.05 high-pT events per second would be recorded without
any high-pT trigger selection.

From this simple rate estimate we conclude that PbPb collisions a precise
trigger at level 1 (L1) has to be implemented to avoid loosing a very large
fraction of rare high-pT events. Furthermore, for the case of proton-proton
collisions we investigated a faster, level 0 (L0) trigger also. These trigger

2Note, ’module-0’ takes 24% of the total VHMPID. Further 2− 2 modules are located
forward and backward and gives the rest 76%.
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opportunities are described below.

5.2 Dedicated High-pT trigger for VHMPID (HPTD)

Since hadrons with very high transverse momentum (pT > 10 GeV) are rel-
atively rare, it is a natural suggestion to build a dedicated trigger device for
the VHMPID, namely the High-pT Trigger Detector (HPTD) [50].

HPTD serves ’L1’ trigger at PbPb collisions within the desired 5 µsec thus
enhance the high momenta particles in the recorded data with a factor 40
corresponding to the trigger system in ALICE. In pp collisions the enhance-
ment of interesting events can be done at the ’L0’ trigger level and the same
trigger detector is able to give an ’L0’-trigger signal with a lower momentum
cut (pT > 4 GeV). Moreover this detector will serve a resonably precise MIP
position information for the Cherenkov angle reconstruction improving the
uncertainty of the particle identification.

5.3 HTPD setup

The High-pT Trigger Detector is made of several separated layers of ”Close
Cathode Chambers”[?]. These multiwire gaseous chambers are similar to
classic MWPCs however they have narrow pad response functions. All cham-
bers use the gas mixture of 80% Ar and 20% CO2.

HPTD has five layers before and five after the VHMPID RICH module
as presented on Fig. 16. The chambers are equipped with segmented pad
cathodes especially designed for optimum performance. The electronics are
mounted onto the backside of the pads.

The estimated power consumption of the electronics is 3 mW/channel,
meaning 7.5 W (2500 pads)/layer/m2, which results approximately 220 Watt
heat dissipation for the whole ’Module-0’. This heat production requires
simple air/water cooling.

L1 triggering at PbPb collisions need 4 + 4 layers with good spacial res-
olution (4 mm) at φ and uses less precise resolution (10 cm) at η just to
avoid the occupancy. For technical reasons the HPTD is flat so the width of
the pads is slightly increasing with tangential distance from the interaction
point.

Two layers from the former eight will be used as ’L0’ trigger layers too.
In this case besides the pads ”superpads” (2×50 cm2) are made by grouping
each five wires together.

MIP detection needs good resolution both in the φ and η directions.
Therefore the former setup increased with 1 + 1 layer with the similar cham-
bers and stucture but rotated with 90 degrees.
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Figure 16: Left: The schematic view of the 4 layer High pT Trigger Detector
in front of the VHMPID RICH module. Right: The schematic picture of high
and low momentum particles crossing the 4 layers of HPTD.

5.4 L1 triggering for PbPb collisions

The ’L1’ trigger decision needs to exploit the full segmentation of the HPTD
detector. In the readout electronics on the pads there is an amplifier and a
comparetor what results us a one bit information on each of the pads. Due
to the narrow response function the average cluster size is around 1.3 pad
per hit.

As the charged particle path prolongs in the ALICE magnetic field the
track leaves footprints on each of the HPTD layers and produces a set of hits,
a pad-pattern (eg. Fig. 17). The shape of the pattern is highly correlated
with the transverse momentum of the paricle.

The main aim of the trigger is to select patterns of above the threshold
of pT > 10 GeV/c within the allowed time of 5 µsec to produce for the ’L1’
trigger signal. An FPGA-based pattern recognition algorithm determines if
there was any pattern with transverse momentum above the threshold.

The performance have been studied by AliROOT and HIJING simula-
tions to optimize the HPTD layout, segmentation and the pattern recogni-
tion algorithm. The sharp cut at the given transverse momentum and the
suppression of the low momenta particles could have been worked out (see

21



L1

L1

L1

L1

c.L0

MIP

c.L0

4
0

4
5

4
01

3
5
 m

m

L1

L1

L1

L1

MIP

c.L0

4
0

4
5

4
01

3
5
 m

m

532 mm

RICH

Figure 17: The Side view of RHIC module with 4 + 1 layer HPTD modules
on each sides (left). A typical pattern on the layers of the trigger module of
a particle with pT= 10 GeV/c (right).

Fig. ??).
As it seen on Fig. ??, the trigger efficiency increases rapidly with the

particle momentum at the treshold, and suppresses low momentum particles
very strong.

The conclusion of the simulation studies represents the optimal layout of
the HPTD consists 4 + 4 layers with 4 cm layer distance, with 4 mm pad
width and 10 cm pad length.

5.5 L0 triggering for pp collisions

The ’L0’ triggering is based on the superpad (2×50 cm2) segmentation of the
first layer before and the firs layer behind the RICH module. In pp collisions
hits on the superpads are relatively rare which simplifies the rejection of the
low momenta particles. Simple logics (eg. hits were under each other) gives
excellent efficiency and good purity for the ’L0’ triggering. This logics is
achievable by hardware logics gates which gave us the opportunity to serve
triggering information within 600 ns, needed for level 0 trigger.
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Figure 18: Trigger efficiency as a function of particle momentum in cases of
two particle momentum ranges.

5.6 MIP detection

The chambers for ’L1’ have good resoluiton in φ direction; the two similar
chambers rotated with 90 degree will give us similar resolution in η. Choosing
the proper pad length for the rotated chambers (5 cm) one make track-by-
track separation and MIP detection within 4 mm. MIP detection with HPTD
increase the precision of the spacial resolution of tracks and gives information
of particle position at the back side of the RICH module. This solution
requires less radial space compared to MIP detection with the RICH module
electronics, saving more space for the radiator gas.

6 Installation schedule

Services preparation and super-modules installation need to be planned with
care since they have to correspond to LHC shutdowns or breaks. Fig. 19
shows a detailed planning for the construction and installation of the VHMPID
detector system. According to the present LHC shutdown schedule, the long
break foreseen in 2012 could be used for the installation of services and of
the prototype central module (’module-0’). Such an early installation would
allow validating the detector design, starting to contribute to the physics
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program and helping the TPC calibration for PID in the high momentum
range [54]. The following three years could be used for the production of
the other four super-modules to be installed by the end of the second long
shutdown presently planned for 2016.

Figure 19: Installation schedule proposed for the production and installation
of the VHMPID detector.

7 Conclusions

The RHIC results have proven the relevance of PID at high transverse mo-
menta on a track-by-track basis. We propose to build a new detector which
will enhance significantly the physics capabilities of ALICE exploring new
regime of hard processes production at LHC energies both, in proton-proton
and heavy-ion collisions. The proposed baseline VHMPID detector, using
a C4F10 Cherenkov radiator coupled to a MWPC-based CsI photo-detector,
will allow charged hadron identification in 10 GeV/c < pT < 25 GeV/c mo-
mentum range.

Now, our ongoing R&D activities are focused on topics:

• Simulation and building of Cherenkov modules of VHMPID with a
geometry and layout described in this Letter of Intent.

• Development and characterization of CsI-based photodetector for the
Cherenkov radiator, to improve detector assembly and performance.
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• Building of a dedicated trigger detector (HPTD) from close-cathode
chambers, to enhance events with very high momentum particles.

• Performing theoretical analysis and simulation on the physics issues for
the proposed VHMPID detector.
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A Appendix A - Detector layouts

A.1 R&D on GEM-like photodetectors

An interesting alternative to the traditional MWPC-based photodetector is
represented by a multi-GEM (Gas Electron Multiplication) detector com-
bined with a reflective CsI photocathode. In line with the impressive de-
velopment of GEMs within the frame of CERN RD51 collaboration, we are
studying the possibility to develop large area CsI coated multi-GEM pho-
todetector. The main advantages of a GEM based photodetector would be
simpler and faster detector construction and the possibility to operate at
higher gains, due to the photon feedback suppression by the hole-type ge-
ometry, and in a wider variety of gases, including the poorly quenched or
non-flammable ones. Performed studies show that the maximum achievable
gain of hole-type detectors increases with their thickness [43]. A simple de-
vice consisting of a printed circuit board (PCB) 0.5−1 mm thick, metallized
from both sides, with drilled holes of 0.5 − 1 mm diameter with a pitch of
0.8 − 1.2 mm can achieve maximum gains typically 10 times higher than
conventional GEM [45]. Therefore we focused our attention on such TGEM
(Thick GEM) [44, 45] detectors due to their robustness, both from mechan-
ical and operational point of view [46].
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Fig.2 Gain vs. voltage measured with TGEM manufactured in Israel [7] 
 

 
 
 
 
Fig. 3 Gain vs voltage measured with double RETGEMs [7] 
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Figure 20: Gain vs. voltage measured with TGEM manufactured in Israel
(left) and with double RETGEMs (right) [48].

As an example Fig. 20 show the gain dependence on voltage for single and
cascaded TGEMs [47]. One can see that gains close to 105 can be achieved
with a single TGEM and up to 107 with cascaded TGEMs detecting UV
photons.

In laboratory tests, the QE measured with the CsI coated TGEM in CH4

was ∼ 18% at 185 nm and its operation was stable at counting rates of 100
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Hz/cm2 expected in the VHMPID detector at ALICE experiment during
PbPb runs.

We also performed beam test of a small RICH prototype equipped with
a triple CsI coated TGEM readout by ALICE HMPID electronics (GASSI-
PLEX and DILOGIC chips). As an illustration Fig. 21 shows an image of
the integrated events obtained during the beam test of this RICH prototype
(equipped with CaF2 solid radiator) oriented ∼ 32o with respect to the beam.
Because of the detector configuration and the small photosensitive area, only
a fraction of the produced Cherenkov radiation can be detected (the bright
strip in the middle of the image). Analyses of these results indicate that the
intrinsic QE of the CsI-TGEM is comparable with that of the ALICE HMPID
CsI photocathodes which confirm the results of our laboratory studies.

Figure 21: An image of 5533 integrated events obtained during the beam test
of the TGEM-bases RICH prototype. The bright spot on the top of the screen
is the image of the particle beam and the strip in the middle is the Cherenkov
light escaping the CaF2 radiator.

Recently we started to develop a new version of TGEM, with electrodes
coated by a screen printed technology with protective resistive layers: Resis-
tive Electrodes Thick GEM or RETGEM (see Fig. 22, as in Ref. [49]). This
new design has the further advantage of protecting the Front-End Electronics
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in case of sparks. A beam test of a RICH prototype bases on CsI -RETGEM
was also successful and the its quantum efficiency estimated from the beam
test results is comparable to those of TGEM. Detailed investigations are on
their way to evaluate feasibility and stable operation of large area ( 50× 50
cm2) TGEM- or RETGEM-based photodetector.

Figure 22: Photo of the latest design of RETGEM with inner metallic strip
electrodes.
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A.2 Window options

A.3 GEM or MWPC

A.4 MIP detection optimalization of photolayer
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