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The anomalies observed at RHIC for the baryon - meson ratios have prompted a number of theo-
retical works on the nature of the hadrochemistry in the hadronisation stage of the pp collisions and
in the evolution of the dense system formed in heavy ion collisions. Although the predictions differ
in the theoretical approach, generally a substantial increase in the baryon production is predicted in
the range 10-30 GeV/c. This raises the problem of baryon identification to much higher momenta
than originally planned in the LHC experiments. After a review of the present status of theoretical
predictions we will present the possibilities of a gas ring imaging Cherenkov detector of limited
acceptance which would be able to identify track-by-track protons until 26 GeV/c. The physics ca-
pabilities of such a detector in conjunction with the ALICE experiment will be contemplated as well
as the triggering options to enrich the sample of interesting events with a dedicated trigger or/and
using the ALICE Electromagnetic Calorimeter. The use of the electromagnetic calorimeter opens
interesting possibility to distinguish quark and gluon jets in gamma - jet events and subsequently
the study of the probability of fragmentation in proton, kaon and pion or triggering on jets in the
EMCAL. Such a detector would be identify pions until 14 GeV/c kaons from 9 till 14 GeV/c and
protons from 18 till 24 GeV/c in a positive way. Additionally identification of protons by absence
of signal is possible from 9-18 GeV/c

I. INTRODUCTION

The results of the Relativistic Heavy Ion Collider (RHIC) with the so called baryon puzzle observed in the baryon
meson ratios in the pt range of 2-5 GeV/c has put at very center of our interest the question of the hadronisation
of mesons and baryons in a dense medium. The key issue is to understand the mechanism of hadronisation and the
implication this mechanism on the spectra of baryons and mesons. Let us mention that the behavior of the ratio of
antiprotons to protons with pT is not satisfactorily explained. To explain the results let us shortly enumerate the
current view of the hadronisation scenarios that are unfortunately rather vague.

1) Thermal part of the spectrum - the partonic system formed cools and expands, and eventually reaches the
critical temperature region where it gradually hadronises into a hadron gas. The hadronisation process is described
as a statistical cascade - eg. Geiger and Ellis [1].The cascade ends with quarks and gluons recombining to form colour
singlets with matching flavour combinations in a statistical coalescence process which generates heavy ”pre-hadrons”
that, in turn, decay into the final hadrons and resonances according to their relative phase space weights. So far the
body of experimental data seems to corroborate an approach in which the decaying blob of partonic matter is doing
so in terms of a temperature [8] taking the conservation of energy momentum on the average.

2) The hadrons issued from jets follow another way of hadronisation. Firstly, the hadronisation is assumed to occur
outside the volume belonging to the thermal part. This is due to the fact that the hadronisation length is given by
γE where E is the energy of the initial parton, and that the hadronisation cannot occur in a dense partonic medium.
Hence, at first glance the production of particles in a jet should be independent of the ”entourage”. While at RHIC
energies the bulk of the baryon puzzle is constrained to the quasi thermal part of the pt spectra reaching up to 5-6
GeV/c, many recent theoretical works indicate that the effect may displace to much higher momenta at LHC. This is



2

due to the fact that partons in the jets may interact among themselves to alter the ”normal” hadronisation process.
These tantalizing possibilities are making the identification of particles between 10 and 30 GeV/c a necessary part of
a possible upgrade of ALICE. In Fig. 1 we show as an example the ratio of kaons and pions , and protons and pions,
respectively in function of the momentum and jet energies from [2] for the vacuum and plasma case.
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FIG. 1: Results for K±/π± and p(p̄)/π± ratios in jets with energies Ejet = 50, 100 and 200 GeV [2].

Although the inclusion of the background present in heavy ion collisions makes the effect smaller the marked
difference remains. Other authors using other arguments like the coalescence reach even more drastic changes in
the ratios [3]. Regardless of the theoretical interpretations it seems important to have the possibility to measure
the baryon meson ratio up to momenta well above the current limits of ALICE for a track by track identification.
Although the use of the relativistic rise in the ALICE TPC allows for a statistical separation of the baryons and
mesons [4] there is no doubt that a track by track identification may give us a better insight in the details of the
process. It is possible to get a limited handle on the track by track π−p identification by making cuts on the extreme
sides of the energy loss distribution in the relativistic rise. This method, however, has shortcomings - the stability of
the gains, the knowledge of the dE/dx distribution of p and π0, and most importantly is the fact that it would be
very improbable to identify two protons or one pp̄ pair in a jet, for instance. This is an interesting way to study the
baryon number conservation as demonstrated by A. Sickles [5]. The reasons are the following: We may be interested
to understand the baryon - antibaryon content of a given jet, we may be interested in the probability of identifying
a baryon in the jets as a leading particle or any other, the baryon antibaryon content in individual jets, the behavior
in near side and far side jets etc. Another important reason is the dependence of the hadron yield on the nature of
the jets - quark or gluon as shown in Fig. 2.

In the present document we investigate the possibility to conceive and design a detector we will be calling VHMPID
(Very High Momentum Particle Identification Detector) that would even with a modest acceptance be contributing
significantly to the physics of ALICE. The identification of high momentum hadrons in the jet cone would open
interesting possibilities to study gluon jets in pp̄ production, coupled with the multiplicity measurement. See for
instance Fig. 3 [6].

The momentum range for identification depends on the possibilities of the detecting techniques and the physics.
In the present case we believe that the range for the identification of protons in the range 10 - 25 GeV/c represents
a reasonable compromise of the two. The reasoning is as follows: The leading hadrons in a jet have mostly between
20 and 30 % of the jet energy. This means that in our case we would be covering jets of about 40 to 100 GeV on
the average. Given the small acceptance such a detector would have, 100 GeV is the uppermost energy we may hope
to see with appropriate triggering. The proposed setup would act as a hybrid Cherenkov detector i.e. partially as a
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FIG. 2: Momentum spectra of identified hadrons from Delphi [7]. The predictions of different generator models are drawn as
lines.
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Abstract. Presented are results from the recent jet fragmentation and underlying event structure studies
carried out by the CDF Collaboration. Multiplicities of charged particles in quark and gluon jets are
measured and their ratio is compared to pQCD predictions. The results are compared to the earlier
measurements obtained at e+e− colliders. Average charged particle multiplicities and energy flow in the
underlying event are compared to Pythia Monte Carlo event generator; the necessary tuning of Pythia
parameters needed to make it match the data is discussed.

1 Introduction

Hard scattering of partons in collisions at hadron collid-
ers is accompanied by the following processes all of which
are characterized by very small momentum transfers and,
therefore, belong to the domain of soft QCD:

o final state radiation of hard scattered partons, result-
ing in the phenomenon known as jets,

o initial state bremsstrahlung radiation,
o secondary collisions of proton-antiproton partons

(multi-parton interactions),
o proton and antiproton remnants continuing on along

the beam direction,
o hadronization of all partons.

Certainly, there are many presumptions both in break-
ing up what accompanies a hard scattering event in such
a set of distinct soft sub-processes and, also, in treating
them as almost independent of each other. The results pre-
sented in this report aim at validating/invalidating such
views.

2 Jet fragmentation

Earlier CDF studies showed that the momentum spectra
of charged particles in jets with Ejet ∼40-300 GeV could
be well described by analytical formulas derived in the
context of the Modified Leading Log Approximation. The
new result is the analysis comparing differences of quark
and gluon jets. The CDF result is based on comparing jets
in di-jet and γ-jet events that have very different fractions
of quark and gluon jets. This approach minimizes possible
experimental biases that might result from attempts to
sort out quark/gluon jets on event-by-event basis. Also,
we selected only central back-to-back jets and analyzed
particle multiplicities in cones with small opening angles
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Fig. 1. Multiplicities of charged particles in gluon and quark
jets vs jet hardness Q = Ejetθ (see text). The CDF data is fit
with 3NLLA (Capella et al. [1])

θ (∼ 15 − 30◦) around the jet axis, which allowed for a
direct comparison to the theory.

Figure 1 and Fig. 2 show the measured charged particle
multiplicities in gluon and quark jets and their ratio vs.
jet hardness scaling variable Q = Ejetθ. Also, Fig. 1 shows
3NLLA fits, while Fig. 2 shows predictions for the ratio
as obtained in various Next-to-Leading-Log calculations.
One can see that the data points in Fig. 2 fall right on top
of the recent pQCD calculations. Both figures also have
some of the recent e+e− results, which are believed to be
the least biased, both in terms of experimental methods
used in sorting out light (u, d, s) quark and gluon jets

FIG. 3: Multiplicities of charged particles in gluon and quark jets vs jet hardness Q = Ejetθ from CDF [6].

threshold detector where the identification is achieved by the absence of signal and partially by the dimensions of the
circular pattern of emitted Cherenkov photons.

Although for pions below ≈ 10 GeV/c the detector will be operational without specific triggering for higher momenta
and for protons especially will be necessary. We propose two alternatives.

• To trigger on the energy detected in the EMCAL. This would allow us to ”dial” the trigger energy of the jet,
identify the leading particle as the charged particle with the largest momentum in the TPC, reconstruct the
”away” jet charged particle energy in the TPC and to determine the identity of the leading particle in the
VHMPID. As a preliminary calculation we have made a rough estimate of the yield of jets taking the yield of
dijets and gama - jets from the EMCAL TDR. In Fig. 4 we show how the yields in the EMCAL and the estimate
we do for a detector which has 20% of the EMCAL area. From these yields it is clear that we would be able
to collect about ten thousand events up to a jet energy of 120 GeV.
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• Trigger in front of the VHMPID. This assumes triggering not on the jet energy (or a portion of it) but rather
on the leading particle.

It is important to notice that the two way of triggering address two different classes of jet energies. Namely the
fragmentation of a parton into hadron can be described by the scaling variable z=phadron/phat. In the case o
triggering with the EMCAL the variable ¡z¿ 0.2 while in the case of the leading particle chosen as a trigger ¡z¿ 0.6.
In term of jet energies thus we are talking about jets of up to 100 GeV/c in the first case and jets in the 40-50 GeV
range for the second case.
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FIG. 4: Estimated yield of jets opposite to the VHMPID triggered by the EMCAL

II. CHERENKOV DETECTOR

In the existing space in the ALICE detector and the physics requirement the only possibility is to use gas Cherenkov
counters as the choice detector. Therefore we review here shortly the main elements of the considered Cherenkov
detector: the choice of radiator gas, the photon detection and the geometry of the detector.

A. The radiator gas

Since the values of momentum where the identification is required, a Cherenkov radiator with low refractive index
is needed. Gas with low index of refraction that qualify as radiators are fluorocarbons gas like CF4 (< n > ≈ 1.0005,
γth ≈ 31.6), C4F10 (< n > ≈ 1.0014, γth ≈ 18.9) and C5F12 (< n > ≈ 1.002, γth ≈ 15.84) [9]. These gases
contrary to hydrocarbons, are not flammable. In Fig. 5 and in Fig. 6, are shown the index of refraction and the
theoretical Cherenkov photon yield (cm−1eV−1) of the three gases as a function of the photon energy. CF4 has a
drawback consisting in a consistent emission of scintillation photons, when it is crossed by a charged particle. The
scintillation in CF4 produces a number of photons Nph = 1200/MeV [10], that represent an important source of
background. The disadvantage of C5F12 is its boiling point at 28 ◦C which requires heating of the detector to keep
the radiator in a gaseous state. C4F10 on the other hand does not produces scintillation, and has good transmittance
properties; and its boiling point is Tb = -2 ◦C, so that it is in the gaseous state at ambient temperatures. We therefore
restrict our considerations to the latter gas. The radiator length is chosen to be at least 80 cm in all parts of the of
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FIG. 5: Refractive index of CF4, C4F10 and C5F12 as a function of photon energy.

the detector. The mirror edges determine the length of the detector to satisfy the requirement.It is also the largest
radiator length given the limited available space in the ALICE cavern.
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B. The photon detector

The photon detector consists of pad-segmented CsI photocathodes in a multiwire chamber. The chamber has the
same structure and characteristics of that used in the High Momentum Particle Identification (HMPID) detector
[11]. The gas used is CH4, the pads size is 0.8×0.84 cm2 (wire pitch 4.2 mm), and the single electron pulse height
is of 34 ADC channels. The chamber is separated from the radiator by a SiO2 window. With this design the total
space required, in the radial direction is 30cm, and 20cm around the active area. We are also considering other pad
geometries that would minimize the number of pads and would allow for an easier positioning of the electronics behind
the multi-wire proportional chamber (MWPC). Presently in the HMPID the chambers are positioned vertically to
the MWPC, while with less pads the cards would be mounted horizontally reducing the necessary head space for the
detector to ≈ 20 cm.

An interesting option for the photodetector could be a GEM-like detector combined with a reflective CsI photo-
cathode. Our preliminary measurements show that with the GEM-like detectors one can achieve quantum efficiencies
for CsI similar to the ones achieved with pad photocathodes in conjunction with the MWPC. The advantage of the
GEM-like detector is the possibility to operate at higher gains due to the photon feedback suppression by the hole-
type geometry. An interesting possibility would arise if it would be possible to operate the GEM-like structure in the
radiator gas. Such possibility would considerably simplify the detector eliminating the quartz window.

C. R & D on GEM-like detectors

In line with the recent impressive development of the Gas electron multiplication detectors (GEM) we are studying
the possibility to develop large area GEM-like detectors combined with CsI photocathodes. Such a solution presents
significant advantages over other possible photon detectors: in the ease of handling and construction - no wires and
a simple , compact and planar geometry.

However the ”classical GEM detector”- 50 µm thick Kapton foil with holes of 50 µm diameter and a pitch of 140
µm- is a rather fragile detector: it requires dust free conditions for its assembling and could be easily damaged by
sparks. Unfortunately, occasional sparks are almost unavoidable at high gains of operation. Several groups tried to
minimize their rate and damaging effect by using segmented GEMs, or many GEMs (up to 4-5) in cascade mode or
by identifying the optimal combination of the parameters (the width of the gaps between the cascaded GEMs, their
voltages at a given counting rate etc.), which ensure the minimum rate of sparks at the given overall gain and by
respecting this ”safe zone” during the operation. However, experience of the GEM-based Phenix RICH shows that
in real high energy physics experiment with the presence of charged particles all these measures may have a limited
success [12].

For the last several years we were focused on developing more robust GEM-like detectors for RICH application.
Performed studies show that the maximum achievable gain of hole- type detectors increases with their thickness [13].
Our first attempt was to develop a thick GEM (TGEM) [14, 15].This was a printed circuit board (PCB) 0.5-1mm
thick, metallized from both sides, with drilled holes of 0.5-1 mm diameter with a pitch of 0.8-1.2 mm-see Fig. 7.
This simple device allows one to achieve maximum gains typically 10 times higher than with the conventional GEM
[15]thus offering a greater safety in operation. 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 Hz/cm2 expected in the VHMPID detector at ALICE
experiment during Pb-Pb runs.

Since several groups have experience in running TGEMs one can have reliable and objective information about its
performance. As an example Figs. 8,9show gain vs. voltage characteristics for single and cascaded TGEMs [16].One
can see that gains close to 105 can be achieved with a single TGEM and up to 107 with cascaded TGEMs. In connection
with the interest of the COMPASS collaboration to use TGEM for the upgraded COMPASS RICH Breskin’s group at
Weizmann and Ropelewski’s group at CERN performed systematic studies of TGEM stability at very high counting
rates. They confirmed our earlier results that at low counting rate the operation of TGEM is stable, although at
counting rates >> 100 Hz/cm2 the detector needs up to be kept at high voltage for ≈ 5 hours of to stabilize the gain
period of time) otherwise gain variation with time may be as high as a factor of two [17].

These two groups also confirmed that TGEMs can accept many hundreds of sparks without being damaged. How-
ever, the electronics should be protected against damages by sparks requiring protective diodes in the input of the
front end electronics. This is why we recently tried to develop a new design of the TGEM with electrodes coated
with protective resistive layers manufactured by a screen printed technology. We called it resistive electrodes TGEMs,
or RETGEM One of our advanced design is shown in Fig. 10 [18]. It was manufactured the following way. By a
photolithographic technology thin (50 µm ) metallic strips were applied on both sides of a PCB plate (thickness
0.2-1,5mm) and then these strips were covered using the screen printing technique was coated with resistive layers
(Mω/cm), and finally holes were drilled in between the strips-see Fig. 11. The HV was applied to one pane of metallic
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FIG. 7: Photograph of TGEM.
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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] 
 
 

FIG. 8: Gain vs. voltage measured with TGEM manufactured in Israel [17].

electrodes (for example on the top of the plate) and the signals are taken from the opposite side (for example, from
the bottom of the plate).

First ” large area” prototypes (active areas 10×10cm2 ) can operate at gains of 103 - 5×103 in Ar -based gas
mixtures and at gains of 104-3x104 in Ne -based mixtures. In the case of double RETGEM the gains were typically 10
times higher and thus sufficient for RICH application. We believe that an additional factor of 5 -10 higher gains could
be achieved after mastering the RETGEM production technology. Note that the ”strips back electrode” approach
allows to build very large-area photodetectors, for example CERN Workshop can manufacture 50x50 cm2 detectors.
The main advantage of this design is that in case of discharges, due to the high resistivity of the electrode coating,
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FIG. 9: Gain vs. voltage measured with double RETGEMs [17].
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FIG. 10: Photo of the latest design of RETGEM with inner metallic strip electrodes.

the energy released in sparks is 100-1000 times less than in the case of metallic electrodes. From this point of view
the RETGEMs are similar to RPCs: they are not only intrinsically spark protective, but also demands less protective
measures for the front-end electronics. Another important feature RETGEMs is they can be coated with CsI layer
and achieve by this coating high QE for UV light.

Schematic drawing showing the feature of a new design

b) Metallic strips were createda) G-10 plate
0.2-0.5mm

50x50
or
100x100mm2

HVHV

c) A resistive layer was formed by a screen printing technology
and holes drilled

d) The top electrode was coated with 0.35 µm CsI layer

FIG. 11: Sketch of the consecutive steps in manufacturing a RETGEM.

To evaluate if RETGEM can be considered as a candidate for VHMPID we performed a systematic study of this
detector: its QE, rate capability, short and long-term stability. At present a QE of 12-14% at 185nm was achieved
with RETGEM operating in Ne and rather good shot-term and long-term stability (see Figs. 12,13). We plan to
investigate if a single electron peak can be achieved in some Ne-based mixtures, which will offer very attractive
operation conditions for photon detection. To conclude: besides the conventional multi-wire detector, TGEMs and
RETGEMs can be another for promising candidates for the VHMPID. Of course, one has to perform studies of TGEM
and RETGEM operation in the ”final” gas mixture to be chosen for the real VHMPID detector and verify their QE
and stability.

D. Detector geometry and performances

After same investigations the geometry that has been chosen exploits the focusing properties of a spherical mirror of
radius R, successfully used in many RICH detectors. The photons emitted in the radiator are focused in a plane that is
located at R/2 from the mirror center. In Fig. 14 a schematic view of the detector is shown. The detector dimensions
are 80×100×100 cm3, the mirror radius of curvature is R = 160 cm. The radiator gas used is the C4F10, the window
consists of 4 mm of SiO2. By means of simulations, studies of the performances has been executed. AliRoot, the official
simulation framework of the ALICE experiment has been used. The optical properties of the materials are shown
in Fig. 15 the material optical properties and CsI quantum efficiency are shown. For that geometry the interception
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points of the photons with the focal plane, for one event, looks like those shown in Fig. 16. Even in extreme conditions
of displacement from the center and angle (Fig. 17) the basic pattern is conserved, even if the charged particle impact
point is outside the ring. In Fig. 19 is shown the distribution of the number of detected photons and of photon clusters
per event for a charged particle at saturation. A charged particle at saturation produces 20 photoelectrons and 12
photon clusters (the cluster may include two or more superimposed photons) on average.

The focusing properties of this setup enable measuring the emission Cherenkov angles. A pattern recognition
algorithm has been implemented. Starting from the impact point of charged particles and of photons on the chamber,
by means of a back-tracing algorithm the photon emission angle has been retrieved. Pattern recognition has been
implemented in the presence of background given by Pb-Pb collision at LHC energies. In this case, to identify the
signal from the background the Hough Transform procedure has been applied [19, 20]. In Fig. 18 the angle distribution
for single cluster is shown, it is possible to see the photon signal and the background. In Fig. 20 are shown the results
for pions, kaons and protons of 14 GeV/c and 26 GeV/c, embedded in a HIJING event using the Hough Transform
method.

In Fig. 19 is shown the distribution of the number of detected photons and of photon clusters per event for a charged
particle at saturation with the standard pads and the 10 × 10 mm2. Fig. 20 shows the Cherenkov angle distribution
for pions, kaons and protons at 14 GeV/c and 26 GeV/c in presence of background given by Pb-Pb collisions. The
summary of the PID separation for the VHMPID is given in Table I.
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FIG. 14: Schematic picture of focusing design.
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FIG. 15: Detector material optical properties and CsI Q.E.

III. INTEGRATION

The detector design will be strongly affected by the limited space available inside the ALICE solenoid. The free
space under the space-frame sectors 13 and 14 allows integrating maximum six modules on each side of the PHOS
cradle (Fig. 21).

Presently some structures and services would be in conflict with some of the VHMPID modules; however they
can be easily modified. The module size is limited in height to 1000 mm mainly by the space available between the
baby-frame and the false floor at the bottom of the solenoid. A reduction to values around 800 mm would represent a
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FIG. 16: Pattern for single 16 GeV/c pion.
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FIG. 17: Left: Patterns for single orthogonal pion at saturation, hitting the detector 40 cm from the center. Right: Patterns
for single pion at saturation with an incidence angle of 10 degrees.
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FIG. 18: Distribution of single cluster angle in presence of Pb-Pb background.

considerable advantage for the installation under the space-frame. The other two dimensions, in the chosen spherical
layout, i.e. with modules pointing to the interaction point, can reach a maximum of 960x1400 mm to minimize the
conflicts with the space-frame structure (Figs. 22 and 23). 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 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



12

Entries  1000
Mean    17.81
RMS      5.11

angle (rad)
0 10 20 30 40 500

20

40

60

80

100
Entries  1000
Mean    17.81
RMS      5.11

 2Photo-electron hits, radiaotr length = 80 cm, padSize = 0.8 x 0.84  cm

Entries  1000
Mean    10.89
RMS      3.78

angle (rad)
0 10 20 30 40 500

20

40

60

80

100

120

140

160

180
Entries  1000
Mean    10.89
RMS      3.78

 2Photo-electron clusters, radiator length = 80 cm, padSize = 0.8 x 0.84  cm

FIG. 19: 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.
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of ring angle, for pions and kaons of 26 GeV/c in presence of Pb-Pb background.

Identification momentum range
particle Signal Absence of signal

(GeV/c) (GeV/c)
π 3 - 14
k 9 - 14
p 18 - 26 9 - 18

TABLE I: Identification capabilities for the VHMPID

FIG. 21: 1 3-D model of the proposed VHMPID layout with six modules on each side of the PHOS detector.
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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.

FIG. 22: View of the VHMPID modules from the C side.

The support structure of the VHMPID shall be modular. A good configuration can be a cradle made of bolted
aluminium elements The PHOS rails can be prolonged out of the solenoid using temporary rails. On these rails the
cradle for the ”A” side elements can be assembled and the elements can be installed pushing them on temporary
supports. Once the cradle is loaded it can roll inside the solenoid moving on the PHOS rails. For the ”C” side
elements the situation is more complicated. The cradle has to be assembled in place in between the PHOS cradle and
the solenoid doors. The detector elements will be installed using temporary supports and pushing them all the way
around the PHOS detector. 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 passages (chicanes) between the doors
and the so-called magnet ”crown”. Nevertheless, due to the small number of VHMPD modules to be installed, the
integration of services can be achieved without many difficulties.

FIG. 23: View of the VHMPID modules from the I side.

IV. TRIGGER

At very high transverse momenta, namely pT > 10 GeV/c we will need to have triggering strategies to profit fully
from the VHMPID detector, because i the charged hadron yield drops rapidly. One can consider two main methods
which gives three technical accomplishments with respect to the physics and the existing design of the ALICE detector.
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A. Expected high-pT hadron yield

The theoretical estimates for high-pT hadron yields in Pb+Pb collisions contain large uncertainties in the momentum
region of VHMPID (9 < pT < 30 GeV/c). These uncertainties are connected to the nuclear parton structure
functions (shadowing), jet-matter interactions (jet-quenching), and in-matter hadron production mechanisms (in-
matter fragmentation functions vs. parton coalescence). Figure 24 displays the influence of different shadowing and
energy loss parameterizations using traditional HIJING simulation. In the right panel of Figure 24 we have selected
800 central Pb+Pb collision — connected to 1 second data collection —, and displayed HIJING results together with
pQCD calculations with and without nuclear effects. Comparison between simulations and pQCD predictions are in
good agreement. The pQCD results can be easily extended beyond 20 GeV/c.

Without any nuclear shadowing and jet-quenching effects (open symbols) this result is consistent with Figure 4.
Including nuclear shadowing and jet-energy loss, we obtain a moderate suppression, namely a factor of 10 loss in
high-pT hadron yield, see Figure 24.

One VHMPID module with the size of 90x140 cm2 covers 1% of the full acceptance. Thus we obtain ≈ 2 · 10−4

for π− yield in the momentum window pT = 9 − 10 GeV/c, which means ≈ 8 − 10 · 10−4 charged hadrons in this
window. According to the expected collision rates, one expects 800 central Pb+Pb collisions per second. This means
1 charged hadrons with pT = 9 − 10 GeV/c and approximately similar yield for pT > 10 GeV/c. Thus we have 2
charged hadrons with high-pT in every second in one VHMPID module from the 800 central collisions. However, if 20
events are recorded in a second (as planned), then only 0.05 high-pT event would be recorded without high-pT trigger
selection.

This simple calculation proves that without a precise high-pT (pT > 10 GeV/c) trigger at L1 level we can easily
find the VHMPID detectors in a position, when a factor of 40 has been lost in data recording.

B. Triggering by EMCAL

The first triggering method is connected to the production mechanism of high-pT hadrons, namely they are produced
from high-pT partons, which appear back-to-back from the original parton-parton interaction. Thus the subdetector
opposite to VHMPID can be used as trigger device. The existing EMCAL can accomplish this task, the expected
rates are displayed on Fig.4.

The EMCAL detector is located mostly opposite to the planned VHMPID detector moduls, which makes it possible
to use back-to-back jet pairs for high-pT triggering [21].

The nominal acceptance of the EMCAL is about 25 % of the central barrel acceptance, namely −0.7 < η < 0.7
and ∆ϕ = 0.6. The EMCAL consists of towers, which are covering area of ∆η · ∆ϕ = 0.014 · 0.014 (6 cm x 6
cm). Jet triggering is based on analyzing signal in a larger area, ∆η · ∆Φ = 0.4 · 0.4, which means jet cone angle
R =

√
∆η2 + ∆ϕ2 = 0.56 for hadron production. Thus a hadron shower originating from a high-pT parton will excite

large fraction of the EMCAL detector. In case of fully back-to-back correlation the combination of EMCAL and
VHMPID works very well.

However, the expected large value of kT -imbalance in parton-parton interaction could decrease the trigger efficiency
of this method. At RHIC energy it has been measured 〈kT 〉pair = 2.5 GeV/c [23, 24], which means 14◦ in average
for pT = 10 GeV/c hadrons. At LHC energies the expected value is much higher, 〈kT 〉pair ≈ 5-6 GeV/c [25], which
corresponds to 25− 30◦ declination between the two final hadrons with high-pT .

The EMCAL is sensitive to the full electromagnetic component and about 25 % of the hadronic component of
the jet energy. The optimal jet trigger will therefore utilize both EMCAL and charged track measurements in the
High-Level Trigger (HLT), which can provide rejection based on full jet reconstruction. The investigation of the HLT
performance is not yet fully accomplished, although the capability of EMCAL jet triggering in heavy-ion collision —
from the point of view of the VHMPID — is very much reasonable and justified [21].

We strongly suggest the detailed investigation of the feasibility of EMCAL triggering for VHMPID.

C. Triggering by TRD

The second triggering method is focusing on the path recognition and momentum measurement of the passing
charged particles, which are curving in the magnetic field of the L3 magnet. According to the planned design the
existing TRD (Transition Radiation Detector) detector will measure the momenta of charged particles with high
precision within 5 µsec. As the TRD can be used as a topological trigger for HMPID, than it could be used similarly
for the VHMPID, when it will be fully installed covering the VHMPID acceptance.
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FIG. 24: Left: HIJING simulation of π− production (10 000 events) in central Pb+Pb collisions at
√
s = 5.5 ATeV, using

different shadowing and jet-energy loss parametrizations. Right: Comparison of pQCD results and HIJING simulations for π+

production in central Pb+Pb collisions at
√
s = 5.5 ATeV considering 800 central events (1 second).

The main mission of the TRD is to provide electron identification in the central barrel region at momenta above
1 GeV/c and to reject pions and other charged hadrons with a factor larger than 100 [22]. On the other hand, the
design of the TRD and its high precision spatial and momentum resolution creates an attractive possibility to use it
for high-pT triggering.

The TRD detector with its 18 supermodules will cover the full azimuth and the pseudo-rapidity range −0.9 < η <
0.9. The existing TRD (Transition Radiation Detector) subdetector is using 6 layers in a 60 cm depth with 400-600
µm expected spatial resolution and 5 % momentum resolution for particles with momenta 5 GeV/c.

On one side a very efficient trigger method has been developed to recognize high-ET jets (ET ≈ 100 − 150 GeV)
by requiring 3 or more high-pT tracks (pT > 3 − 5 GeV/c) in one TRD module, where the typical acceptance is
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∆η ≈ ∆ϕ ≈ 0.35, which means jet cone angle R ≈ 0.5.
On the other hand, TRD will provide a topological trigger for the HMPID in the momentum window 3 < pT < 5

GeV/c. This method should be extended to higher transverse momenta (pT > 10 GeV/c) to meet the demand of the
VHMPID.

We need to note, the acceptance of the TRD supermodules is not fully compatible with the acceptance windows
of the VHMPID moduls. Furthermore, it is not clear the installation of the TRD moduls in front of the VHMPID.
Finally, the high-pT hadron triggering with TRD is under development, its efficiency and purity is not fully surveyed
and elaborated at this point.

We strongly suggest the detailed investigation of the feasibility of TRD triggering for VHMPID.

D. Triggering by a dedicated High-pT Trigger Detector (HTPD)

A natural suggestion is to build a dedicated trigger device, especially for the VHMPID, which is working at the L1
level. The geometrical trigger method can be used occupying approximately 20 cm of the available 100 cm.

The trigger can use the fact, that inside the ALICE L3 magnet the charged particles are moving along a helix. The
trajectory projected to the transverse plane is a circle with a radius proportional to the momentum of the particles
(pT [GeV/c] = 0.15R[m]) (at 0.5 Tesla magnetic field). The higher momentum particles will cross the HPTD with a
smaller angle of incidence (α). The way to measure the angle α is to measure the particle position at several points
(see Figure 26). HPTD contains 4 layers of aligned charged particle sensitive chambers. The chambers are equipped
with pads especially designed for optimum performance i.e. a good spacial resolution in the direction of the azimuthal
direction and a smaller resolution in the direction of the field. For simple technical reasons the HPTD is flat so the
width of the pads is increasing slightly with the tangential distance from the interaction point (see Figure 26).

Technically each layer of the HPTD is a separated gas chamber where the charged particle detection is made
with TGEM’s (Thick Gas Electron Multiplier). The used gas mixture is Ar-CO2; the high voltage on the TGEM is
1000-1200 V. A MIP’s primary ionization electrons multiplied by two TGEMs gives a measurable amount of charge
collected on metallic pads (see Figure 27).

After a pre-amplification phase the analog signal from a pad propagates through a discriminator to be converted
into a digital one bit. These electronics are mounted onto the backside of the pads. The estimated power consumption
of the electronics is 30 mW/channel, thus the 13000 pads per layer (2 mm × 50 mm pads) results approximately 400
Watt heating. This heat production will require water cooling, which can be solved.

The digitalized signals from pads produce a simple pad-pattern corresponding to the particle path through the 4
layers. The digital signals are harmonized by a fast serial clock and go into the trigger logics. Here a search algorithm
performs pattern recognition and determines the angle of incidence (α). Selecting large angles (α0 < α < 90◦) an L1
trigger signal can be created (see Figure 28).

The HPTD can be positioned in front of or behind the RICH unit of the VHMPID, and it covers the same acceptance.
Recently two test chambers have been built, containing 2-2 TGEM plates with active area 10×10 cm2. The chambers

were tested at CERN PS with 6 GeV pion beam (see Figure 25).

FIG. 25: The photo of the test chamber containing TGEM plates with the size of 10×10 cm2.

We performed simulations in the ALIROOT framework in order to optimize the geometry of the HPTD module.
Our primary aim was to determine the pad width in x direction, which is the parameter that specifies the pT -limits
of the incoming particle to be identified.
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FIG. 26: Left: The schematic view of the 4 layer High pT Trigger Detector in front of the VHMPID RICH modul. Right: The
schematic picture of high and low momentum particle crossing through 4 detector layers.

FIG. 27: The schematic view of the pad structure of one layer in the High pT Trigger Detector.

FIG. 28: Different trigger logics for recognizing high-pT charged hadrons passing the HTPD.

To decrease the low pT background one should minimize the total pad surface inspected by the logic. On other
hand, we would like to minimize the number of logical decisions. We tested several possible trigger logics based on
different pad-pattern of the 4 layers, using logical OR connection among the pads of the same layer, and logical AND
among the 4 layers.

The most sensitive variable to determine the pad width is the dx(pT ,x), which is the deviation from the linearly
extrapolated 4th layer position of the high pT particle (see Figure 26).

Simple geometrical calculations indicated that this variable is inversely proportional to pT , and practically inde-
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pendent of x. The value of dx(pT ,x) is about 5 mm for a pT =10 GeV/c particle.
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FIG. 29: Trigger efficiencies as the function of the pad with.

Figure 29 displays the trigger efficiency for the particles coming from the main vertex with momentum p as the
function of the pad width for a given logic and pad length. The efficiencies saturate around 4-5 mm for the 8-10
GeV/c particles, as we expected.

To determine the realistic trigger rate we simulated 4000 central (b: 0-5 fm) Pb-Pb collisions at 5.5 TeV by HIJING,
without inner detectors simulation. The trigger rate is decreasing rapidly decreasing the pad width, and using a given
trigger logic and pad length it goes under 1% with 2 mm pad width — this means 8 Hz trigger rate for one module,
see Figure 30.

0

10

20

30

40

50

60

0 0.2 0.4 0.6 0.8 1 1.2 1.4

0.95
5.3

12.9

24.625

38.025

49.94000 central (b: 0-5 fm) HIJING event; 5.5 TeV Pb-Pb

fast simulation (without inner detectors)

pad_size_x (cm)

TR (%)
Trigger rate vs. padwidth

(trigger logic: 2123; pad_size_y = 5 cm)

FIG. 30: Trigger rates as the function of the pad with.

According to our opinion such a dedicated HPTD unit could serve most optimally the need of VHMPID triggering.
We strongly suggest the continuation of the HPTD development activities both on the hardware side and detailed
simulations.

V. CONCLUSIONS

We present a detector of limited acceptance that should in our mind complement the existing particle identification
at high momenta in ALICE which relies on the performance of the TPC in the relativistic rise. The poor separation
between the pions,kaons and protons allow for a satisfactory identification in the statistical way. However we believe
that correlations of parameters in the experiment need also a track-by-track identification. Albeit there is a possibility
to accede to the track by track identification applying cuts on the De/Dx distributions the problem with this approach
is the following: 1) It relies on the stability of the gains in the TPC over several runs because it is difficult to apply
cuts on a sample of DE/Dx events with a limited statistics in the region of interest, 2) Even in the region where one
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could identify all three species with the above limitations one would at most identify only one. 3) With the cuts to
obtain a good purity the virtual acceptance is reduced and is somewhat comparable to the proposed detector. 4) If
one considers the triggering on the EMCAL the acceptance of the method is even smaller than the the one proposed
here. For these reasons we consider the proposed detector worth of the attention of the collaboration for a possible
upgrade.

APENDIX I. Two Chamber VHMPID

An alternative to the ”one gas volume” VHMPID geometry described above we consider another possibility that
may allow us to improve some crucial performance parameters: 1) Extend particle identification up to 35 GeV/c.
2) Improve particle identification in (10 - 15) GeV/c region (special π/p misidentification) 3) Allow a reliable self
triggering.

The proposed option consists of a combination of two gas chambers, two CsI plus MWPC or GEM photo detectors,
a spherical mirror and a micro-pattern tracking devise. As shown in Fig. ??, this geometry covers the same space as
the one chamber option, while combining 3 detectors: A 35 cm long RHCH section with CF4 used as UV radiator and
amplification gas in combination with windowless GEM + CsI pad redout, a gas micropattern tracking detector. And
a 65 cm long threshold detector with C4F10 radiator gas with quartz window and a GEM or MWPC pad read-out.

When a particle enters the face that is closer to the interaction point, it leaves a MIP point-track on the GEM+CsI
pad. The particle then produces Cherenkov photons while traveling across the CF4 radiator. These photons will be
reflected in the spherical mirror located at the end of the first chamber leaving at the end a PID ring on the back of
the GEM+CsI pad. The particle then leaves a second MIP point-track on the micro-pattern tracked before entering
the second chamber. Then while crossing the C4F10 if its momentum is above the Cherenkov threshold photons will
be produced, leaving at the end a blob on the quartz window + GEM (or MWPC) + CsI, on the far face of the
device, plus a MIP third point-track. At the end, there are 3 points that define a track (for self triggering), a ring
image that allows PID, and a blob signal (or lack of a signal) for π/p separation.

Spherical UV Mirror 

CF4 gas

C4F10 gas

SiO2  Window

Tracking Detector, 5x5 mm2 pads

GEM detector with
CsI and 5x5 mm2 pads

MWPCh or GEM detector with
CsI and 5x5 mm2 pads

65 cm

35 cm

Particle track & UV photons

Fig 1. Three detectors option: RICH (CF4) and Cherenkov threshold (C4F10) plus additional 
tracking detector.FIG. 31: Two gas chambers option: RHIC (CF4) and Cherenkov threshold detector (C4F10) plus tracking micropattern detector.

A stand-alone GEANT-3 simulation was performed in order to to check the performance of the two chamber
VHMPID. A close approximation for the Vertex Detector, the TPC, TRD and for the ToF is included in the simula-
tion’s geometry. The dimensions of the VHMPID modules are set to 1 × 1× m3, positioned at both sides of PHOS
(in Z). Twenty five modules are defined in order to increase the event’s statistics.

Further details of the simulation setup:

• UV photons. Generation, transmission, reflection, CsI quantum efficiency. Available experimental data were
used ( as a function of UV photons energy) to produce, transport and convert UV photons. Mirror reflection
coefficient of 0.8 was used.

• CF4 scintillation. The results from a recent experiment to measure scintillation properties of CF4 ware used:
190 photons per MeV of energy loss and photon wave length with a mean 160 nm and σ of 20 nm. The photons
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were randomly distributed along a particle track (inside CF4 volume) with a random momentum direction.

• Photo-electrons collection efficiency, gas amplification, noise - pad response. The probability to extract a photo-
electron ( after UV photon interaction with CsI ) for a reflection GEM geometry was measured, and conservative
factor 0.9 was used.

• The MIP response was simulated using a ”standard” procedure to get a number and position of ionizing electrons
in a cathode - anode gap. For each electron (from UV or MIP) a gas amplification was calculated using a Polya
distribution with an average effective gain of 5000. When all charges from different sources were collected on a
pad(s), a pedestal was added with a ”noise” smearing of 600 photo-electrons. Then a charge from each ”active”
(pedestal subtracted) pad was checked on a threshold value to select ”MIP” or ”UV” signal.

• The TPC response was simulated as detailed as possible, including distortions. A ”fast simulator” with a simple
Gaussian smearing independent for each track was used.

• The QA control: For each ”active” pad the ”history” was saved - who is responsible for a signal ( up to 5
GEANT track numbers ) and a special flag for UV photons to check ”Cherenkov” - ”Scintillation” origin. For
each GEANT track all the information was saved in a special file.

• Pad size for all three detectors was fixed as 5× 5 mm2.

The simulation was done for π, k and p with pT in the range of 4.5 to 45 GeV/c, and the primary vertex position
smeared in z ± 20 cm. One particle per event was embedded per central 5.5 TeV Pb+Pb HIJING event. For the
analysis the TPC hits were used to reconstruct p and vertex position, the cuts used: pT ¿ 4. GeV/c and R vertex ¡
50 cm. As for the reconstruction of the track in the VHMPID, it was done by matching the MIP reconstructed hits
(”crossing points”). Then by reflecting the track in the RICH mirror, it was checked that a reflection point was inside
of a ”pad’s area” (”reflection points”). Only the tracks that passed this last condition were accounted in the analysis.

For each ”crossing point” (in the C4F10 detector) the number of ”active” pads with UV photons response was
checked inside of a selected ”corridor” ( ± 7 pads). If this number was greater than three a blob was found. In the
same way, for each ”reflection point” the number of ”active” pads with UV photon response was checked inside of a
selected ”corridor” (± 5 pads). If this number was greater than four, all hits positions were transformed in a local
coordinate system with a ”reflection point” in a (0., 0.) position; then the radius R for each hit was calculated and
a ”truncated” step was done (to ”kill” ”tail” hits). Finally using the ”one particle per event” data the dependence
cos θ2 (1. + M2/P2) = F (R) was fitted to F (R) = A · R22 + B · R + C, so that for a known p and R the mass of
particle can be reconstructed. In many cases by knowing p, and blob or no blob, m (if found) allowed to get PID of
the particle under consideration.

Figure 32 shows the particle identification performance for π and p with all possible background effects included.
For the pT range 5 - 17 GeV/c the π identification is very close to 100%. Proton identification is 90% for the pT

range 10 - 17 GeV/c and degrades to about 70% for larger pT values.
As pointed out in the trigger section, the VHMPID needs high pT trigger. The detector described in this section

provides such possibility: Using the ”MIP hits” from Cherenkov detectors and the hits from the tracking detector
tracks can be reconstructed by fitting the hits to a straight line and calculating the distance of close approach (DCA)
to primary vertex position (0., 0., Zvertex) in XY and RZ as shown in Fig. 33. This (”tracking”) trigger can be used
in a combination with ”EMC trigger” specially for p+p and γ-jet studies.

To conclude, the simulations show that if we want to use the VHMPID in the pT range of 5 - 35 GeV/c and at
the same time implement a simple and reliable self pT trigger, the two chamber VHMPID should be considered as a
feasible option. With the added advantage that the installation procedure in ALICE for this detector would be easier,
given the independence of its sections.

Even though that there are technical challenges that need to be considered such as the necessity for the GEM
detector and for a highly integrated FEEs (due to the lack of space), the simplicity, elegance and functionality of this
design makes it an interesting alternative.



21

Particle was identified as π (Blue),  k - Red,  p – Green, No PID - black

Fig 2. π (left) and p (right) identification performance with Central Pb+Pb HJ as 
a background.

Probability Probability

FIG. 32: π (left) and p identification performance in central Pb+Pb HIJING events embedded in background as function of pT .
The histograms represent particles identified as π (blue), k (red), p (green) and no PID (black).

DCA, xy, cm

Pt, GeV/c

Fig 3. Distance of close approach (DCA) to primary Vertex position ( in XY,  
for reconstructed and fitted straight line using VHMPID “MIP hits”)  as a function of Pt

FIG. 33: Distance of closest approach (DCA) to the primary vertex position (in XY ) for reconstruction, fitted to a straight line
using the VHMPID hits as function of pT .
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