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The task

• PANDA is a fixed target experiment with a maximum 
energy of √s = 5.5 GeV/c2

• It aims, e.g. precision measurements of charmed mesons

• This defines the benchmark channels

• π/K/p separation is mandatory to achieve physics aims

• end-cap region has to cover 5(10) < θ < 25 deg

• momentum regions to be defined by physics programme



Cherenkov schemes
• DIRC

• light transport by 
internal reflection

• needs high quality 
surfaces

• optical elements to 
enhance image

• read-out outwith 
detector volume

• 2D or (1+1)D 
reconstruction

• Proximity Imaging

• No complicated 
optics

• resolution depends 
on the ratio of 
radiator thickness and 
detection plane

• read-out usually in 
the radiation field

• 2D reconstruction

• Threshold Cherenkov



Possible locations
• default position: 

z = 1980mm in between 
the cryostat and the 
end-cap EMC

• length allowed by TB 
meeting in Feb ‘07: 
98mm incl. housing

• alternative position:
z = 1800 - 1950mm 
inside the cryostat

• allows for more 
compact magnet design
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Cherenkov options
• Focussing disc DIRC option (Edinburgh/Glasgow design)

• Time-of-Propagation disc DIRC (Giessen design)

• Proximity imaging RICH counters 

• liquid radiator (ALICE HMPID)

• solid radiator (CLEO RICH)

• Aerogel (Belle upgrade)

• Staggered Aerogel Threshold counter (KEDR-ASIPH)

Note: all examples need (significant) modifications



Focussing disc DIRC
• 20 mm fused silica radiator

• imagining by focussing light 
guides on focal plane equipped 
with multi-pixel PMTs

• Cherenkov angle from two 
spatial co-ordinates, timing for 
event correlation
 (2D + t)

• optical dispersion correction

• possible at new location, but 
slight decrease in performance 
and mechanically more 
challenging
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Time Of Propagation DIRC
• Cherenkov angle 

reconstruction by one spatial 
co-ordinate and ToP 
measurement  (1+1)D

• dispersion correction by 
wavelength dependent 
photon detection (dichroic 
mirrors)

• less read-out channels 
compared to focussing disc

• needs time resolution < 70 ps

• design for default and new 
position
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Liquid Radiator Proximity RICH

• Example: ALICE HMPID

• Liquid radiator (C6F14)

• low dispersion

• UV transparent stand-off 
volume (needs UV 
transparent gas in vessel)

• CsI photo-cathode (UV light)

• needs purification

• Photon detection by CsI 
coated GEM (new 
development for PANDA)

• combine tracker and PID

the High Momentum PID (HMPID), devoted to
the identification of high transverse momentum,
pt, charged particles.

2. The HMPID layout

The physics motivation for the HMPID detector
is the determination of inclusive particle ratios and
transverse momentum spectra as well as the
measurement of momentum correlations of the
identified particles. Specifically, the aim is to
identify with a 3s level separation charged pions
and kaons in the range 1opto3GeV=c and
protons in the range 2opto5GeV=c, which
implies a resolution of the Cherenkov angle yc
p3mrad.

The HMPID will be operated in a high charged
particle multiplicity environment with particle
densities up to 100m!2. The occupancy foreseen
is "12% and the acceptance required to achieve
the physics goals is 5% of the central barrel space,
with pseudo-rapidity and azimuthal coverages of
!0:6oZo0:6 and 57:6#, respectively. The interac-
tion rates will go from 8 kHz in Pb–Pb to 300 kHz
in p–p collisions.

Given the above experimental conditions, the
detector should have single photon sensitivity, i.e.
a high quantum efficiency (QE), a good localiza-
tion accuracy, and a low noise Front End
Electronics (FEE) allowing a single e! efficiency
485%. The solution has been a proximity
focusing Ring Imaging Cherenkov (RICH) detec-
tor. The detector consists of an array of seven
identical modules of 1:5m$ 1:5m, arranged in a
cupola-like structure and located at a radial
distance of 4.7m from the interaction point
(Fig. 1) [2].

A detailed description of the ALICE HMPID
RICH can be found in Refs. [2–4], here the most
general features will be pointed out. The cross-
section of the detector is shown in Fig. 2. The
momentum range covered by the HMPID is
achieved by means of a 15mm thick layer of
C6F14 liquid radiator (refractive index n ¼ 1:2989
at l ¼ 175 nm). Then the Cherenkov cone refracts
out of the liquid radiator and expands in the
proximity volume of pure CH4 reaching the CsI

photocathode (PC) of an open MWPC that works
as the photon detector. The chamber is operated at
atmospheric pressure. The photocathode is seg-
mented into pads (8mm$ 8:4mm). It is coated
with a 300 nm photosensitive layer of CsI (in
reflective mode), and is equipped with an analogue
single pad readout. The sensitive gap of the
MWPC is 4.45mm, the cathodes are grounded

ARTICLE IN PRESS

Fig. 1. View of the ALICE space frame. The HMPID modules
are mounted onto a cradle located at two o’clock position.

Fig. 2. Schematic cross-section of the HMPID RICH detector.

A. Gallas / Nuclear Instruments and Methods in Physics Research A 553 (2005) 345–350346

Note: angles not to scale
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• low dispersion
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Solid Radiator Proximity RICH 

and recently in CLEO-c at lower center-of-mass
energies.

2. Detector description

Cherenkov photons are produced in a shell of
1 cm thick LiF crystal radiators which, up to a 22!

angle from the center of the solenoid, are sawtooth
radiators [2] and the rest planar. The sawtooth
radiators are used to prevent total internal
reflection of Cherenkov photons where charged
particles cross the detector at near normal
incidence. The photons then enter a 15.6 cm thick
expansion volume filled with pure N2 gas, as
shown in Fig. 1, and get detected in multiwire
proportional chambers. The chambers have CaF2

windows and are filled with TEA dispersed in
methane that has the ability to detect vacuum
ultraviolet photons. Charge signals induced on an
array of 230,400 7:5mm" 8mm cathode pads are
used to measure the position of the Cherenkov
photons using custom made low noise and high
dynamic range VA_RICH ASIC’s that convert the
charge signals into differential current signals in
order to minimize cross talk in the cables

connecting the front end electronics to the data
boards. The back end electronics include transim-
pedance receivers that transform the current
signals into voltage signals which get digitized
afterwards by 12-bit differential ADC’s in the data
boards located in the VME crates. More details
can be found in [3] and [4].

3. Physics performance

3.1. Photon resolution and photon yield

The physics performance studies were made
previously [3] using either Bhabha or hadronic
events1 where the single photon resolution para-
meter sy is the RMS width of the difference
between the measured and the expected single-
photon Cherenkov angle distribution. The photon
yield per track is extracted from the fitted and
background subtracted photon yield per track
distribution. Consequently, the Cherenkov angle
per track is found as the arithmetic mean of all
photoelectrons in an image within #3s for each
hypothesis. A summary of the averaged values of
these parameters for flat and sawtooth radiators
are shown in Table 1.
The components of the Cherenkov angular

resolution per track are compared with the data
as shown in Fig. 2. The resolution is mainly
dominated by the chromatic dispersion and the
error on the photon emission point. Smaller
components include the error on the reconstructed
photon position and the error on the charged
track’s direction and position determination.

3.2. Particle ID likelihood: definition and operating
modes

The particle identification criteria we are using
for CLEO III and CLEO-c analysis is different
from what we presented in the last section where
only the optical path with the closest Cherenkov

ARTICLE IN PRESS

Fig. 1. Sketch of the Cherenkov photon process in the CLEO
RICH Detector, a ‘‘proximity focusing’’ system where the
Cherenkov cone is allowed to expand in a radial volume
enclosed between the solid state radiator and the photon
detector.

1Here, photons that match the most likely mass hypothesis
within #3s were removed from consideration for the other
tracks to resolve overlaps between Cherenkov images for
different tracks.

R. Sia / Nuclear Instruments and Methods in Physics Research A 553 (2005) 323–327324

• Example: CLEO-c RICH 
(uses LiF with CsI read-
out)

• saw-tooth shaped fused 
silica radiator

• no need for purifier

• performance limited by 
dispersion (slightly 
worse than LRPI)

• photon detection by CsI 
coated GEMs

• combine tracker and PID
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• saw-tooth shaped fused 
silica radiator
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• performance limited by 
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coated GEMs
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angle to the expected one was considered. Here,
the information on the value of the Cherenkov
angle and the photon yield for each hypothesis is
translated into a Likelihood of a given photon
being due to a particular particle. Contributions
from all photons2 associated with a particular
track are weighted by their optical probabilities3

then summed to form an overall Likelihood

denoted as Lh for each particle hypothesis ‘‘h’’
(e, m, p, K or p), details about the analytical form
of the Likelihood function can be found in [3].
The CLEO III data at eþe" center-of-mass

energies around 10GeV have been used to evaluate
the RICH performance. Since the charge of the slow
pion in the D#þ ! pþD0 decay is opposite to the
kaon charge in the subsequent D0 ! K"pþ decay,
the kaon and pion in the D0 decay can be identified
without the RICH information. The efficiencies and
fake rates are hence extracted by studying the RICH
identification selectivity on the particle species
selected with the D# tag. Here, the D0 mass peak
in the K"pþ mass distribution is fitted to obtain
the number of signal events for each momentum
interval. Fig. 3 shows the distribution of 2 ln
ðLp=LKÞ, which is equivalent to the w2 difference
in the Gaussian approximation, for the identified
kaons and pions with 1.0–1:5GeV=c momentum.
The detected fraction of kaons (pions) as a

function of the cut on 2 lnðLp=LKÞ is shown in
Fig. 4 and the pion fake rate for different kaon
efficiencies versus momentum is shown in Fig. 5.
Below &0:6GeV, the RICH can be used in the
threshold mode. Fig. 6 shows the fraction of kaons
(pions) passing the cut restricting the number of
photons assigned to the pion hypothesis for tracks

ARTICLE IN PRESS
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Table 1
The averaged values of the single-photon resolution (sy), the
photon yield (Ng) and the Cherenkov angle resolutions per
track (strack) from Bhabha and hadronic CLEO III events, for
flat and sawtooth radiators

Event type Type of radiators sy ðmradÞ Ng strack ðmradÞ

Bhabha Planar 14.7 10.6 4.7
sawtooth 12.2 11.9 3.6

Hadronic Planar 15.1 9.6 4.9
sawtooth 13.2 11.8 3.7

2With a loose cut-off of '5s.
3Which include length of the radiation path and the

refraction probabilities.

R. Sia / Nuclear Instruments and Methods in Physics Research A 553 (2005) 323–327 325



Aerogel proximity RICH (AeroP)

• focussing radiator RICH 
design tested for Belle 
endcap upgrade

• FARICH study uses 6 
different indices

• Photon detection using 
MCP-PMT or proximity 
focussing HAPD

• working in the visible 
range

• Only limited space point 
resolution by measuring 
Cherenkov light produced

3. Measurements and results

The basic principle of ‘‘focusing’’ and ‘‘defocus-
ing’’ aerogel radiator configurations is illustrated
in Fig. 3. In the focusing case, the higher refractive
index radiator is downstream, in the defocusing
case it is upstream of a second, lower refractive
index radiator tile. Fig. 4 shows the two clearly
separated rings produced by 3GeV=c pions in a
dual radiator defocusing configuration
(nupstr ¼ 1:056, ndnstr ¼ 1:027). In Fig. 5, we

compare the data for two 4 cm thick radiators;
one with aerogel tiles of equal refractive index
ðn ¼ 1:046Þ, the other with the focusing arrange-
ment (nupstr ¼ 1:046, ndnstr ¼ 1:056). The improve-
ment is clearly visible. For this (focusing)
configuration, the two main parameters, i.e.
number of detected Cherenkov photons per ring
and single photon Cherenkov angle resolution,
have been measured as a function of pion
momentum. The results are displayed in Fig. 6
and show that good overlapping of two rings is
achieved in the momentum range from 1GeV=c to
4GeV=c. As expected, both parameters improve
with increasing momentum, so at 4GeV=c a
resolution for a charged particle of s ¼ 4:6mrad
is obtained, which corresponds to a p=K separa-
tion of 5s.
Measurements have also been performed for

incident pion tracks inclined with respect to the
planes of the radiator and photon detector. From
Fig. 7 it is seen that at 20$ and 30$ pion incident
angles, the rings from both radiators in the
focusing configuration overlap nicely with no
appreciable deterioration of resolution.
Further tests involve extensions of the basic

principle to radiators with more than two layers of
different aerogels. Different combinations have
been investigated as shown in Fig. 8, and all the
results confirm the expected overall improvement
in resolution attainable with the proposed scheme
of aerogel radiators composed of layers with
different refractive indices.

4. Conclusions

From the results of the present measurements, it
is quite clear that the basic idea of a nonhomoge-
neous Cherenkov radiator, i.e. one composed of
multiple layers with different refractive indices,
offers possibilities for resolution improvement
of proximity focusing Cherenkov detectors. Diff-
erent configurations, namely, focusing or de-
focusing, dual or multiple have been tested
with normal and inclined beam incidence and
all perform according to expectations. This
means that a resolution as required by the Belle

ARTICLE IN PRESS

n1 n2 n1>n2

n1 n2 n1<n2

Fig. 3. Basic configurations of a nonhomogeneous aerogel
radiator; defocusing configuration (top) and focusing config-
uration (bottom).

S. Korpar et al. / Nuclear Instruments and Methods in Physics Research A 553 (2005) 64–6966
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Aerogel proximity RICH (AeroP)

• focussing radiator RICH 
design tested for Belle 
endcap upgrade

• FARICH study uses 6 
different indices

• Photon detection using 
MCP-PMT or proximity 
focussing HAPD

• working in the visible 
range

• Only limited space point 
resolution by measuring 
Cherenkov light produced

3. Measurements and results

The basic principle of ‘‘focusing’’ and ‘‘defocus-
ing’’ aerogel radiator configurations is illustrated
in Fig. 3. In the focusing case, the higher refractive
index radiator is downstream, in the defocusing
case it is upstream of a second, lower refractive
index radiator tile. Fig. 4 shows the two clearly
separated rings produced by 3GeV=c pions in a
dual radiator defocusing configuration
(nupstr ¼ 1:056, ndnstr ¼ 1:027). In Fig. 5, we

compare the data for two 4 cm thick radiators;
one with aerogel tiles of equal refractive index
ðn ¼ 1:046Þ, the other with the focusing arrange-
ment (nupstr ¼ 1:046, ndnstr ¼ 1:056). The improve-
ment is clearly visible. For this (focusing)
configuration, the two main parameters, i.e.
number of detected Cherenkov photons per ring
and single photon Cherenkov angle resolution,
have been measured as a function of pion
momentum. The results are displayed in Fig. 6
and show that good overlapping of two rings is
achieved in the momentum range from 1GeV=c to
4GeV=c. As expected, both parameters improve
with increasing momentum, so at 4GeV=c a
resolution for a charged particle of s ¼ 4:6mrad
is obtained, which corresponds to a p=K separa-
tion of 5s.
Measurements have also been performed for

incident pion tracks inclined with respect to the
planes of the radiator and photon detector. From
Fig. 7 it is seen that at 20$ and 30$ pion incident
angles, the rings from both radiators in the
focusing configuration overlap nicely with no
appreciable deterioration of resolution.
Further tests involve extensions of the basic

principle to radiators with more than two layers of
different aerogels. Different combinations have
been investigated as shown in Fig. 8, and all the
results confirm the expected overall improvement
in resolution attainable with the proposed scheme
of aerogel radiators composed of layers with
different refractive indices.

4. Conclusions

From the results of the present measurements, it
is quite clear that the basic idea of a nonhomoge-
neous Cherenkov radiator, i.e. one composed of
multiple layers with different refractive indices,
offers possibilities for resolution improvement
of proximity focusing Cherenkov detectors. Diff-
erent configurations, namely, focusing or de-
focusing, dual or multiple have been tested
with normal and inclined beam incidence and
all perform according to expectations. This
means that a resolution as required by the Belle
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Fig. 3. Basic configurations of a nonhomogeneous aerogel
radiator; defocusing configuration (top) and focusing config-
uration (bottom).
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Threshold Cherenkov (AeroT)
• Example KEDR ASIPH

• Use two Aerogel 
refractive indices for yes/
no answer on π/K

• Npe will add to 
resolution

• might use large area 
APD for photon 
detection

• relies on interplay of 
WLS and PMT

separate p- and K-mesons with momenta from 0.6
to 1:5 GeV=c:

The measurement of the quality of particles
identification for ASHIPH endcap counters has
been done at the beam of secondary particles of
10 GeV proton synchrotron in JINR (Dubna).
The test beam results were described in our
previous publications [9,10]. Main results are the
following:

* At p ¼ 0:86 GeV=c the number of photoelec-
trons for pions is 7.7, the pion suppression
coefficient is 900 at 94% kaon detection
efficiency (separation is 4:7s). At 1:2 GeV=c
the number of photoelectrons for pions is 9.2,
the pion suppression coefficient is 1300 at 90%
kaon detection efficiency ð4:5sÞ:
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published in Ref. [11,12]. The probabilities of
kaons and pions misidentification are shown as a
function of threshold for 0.86 and 1:2 GeV=c
momenta for counters 1 and 2 in Figs. 6 and 7.

At p ¼ 0:86 GeV=c for the counter filled with
block aerogel and zero signal threshold the pion
suppression coefficient is 900 at 94% kaon
detection efficiency (separation is 4:7s) and at
1:2 GeV=c the pion suppression coefficient is 1300
at 90% kaon detection efficiency ð4:5sÞ: For the
counter filled with aerogel crumb at 0:86 GeV=c
the pion suppression coefficient is 90 at 95% kaon
detection efficiency ð3:9sÞ; and at 1:2 GeV=c
momentum the pion suppression coefficient is
200 at 90% kaon detection efficiency ð3:9sÞ:

We would like to note that the aerogel counters
system of the KEDR detector includes two layers
and most of the particles will cross two counters in
good conditions. For such particles the identifica-
tion power will be higher.

2.4. Time resolution

To measure the time resolution of our aerogel
counter, we plot a histogram of a time difference
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Some thought on costs

• DIRC costs equally given by fused silica prices and read-
out

• reliable estimates for PMTs and fused silica

• Several groups actively working and investing in R&D for 
DIRC counters

• read-out electronics is the biggest uncertainty

• costs for proximity imaging driven by number of read-out 
channels (might be shared with cost for tracker)

• Development cost for large area CsI GEM ?



Optimising Cherenkov counters
• Performance depends on 

• number of photons

• figure of merit

• Cherenkov angle resolution

• Use parametrisations for N0

• Use weight function for 
chromatic error

• include multiple scattering and 
image resolution

N = N0LZ2 sin2 θc

N0 =
α

!c

∫
Q(E)T(E)R(E)dE

σchr
θi

=
σn

βn2 sin θc
σmsc

θi
=

θRMS√
6

σPI
θ =

L sin θ cos θ√
12D

σθc =

√
σ2

msc + σ2
chr + σ2

PI

N

from NIM A 433 (1999) 17 and NIM A 521 (2004) 367

pmax ≈

√
β∆m2

2nσσθ



Calculating N0
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Performance comparison
FDD ToP LRPI SRPI AeroP AeroT

length <100 mm <100 mm ~180mm ~180mm ~250mm ~180mm

Read Out TDC TDC TDC/ADC TDC/ADC TDC TDC/ADC

Nch ~4500 960 >35000 >35000 35000 ~1000

P/D PMT PMT CsIGEM CsIGEM PMT PMT

spec UV/VIS UV/VIS VUV VUV VIS VIS

tracking no yes/no yes yes no (?) no

trigger need track need track need track need track need track simple

pattern 2D + t (1+1)D 2D + t 2D + t 2D + t 1D + t

running simple simple purifier/gas gas dry N2 ? dry N2 ?

R&D risc data rate rate/ Δt CsI GEM CsI GEM HAPD WLS



Performance comparison
FDD ToP LRPI SRPI AeroP AeroT

X0 0.17 0.17 0.20 0.24 0.14 0.03

N0(1/cm) 125 - 60 57 76 ?

Npe 135 70 36 68 18 10

pmin (GeV) 0.6 (0.2) 0.6 (0.2) 0.84 0.56 2.75 ?

pmax (GeV) 6.5 6 3.3 2.8 7.5 ?

σθ 0.45 - 4.1 3.9 2.7 -

Δt O(ns) <70 ps O(10 ns) O(10 ns) O(ns) O(ns)

acceptance full edge edge edge edge full





Decision criteria
• Physics performance: 

• Do pmin and pmax match physics aims ? 
Are there significant limitation for future discoveries ? What physics compromises does 
the choice imply ? 

• What limitation does a PID choice imply for other detector components (tracking, 
forward EMC) ? How about acceptance gaps ? Homogenous response ?

• Technological criteria:

• Can the detector design be accommodated mechanically ?

• Can the DAQ handle the data rate ?

• Are we confident to master the R & D risks (give manpower and time constraints) ?

• Ease of operation and maintenance, handling of substances involved ?

• Hardware trigger possible ? Resolution of multiple hits ? Background suppression ?

• Other criteria:

• What know-how is available in the groups involved ? What within PANDA ? 

• Do we find the money for a particular solution ? How about overall cost ? Are we willing 
to trade investment for running cost ? Can costs be shared with tracker ?

• What are the timelines for a decision ?


