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Abstract

We have completed a series of measurements that provide a basic understanding
of the properties of CsI
photocathodes for use in ring imaging Cherenkov (RICH) detectors. The quantum efficiency of CsI has been
measured relative to an NIST-calibrated photodiode and is in excellent agreement with a similar measurement by
Breskin et al. A representative value of the quantum efficiency is 20% at 180 nm. The quantum efficiency of a fresh
photocathode is unaffected by temperature, but heating the photocathode can be helpful if it has been exposed to
water vapor, or has been aged by a large integrated photocurrent. Detailed studies of aging show a “fast”
component that appears to be associated with a rise in the work function, and a “slow” component associated with
conversion of the bulk CsI to Cs. We judge that a practical lifetime of a CsI photocathode is until it has lost 20% of
its initial quantum efficiency, which process is dominated by the “fast” rise in the work function. This rise occurs
both due to photoelectron transport with an effective lifetime of 0.1 kc/mm’ and due to positive-ion bombardment
with an effective lifetime of 15 &/mm’. When the CsI photocathode is used in a chamber with gas gain greater
than 150 the latter lifetime is the relevant one. This lifetime should be sufficient for use of a RICH detector at an
e+e- B factory. The reduction of quantum efficiency of a CsI photocathode in a gas-filled chamber has been
studied for several gases over a wide range of reduced electric field. This effect can be minimized by use of
atmospheric-pressure
methane in a chamber with anode wires rather than a mesh. We have also demonstrated that
excellent spatial resolution for the location of the photoelectrons can be obtained using a coarse cathode-pad
readout if the anode-cathode
spacing is similar to the pad width.

1. Introduction

and summary

The success of the ring imaging Cherenkov detector
(RICH) concept [l] depends in no small measure on
the performance of the photosensor. In 1990. solid CsI
photocathodes were proposed for use in RICH detectors [2,3] as an alternative to the heated TMAE gas
used in the largest RICH systems to date [4,5]. Since
that time there has been some controversy as to the
values of various parameters describing the performance of CsI photocathodes relevant to their use in
RICH detectors. This paper reports the results from
systematic studies that provide reliable values for
these parameters.
A central issue concerns the quantum efficiency of
CsI photocathodes. Measurements that used TMAE
gas as a convenient reference show a factor of 2
variation in the apparent quantum efficiency, and one
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report based on a supposedly calibrated photomultiplier indicated rather low quantum efficiency. However, good consistency in measurements of the quantum efficiency has been achieved by use of photodiodes calibrated by the US National Institute of
Standards, as discussed in Section 2. The quantum
efficiency of CsI is in the middle of the range of past
measurements, and is somewhat smaller than that of
TMAE gas.
The possibility of temperature dependence of the
quantum efficiency of CsI is considered in Section 3.
We find no temperature dependence for a fresh-made
photocathode. However, some recovery of lost quantum efficiency is possible in an aged photocathode. or
in one that has been exposed to water vapor.
The useful lifetime of a CsI photocathode is limited
by charge-transport effects as discussed in Section 4.
Studies reveal two aspects of the aging process: modification of the surface layer (i.e.. a rise in the work
function) due to both photoelectrons and positive ions,
and change in the structure of the bulk CsI by
reserved
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photoionization.
In practice the surface effect will
determine the useful lifetime. We find that passage of
photoelectrons
across the surface causes aging 150
times as rapidly as does bombardment of the surface
by positive ions (in case the photocathode is in a
chamber with gas gain). For chambers with gas gain
less than 1.50 the useful lifetime of the CsI photocathode will be about 0.1 @Z/mm’, while for gas gains
larger than 150 the useful lifetime will be about 15 kc/
mm’. If the chamber has gain ==lO’ the lifetime of the
CsI photocathode
should be several decades at an
e+e- B factory. but would only be a few years at a
hadron collider with luminosity 10” cm -’ s ’ .
When a CsI photocathode is operated in a chamber
with gas gain its quantum efficiency is always less than
for operation under vacuum due to backscattering of
photoelectrons
in collisions with gas molecules. As
discussed in Section 5, this effect depends on the
strength of the electric field on the photocathode and
on the gas pressure. Studies of the reduced electric
field dependence of the quantum efficiency show that
the penalty of using chambers with wire anodes at
atmospheric gas pressure, rather than the more favorable case of mesh anodes under low gas pressure, will
be the loss of about 8, 20 and 35% of quantum
efficiency for methane, ethane and isobutane, respectively. Hence the use of atmospheric-pressure
methane
in chambers with wire anodes is indicated.
Finally, in Section 6 we report on the use of large
anode-cathode
separations to enhance charge sharing
among cathode readout pads. Studies were made with
a small RICH prototype equipped with a 32-channel
readout system based on AMPLEX chips. The noise
performance has reached the design goal, about 2000
electrons. The position resolution for single photoelectrons was measured to be better than 0.4mm along
with the anode wire direction, and 0.7mm along with
the direction perpendicular to the wire. This scheme
will permit good spatial resolution to be maintained
with large cathode pads, and hence a smaller channel
count.
Results from a prototype RICH detector in a test
beam are reported elsewhere [6].

2. Quantum

have obtained a calibrated CsTe photodiode from the
National Institute of Standards (model 4056OC) and
also a CsTe photomultiplier
(Hamamatsu
model
R1220) that has been calibrated by the vendor against
a similar standard. We used a VUV monochromator
(McPherson model 2341302) to check the vendorsupplied calibration curves in a setup as shown in Fig.
1.
First we installed the photodiode at the front port
and the PMT at the side port. The VUV beam splitter
was obtained from Acton Research, who provided
calibration curves for its transmission and reflectance
for the range 120-220 nm. A 1 mm diameter collimator in front of the beam splitter restricted the
beam spot size. The collecting voltage of the photodiode was set at 15OV For the photomultiplier, all of
the dynodes and anode were connected together and
the dynode collecting voltage set at 120 V A Keithley
model 617 electrometer was used to record the photocurrent. The monochromator was pumped down to be
better than lo-‘Torr.
After we collected data with both the photodiode
and PMT in this configuration, we interchanged the
photodiode and PMT and scanned again. By this
method we can check the consistency of three calibration curves: Q.E. of the photodiode, of the PMT.
and the ratio of reflectance to transmission of the
VUV beam splitter. We found the stated calibrations
of the two photosensors to be consistent to within 10%
over the wavelength range 120-220 nm, except in the
region 150-160 nm where slightly higher deviations,
-25%, were seen. The ratio of reflectance to transmission of the beam splitter also shows good agreement in
shape with the vendor curve, but with normalization

--to

efficiency of a CsI photocathode

Many measurements, including our own in the past
[7], have been made using TMAE gas as the reference
for absolute quantum efficiency. Such measurements
are subject to systematic error due to poor purity of
the TMAE, and due to unknown
and variable
amounts of TMAE adsorbed on chamber windows and
walls during the measurements.
To make new measurements
of the quantum efficiency of CsI that are not dependent on TMAE we
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Fig. 1. Sketch of the VUV monochromator.
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systematically shifted by 0.1. The results are shown in
Figs. 2 and 3.
Having completed the calibration of photodiode,
PMT and beam splitter, we installed the PMT at the
side port and the test chamber containing a CsI
photocathode at the front port. Our new results for
the quantum efficiency of a CsI photocathode using
the calibrated Hamamatsu R1220 photomultiplier
as
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Fig. 3. Comparison
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the reference are shown in Fig. 4. Also shown in the
same figure are our previous results which used
TMAE as the reference [7]. The older results are
somewhat higher, likely due to uncorrected effects of
TMAE adsorbed on the window of the previous test
chamber.
The new corrected data of Breskin et al. [8] are also
shown in Fig. 4. and our data appear to be very
consistent with theirs.
We only show our data above 180 nm because we
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of the quantum
efficiency calibration
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(a) The quantum efficiency vs. wavelength
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Fig. 4. Measured
quantum efficiency of a CsI photocathode
using a calibrated
PMT as reference.
Also shown are our
older results using TMAE as reference
[7], and results from
Breskin et al. [8] using a calibrated
PMT as reference.
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measured the quantum efficiency in a chamber filled
with ethane gas which absorbs UV light shorter than
170nm [7]. Breskin et al. measured the quantum
efficiency under vacuum.
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3. Dependence

of the quantum

efficiency on

temperature

There have been conjectures that the quantum
efficiency of a solid CsI photocathode might be higher
at higher temperature. The accumulated experience
with other semiconductor photocathodes suggests that
a strong temperature dependence is unlikely, and at
least one null result has been reported for CsI [9].
Recently we have studied the temperature dependence of a CsI photocathode
under vacuum. A
deuterium lamp was used as the UV light source. Two
diaphragm collimators defined the beam spot. The
photocurrent
was measured by Keithley 617 electrometer. The beam intensity was monitored via a
beam splitter and an avalanche photodiode.
The experimental procedure was as follows: A CsI
photocathode was evaporated (in vacuum) onto an
aluminum substrate that was heated by illumination
from an infrared lamp. The photocathode was then
quickly transferred (in air) to the test chamber, which
was pumped down immediately. To avoid possible
aging of the CsI photocathode due to the relatively
high intensity of the deuterium lamp, a shutter limited
the illumination of the photocathode to brief intervals
at each temperature. The temperature of the photocathode was varied by means of an electric heating
pad on the back side of the aluminum substrate. and
was measured by a thermocoupled
attached to the
heating pad.
Results are shown in Fig. 5. There is no indication of
a temperature enhancement of the quantum efficiency.
Rather, when the temperature increased the quantum
efficiency of the fresh-made photocathode
actually
decreased slightly.
However, we did observe a temperature
dependence to the photocathode after large accumulated
photocurrents, in qualitative agreement with an earlier
report by Anderson et al. [ll]. That is, an aged
photocathode can regain some lost quantum efficiency
if its temperature is raised. Our results are shown in
Fig. 6, which shows a jump in photocurrent
at points b
and c when the temperature
was raised after accumulation of several $2 of collected charge.
In photoionization
of CsI,
hv+CsI-+Cs-+I+e-.
we believe that the neutral iodine atoms migrate out
of the bulk CsI before the Cs’ ions can be neutralized
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Fig. 5. Photocurrent vs. temperature for a fresh-made
photocathode on an aluminum substrate in vacuum.

CsI

by electrons from the substrate, since CsI is a poor
conductor. Hence with time the surface of the CsI
photocathode becomes partly Cs. This results in a
lower quantum efficiency, but with some sensitivity at
photon energies as low as 2 V, the work function of
pure Cs. Heating the aged photocathode results in
vaporization of the Cs atoms near the surface, which
increases the proportion of CsI and partially restores
the lost quantum efficiency.
More detailed studied of aging are reported in the
next section.
We have also made measurements
on a related
issue: improvements in the quantum efficiency of CsI
photocathodes by transient heating after exposure to
water vapor [7]. In such a circumstance heating the
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Fig. 6. The temperature dependence
aged CsI photocathode in vacuum.
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photocathode can help to get rid of the absorbed
water vapor. and to recover the original quantum
efficiency.
Any heating of chamber materials surrounding a CsI
photocathode carries the risk of driving volatile chemicals onto the photocathode
with attendant loss of
quantum efficiency. Thus while transient heating of
CsI photocathodes can have benefit, care must be
exercised in the choice of chamber materials. If the
photocathode is prepared with little exposure to water
vapor there may be no need for transient heating. as
appears to have been the case for the cathode reported in Fig. 4. In that figure we plotted the quantum
efficiency of a fresh-made CsI photocathode as well as
the same photocathode after being heated up for 45 h
while the chamber is pumping down. The quantum
efficiency is even lower after heating.

4. Aging of CsI photocathodes

photocurrent aging curve (a) at 0.2 and 0.6 @Z/mm’
may indicate some recovery of quantum efficiency
when we interrupted the intensive aging process to
move the chamber to the monochromator.
There is a sharp decrease at the beginning of the
aging process. After accumulating about 0.25 &/mm’
the photocurrent drops to 70% of its initial value.
Thereafter the aging rate becomes slower.
One layer of CsI consists of few XlO”/mm’
CsI
molecules, while 0.25 PC/mm’ corresponds to -lo”/
e/mm’. This suggests that the sharp decrease in
photocurrent at the beginning of the aging process is
due to modification of the first layer of CsI molecules.
The subsequent loss of quantum efficiency at a lower
rate may be attributed to modification of the deeper
layers of CsI by photoionization
as discussed in the
previous section.
Fig. 7b shows the wavelength dependency of aging
process: CsI has a longer lifetime at shorter wavelengths. This effect is largely due to the aging during
the first 0.25 &/mm’
of charge transport during
which the first layer of CsI is destroyed, apparently
raising the work function.
When we performed this study, the deuterium lamp
and the test chamber were separated by air. Photons
with wavelength shorter than 190nm were absorbed
before hitting the photocathode, so the DC current
aging curve (from Fig. 7a) is the average over the
wavelength range of 190-220nm, in agreement with
the data in Fig. 7b.
We also studied the aging of CsI when the test
chamber was filled with 20Torr of ethane and operated at gas gains of 300, lo“, and 10’. The results are
summarized in Fig. 8.
For the studies at a gas gain of 300 the setup was the
same as above, so the air gap between the lamp and
chamber absorbed the shorter-wavelength
photons.
Before and after an accumulation
of 30 @Z/mm’
charge we measured the quantum efficiency vs. wavelength by temporarily attaching the test chamber to
the VUV monochromator.
The data collected during

by charge transport

CsI photocathodes show a gradual loss of quantum
efficiency with increased charge transport [lO,ll], as
seen above in Fig. 6. This could be due to a bulk effect
of ionization of CsI by light as discussed in Section 3,
but also due to a surface effect in response to bombardment by positive ions from gas avalanches when
the photocathode is operated in a gas-filled chamber.
To separate these two effects we have made a series of
measurements of aging of CsI photocathodes under
vacuum and 20Torr C,H, with gas gains 300, lo4 and
105.
To study aging of CsI in vacuum a test chamber was
illuminated by a collimated beam from a deuterium
lamp. A Keithley model 617 electrometer was connected to the anode plane while the photocathode was
held at -400 V At various times the test chamber was
removed from the beam of the deuterium lamp and
installed on the VUV monochromator to determine its
quantum efficiency as a function of wavelength. The
results are shown in Fig. 7. The two glitches on the

1 .o

Tij 0.2
cc
t
0.0 0.0

i

0.0

0.5

1.2

Q&C/mm
Fig. 7. The aging

0.2

of a CsI photocathode

1.5

0.0

DC current

0.5

mode

1 .o

1.5

Q(&/mm’)

)

in vacuum.

o

(a) Photocurrent

aging curve:

(b) aging

at different

wavelengths.

C. Lu et al. I Nucl. Instr. and Meth. in Phys. Res. A 366 (1995) 60-70

0.8

65

0.8
i?
s
: 0.6
-0
E
cj 0.4
&

0.6

2

lii5nm
180
190
195

0.2

(b) G=lO’
0.0
0

10
20
30
QbC/mm2)

40

Fig, 8. The aging of a Csl photocathode

0

50

100

QbC/mm')

0

50

100

Q(N/mmzf

in 20Torr C,H,. (a) Gas gain = 300; (b) gas gain = 10’: (c) gas gain = 10’.

the aging process is shown as the dashed line labelled
DC on Fig. 8a. The quantum efficiency fell roughly
linearly with accumulated charge. We infer that the
quantum efficiency at a specific wavelength also fell
linearly with charge for the range studied, and connected the data points at 0 and 30 &/mm*
with
straight lines to guide the eye.
At gas gains of 10” and lo’, the photocurrents were
large enough that the aging studies could be accomplished with the test chamber attached to the VUV
monochromator. The wavelength was fixed at 180nm
during aging, but scans of quantum efficiency vs.
wavelength were performed several times with results
shown in Figs. 8b and SC. When the studies were
extended to collected charges of 100 @Z/mm’ we
observed a fast and slow component to the aging
process, qualitatively similar to the case of unit gain
(Fig. 7). The aging rate appears to increase somewhat
at higher gas gain.
Again we interpret the fast component of the aging
as due to modification of the surface layer, but now
positive-ion bombardment from the gas plays a role as
well as electron transport from the bulk CsI. The slow
component of the aging remains. in our view, largely
due to the change in composition of the bulk CsI
material due to photoionization.
Because high values of the quantum efficiency are
required for successful use of CsI photocathodes in a
RICH detector, we consider the practical life of a CsI
photocathode as that until the quantum efficiency has
dropped to 80% of its initial value. From Figs. 7 and 8
we see that the fast component of the aging process is
the critical one in this respect. It is therefore useful to
model the fast component of aging in terms of coefficients k, and ki which represent the rates of aging
due to photoionization and positive-ion bombardment,
respectively. That is.
A,,,,, = ~~~~~~~~~~~= e-kvQv emk,Q, = e-(k..‘C+k,)Q, ,

where A is the relative quantum efficiency which
decreases from initial value 1 due to aging, Q,. and
Q, = GQ, are the accumulated charges due to photoionization and positive-ion bombardment, respectively,
and G is the gas gain. While the data may not support
the hypothesis of exponential falloff of the quantum
efficiency for large accumulated charges, exponential
behavior is a reasonable description for this first 20%
loss.
The data shown in Fig. 7 were collected with the
chamber at vacuum, so Q, = 0. We estimate that at
Q, = 0.1 t.K/mm’ the photocurrent dropped to SO%,
using the average behavior shown in Fig. 7a (also
labelled as DC current mode in Fig. 7b). Therefore
e m’l.‘kL,
= 0.8 and kv = 2.2 mm’/yC. For the test with
gas gain of 300, the average behavior labelled DC in
Fig. 8a shows that at Q, = 10 pC/mm’ the quantum
efficiency drops to 80%. Hence e~‘O(k”‘c+kl’ = 0.8, and
k, = 0.015 mm”/& = kJ150. That is, the aging effect
due to photoelectron transport across the CsI surface
is 150 times stronger per unit charge than that due to
positive-ion bombardment.
The result that k, = kJ150 indicates that for gas
gain which is large compared to 150 the fast component of aging is dominated by positive-ion bombardment. and that the accumulated charge for, say, 20%
loss of quantum efficiency is about 15 &/mm’
independent of the gas gain. The latter prediction is
supported by the data shown in Figs. 8b and SC for gas
gas gains of lo4 and lo’, taking the results at 195 nm
as representative
of the average behavior of the
quantum efficiency.
We conclude this section by casting the effective
lifetime of 10 &/mm’
of a CsI photocathode into
other units. This value is equivalent to 1Ol4 unit
charges/mm’. For a gas gain of, say, lo’, the lifetime is
then 10’ photoelectrons/mm’.
Supposing the RICH
detector achieves a sensitivity of 10 photoelectrons per
particle in the 1-4 GeV range, the detector life would
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be 10’ particles/mm’. A central barrel RICH detector
would have about 30m’ of active area. so the lifetime
of the whole detector would be about 3 X 10” particles. If we desire a detector life of 10 physics years
=lOx s. the particle flux through the RICH detector
must be less than 3 X 10’1s. Such a high flux is unlikely
to be encountered at an e+e collider, but is roughly
the expected rate at a hadron collider operating at
luminosity 10” cm -’ s ‘.
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~3000

106
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Fig. 10. Induced-charge spectra on one central cathode pad
in a RICH prototype with MWPC configuration. [a) Charge
spectra: (b) gain vs. high voltage.

of the quantum

The quantum efficiency of a CsI photocathode in a
gas-filled chamber will in general be less than that for
a chamber in vacuum because some photoelectrons
will be backscattered onto the cathode by collisions
with gas molecules [12]. However, an electric field on
the photocathode can accelerate the photoelectrons to
high enough energies before molecular collisions that
the backscatter cross section is greatly reduced. High
fields on the photocathode and low molecular collisions rates might be best achieved in chambers with
mesh anodes that are operated at low pressure. However, there are (at least) two salient reasons to prefer
the use of anode wire planes instead of anode mesh
planes:
- Chambers with wire anodes will be able to operate
at atmospheric pressure with pure organic gases such
as methane, ethane and isobutane. A parallel-plate
avalanche chamber (PPAC) with a mesh anode can
operate only at low pressure with these gases. A
PPAC can operate with atmospheric-pressure
helium
gas mixtures, but the penalty is lower quantum
efficiency of the photocathode due to scattering of
photoelectrons back onto the cathode [13].
- According to the in-beam experience of CERES UV
detectors [14] a PPAC configuration is more vulnerable to the sparking due to the fast breakdown
occurring at a total charge of 10’ electrons in an
avalanche. Such large avalanches are due to nuclear

interactions near the surface of chamber materials.
In an anode wire configuration the avalanche size is
self-suppressed because of space-charge effects if the
avalanche is larger than 10h electrons, and the
probability of sparking is greatly reduced.
Since the electric field at the cathode plane is quite
different when using an anode wire mesh and anode
wire plane, it is useful to understand the dependence
of the quantum efficiency on the chamber configuration. This issue has also been considered by Anderson
et al. [15] and Breskin et al. [16].
We have made recent studies of the electric field
dependence
of the quantum efficiency of CsI by
adding an anode wire plane and a cathode mesh plane
to a small RICH prototype that was previously used in
tests at BNL [17]. A sketch of the chamber is shown in
Fig. 9.
After an anode wire plane and a cathode mesh
plane were installed in the prototype chamber, we
operated
it with atmospheric-pressure
methane,
ethane and isobutane. Typical gas gain spectra of
single-photoelectron-initiated
gas avalanches, together
with the gas gain vs. high voltage, are shown in Fig. 10.
The single-pad gain shown in Fig. 10 should be
multiplied by a factor 2.74 to obtain the total gain; this
includes a factor of 2 since there are two cathode
planes, and a factor of 1.37 as the ratio of the charge
on one plane to the charge induced on the central pad.

-To

H.V

Photocutllode

plane

Fig. 9. A RICH prototype with an anode wire plane.

pump
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In Fig. lob we show the results for ethane gas;
methane and isobutane were also studied and have
similar behaviours. For six different pressure of ethane
gas (760, 376, 200, 94, 49, and 20Torr) the charge
spectra were collected. Because the shapes of those
spectra are different the threshold effects are different.
To compensate for the lost part of the spectra below
the threshold each spectrum is fitted with a Polya
distribution,
and the number of events below the
threshold of fitted Polya curve are added to the
integral of the observed spectrum to get a total
quantum efficiency.
The electric field at the cathode can be calculated
from Ref. [18]:

274,
Ey= 2rrdls - 2 ln(IrD/s)

’

d>s,

where Ex is the electric field along the y-direction,
which is perpendicular to the anode wire plane, d is
the distance between anode and cathode planes, s is
the anode wire pitch. D is the anode wire diameter,
and r/;, is the high voltage on the anode wire. Using
this expression the data of Fig. 10 were reinterpreted
as the relative quantum efficiency vs. the reduced
electric field (E/P) at the photocathode, with results
as shown in Fig. 11 for methane. ethane, and isobutane. The six different values of E/P for each gas
represent six different pressures between 760 and
20 Torr. We found that a reduction in relative quantum
efficiency of 8,20 and 35% at 760 Torr compared with
20Torr for methane, ethane, and isobutane. respectively.
These results contrast with that for CsI under
vacuum, where Brauning et al. found no (or very little)
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electric field dependence of the quantum efficiency
over the range of 50-2000 V/mm [9]. This null result is
expected since the mean free path length for photoelectrons in solid CsI is only a few nm [7]. Hence for
any influence on the electron extraction from the CsI,
the electric field should be around 1 V/nm, which is
several orders of magnitude higher than the applied
electric fields of -1 kV/mm.
Our results on electric field effects on the quantum
efficiency of CsI photocathodes in gas media are quite
consistent with those of the Breskin group [16] who
found a Q.E. reduction in gases of about 3% for
methane, -20% for ethane, and -30% for isobutane,
compared to vacuum. We concur with their conclusion
that the Q.E. of a CsI surface in gas is always lower
than in vacuum due to the backscattering of photoelectrons from gas molecules. For high values of the
reduced electric field the gas avalanche starts close to
the photocathode, so the probability for elastic scattering decreases due to the opening of new inelastic
channels in the electron-molecule
collisions. When the
probability of the elastic collisions drops to zero, the
Q.E. in the gases must reach the vacuum value.
We have measured the reduced Townsend coefficient a/P of ethane and isobutane [13]. From fits to
the data of the form culP = a + bEIP, we derived the
minimum reduced electric field required to start the
gas avalanche. (E/P),,,,
which is 56.1 V/cm Torr for
ethane, and 89.9 V/cm Torr for isobutane. Such high
reduced electric fields at the cathode can only be
reached under low gas pressure, and hence only for
CsI photocathodes in low-pressure gas chambers will
the Q.E. be close to the vacuum value.

6. Charge sharing on cathode readout pads
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Fig. 11. The dependence
of the quantum
reduced
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The reconstruction
of Cherenkov rings in RICH
detectors with dimensions appropriate for central B
physics requires spatial resolution of about l-2mm.
Finer resolution is not warranted because of limitations of chromatic aberration in the radiator, and
because of broadening of the ring due to the finite
thickness of the radiator in the case of proximity
focusing. This has led to a specification of readout pad
size of typically 8 X 8 mm, and correspondingly
a
channel count of about 600k for a detector of 40m’
surface area.
If the anode-cathode
spacing is increased. the
image charge on the cathode pads will be smeared
over multiple pads and good spatial resolution could
be obtained by charge sharing among coarser pads
[19]. The spatial distribution p(x) of the image charge
is governed by the chamber gap, called d in Fig. 12,
according to [20]
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were connected together to form a “pseudostrip”. the
induced charge on which for single photoelectrons was
observed for several vertical positions of the chamber
relative to the light source, with results shown in Fig.
13. The solid line in Fig. 13 is derived by integrating
the theoretical charge-distribution
given above to take
into account the finite strip widths. The observed
distributions match the theoretical curve very well.

6.2. Position resolution via charge sharing

Fig. 12. Design of a RICH photodetector
with a CsI photocathode segmented into pads of width w separated
by a gap d
from the anode plane consisting of wires of spacing S.

The reconstructed location of a photoelectron
is
obtained by simple charge weighting of the struck-pad
coordinates. An estimate for the position resolution
that can be obtained for single-photoelectron
events
detected using a 3 X 3 array of square pads is
u
>=W

For a second round of studies we used a 32-channel
prototype of a readout electronics system based on
AMPLEX chips [21]. The AMPLEX chips provide
charge integration and pulse shaping (-750 ns) as well
as a sample-and-hold subcircuit. A total of 16 channels
are available in each chip. The circuit board was
designed
to interface
directly with the RICH
prototype. The AMPLEX chips were controlled by a
LeCroy model 2366 Xilinx CAMAC module that was
interfaced to an IBM PC. The overall functional block
diagram is shown in Fig. 14. With the AMPLEX circuit
board connected to the RICH prototype the typical
u nO,Sewas measured to be -2000 electrons, and the
overall gain was -235 electrons/ADC count.
The prototype RICH chamber with the 32-channel
readout was then used in the configuration shown in
Fig. 15. A hydrogen lamp emitted 1 ns wide pulses of
UV light at a rate of about 1 kHz. These pulses were
collimated by a pair of 0.5 mm wide slits before
impinging on the prototype chamber, which could be
moved transversely on an x-y stage. In this way the

&UQ
0.45G

’

where au is the electronic noise on a single pad, and w
is the pad width. The factor 0.45 reflects the portion of
the charge in the avalanche that is imaged onto the
readout cathode. For 8 X 8 mm’ pads and an average
chamber gain of G = 1.0 X lo5 this yields a resolution
slightly better than 1 mm.

1.o

v measured
-calchlated

0.8 0.6

6.1. Induced charged distribution on a “pseudostrip”
0.4

To test the charge-sharing idea, we have installed
the RICH prototype (Fig. 9) vertically on an x-y stage
and perpendicular
to the light beam of our VUV
monochromator.
The window of the prototype
chamber was directly against the output window of the
monochromator
to minimize the air gap and consequent absorption of UV light.
In the initial studies we could only analyze a single
channel via an EG&G Ortec model 142PC preamplifier. Therefore three consecutive horizontal pads

f

X(mm)
Fig. 13. The distribution
of induced charge on an 8 mm wide
“pseudostrip”
vs. the distance from the center of the strip to
the center of the gas avalanche.
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Fig. 16. True position
vs. reconstructed
position
in the
prototype
RICH detector.
(a) r direction
(perpendicular
to
the anode wires): (b) y direction (parallel to the anode wires).

system.

location
of the UV light on the chamber was known to
better than 0.2 mm.
The output of the hydrogen lamp was attenuated by
neutral density filters until a signal was observed in
only one pulse in ten. insuring a 90% probability for
single photoelectrons. The location of the photoelectron was reconstructed by a simple weighting of the
stuck-pad coordinates by the induced charge observed
on the pad by the AMPLEX chips. Plots of true
position vs. measured position are shown in Fig. 16.
For the y direction (parallel to the anode wires) the
correlation between true and reconstructed position is
excellent. In contrast, for the x direction (perpendicular to the anode wires) the effect of the 2.5 mm
anode wire spacing is evident. The rms position
resolution in y is typically oY= 0.35 mm. This is about
40% larger than what would be expected from the
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Fig. 17. 3D image of the reconstructed
tribution in the prototype
RICH detector.

.x-y

position

dis-

simple estimate made above. The difference probably
results from the non-negligible
fraction of singlephotoelectron events with gas gains much smaller than
G.
In the x direction the position resolution should be
1 lfi
times the wire pitch, namely a, = 0.73 mm for
our case of 2.54 mm wire spacing.
A 3D plot of the distribution of reconstructed x-y
positions is shown in Fig. 17, in which the data
collected for two positions of the chamber 3 mm apart
have been superimposed.
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