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Abstract

We report on the design and construction of a CsI-RICH detector composed of four CsI photocathodes of 64]40 cm2

each, and two C
6
F
14

radiator trays of 133]41 cm2. A detailed description of the novel elements is given and the
performance of the detector is illustrated with some basic results obtained during the tests at the beam. ( 1999 Elsevier
Science B.V. All rights reserved.

1. Introduction

In a series of three papers, we report about the
performance of the prototype of a Ring Imaging
Cherenkov detector based on a cesium iodide (CsI)
photoconverter, the CsI-RICH. The technical de-
scription of the large prototype is presented in this
report, while the "nal test results and a study dedi-
cated to Cherenkov angular resolution and simula-
tion are described in Refs. [1,2], respectively. The
CsI-RICH detector was proposed to form the High
Momentum Particle Identi"cation system
(HMPID) of the ALICE experiment [3]. This sys-
tem will be composed of seven modules, of 1.3]1.3

*Corresponding author.

m2 each, aiming to complement the particle identi-
"cation of the ALICE detector barrel in the 1.5}5
GeV/c momentum range. A detailed presentation
of the HMPID system, including the associated
R&D results can be found in Ref. [4].

2. Description of the prototype

2.1. The photodetector

The main components of the detector are shown
in Fig. 1 as a cross-section and in Fig. 2 in isometric
projection. In Fig. 2 the "nal HMPID module is
represented, based on six pad panels and three
radiator trays. The prototype was built according
to the same design but reduced to four pad panels
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Fig. 1. Cross-section of the CsI-RICH prototype in a plane
parallel to the anode wires.

Fig. 2. Isometric view of a HMPID module. (1), (2), (3) are the
elements described as Frame-1, Frame-2, Frame-3, respectively.

and two radiator trays, keeping the same dimen-
sions in the other direction. Fig. 3 shows the proto-
type when installed at the test-beam line.

The detector is constructed by stacking a series
of independent metallic frames designed in such

a way that simple machining ensures:

f the parallelism and a controlled thickness of the
two anode-to-cathode gaps of the MWPC,

f the parallelism between the radiator trays and
the photodetector.

Peralumin is used as the material for the frame to
guarantee optimum surface quality (porosity, pol-
ishing) and #atness during machining. The sealing
between the frames is achieved by machining stan-
dard grooves for the Viton O-ring joints. In order
to minimize the outgassing, care was taken to re-
duce the use of composite, organic material and
gluing, in favour of metallic components. We shall
describe the production of the pad cathode panel
and frames, and the related assembly procedures.

2.1.1. The pad cathode panel
Given the particle density expected in the

HMPID detector [3], a pad size of 8]8 mm2 has
been adopted providing the readout granularity
adequate to achieve the Cherenkov ring pattern
recognition [4]. The pad panel is assembled as
a sandwich composite structure inserted in a metal-
lic frame. This technology provides a sti! structure
with a minimum of material and e$cient gas sea-
ling of the pad panels. The panel structure is sche-
matically shown in Fig. 4. The composite structure
consists of the pad-PCB and Kapton circuits,
spaced by a 40 mm thick foam plate, from another
circuit referred to as the ground-PCB. The Kapton
foils are soldered on the pad-PCB in rows, leaving
a free space of about 30 mm between them, for
placing foam strips of that width. The grooves thus
formed allow the Kapton foils to come out through
apertures created in the ground-PCB. The pad-
PCB is "rst glued to the frame on a granite table
and the necessary ground connections made with
conductive glue. Then, the elements are stacked
and glued together under proper load, keeping the
pad-PCB in contact with the granite table. A #at-
ness of $50 lm is achieved over an area of 64]40
cm2. The ground-PCB provides a well grounded
electromagnetic shielding. The pins necessary for
plugging the front-end (FE) electronics boards
are implemented last. Besides acting as a pad-
segmented MWPC cathode, the pad-PCB of
the pad panel also acts as the substrate of the
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Fig. 3. View of the CsI-RICH prototype placed on a moving stage at the SPS-H4 test beam line. One sees the cathode pad panels
instrumented with the FE electronics. On the left side, the system, used to control the C

6
F

14
circulation into the radiator trays, is

attached to the detector hood.

Fig. 4. Schematic cross-section of the pad panel. The foam is
Rohacel-51-HF,1. The glue in use is Araldite epoxy AW106-HV
953-4.

photocathode, meaning that all the pads are
coated, under vacuum, with a CsI "lm, preserving
the electrical connections to the FE electronics,
ensuring optimum sealing with respect to the
chamber gas.

1ROEHM GMBH Ruchstuckstrasse, 8 PostfachCH8305
Bruttisellen, Switzerland.

After some development work, a dedicated PCB
fabrication procedure was established such that
large CsI layers of expected quantum e$ciency
performance could be produced with a good yield
[4]. Two main problems were identi"ed: (i) in order
to avoid a destructive reactive contact between the
CsI "lm and copper substrate, it was decided to
cover the copper surfaces with a 7 lm nickel layer,
known to be su$ciently dense, (ii) more care was
devoted to surface preparation by using mechanical
and chemical polishings. The nickel layer was in
turn covered with a 0.5 lm layer of gold. Two
alternative procedures are still under consideration,
using two- or three-layer circuits, as shown in
Fig. 5. In order to minimize the length of connec-
tions between the pads and FE channels and their
dispersion, groups of 48 pad channels are made
corresponding to a pattern of 8]6 pads in the
X and > coordinates, respectively. The connection
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Fig. 5. Schematic cross-sections of the pad PCB: (a) version
without through holes: the PCB is composed of two layers
allowing for breaking the electrical connection between the pad
and the external trace in two independent segments; (b) version
with through holes. The polishings are applied to the copper
clad before depositing the nickel layer. The total thickness is
0.8 mm.

is established by soldering #exible Kapton foils on
the back of the pad-PCB, equipped at the other end
with an SMD #at connector (ERNI-004863) with
50 contacts, which will be plugged into the FE
board to ensure easy dismounting of the FE elec-
tronics.

2.1.2. Frames
Frame-1. As shown in Figs. 1 and 2, Frame-1

holds the elements forming half of the wire cham-
ber, i.e. the pad cathodes and the anode wire plane.
The described design allows the gap value and the
parallelism of the two planes to be controlled with-
in $50 lm, allowing the pad cathode to be re-
moved with a simple procedure without a!ecting
the MWPC geometry. For this purpose, Frame-1
consists of a plate with four openings in which four
pad cathode panels are easily mounted from
the outside, tightened with screws and sealed with
O-rings.

The anode wire plane: installation and HV supply.
On the opposite side to the pad panel, the anode
wires are stretched between two PCBs glued on
opposite edges of the frame (PCB1 in Fig. 1). The
wires2 are 20 lm in diameter, tungsten rhenium
gold plated, 861/60, grade L, quality 4. The anodic
wires are spaced by 4 mm. As the two PCBs are
glued in grooves, further machining is necessary to
adjust them to the same level as the frame and to
ensure a #at surface for the O-ring to run over.

As the cathode pads are held at ground potential,
the high voltage must be applied to the anode
wires. The PCBs are designed such that they act as
a high voltage feedthrough for every wire, by using
a three-layer PCB con"guration. Outside the
chamber and at each end of the anodic wires, traces
are pulled in groups of eight to a well-insulated #at
connector. On one side of the chamber, a PCB is
used to make the HV distribution. Each wire is fed
through a 1 M) resistance implemented on small
cards grouping eight resistors. All these cards can,
in turn, be fed by traces linked to the HV supply. It
has been checked that in the case of possible sus-
tained discharges (loose wire), one or several wires
could be disconnected from the HV source without
a!ecting the operation of the remainder of the wire
plane, allowing for easy localization of the defective
wire. The connectors available on the opposite
PCB may be used for implementing electronics for
reading out fast wire signals or checking the anode
wire tension by using the CAEN instrument SY502.

Given the length of the anode wires of 120 cm,
a support line structure is needed to ensure the
stability of the wires against the electrostatic force.
For assembly reasons and since the second MWPC
cathode consists of wires, this element can only be
implemented between the pad cathode and the
anodic wire plane. To give the correct spacing, the
anodic wires are positioned using a comb, stretched
by a weight of 40 g and held to the PCB by tin
soldering. The wires are located in thin triangle-
shaped grooves, 0.2 mm deep, machined at the
surface of the Macor support line. For optimum
safety (against vibrations, etc.), a very small amount

2Luma Metall Lumalampan AB,PO BOX 701, S-391 27
Kalmar, Sweden.

F. Piuz et al. / Nuclear Instruments and Methods in Physics Research A 433 (1999) 222}234 225

SECTION IV



of glue (AV144-2/HV 997) was added, thus "xing
the wires in these grooves.

Once the anode plane has been soldered, the
distance between this plane and the upper side of
Frame-1 is measured at several points all around
the frame. The thickness of each pad panel is also
measured at several points between the pad surface
and the inner side of its frame. After averaging and
adjustments, the di!erence between these two
measurements must be made equal to the nominal
distance anode-to-pads, i.e. 2 mm. This is possible
by machining, if necessary, the inner side of the
pad-frame in the "nal adjustment.

Frame-2. The frame-2 holds two wire planes and
its thickness contributes to the depth of the proxim-
ity gap of the RICH (see Figs. 1 and 2). One of the
wired planes is the second cathode of the MXPC
photodetector that is kept at ground potential. It is
made of 100 lm diameter gold plated Cu/Be wire,
spaced by 2 mm. This spacing ensures 95% trans-
parency to the incident Cherenkov photons and
acts as an electric screen between the proximity and
MWPC gaps. In order to avoid having a new PCB
for holding these wires, crimping pins were used to
support the stretching tension, "xed at 200 g/wire.
Two independent machined bars are used to posi-
tion and plug in the metallic crimping pins, allow-
ing thus simpler drilling than in the case of a
monolithic frame. The reason these bars have an
oblique side (see Fig. 2) is to create a shape sur-
rounding the edge of the PCB where the 20 lm
wires at HV are soldered, such that the distances
are much larger than the 2 mm gap. In this zone,
the electrical "eld is kept at a low level, thus avoid-
ing any breakdown from the anodes to surrounding
grounds. The PCB is also long enough to avoid any
leakage current along the circuit surface (see next
section). Once the cathode is wired, the distance
between the wire plane and the upper side of
Frame-2 is measured all around the frame. Then, the
gap between the wired cathode and the anode planes
can be adjusted to its nominal value, 2 mm, by
machining the distance frame, interleaved between
Frame-1 and Frame-2 to the necessary thickness.

The second wire plane is the collection electrode
which creates a small electric "eld in the proximity
gap in order to drain primary ionization, deposited
by the particles, instead of drifting into the MWPC

gap and inducing too large signals. This electrode is
"xed to the frame-2 by means of an independent
frame. It is made of the same 100 lm diameter gold
plated Cu/Be wire spaced by 5 mm also using
crimping pins. It is held at a voltage of about 300 V.
The gap between the collection electrode and the
radiator tray should be kept to a minimum since
primary ions created in that interval are repelled
against the insulated radiator window and might
create deposits.

Frame-3. A light composite panel is "xed on
Frame-3 to close the detector (see Figs. 1 and 2)
made by sandwiching 50 mm of an aramide-"bre
epoxy honeycomb material between two 0.5 mm
thin layers of aluminium (Fig. 1). The radiator trays
are held by guiding parts attached to the panel.

2.1.3. Main results about the operation of the
detector

The 1 m2 area of the prototype delivers a dark
current of 1}2 nA; during local beam irradiation,
up to 2]104 cm~2 s~1, a stable operation is
achieved and the current is about 20 nA, with the
collection electrode voltage <

#0--
set to 250 V and

the anode wires voltage set to 2050 V.<
#0--

has been
optimized by measuring the current in the chamber
irradiated by particles at a rate of 9]103 per burst.
It has been observed that the chamber current
decreases and stabilizes when <

#0--
is larger than

150 V, fully restricting the signals of charged par-
ticles to the primary ionization deposited in the
thin MWPC gap.

In Fig. 6, we show the variation of the single-
electron mean PH, A

0
, as a function of the chamber

voltage for the di!erent gas mixtures that were
tested. The working voltage range starts at an
A

0
value of 10}15 ADC channels. Remembering

that the FE electronics threshold, A
5)
, is of 3}4

ADC channels, single-electron detection e$ciencies
are obtained as exp(!A

5)
/A

0
).

2.2. The radiator array

The high C
6
F

14
and SiO

2
densities, 1.68 and 2.1

g/cm3, respectively, and the need to minimize the
total amount of material traversed by the incoming
particles, required a careful investigation to opti-
mize the radiator vessel mechanical structure. In
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Fig. 6. Variation of the mean single-electron pulse height, A
0
, as

a function of the chamber anode voltage for di!erent gas mix-
tures. Measurements were obtained with a 10 mm C

6
F

14
radi-

ator at the H4/SPS beam line, 350 GeV/c pions. One ADC
channel corresponds to 0.17 fC.

addition, since the HMPID performance depends
strongly on transparency in the UV spectral range
160}220 nm and long-term stability of the C

6
F

14
radiator, the emphasis was put on the choice of
materials.

2.2.1. Radiator description
The liquid radiator container consists of a tray

made of a glass-ceramic material called Neoceram,3
closed by a UV-grade fused silica plate, as shown in
Fig. 7. The thermal coe$cient of Neoceram
(0.5]10~63C~1) ensures that no mechanical stress
is induced on the vessel by temperature gradients.
The limited size of commercially available fused
silica plates and the need to keep the hydrostatic
load within reasonable levels determined the thick-
ness and size of the radiator vessel elements: in the
current geometry, the quartz window is 5 mm thick,
whilst the Neoceram base plate is 4 mm thick. The
vessel elements are glued together with Araldite
AW106. The liquid radiator inlet and outlet are
obtained by gluing two stainless-steel pipes on the
opposite sides of the Neoceram tray, the outlet

3Nippon Electric Glass Co., Ltd., Japan.

Fig. 7. Isometric view of the elements composing a radiator
tray. Four carbon "bre feet are used to locate the tray in the
detector back plane (Frame-3).

Table 1
Material budget

Material thickness X/X
0

(mm)

Honeycomb back panel 50 0.02
Neoceram plate 4 0.03
Quartz window 5 0.05
C

6
F
14

10 0.05
PC panel#FEE 1 0.02

always being at the highest location. To withstand
the hydrostatic pressure, 24 cylindrical spacers are
glued to the bottom plate on one side and to the
quartz window on the other side. The spacers con-
sist of fused silica rods with a diameter of 10 mm;
they are placed in two rows of 12 equidistant ele-
ments.

The prototype has two independent radiator
trays, of size 133]41 cm2, supported by a sti!
composite panel (Frame-3). The radiator vessel and
the #uid dominate the bulk of the detector material,
estimated to be 17% X

0
(Table 1).

2.2.2. Assembly of the radiator tray
Before gluing, all elements must be carefully

cleaned to remove any trace of pollutants on the
surfaces. The radiator is assembled by gluing the
Neoceram pieces to the quartz windows in a dust-
free room kept at 353C with a relative humidity of
less than 50%. An optical table is used for assembly
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to ensure the right #atness over the whole surface
of the radiator. All gluing steps are performed
by using a home-made tool that distributes the
Araldite AW-106 at a constant rate to ensure a glue
thickness of 0.15 mm everywhere. The quartz win-
dow is obtained by gluing the three constituent
plates using a tool specially built to guarantee a
"nal #atness of the resulting plate better than
0.05 mm.

2.2.3. Test results
A full-scale prototype of the liquid radiator

vessel was made using only Neoceram elements,
with 16 equidistant spacers, and tested in several
hydrostatic loading conditions. Strain, stress and
de#ection states of the two base plates measured in
the test were compared with a Finite Element Anal-
ysis (FEA) by means of the IDEAS4 software pack-
age. Tests were executed by overloading the
radiator vessel prototype, "lled with C

6
F
14

, with
an extra 200 mm of liquid column corresponding
to a maximum pressure of 103 mbar for the
vertical position and 131 mbar for the most critical
orientation. In addition, stress and deformation
data were recorded by overloading the radiator
vessel with 100 mm of liquid column. The main
results found in Tables 2 and 3 have "nally led to
a spacer con"guration of 24 elements guaranteeing
a safety coe$cient of 7 under maximum con-
straints.

Once we have assessed the behaviour of the tray
under normal operation conditions, two radiator
trays were built and installed in the prototype. The
following tests were performed at the end of the
radiator vessel assembly phase in order to ensure
that each part works properly:

(i) tightness test and measurement of the He di!u-
sion rate through the vessel quartz plates, per-
formed by using a He sni!er; satisfactory results
were obtained, as no appreciable leak was de-
tected above 3]10~7 atm cm3 s~1;

(ii) C
6
F
14

circulation test and pressurization
test.

4SDRC (Structural Dynamics Research Corporation), 2000
Eastman Drive, Milford, OH 45150-2789, USA.

Table 2
Comparison between the test measurements and the FEA evalu-
ation

Measurement Finite-element method

Maximum stress p 12.5 N/mm2 12.7 N/mm2

Plate de#ection 0.081 mm 0.079 mm

Table 3
Maximum principal stress (N/mm2) versus C

6
F

14
hydrostatic

pressure in the radiator tray with 24(18) spacers (h"0 corres-
ponds to the full radiator, while h"100 corresponds to an
additional liquid column 100 mm high, that takes into account
the anticipated overpressures due to the liquid circulation sys-
tem). The bending strengths for the quartz and Neoceram plates
are 67 and 100 N/mm2, respectively

Radiator tray h"0 h"50 h"100
element

Quartz plate 8.31(11.16) 9.00(12.26) 9.68(13.36)
Neoceram plate 11.6(16.93) 12.72(18.63) 13.84(20.33)
Quartz spacers 7.36(10.91) 8.12(12.06) 8.88(13.20)
Neoceram frame 4.10(4.33) 4.47(4.73) 4.84(5.13)

2.3. The C
6
F
14

circulation system

A liquid recirculation system was designed and
built at CERN for the beam tests of the prototype
at the CERN/SPS during 1997 and 1998. The sys-
tem was required to purify, "ll, recirculate and
empty two liquid C

6
F
14

radiator trays indepen-
dently, remotely and safely. The liquid distribution
to and from the radiators was based on a gravity
#ow principle, similar to that implemented by the
CRID group at SLD [6]. A schematic description
is shown in Fig. 8.

2.3.1. Liquid, construction materials and physical
properties

The liquid chosen for the HMPID system was
PF-5060DL (from 3M5 company), with character-
istics shown in Table 4. Note the high density,
volatility and the high solubility of air and water.
These characteristics in#uence the circuit design.
The high density causes considerable hydrostatic

53M Performance Chemicals and Fluids Division, St Paul,
MN 51144-1000, USA.
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Fig. 8. Schematic of the C
6
F
14

circulation system. As seen in Fig. 3, the distribution rack is attached directly onto the detector.

Table 4
Physical properties of PF-5060DL

ODP (ozone depletion potential) 0
Average molecular weight 338
Boiling point3C 56
Liquid density (g/ml @ 253C) 1.68
Liquid viscosity (cSt @ 253C) 0.40
Vapour pressure (mbar @ 253C) 309
Solubility of H

2
O (ppm by weight @ 253C) 10

Solubility of air [ml gas/100 ml liquid (FC-72)] 48
Solubility of oxygen [ml gas/100 ml liquid
(FC-72)] 65
Thermal expansion coe$cient @ 253C
(ml/ml 3C]103) 1.6
Refractive index (ND) @ 253C (FC72) 1.251

loading on fragile optical windows; the volatility
implies high evaporation losses, which must be
recovered; the high solubility of air and water va-
pour results in over 100 000 vpm oxygen and about
10 000 vpm water vapour in the raw material. Since
both of these gases are strongly absorbent in the
UV they must be reduced to trace levels, to ensure

high optical transparency in our application
(160}220 nm wavelength range).

2.3.2. Liquid recirculation, gravity yow
The liquid from the reservoir is pumped via

cleaning "lters towards each radiator. The liquid
"rst enters a header tube located above the radi-
ator. The top of the tube is connected to the gas
reference system; the bottom is connected via
a valve to the low point of the radiator. The tube
acts as a hydrostatic gravity feed for the radiator. It
contains a large-diameter over#ow pipe to limit the
hydrostatic head (height di!erence between the
over#ow and the outlet at the top of the radiator).
This head is set to produce the required #ow
through the "lled radiator, taking into account the
impedance of the "lling line and the radiator.
Liquid from the radiator outlet falls unimpeded
into a large-diameter outlet tube, connected up-
ward towards the gas reference network and down-
wards toward a large-volume liquid outlet tank.
The outlet tube was constructed to eliminate any
syphons. The circulation cycle starts with the
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progressive "lling of the header tube, which in turn
generates #ow to the radiator. The level in the tube
reaches over#ow and then remains constant. The
radiator "lling continues until the radiator over-
#ows into the outlet line and down to the outlet
tank. At this point the gravity feed and the #ow
through the radiator become constant. From the
bottom of the outlet tank the liquid falls into a large
diameter return line and back to the system reser-
voir. The outlet tank must always be above the
level of the system reservoir to ensure return #ow
by gravity. The top of the outlet tank is connected
to the gas reference network by lines without
syphons. When the #ow to the radiators is stopped,
the hydrostatic head drains via the radiator. The
radiator then remains full until circulation is re-
started. The reference system is purged by a #ow of
20 l/h pure N

2
and exhausted via a cold trap and an

oil bubbler.

2.3.3. Operational experience: cleaning and liquid
transparency

Tests were carried out during three test beam
periods, where the C

6
F

14
circulation system was

supplying two radiator trays, mounted in the CsI-
RICH prototype. The circulation rack, the asso-
ciated control system and the refrigeration system
were located outside the beam area, connected via
standard stainless steel pipes to the distribution
rack mounted onto the prototype (Fig. 8). The
system was "lled progressively with 35 l of C

6
F

14
and cleaned up in a closed-circuit circulation by
passing through a molecular sieve cartridge (13X-
1001 UETIKON6) and a mechanical "lter (Ultra"l-
ter71 lm). Then, the liquid #ow was shared between
the cleaning part and the detector system circulated
at a #ow of 6 l/h per radiator tray. After a period of
about two weeks, the UV-transparency of the
liquid was at the level of the expected performance,
as seen in Fig. 9, and maintained at such a level
during the whole test period. The loss of liquid
coming from the condensation of C

6
F
14

vapour

6CU Chemie Uetikon GmbH, Rai!eisenstrasse 4, D-77933
Lahr, Germany.

7ULTRAFILTER AG, Thurgauerstrasse 74, CH-8050
Zurich, Switzerland.

Fig. 9. C
6
F
14

UV-transparency curves comparing typical re-
sults obtained in other large systems with three measurements
from the HMPID prototype, showing an improvement in the
quality with time.

into the gas reference line was kept at about
1 l/week, having the cold trap system kept at
!203C. The system ran stably and safely during
the three data taking runs. A detailed description of
the elements and tests of the radiator and circula-
tion systems is found in Ref. [4].

3. Production of large CsI photocathodes

The basic properties of the CsI "lm and the main
procedures to achieve "lms of high QE perfor-
mance are discussed in Refs. [4,5]. Here will be
presented the CsI evaporation facility used to pro-
cess all the PCs studied so far; it will be used as well
for the "nal production of the HMPID PCs. The
station is being extended with another vessel in
which the freshly evaporated PC can be translated
under vacuum and scanned for local evaluation of
its QE.

3.1. CsI evaporation facility

The CsI evaporation facility is shown schemati-
cally in Fig. 10. The main body is a cylindrical
vessel, made of stainless steel, of 0.8 m diameter,
1 m long, lying horizontally on a support and
closed by rotatable doors to allow easy access from
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Fig. 10. Schematic side- and cross-views of the CsI evaporation system. (top) The evaporation and the QE measurement parts are on the
left and on the right side, respectively. (bottom) Principle of the QE evaluation based on the measurement of the photocurrent produced
by local irradiation of the CsI PC by a monochromatic UV beam, the intensity of which is obtained from a calibrated PM.
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both ends. Side #anges are used to install auxiliary
equipments such as pumps, pressure probes, electri-
cal and motion feedthroughs, etc.

The primary and secondary vacuum are ob-
tained from a 120 m3/h rotary pump and two turbo
pumps (total evacuation speed of 2500 l/s), respec-
tively, separated by a catalyser trap. Resistive heat-
ing bands are wound around the cylindrical vessel
allowing the system to be heated up to about
1003C, for outgassing and temperature condition-
ing. A Quadrupole Mass Spectrometer Balzers
QMS200 is now available to analyse partial pres-
sures of residual gases. The residual pressure in the
evaporation vessel after outgassing is 2]10~7 Torr,
deteriorated to 5]10~7 Torr when a pad panel
array is installed.

3.2. Manipulation of the pad panel

The side of the pad panel where the FE elec-
tronics connectors are implemented (ground-PCB
in Fig. 5) is "rst enclosed in a box made of a metallic
lid tightly "xed to the back of the pad panel. When
installed inside the evaporator, a primary vacuum
is independently made in this box as the full vessel
is evacuated. In this way, we avoid an excessive
outgassing expected from the FE-instrumented
side and balance the pressure on both sides of the
pad panel. Then, although only the clean pad face is
exposed to vacuum, a long outgassing time is
necessary to reach a total residual pressure of
5]10~7 Torr indicating that moisture is still
present at the surface of the pad PCB. A second
metallic lid is installed at the bottom of the eva-
porator, "xed on a motorized system, enabling it to
be moved vertically inside the evaporator. This lid
is designed in such a way that it constitutes, when
put in contact with the pad panel, a tight box to
protect the CsI "lm. After the CsI "lm has been
deposited and the vessel "lled with argon at
atmospheric pressure, the lid is lifted and kept
"rmly pressed against the pad panel frame in
order to compress the O-ring and ensure a good
tightness even in the absence of screws. Then, the
so-constituted box is #ushed with argon at atmo-
spheric pressure and the evaporator vented at
the same time. After opening the evaporator,

the necessary screws are inserted to ensure the lid
is tightened on the pad panel, the pressure exerted
by the lifting device is released and the CsI pad
panel is removed from the evaporator under inert
gas protection, without being in contact with air.

3.3. CsI evaporation system

Given the diameter of the evaporator, the dis-
tance available from the boats to the substrate is
about 50 cm. In order to ensure a uniform thickness
of the CsI "lm over the large area of PCs, four
evaporation boats are used. Their locations with
respect to the PC are optimized such as to ensure
a variation of the "lm thickness of no more than
10% over an area of 65]50 cm2. The thickness of
the CsI layers is typically in the 400}500 nm
range. The boats are made of molybdenum and
are heated independently by `direct currenta Joule
e!ect. The CsI loads are calculated such as to
obtain the desired "lm thickness after complete
evaporation of the four boats content. The CsI
loads are pre-molten in the boats under vacuum
in order to have a good thermal contact bet-
ween the CsI and the boat and to avoid local
overheating. The four boats are evaporated simul-
taneously under the control of a quartz Edwards
FTM5, monitoring the evaporation rate and the
thickness. During the "rst few seconds, a shutter
masks the sources in order to prevent the depos-
ition of possibly polluted material; then it is re-
moved. A slight drop in pressure, of about 25% of
the initial pressure, is usually observed at the begin-
ning of the evaporation, probably as a consequence
of the reduced outgassing of the vessel and of the
pad panel, caused by the freshly deposited CsI
layer.

3.4. Conditioning

After installation of the pad panel and the boats
in the evaporator, the sequence of operations is as
follows:

f pump and outgas for 2}3 days at 603C until
a residual pressure 42]10~6 Torr is reached;

f evaporate CsI on substrate maintained at 603C,
at a rate of about 5 nm/s;
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f heat condition at 603C under vacuum for 8}12 h,
at a pressure 42]10~6 Torr;

f stop heating for cooling down to 403C;
f venting the protection box and the evaporator

with argon;
f lift the lid to form the protection box;
f open the evaporator and transfer the pad panel

to storage under argon #ow.

The transfer of the CsI pad panel to the detector is
performed without exposure to air by using a dedi-
cated &glove box' "xed temporarily at the back of
the detector and kept under inert gas circulation.
The procedure is described in Ref. [4].

4. Quality control of photocathodes: the VUV
scanning set-up

Anticipating the production of a large number of
CsI-PCs for the HMPID system, a simple and fast
method has been elaborated for evaluating the PC
performance just after processing. As schematized
in Fig. 10, it is based on the direct measurement of
the photocurrent emitted under a local illumina-
tion of the CsI PC by a monochromatic and col-
limated VUV light beam. A cylindrical vessel of the
same size as the evaporator is appended to it to
create a volume large enough to scan the PC. The
set-up is composed of the following elements:

f A motorized linear motion, parallel to the cylin-
der axis (x-coordinate), which performs "rst the
transfer of the pad panel from the evaporation to
the measurement vessel and then moves the
panel by steps for the scan.

f Perpendicular to the evaporator axis (y-coordi-
nate), a mechanical structure supports another
stage providing the motion of the measurement
arm in the y direction. An expandable and tight
connection is made between the stage and the
measurement vessel by a bellows of 110 mm
diameter, allowing a scan over 50 cm in the
y direction.

f The VUV source, a D
2

lamp, its housing and the
necessary CaF

2
optics, delivering the VUV col-

limated beam, are located on the y-moving stage.
The UV beam is propagated through a tube up
to a mirror "xed at the other extreme of the

measuring arm, re#ecting the beam up or down,
by a remotely controlled action. At the same end
of the arm, a wire electrode is "xed, collecting the
photoelectrons from the PC. This structure
keeps the length of the UV beam and electrical
connections "xed while the stage is moved for
scanning purposes. Rotating the mirror by 903
directs the beam to a reference phototube, allow-
ing the intensity of the incident photon #ux to be
calibrated. The phototube is a Hamamatsu
R1460, 1 inch diameter, MgF

2
window. The

CsTe photocathode response was calibrated
against a NIST photodiode in the 150}220 nm
range [7].

A dedicated slow-control monitoring task has been
developed aiming to control the parameters during
the CsI "lm processing phase (pressure, temper-
ature, rate, etc.) and to perform automatic QE
measurements by scanning large-area PCs.

5. Conclusions

The design and construction of a large prototype
of a CsI-RICH detector has been described. An
emphasis was given to the description of elements
speci"c to this novel detector, such as the produc-
tion of large-area CsI photocathodes, the photo-
detector, the liquid radiator array and its
associated C

6
F

14
circulation system. Results ob-

tained during an extensive test at the beam illus-
trate the detector capability of being safely and
steadily operated in the experimental conditions of
the ALICE experiment. Following the approval of
the CERN/LHC Committee, the next step will be
the construction of seven modules, of &2 m2 each,
to be completed for the start of the ALICE
experiment.
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