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Abstract :
We have built a fast detector for UV photon detection that depends on a CsI

sensitized pad cathode. The rapidity of the detector is compared with that of a
more classical chamber filled with photosensitive gases such as TEA or TMAE.
Estimates of the quantum yield of the photocathode at 160 and 200 nm are given.
The performances obtained make it a good photodetector candidate to be operated
at high luminosity accelerators.



î - INTRODUCTION

It is now well established that a pad photodetector. aimed to equip a fast RICH

(Ring Imaging Gherenkov), operating with TEA (Triethyl Amine) as photosensitive

gas works and reaches the predicted performances in terms of cathode detection

efficiency and resolution [I]. This kind of detector works in the UV region of SeV

where TEA has a quantum efficiency of 33%. The collection dispersion time of

photoelectrons in a CH4 — TEA filled conversion region allows to run with a 60 ns

gate, suitable for a B-meson factory (e+e~ collider, £ > 1033cm~2 sec"1, ^/s =

10.6GeV) operating at 10 MHz.

The use of solid photocathodes in fast RICH detectors (for particle identifica-

tion at a B factory or at LHC) is very attractive for three main reasons.

- Large quantum efficiency may be obtained. Séguinot et al. [2] measured an

efficiency of 34% at TeV (threshold = 5.3 eV) for a TMAE dopped CsI photo-
cathode. This result has been confirmed by Anderson et al. [3] and Staric et

al. [4].
- Windows made out of quartz can be used instead of the expensive CaF2 nec-

essary with the use of TEA.

— Less dispersion in the collection time is expected. This reduces the noise of the

detector and pile-up in the recorded events.

Simulations made with a photodetector based on a CsI-TMAE photocathode

used in conjunction with a liquid C6F14 radiator predict a good TT/K separation up

to 4 - 5 GeV/c.

The published studies on CsI and CsI-TMAE photocathodes were performed

with a cell installed in a monochromator [2] or with a six pad detector [3]. In order

to investigate the feasability and performance of a large area detector, tests were

done with a MWPC equipped with a 48 pad photocathode. After the description

of the technology used for the construction of the cathode, this paper deals with

experimental comparisons between a detector operating with TEA or TMAE, and

detectors equipped with metallic or CsI reflective photocathodes. Results are pre-

sented in terms of collection time, detection efficiencies and estimated Quantum
yields.



2 - TECHNICAL DESCRIPTION OF THE PHOTODETECTOR

2.1 The cathode

Our first photodetector (48 pads of dimensions 5.08 x 7.62mm2) used for de-

tailled studies of single photoelectron detection [l], was built out of brass using

pure mechanical techniques. This kind of technology is not appropriate for the con-

struction of very large area pad cathodes. For this reason, two new photodetectors

were built using the more adapted printed circuit technique. The various elements

are manufactured according to data produced by a CAD system. Fig. 1 shows a

cross-section of the cathode. The ground reference for the electronics is a copper foil

35pm thick, located at 1.52mm from the pads surface and 3.5mm from the back-

plane. The printed circuit (1.52mm thick) supporting the pads were made out of

FR4 for the first and out of duroïd* for the second version. Duroi'd is an insulating

material choosen for its low and uniform dielectric constant (s = 2.94 ± 0.04). Nev-

ertheless, the 3.5 nom back part is made cut of FR4, because of its better rigidity.

The ground plane is regularly perforated to permit the linking between the pads

and their electronics through metallized holes (1 mm 0) filled with a conductive

mixture and terminated with pin receptacles on the back side. After filling of the

holes, the cathode surface is polished to remove any possible excess of material and

finally the pads are covered with ~ 3 jim of Cu, ~ 1 /^m of Ni and ~ 2 ̂ m of Au by

electrodeposition.

Measurements of capacitances were performed for comparison with the values

obtained with the brass made-up cathode. Fig. 2 shows the pad-ground capacitance

values for three regions of the cathode. One observes that using duroïd as printed

circuit support provides a smaller mean capacitance (2.3 pF instead of 3.2 pF for the

brass cathode). The pad-pad capacitances (short side and long side pad neighbours)

are presented on Fig. 3. A 50% reduction of capacitance is obtained by the use

of duroïd (0.5 pF. 0.6 pF} instead of brass (IpF, 1.2 pF) with a smaller dispersion.

These improvements are beneficial with regard to the electronic cross-talk.

2.2 The anode wire plane

In order to measure the anode-cathode coupling, the wires were equipped with

the same readout chain as the cathode pads. Four wires per pad (15/zm O gold

plated tungsten) parallel to the long pad dimension with a 1.27mm pitch are neces-

sary to ensure a full collection of the photoelectrons. Resistors (R 5= 3.3 Mf2 on the
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high voltage side) and capacitors (C = 15OpF on the readout size) are small SMD

components, glued into the printed circuit board for compactness. In order to op-

timize the cathode efficiency the anode-cathode distance d is fixed to =s 0.4mm [I].

The uniformity of the distance d is ensured by a duroïd insulating plate (0.380±

0.026mm) supporting printed pads (1.0 x 3.0mm2) used to solder the wires. Fig.

4 shows details of the wire structure. The wires of the chamber equipped with the

CsI photocathode were soldered after the evaporation process in order to avoid a

shadow effect which could have reduced the detection surface.

2.3 CsI reflective photocathode elaboration

As mentioned before, two of the above described cathodes were built. One had

gold plated pads and was used for TEA, TMAE and photoelectric effect studies,

the other was CsI evaporated and served to study the behaviour of a reflective

photocathode. Before evaporation this cathode was cleaned with distilled water

and pure alcohol. A Cu-Be mask in the form of a grid (100pm thick. 160/Ltm

large) was installed in close contact with the duroïd substrate to prevent gold or
CsI deposition on the 200pm interpad region and avoid short-circuits. This system

(cathode 4- mask) was mounted at CERN in a bell-jar pumped to a 6.10~' Torr

pressure and a =s 100nm layer of gold was vacuum-evaporated onto it (1.2A/sec),

followed by a layer of =£ 500 nm of CsI (S.OÀ/sec). The gold layer was deposited to

isolate the CsI layer from impurities remaining on the cathode surface.

An air-tight aluminium box. cleaned in an ultrasonic bath, washed with soapy

water, distilled water and pur alcohol and heated during 50 hours at 10O0C, was

prepared for the transport of the evaporated photocathode-. After the evaporation

stage, the bell-jar was filled with dry nitrogen at atmospheric pressure and the
cathode rapidly transfered in the (silica-gel filled) transport box. This box was

then three times pumped to =s W~~ Torr and filled with dry Argon.

At the home laboratory, an inert-atmosphere plexiglas glove box (1.20 x 0.60 x
0.50m3) equipped with a transfer port and a binocular was used to handle the

air-sensitive CsI photocathode during the alignment and soldering of the wires.

The conditions for purging the glove box were the so-called "perfect displacement

and mixing". The total volume (containing a silica-gel dessicator) was purged ten
times with dry nitrogen (quality C). A hygrometer was installed to have a rough

estimate (until 3% relative humidity) of the water content during purge. A more

precise measurement of the water-vapour content was done with reactive tubes used
in conjunction with a gas detector pump. The best working condition which was



obtained in the glove box was 0.1 mg H2O/! (^ 83 ppm H2O). In addition, the
cathode was protected with a hood in which circulated dry nitrogen (quality N60)
in order to improve the quality of the close environment of the cathode and to avoid
damage during handling. All the necessary manipulations (i.e. transfert from the
sieve, mechanical positioning of the wire plane, soldering) were realized in less than
three hours. After that, the cathode was transfered, in a nitrogen filled box, to the
test bench where it was quickly instaEed. As soon as the chamber was closed, it
was flushed with a flow of clean methane gas. The total integrated air-exposure
time (from the exit of the bell-jar to the installation on the test bench) of the CsI

cathode was less than two minutes.

3 - CALIBRATION MEASUREMENTS

In order to be able to estimate the quantum efficiencies, the test bench de-
scribed in details in Réf. [l] was completed with a support for wavelength filters,
a 45° slide and a photomultiplier (Fig. 5). Two pass-band filters have been used
to define the UV wavelength. One of them selected light in the TEA efficient
energy region (X = 150nm, AA ~ 25nm), the other in a higher wavelength region
(A = 192nm. AA r± 20nm). Their transrnittivities are shown in Fig. 6 together with
transmission of the CaFo 45° slide. Part of the light reflected by this slide is detected
by a solar blind photomultiplier (Hamarnatsu type R.1460 with a semi-transparent
CsTe photocathode), to control the stability of H2 lamp emission during the tests.
For a fixed quantity of light, the P.l/'s response (J.pM'. measured by a 2249 A Ie Croy
ADC, is linear in a reduced high voltage interval (0.6kV<C/'pM<0.75kV) and goes
to saturation for L"p.\/>0.75 kV (Fig. 7). To ensure single photoelectron counting at
the level of the detector, the intensity of the light is attenued. With an appropriate
diaphragm position and UPM < 0.7 kV, the PM works in the linear region where
gentle drifts CL the system can be evaluated. Fig. 8 shows the PM" response for
different known attenuations of the light and for three values of UPM-

The emission spectrum of the H2 arc lamp was measured with a monochroma-
tor (normal incidence, one meter grating) equipped with a EMR CsI photocathode
photomultiplier. Fig. 9 shows, as a function of the wavelength, the relative flux cor-
rected for the photomultiplier cathode efficiency. Taking into account the transmis-
sion curves described above, the transmission of the detector window (CaF2+ 15 A W
deposition, see [1] and Fig. 6) and combining them with the UV light spectrum, one



calculates that the two UV narrow band beams reaching the photon detector have
mean wavelengthes of À S! 160nm (E = 7.75eV) and A % 200nm (E = 6.2OeV)

respectively.

The main calibration measurements were done with TEA at 2O0C (absorption
lenght /pft = 0.6 mm) which has a well known quantum efficiency [I]. The carrier gas
was pure CH4 passing through a cartridge of Oxisorb (Messer Griesham GmbH).
Fig. 10 shows the counting rate as a function of the anode voltage Ua for a window
voltage Uw — -1.4OkV and a cathode voltage Uk — OkV. This curve exhibits a nice
plateau. For the calibration measurements the detector working values were set to
Ua = 1.45 kV, Un, = -1.4OkV. The corresponding cathode efficiency was ec ~ 98%.

After off-line analysis, the observed numbers of event per lamp flash were HTEA =
(5.78±0.02)-10~2 for À = 160nmandnTEA = (8.61 ±0.15)-lO"4 for A = 200nm(at
À = 160 nm the UV light beam is attenuated by an appropriate factor of 36). These
values include contributions from the photoelectric effect occuring on the cathode

surfaces (see Section 4).

When the lamp flashes, a At5 = 60ns write gate is generated and a time
coincidence is required with the trailing edge of the discriminated and formed signal
coming from the detector (either from the anode or the cathode). A delay tg which
can be varied is applied to the gate signal. The counting rates of a wire and
its associated cathode pad versus this delay in 5ns steps are shown in Fig. 11.
(Here the light spot is facing a wire). As expected, the width at half maximum
of the curve is comparable to the gate width. The "rise time" of about 40 ns is a
manifestation of the dispersion in collection time of the photoelectrons (maximum
drift time <dmax ~ 42ns for a mean drift velocity vj. ~ 5cm//us) added to the time
dispersion of the discriminator response which depends on the signal amplitude.
Typical timing values were: tg — 315ns and Ai3 = 60ns.

4 - PHOTOELECTRIC EFFECT ON METALLIC CATHODES AND
TIMING IMPROVEMENT

Fig. 12 shows the variation of the counting rate of a wire versus the anode
potential £/*„, when the flushing gas is pure methane and for the working values of
tg and Af3. Comparison with the equivalent curve obtained with TEA (Fig. 10)
ensures that the detector is efficient for electrons created in the full photosensitive
gas gap (TEA case) as well as for those which are produced by photoelectric effect



on the two cathode planes-(the gold plated pad surface and the tungsten layer

deposited on the inner side of the CaF2 window). That is a consequence of the

choice of the short anode-cathode distance and applied voltages, which lead to a

good uniformity of the electric field (or gain) around the sensitive wire. A scanning

in tg by 5ns steps (Fig. 13) allows separation between photoelectrons coming at

first from the reflective Au photocathode (drift distance d — 0.38mm) and later

from the transrnittive W photocathode (drift distance d = 2.24mm). For certain

values of tg with Atg = 60 ns. the sum of both contributions is recorded as explain

before. The numbers of event per lamp flash for the total photoelectric component

are nAu+w = (4.12 ± 0.11) • 10"1 for A = 160 nm and nAu+w = (1-04 ± 0.04) • 10~4

for A = 200nm (same light intensities as for the TEA data).

Using a smaller gate width Atg = 20ns and varing tg, the two photoelectric

contributions can be well separated as shown in Fig. 14. This curve was obtained for

A = 160mn (no attenuator) and yields n.Au = (1.16±0.02)-10~2 and nw = (0.39 ±
0.05)-10~2 event/flash in good agreement with the total nAu+w = (1-56±0.02)-10~2

measured in the standard conditions (tg = 315 ns, Atg = 60 ns). These data indicate

that at 160 nm, the gold quantum efficiency is about three times larger then the

tungsten quantum yield, in agreement with published values [5,6]. The At = 42ns
time difference between the two peaks of Fig. 14 related to the difference in drift

distance Ad — 1.86mm gives an estimate of the drift velocity in pure methane

Vd = 4.4cm//is also in agreement with published values. But. the most important

observation is that it is possible to run efficiently with a narrow gate of 20 ns when

the light beam is facing a wire. To collect the electrons produced on the entire

cathode surface corresponding to a elementary electrostatic cell, a gate of 30ns is

necessary. Nevertheless, this small gate contributes to reduce notably the noise in
the photodetector.

Fig. 15 shows the counting rate of a wire as a function of the delay tg for a CsI

photocathode. The improved isochronism reduces the "rise time" of the curve to
15ns compared to the 40ns measured with TEA (Fig. 11).



5 - PHOTOELECTRON DETECTION EFFICIENCY OF A DETEC-
TOR EQUIPPED WITH A CsI PHOTOCATHODE

The tests described here were performed to prove the quality of the CsI evap-
orated photocathode in terms of cathode efficiency and uniformity of the response

to single photoelectrons over the full surface.

Fig. 16 shows the result of a light beam scan performed in the x direction
(perpendiculary to the wire direction) across two consecutive pads. In the region
between the pads the resulting counting rate curve is in good agreement with what
is expected from the convolution of the measured light beam shape [1] and the
200 f j , ra insensitive interpad. Everywhere else the distribution of Fig. 16 is flat.
These observations attest that the CsI deposition is uniform and that the mask
used during evaporation \vas in the right position. Another x scan performed in the
central region of a pad and covering two electrostatic cells, proves that the collection
of photoelectrons is complete (here the gate was Ai3 = 50ns), and fully efficient
(Fig. 17a). The gain variation around the wire does not exceed 10% between the
maximum (beam facing the wires) and the minimum (beam between two wires) as
shown in Fig. 17b.

The cathode-anode coupling defined as C = qc/qa where qc and qa are the
charges measured on the cathode and anode respectively (the anode and cathode
charges were selected between 4 and 29 fC, corresponding to the linearity interval
of the analog electronics Jl]) , has a mean value of 90% (Fig. ITc) which guarantees
an excellent cathode efficiency sc =s 99% almost independent of x.

Feedback photoelectrons produced by photons emitted from excited atomic
levels of carbon cause instability and limit the of gain of the detector. This phe-
nomenon is particularly embarrassing when TMAE is used as photosensitive gas
because 3 emission lines are active. The action resulting from one of these lines (at
7.48eV) may be annihilated by using a mixture of methane (90%) and isobutane
(10% in volume) as a carrier gas. instead of pure methane. This mixture leads to
larger gains with simultaneous reduction of the pad multiplicity (for the same gain)
as illustrated in Fig. 18 for a CsI — adsorbed TMAE photocathode.

The easy interpretation of the results of all the measurements performed proves
our good understanding of the photodetector. The observations confirm the per-
formances expected from a CsI photocathode in terms of isochronism and cathode
efficiencv.



6 - ESTIMATION OF THE QUANTUM YIELDS OF METALLIC AND
CsI EVAPORATED PHOTOCATHODES

This chapter is devoted to an attempt to evaluate the quantum efficiencies of
our gold and CsI photocathodes. Our set up allows only to give rough estimates,
integrated over the wavelengthes of the two narrow band beams (A = 160 and
A = 200 nm) rather than precise measurements. The known values of the TEA and
TMAE quantum efficiencies are used for calibration.

6.1 Metallic cathodes

With methane flowing through the TMAE bubbler maintained at 5,10 and

150C, the trigger rates were: (2.35 ± 0.04, 2.18 ± 0.03 and 1.93 ± 0.03) • 1O-2 re-
spectively. Unfortunately, as a consequence of some surface effects induced by the
TMAE, microcurrent discharges occured during the measurements affecting the effi-
ciency of the MWPC (this defect could be removed in the following measurements).
Therefore, to estimate the true number of photoelectrons, the rates were corrected
by an anode efficiency (sa) deduced from the measured cathode efficiency (sc) and
the curve relating sa to sc obtained from measurements done with the CsI pho-
tocathode. Indeed, as the quantum efficiencies of caesium iodide and TMAE are
comparable Î2], likewise the expected variation of f a with cc is supposed to be sim-

ilar. The values of the corrected number of photoelectron per trigger HTMAE are

listed in table 1 together with the measured cathode efficiencies and the estimated
anode efficiencies for the three temperatures of the TMAE bubbler.

Table 1

M a c)
5

10

15

=-e(%)

91.1

87.2

81.6

=-«(%)

82.

74.

64.

"TMAE

3.26 x lu"2

3.47 x IQ-2

3.63 x 1O-2

Iph (mm)

88.7

59.2

40.0

The number of events to be observed with TMAE or TEA as photosensitive
gas and with pure methane are respectively :

"TMAE = «ph 1.Qw-TMAE — (1 - QlV-TMAE ) • -4 • QTMAE

- ( 1 - QlVu-TMAE ) ' ( 1 - A ) ' (?Au+TMAE} (D

«TEA = nph ,Qiv -(I - Qiv) • QTEAJ (2 )

n = n
Ph [Qw - ( 1 - Qiv ) • IcH4 • QAU] (3)



where nph is the mean number of photons entering the chamber per lamp flash. Qw

and QAU the photoelectric yields of tungsten and gold (the subscript +TMAE sig-

nifying that the metal is in presence of TMAE), QTMAE and QTEA are the quantum
efficiencies of TMAE and TEA, ICH., the transmission of the 2.6mm of methane

gas and A the photoabsorption of TMAE in the 2.6 mm of gas calculated from the

absorption lengthes lph listed in table 1 (A=I. for TEA at working temperature).

For A = 160 nm, the estimates of the mean values of QTEA and QTMAE made
from the known quantum efficiencies convoluted with the curves described in Sec-

tion 3. are QTEA — 0.146 and QTMAE = 0.421. Supposing QAU C QTEA and

solving equations (2-3) using the measured ratio R — - ""Q J^* 'A" = ^.97 (see
Section 4), gives QAu = T.8 • 10~4 for the quantum yield of gold. This yield is a

factor 1.9 smaller than the value measured by others [5]. The difference observed

is certainly due to the manufacturing of the cathodes. Indeed the authors of [5]

used a vacuum evaporated cathode whereas ours has been electrodeposited using a

solution made up from 20% of gold. Using the TMAE data at 50C and supposing

the ratio R unchanged when the gold and tungsten are in presence of TMAE leads

to QAU+TMAE = 5.3 • 1O-2.
The enormous enhancement of the quantum effect of the metals in presence of

TMAE, already observed earlier [2] is thus confirmed by our measurements.

The relation (1) allows to calculate the number of event per trigger expected
with TMAE at 10 and 150C :

"TMAE(IO0C) = 3.4 -IQ-2

"TMAE(Io0C) = 3.7 -IQ-2

in good agreement with the measured values given in table 1.

A similar calculation may be done for the photon beam at A = 200 nm. Un-

fortunately the small value of QTEA cannot be estimated very precisely from the

quantum efficiency and beam spectrum curves (At A = 200 nm, QTEA 7= O because

of the used bandwith.). Nevertheless, by supposing the variation with wavelength

of the quantum yield of gold identical to that given in [5] and the ratio R un-

changed one obtains : QTEA = 1-1 • 10~3 together with QA.U-TMAE = 2.5 • 10~2 for
QAU = 9.9 • 10~°. This result indicates an even larger enhancement of the quantum
yield of gold in presence of TMAE at 200 nm than at 160 nm.
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6.2 Caesium iodide cathodes

6.2.1 Pure caesium iodide

Two evaporations, labeled CsI(I) and Csl(2), were done on the same metallic

cathode at one month interval. The first CsI deposition was perfect but as a con-

sequence of mechanical problems wich occured during the alignment of the anode

wires, the cathode stayed one hour in the glove box filled with a poor quality gas

(~ SOOpPmH2O). After the second evaporation (Csl(2)) the gas conditions in the

glove box were those presented in Section 2.3. Unfortunately, before evaporation

the cathode was not perfectly cleaned and trails remained on the surface of several

pads.

The number of event per lamp flash averaged over four pads located in the

central part of the cathode and measured immediately after the setting up of the

detector on the test bench were J?csi(i) — (3.29 ± 0.05) • 10~2 and ncsi(2) — (4.56 ±

0.03) • 10~2 for A =; 200 nm. In spite of a worse cleaning, an enhancement of % 40%

was thus obtained with Csl(2) with respect to CsI(I) due to a faster manipulation

under better conditions in the glove box. No amelioration of the Csl( 1 ) counting rate

occured after many hours of rinsing with pure methane. This cathode appeard to be

so polluted, that is was impossible to regenerate it. On the contrary, the evolution

of nCsi(2) with time f°r the four pads under study (Fig. 19) shows the benefic effect

of rinsing with pure CHj at room temperature. The dispersion in quality between

pads can be seen : no change is observed for the worst while a 15% increase is

observed for the best, but this improvement is still far from the result obtained in

j"2|. We have noticed that the improvements in counting rates are directly related

to the cleanness of the pads before the evaporation process. The largest trigger

counting measured after 140 hours of rinsing was ncsi(2) — (5.35 — 0.05) • 10~2 for

A = 200 nm. The results obtained for A = 160 nm and averaged over the four pads

were : nCsi(i) = (6.01 ± 0.03) • 10~2 and nCsII2) = (6.33 ± 0.04) - 10~2 events per

flash (with a maximum of (6.56 — 0.09) • 10~2). For this wavelength region, where

the photoabsorption cross section of O2 and H2O have a maximum of the order of

several Mbarns [7], the improvement is not so spectacular as for A — 200 nm.

6.2.2 Caesium Iodide and asorbed TMAE

The adsorbed thin film was formed by flowing methane mixed with 0.093 Torr

TMAE through the chamber heated at 305 K. This process lasted about 30 minutes.

For the first photocathode, the resulting numbers of event per flash ivere :

= (5-44 = 0.06) • ID"2 and (7.09 - 0.05) • 10~2 at 200 and 160nm
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respectively, indicating an increase of 63% and 17% compared with the yields mea-

sured without adsorbed TMAE. These countings remained stable during the 52

hours of flushing with pure methane. On the contrary, in spite of a better starting

yield with the pure CsI, these values were not reached with the second photocath-

ode. The corresponding trigger countings n.csi(2)+TMAE = (4.91 ± 0.06) • 10~" and

(6.17 ± 0.06) • 10~2 outline a problem, most probably related to the TMAE. This

hypothesis was confirmed by later measurements made with adsorbed TMAE on

metallic cathodes, for which we obtained roughly a factor two lower counting rates

compared with those quoted in Section 6.1. It seems that the quality of the TMAE

deteriorated between the two tests for raisons not yet understood.

6.2.3 Quantum yield of the CsI photocathode

The mean quantum efficiency of the caesium iodide photocathode Qcsi can be

deduced from the trigger rate using the simple relation

n = nph [Qw + (1 - Qw) • TCH< • Qc*] (4)

The mean numbers of incomming photon per flash nph have been deduced from

the measurements done with TEA and gold as described in Section 6.1 :

= 0.40' photon/trigger at A = 160nm

— 0.79 photon/trigger at A = 200 nm

The mean efficiencies of our Csl(2) cathode for 160 and 200 nm are then Qcsl =

1.6 • 10"1 and Qcsl — ~ • 10~2 respectively. The expected numbers computed from

the most optimistic data on quantum efficiency of CsI presently available [2] are

3.6 -10"1 and 9 • 10~2. At 200nm the result depends upon the hypothesis made for

the quantum yield of tungsten, but the absolute lower limit obtainable for Qcsl at

200 nm (by setting R = -x>) is 5 • 10~2. The apparent loss of efficiency is probably

due to the handling of the cathode before installation on the test bench. It confirms

that the cathode surface has to be extremely clean before CsI evaporation and that

even very short exposures to air should be avoided. It should also be noted that

in the 160nm region the huge O2 and H2O photoabsorption cross-sections may be

partly responsible of the lower quantum yield observed.
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7 - CONCLUSIONS

The tests performed with a photodetector made of a 48 pads reflective photo-
cathode show that such a detector is a good candidate to be used in fast Cherenkov
ring imaging applications. The proposed geometry together with the appropriate
running parameters of the MWPC allow to obtain a good space point resolution

(better than 1.5 mm in both coordinates [Ij and full collection of the photoelectrons
over the whole area of the photocathode with an excellent efficiency sc ~ 99%.

As shown in previous publications [2], molecules of TMAE adsorbed on the
CsI surface increase and stabilise the quantum efficiency of the cathode. In the
200 nm region the measured quantum efficiency of the CsI photocathode is large
and comparable to that observed in [2\.

In the 160 nm region it is about a factor of two smaller than the result quoted
by Seguinot et al. who made their measurements under very different conditions.
We believe that the extremely difficult handling of the very hygroscopic CsI cathode
may explain the reduced yield observed. Minimising still the contact with air may
improve the quality of the cathode. A possible solution could be to deposit the
TMAE film immediately after the CsI evaporation so that it can be regenerated
after the setting up of the wires, unless this last operation may be achieved at an
earlier stage.
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FIGURE CAPTIONS

Fig. 1 Cross-section of the cathode.
Fig. 2 Pad-ground capacitance values measured for 1) pads located in the center 2) on

the lateral edges (long side) and 3) on the top and bottom edges (short side)
of the 3 cathodes built. The cathode made out of duroi'd leads to the smallest

and less dispersed capacitances.
Fig. 3 Pad-pad capacitance values for big side and small side neighbours and for 3

materials.

Fig. 4 Details of the wire support.

Fig. 5 A shematic view of the test bench. The elements are 1) photodetector, 2) read-
out electronics, 3) light collimator. 4.5) displacement screws. 6) metal mesh at-
tenuators, 7) E.2 arc lamp, 8) lamp power supply, 9) trigger signal from lamp,
10) pass-band filter, 11) 45° semi transparent slide, 12) diaphragm for the
photomultiplier window, 13) solar blind photomultiplier light monitor.

Fig. 6 Transmittivity of the 150 nm and 192 nm pass band filters, of the 45° slide and
of the photodetector window as a fonction of the wavelength A (nm).

Fig. 7 Hamamatsu Rl460 response np\i versus the potential UPM.
Fig. 8 Hamamatsu R1460 response HP\J [ a) large scale, b) small scale ] versus the

light intensity and for three values of FPAJ. The working region is defined by
the linear part of the response. The lines are drawn to guide the eye.

Fig. 9 Measured emission spectrum of the Ho arc lamp corrected for the quantum
efficiency of the CsI photocathode of the photomultiplier.

Fig. 10 Counting rate of a wire versus the anode voltage Ua (TEA at 2O0C). Each point
corresponds to 2.104 lamp triggers.

Fig. 11 Counting rate of a wire and its associated cathode pad versus the delay tg

applied to the 60ns write gate Ai9 (TEA at 2O0C).
Fig. 12 Counting rate of a wire versus the anode voltage Ua (photoelectric effect on

metallic cathodes). Each point corresponds to 10° lamp triggers.
Fig. 13 Counting rate of a wire and its associated cathode pad versus the delay tg

applied to the Af9 = 60ns write gate (photoélectrique effect on metallic cath-
odes). This figure exhibits three clear regions illustrating the gold (a), tungsten
(b) and gold ~ tungsten (c) contributions.
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Fig, 14 Counting rate of a wire and its associated cathode pad versus the delay tg ap-

plied to the Af3 = 20ns write gate. (Photoelectric effect on metallic cathodes).

This curve exhibits two clearly separated peaks illustrating the gold (a) and
tungsten (b) contributions.

Fig. 15 Counting rate of a wire and its associated cathode pad versus the delay tg

applied to the Aiff = 50ns write gate. (CsI photocathode).

Fig. 16 Counting rates for an z scan over two adjacent pads. The open symbols are for

the wires and the full dots for the pads. The depression in the pad counting

rate expected from the measured light spot shape combined with the 200/urn

interpad is represented by the solid line.

Fig. 17 a) wire and pad counting rates, b) mean anode charge collected on the anodes
c) cathode-anode coupling C for a x scan performed in the central region of a

pad.

Fig. 18 Variation of a) the mean anode charge and b) the mean number of hit pads

versus the anode voltage Ua for a CsI -f TMAE photocathode operating with

CH4 or a iso-C^Hio + CH4 mixture. The flattened mean anode charge for large

ET^s is an artefact due to the selection of charges between 4 and 29fC.

Fig. 19 Counting rates versus time for 4 pads of the Csl(2) photocathode. The lines
are drawn to guide the eye.
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