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Abstract

The importance of heating the CsI or CsI-TMAE photocathodes during preparation,

as well as the importance of the gas environment on the quantum efficiency is presented.

The dependence of the aging characteristics of these photocathodes on the operating

temperature, on the presence of gas, and on the charge amplification of the chamber is also

discussed. For CsI photocathodes charges in excess of 2x1014 e-/mm 2 can be collected

with little degradation of performance. A timing resolution of 0.55 ns is also achieved for

single photoelectrons suggesting a possible time-of-flight detector.
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1. Introduction

For many' years Ring Imaging Cherenkov detectors (RICH) have promised to be

powc_l tcx_ls for particle identification. But, up to now, the promise has not been fully

fulfilled. RICH detectors using photosensitive gases (TEA and T_) have been slow

and difficult to operate. Operation of TMAE gas in proportional counters has also shown

to have severe aging pl_blerns [I ]. The new environment of the SSC/LHC, RttlC, and the

proposed B factories requires detectors that can handle high rates and high multiplicities.

These detectors must be stable for long periods of time under severe conditions.

New interest h_ developed in the field of RICH with the introduction of two solid

photocathodes: CsI and CsI-TMAE (CsI with an adsorbed lay_.r of 'i'MAE). These

photocathodes have been shown by S_guinot ct al. [2] to have remarkable quantum

efficiencics (QE) of 35% and 46% at 170 am, respectively. These values were achieved by

flowing pure methane over the photocathodes while they were maintained at 40"C [3].

The value of 35% for the CsI photocathode has not been conf'trmed in the literature. The

high QE of the CsI-TI_'XE l::hotocathode has been achieved [4] using a technique of

increasing the QE by extracting charge from the photocathode. Measurements employing

more conventional techniques have yielded a somewhat lower QE [5-8]. ha this work we

confh'm the results of S_guinot ct al. for the CsI and CsI-TMAE phc)tocathodes.

Charpak et air [5] first suggested depositing the photocathode on pads with

amplification in a single step; in this scheme, the induced signals on the pads are detected.

With the use of pads and with uniform drift distances for ali photoelectrons, the problems

of high multiplicities and rates are addressed. This scheme has been demonstrated [9] to

work well at low pressures (=20 TorT) for both CsI and CsI-TMAE photocathodes,

allowing gas gains of greater thart 106 and single photoelectro_j efficiencies of

approximately 100%. In addition, there has also been significant operzttional experience

gained with the CsI photocathode in a varietyof configurations [6,7,10].

One important aspect in using the CsI and CsI-TMAE photocathodes is the use of

low..pressure gas. Low pressure has been shown essential to give maximum QE [I 1],

since noble gases at high pressure cause the photoelectrons to be scattered back into the

photocathode and thus lost. I,ow pressure also allows for parallel plate amplification and

high gain in a single gap which is necessary for the pad readout. At low pressure, pure

organic gases can be used which allow the highest gain without photon feedback. Low

pressure also greatly reduces the charge deposited by passing charged particles, which have

been a problem for RICH detectors in practical applications. A minimum ionizing panicle

will only produce approximately 0.1 charge cluster per mm ira20 Torr of isobutane [ 12].

With no drift region and with parallel plate amplification the sensitive thickness of the gas is
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afew hundred microns. Thus the efficiency for detection of a charge particle directly is on

the 1% level. Finally, low pressure counters otter excellent timing resolution [6,9,11].

To date there has not been a clear picture of how to prepare and operate these

photocathodes to give the maximum QE and the longest lifetime. The degradation of the

photocathodes with operation in a wire chamber has recently received much attention, and

published results have been discouraging for their application in an high intensity

environment [4,6,9]. There has also been a quantitative di_greement on the aging effects

among different investigators, This we believe has been due to a lack of understanding of

the complexity and number of processes involved. At the time of this publication some

details still remain unresolved. We are in a position however, to make a substantial

contribution to the understanding of the practical operation of these photocathodes, and of

the key processes involved.

2 Experimental Techniques

Here we present enough information to make the new concepts of this work

understandable without a complete review of the details of earlier works. More detail can
be found in ref. 9.

2.1 Experimental Setup
This research was done with several vacuum chambers similar to the one shown

schematically in fig. 1. UV light enters the chamber through a quax_zwindow, The space

between the window and the photocathode is divided by stainless steel meshes into two

regions: 20 mm thick and 1.6 mm thick. The 20 mm gap is used in determining the

absolute QE of the photocathode with the introduction of TMAE gas as a reference. The

1.6 mm gap is the amplification gap above the r_hotocathode.

Quartz Window
,rT_ ,'7-*-\ ._ Mesh

Photocathode 20 mm
Anode Mesh

* _ ..... T 1.61nra
.,,.._-_ , t ,, , -,,, , ¢,Cathode (Al plate)

,_ _ ........ .. ,_"_.. ,xx-'_._-r". tq.aptonbpacer

Temperature Controlled Plate

Fig. 1 Schematic of the test setup.



The photocathode is deposited on an aluminum plate, which sits on a copper plate

for even heat distribution. This copper plate is electrically isolated from a second,

temperature controlled plate by a kapton spacer. The temperature is either maintained by

circulation of water or by a thin-fihn heater (e.g. Thermo/Cense, Inc. Mundelein, II.,).

The gas filling pressure used as a standard was 20 Torr, usually isobutane or

methane. Both the 1.6 mm amplification gap and the 20 Torr pressure have been

detcrminezl to be about optimum from earlier studies [9]. At low pressures, we have found

the best gain and stability characteristics with isobutane.

For the aging studies a DC mercury vapor lamp was used which gives emission

down to approximately 170 nra. The light was then passed tlu'ough a trmasmission filter

giving a narrow transmission at about 180 nm. For the QE measurements a pulsed light

source (Hanmmatsu 1,3530-01) was used. This is a simple discharge device with a filling

of approximately 100 Torr of hydrogen, wired in series with a 0.5 Gf_ resistor and

operated as a relaxation oscillator at a rate of about 60 Hz. A pickup coil gives a trigger.

This source gives a continuum spectrum with a cutoff at approximately 170 nra, and a

pulse length of less than 3 ns. The light was passed through a monochromator (Oriel

model 7400) to select the desired wavelength. "lhc monochromator was modified to be

flushed with dry nitrogen to allow measurements down to the 170 nm cutoff.

2.2 Preparation of Photocathodes

Pieces of pure CsI scintillator are used to make the photocathodes. The CsI is

vacuum deposited on an aluminurn ¢Liskto a thickness of approximately 9.23 mg/cm 2.

This thickness corresponds to 0.5 _'n, assurydng that the density of the photocathode is that

of the solid scintillator. It has been shown in a variety of works [2,8,9] that there is no

dependence of the CsI QE on thickness for thicknesses of 0.5 _tm or greater. This

thickness has become our standard for these studies. Transferring and mounting the

photocathode in the test chamber l_l,aires an exposure to air of about 10 tninutes.

Some preliminary tests have be¢_nmade with a spray-on technique. Pieces of CsI

scintillator are dissolved in pure ethanol, _._ the solution is sprayed on a heated aluminmn

plate in air. The thickness monitor is placed next to the photocathode and 'also heated (to

o drive off the alcohol) to give an estimate of the thickness. Although such photocathodes

are saturated with water, heating in a vacuum (described later) restores them to a QE that

approaches those made by vacuum deposition.

: As will be discussed later, heating of the photocathode is a key factor in maximizing

the QE (probably by driving off the adsorbed water). We have determined that this hearing

also drives off the adsorbed TMAE from a CsI-TMAE photocathode. Therefore, in
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studying that photocathode, the TMAE is no longer applied to the Csl directly after

deposition in the bell jar,but laterin the test chamber.

2.3 Aging Measurements
For the aging measurements, 8 spots on an 11 cm diameter, continuous

photocathode were studied. Each spot is roughly 5 mm across with centers on a circleof 5

cm diameter. The center-to-center separation is thus about 2 cre, assuring little or no effect

from Ac study of adjacent spots. For a measurement of a spot, the light intensity (and, in

the case of operationwith charge gain, the voltage) is adjusted to give a starting value of the

currentof approximately70 pA/mm2. The current is then automatically monitoredevery 10

minutes for a period of approximately 20 hours.

2.4 Measurement of QE

The QE of a photocathode is determined by comparisonwith the QE of TMAE gas.

The counter is filled with 20 Torr of methane or isobutane and a sufficient voltage is

applied to the anode (typically 740 V) to give a islateau in the counting rate. The

photocathode is operated at ground potential. The light from the pulsed light source is

wavelength selected by the monochromator and the intensity is controlled by a variety of

slit sizes. The intensity is reduced so that the average numberof detected photons per UV

pulse (trigger) is less than 0.1 at the shorter wavelengths (._190 nra). This ensure,,"that

when a pulse is detected it represents a single photoelectron. The number of detected

photons per UV pulse is then t_corded as a function of wavelength.

The chamber is then evacuated and TMAE gas plus 20 Ton"of methane or isobutane

is added to the counter. The region between the quartz window and the "Anode Mesh"

(fig.l) is operated as a conversion and drift region with a typical collection field of

120V/cre, For this measurement, the "Photocathode" is held at a higher positive potential

(typically 740 V) than the mesh marked "Anode Mesh" and is used as the true anode. This

= second region is operated with sufficient gain to obtain a plateau in the counting rate. This

signal had no component from the solid photocathode. The number of photoelectrons

detected per UV pulse is then recorded as a function of wavelength. The QE of the

photocathode relative to the TMAE gas is the ratio of the number of photoelectrons per

pulse for the two configurations, corrected for the optical transmission of the "Anode

Mesh". The QE of the TMAE gas is taken from the literature [13], corrected for the finite

-_ absorption in the space between the quartz window and the "Anode Mesh". This yields the

absolute QE of the photocathode.

: 5



3 Maximizing QE

It is w¢l_ l_own that CsI photocathodes are susceptible to moisture. Dangendorf et

al. [10] have recently shown that the relative QE of a CsI photocathode can drop by as

much as 50% when exposed to air for 2 hours. The flowing of very pure methane over the

photocathode improves the QE and has in fact been employed to achieve the highest QE

reported for CsI and CsI-TMAE [2].

We have fouaadthat the most reliable technique to maximize the QE is to apply heat,

preferably in a vacuum [14]. Any temperalture >40 "C is sufficient to improve the

photocathod¢. For our measurements a new photocathode is heated to 65"C for 15-20

hours in a vacuum and then cooled to 25'C. At this point TMAE is introduced if a CsI-

TMAE photoeathode is to be studied. The relatively long heating time is used to ensure the

maximum QE for our measurements. Most of the benefit from heating is achieved in just a
few hours.

Fig. 2 Current from a CsI photocathode, normalized to the response in a vacuum, as a

function of collection voltage for filli,_gs of 20 and 100 Torr of methane, 20 and 50

Torr of isobutane, and 740 Torr of He+0.26% CF4.

After heating, the gas environment of the photocathodes is the next most important

factor in high QE. This is demonstrated in fig. 2 which shows the current from a CsI

photocathode (normalized to the response of the photocathode in a vacuum) for fillings of



20 and 100 Torr of methane, 20 and 50 Torr of isobutane, and 740 Torr of He + 0.26%

CF4o The current is proportional to the QE, measured at 180 nm. The QE of the

photocathode in isobutane is slightly worse than the vacuum value, while that of tile ['le

mixrar¢ is about half the vacuum response. Methane yields a QE which approaches _twice

the value for vacuum. A response similar to that of methane, not shown here, was also

measured in ethane. The reduction in the QE when measured in the He+CF4 mix is well

understood (see for example ref. 11): the photoelectrons are elastically scattered back to the

photocathod¢ and lost.

Fig. 3 shows the measured QE as a function of wavelength for CsI and CsI-TMAE

photocathode,; measured at 25"C in 20 Torr of isobutane and methane, and for CsI at 65"C

measured in 20 Torr of isobutane. (The QE of CsI in methane at 65"C is not shown since

there was not a significant difference from the result at 25"C.) The QE of optically dense

TMAE gas is also shown for comparison. As in fig. 2 the QE of the photocathodes in

.... , ........ ,,

50[- i i i i -

CsI-TMAE
40

TMAEgas

3O
CsI-TMAE

20 " ,,,,_ .,,"0,,,,
"""",,,,,,_ Csl (65'C)--"'_

I 0 ........ "_ ', _®_
-.e-. Methane 20 Torr i "** ",, "'.

• O,, Isobutane 20 Torri "_" "" ""25"C Csl

0 1
180 190 200 210

Wavelength (nrn)

Fig. 3 Quantum efficiency as a function of wavelength for CsI and CsI-TMAE

: photocathodes at 25 °C in isobutane and methane, CsI at 65 "C in isobutane, and

for optically dense TMAE gas.
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methane are almost a factor of 2 higher than in isobutane. "r'hevalues of QE, measured at

175 nm are 46% and 36% for CsI-TMAE and CsI, respectively. These values agree nicely

with the results obtained by Sdguiaot ct al. [2].

The difference in QE with gas composition is almost certainly related to adsorbed

gas on thesurface.(Seediscussiononsurfacephenomenaref.15)A '_lean"surfacewill

adsorbitsfirstmonolayerinaboutIgsata pressureofITorr.The ener_,'yofadsorption

ofthefirstlayerisgenerallybetween2 and4 eV peradsorbedatom.Foradditionallayers,

the stickingprobabilityand bindingenergydroprapidly.In thecaseof metals,

temperatureson theorderof1000-2000K arenecessarytoremovethelastmonolayer.

Heating the CsI photocathode in isobutane to 65"C increased the QE at the longer

wavelengths by about 50%. This is probably due to thinning of the adsorbed layer by

heating. The effect is most pronounced at longer wavelengths where the energy of the

photoelectron is lowest.

We have demonstrated the importance of surface gases with stainless steel and

'aluminum photocathodes. With a variety of gases, the QE at 180 nm increased with

pressure, saturating at a pressure for ali gases at about 1 Torr. For pressures of l Torr or

greater, the QE was a factor of two higher than the value in a vacuum. Since the metals are

not very absorbent for the gases, this would seem to be a surface, rather than a bulk,

phenomenon. Heating of these metal photocathodes also increase their QE.

In the work of Sdguinot et al. [2] they obtained their high values of QE after

flushing their photocathode with methane while maintaining a temperature of 40"C [310

Their QE measurements were made with methane. Both factors are now believed to be

crucial to obtaining the maximum response. The early work by Kwan and Anderson [4]

that measured a similar value fo_ "he CsI-TMAE photocathode obtained this result with

methane after the collection of a substantial charge from the photocathode. We now feel

that the current from the photocathode caused local heating enhancing it much as we do

now by other means.

4 Aging Results

The work that is presented in dais section consist of many data sets with over 100

data points each. Fig. 4 is a representative data set showing the current as a function of

collected charge for a CsI photocathode aged in 20 Torr of isobutane. The fit to the data, as

well as the data points are shown. Since many of the figures in this section will be

comparisons of several measurements, the data points are omitted for clarity and only the

fits to the data shown. Since ali starting currents are similar in value (approximately

70 pA/nina2), whca several fits are compared in a single figure they are scaled to a starting

value of 1130to facilitate comparisons.
=
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Fig. 4 Current as a function of total collected charge for a CsI photocathodc aged in 20

Torr of isobutane at 25 "C.
;

We know that methaneor ethanegive thebestQE for the photocathodesthatwe arc

studyinghem. This is a recent discovery, and so most of the agingmeasurementsaremade

with isobutane,which waschosenbecauseit gives the highest gain andthe best stability

It should be stressed that, although measurements made on a single photocathode

deposition are reproducible, there is a cathode-to-cathode variation in the results. The

largest variations are seen in the vacuum t xeasurements. As an example, for aging

measurements made in a vacuum, the QE might vary from 15%-30% of the initial value for

a total collected charge of 3 I.tC/mrn2. We have yet to determine which variable is not

being adequately controlled, but in general what we present here is true for al!

photocathodes that we have studied.

4.1 Effects of Gas on Aging

We have found a great improvement in the aging characteristics of the CsI

photocathode, and to a lesser extent of the CsI-TMAE photocathode, when operated in the

presence of a gas. Fig. 5 shows the normalized current as a function of total collected

charge for CsI and CsI-TMAE photocathodes aged in vacuum and in 20 Torr of isobutane.

The most obvious point of this figure is that the addition of the isobutane made a small



improvement to the aging properties of the CsI-TMAE photocathode but a much more

dramatic improvement for pure CsI.

Fig. 5 Normalized current as a function of total collected, charge for CsI and CsI-TMAE

photocathodes aged at 25 "C in vacuum and in 20 Torr of isobutane.

4

Another, perhaps more subtle, difference in the aging characteristics of these

photocathodes is that with the addition of gas the output first increases with time. We

found this to be characteristic of almost ali our measurements made with various gases and

believe it to represent an actual increase in QE. The equation that we fit to such data is:

Current = k1 - k2 exp(-TotalQ / k3 ) + k4 exp(-TotalQ / k5 ) (1)= )

where ki are constants, and TotalQ is the total collected charge.

Fig. 6 shows the normalized current as a function of total collected charge collected

• for a CsI photocathode in a vacuum and 4 different pressures of isobutane. One can see

that the effect of gas increases with pressure, By 20 Torr the effect of aging is very small

and at 100 Torr the QE seems to increase linearly with collected charge.

Fig, 7 shows the current as a function of total charge for a CsI photocathode

operated at a high current in 20 Torr of isobutane. The starting current is 600 pA/mm 2.

! After an accumulated charge of over 30 I,tC/mm 2, the QE had only dropped by 35%. This

10
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accumulatextcharge corresponds to over 2x1014e'/mm 2. If the charge were collected at a

lower rate and if the pressure were somewhat higher even less degradation is expected.

The normalized current as a function of total charge for a variety of gases is shown

in fig. 8. We believe that aging of the CsI photocathode in a vacuum is due to dissociation

of rhelCSI with the liberation of iodine leaving cesium metal (discussed below). We

, assume that the improvement in the aging characteristics of the CsI photoeathode m gas is

due to adsorption of the gas on the surface or in the bulk which somehow prevented the

dissociation. As can be seen in fig. 8, argon also improved the performance of the

photocathcxte. Even noble gases are believed to be adsorbed to the extent of a monolayer

or two [15]_

4.2 Eff_cts of Temperature on Aging (Csl Only)

In, the case of CsI pfiotocathodes, we were able to investigate the effects of

temperattm; on aging. This was not the case with the CsI-TMAE photocathode since

heating caused the TMAE to be removed from the surface. Fig. 9 shows the normalized

z ...m-.---......- , isobutane
nl_ _ _ _, _ __oeql_l_a,w_aoog0mo_em.wv0wmemu0q_wswwmowam@mmmmBwmom_loomosmowoi

._ ....,. l_ ,r _ .- -_,l_m_w_o_,, '

..1,t;__ _=,-==_m,_,,.,_.____ Methane -

.._ Vw..,_um

- _

- 0

=

- 0 I 2 3 4

Total Charge (l_C/mm2)

: Fig. 8 Normalized current as a function of total collec_edcharge, for CsI photocathodes

aged in vacuum and in 5 different gases at 20 Torr.

current as a function of tc>ta]collected charge for CsI photocathodes in vacuum and 20 Torr

- of isobutane measured at 25 "C and 65 mc. In both vacuum and gas the higher temperature

-.=

_
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has a better aging characteristic. The 65 "C measurement with isobutane continues to

increase with accumulated charge. This is perplexing but seen in other measurements,

............ -- a--" -l--'-----" i _ " '"
65 'C

.... _ i1,1,i ' iii

lP r'.----.'- 25 'C -O0 _, " _'"- w,,,,=,,.

_ " m _k,m I dm m m mmm ii,

" 65'C "'"''''"(,380 - "",,,

"_ ID lID_

m II_Q ,,_

t_ "Q""""',...... 25 C
,=um
m e

E40 lmm 'lm l_" IN" " mw m m li m lilmQlm,

°Z
2 0 - m 20 Torr Isobutane

--'Vacuum "'

0 1 2 3 4

Total Charge (gC/mm 2)

Fig. 9 Normalized current as a function of total collected chazge for CsI photocathodes

aged in vacuvxm and 20 Torr of isobutane at 25 "C and 65 'C.

A nice demonstration of the dependence of both QE and aging on temperature is

shown in fig. 10. Here a CsI photocathode was aged in a vacuum. The temperature of the

photocathrxte was maintained at 25 "C until time tl at which time the temperature was

inca'eased to 65 "C. From t2-t3 the UV light source was blocked between measurements.

After time t3 the UV light source was again !eft unblocked and the photocathode cooled to

25 "C. The QE dependence on the temperature is obvious. On cooling the current did not

return to the line fined to the earlier data points. There has been some recovery.

4.3 Effects of Gas Gain on Aging

With a better undersrtanding of the va:t't'ablesinvolved in aging, more reproducible

measurements have become possible. We have confirmed what was seen elsewhere [5],

that the positive ions do not have the same effect as UV photons. Fig. 11 shows the

normalized current of CsI phot_athodes as a function of total collected charge for gas

gains of I and 3.5x 104. The difference in response is apparent. Unfortunately, we can
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only speculate as to the reason for the 20% increase in current for the high-gain

measurement,

70

60

E 50
E

< 40

"-" ta 13

t.._._ = II!
t,,,=, II

20 "

I

0
0 5 10 15 20 25 30

Time (h)
Fig. 10 Current as a function of time for a CsI phetocathode aged in a vacuum. At tl the

temperature is increased from 25 'C to 65 "C. From t2 to t3 the UV light is

blocked between measurements. At t3 the light is unblocked and the temperature

returned to 25 "C.

Fig. 11 also shows the normalized current of CsI-TMAE photocathodes as a

function of charge for gas gains of 1, 40, and 350. The higher the gain, the lower the light

intensity used. From these curves, one can see that the degradation of the photocathode by

the positive gas ions is less than that caused by the loss of the photoelectrons. Thus the

aging predicted by vacuum measurement of the CsI-I_E photocathode is greater than

what would be expected for a real device operated with substanti',d gas gain.

4.4 Discussion of Aging Results

We think that we may have an understanding of the behavior of Csl in a vacuum. The

cesium and iodine atoms are joined by an ionic bond. When the photoelectron is removed

the bond is lost. Since iodine has a substantial vapor pressure, the iodine is lost to the

vacuum. This leaves residual cesium metal as well as creating vacancies and F-centers in

the crystal lattice [16]. The result is a lower QE but an increased sensitivity to room light

because of the lower photoionization threshold of cesium and F-centers. Since cesium

- 14
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metal also has a non-zero vapor presstu'e, it also leaves the photocathode (if no oxygen is

present). Thus the aging characteristic of the photocathode in vacuum is dependent on the

rate and
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Fig. 11 No_nalized current as a function of total collected charge for CsI and CsI-TMAE

photocathodes aged in 20 Torr of isobutane at a variety of charge gains.

temperature. The recovery seen in fig. 10 is believed to be due to increased evaporation of

the cesium at the higher temperature.

When left in a good vacuum, a CsI photocathode will almost completely recover.

In a demonstration of this effect, a very thick photocathode was prepared. One-half of the

photocathode was then exposed to a very intense UV lamp in a vacuum. After a large

exposure the photocathode was then allowed to remain in the vacuum for an additional

_ week. The photocathode was then removed and examined with a scanning electron

microscope. The exposed part had almost ali of the CsI removed but the ratio of cesium to

iodine remained essentially the same on both halves.

The effect of gas on the aging of the CsI photocathode is more difficult to

understand. The presence of gas somehow inhibits the dissociation of the CsI when the

: photoelectron is removed.

In the case of the CsI-TMAE photocathode in vacuum, much of the damage is due

to dissociation of the TMAE, on the surface. For the CsI-TMAE photocathode in gas, little

improvement is seen (at gain=l) since the sm'face is already saturated with TMAE, and the
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aging is agah,, believed to be due to degradation of the TMAE. The positive ions do not

cause the same damage to the photocathodeas the removalof the photoelectrons.

At least in the case of the CsI photocathode operated in gas, total extracted charges

of over 30 gC/mm 2 (2x1014 e'/mm 2) can be achieved with little damage to the

photocathode. This was obtained at very high currents. There areindications that at lower

rates there is ev©nless aging. These measurements will be repeatedfor methane which also

appearsto offer good aging characteristicsand beaer QE.

S Single-Electron Timing Resolution

Because the low pressurechamber with a solid photocathode amplifies direc_y

above the phot_x:athode and in a very small volume, it is assumed that the timing
characteristics win be very good. We hope to combine such a chamber with a solid or

liquidCherenkovradiator to producea time-of-flight counter.

We have made a f'trstattempt to demonstrate a time-of-flight counter based on a

CsI-TMAE photocathode. Two chambers, similar to the one shown schematically in

fig. 12, were each constructed with 4 cm diameter photocathode:,and a 1.6 mm cathode to

anode mesh spacing. The radiators for the cha_nberswere 1.5 cm thick cells filled with

perfluorohexane (CF3(CF2)4CF3). The gas filling was 20 torrof isobutane, with an

Mesh Photocathode
Perfluorohexane

Muon

m

!
Quartz Wmdow

Fig. 12 Schematic of the test chambers used in the time-of-flight measta'ernents.

operating voltage of 980V and a gain of approximately 107. The chambers had a very

simple design. We were not able to heat the photocathode after the perfluorohexane cell

was connected, and we were not able to flow the gas. We "alsohad problems with the

purity of the perfluorohexane as well as a geometric problem for light collection for hacident

particles off axis. This combination yielded a measured probability of about 50% that a

muon passing through the chamber would produce a single photoele.ctron.
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The electronics for the beam test were developed by Radeka's group at Brookhaven

National Laboratory. The preamplifiers (IO-354-1) were charge sensitive amplifiers with a

1 ns rise time and a 40-60 ns fall time, while the shaping amplifiers (IO-553-1) were

double pole-zero shaping amplifiers with a 3 ns shaping time. This combination gave a

signal for a single photoelectron with a width of less than 20 ns and an amplitude of

approximately 30 mV. (Both amplifiers are described in ref. 12.) The shaping amplifiers

were followedby constant fraction discriminators.

Fig. 13 shows the timing spectrum from a muon test made at Fermilab with the two

chambers. One chamber was used for the start and the other for the stop. The total single-

photoelectron resolution is 0.77 ns (1a). If it is assumed that both chambers contribute

equally to the resolution, this would imply a tim,ng resolution for a single chamber of
0.55 ns.

These are encouraging results. With properly designed chambers, and clean

perfluorohexan¢, one would expect many more photoelectrons. This would yield a time-

of-flight counter with an excellent timing resolution, low mass (<0.2 Xo), and good

granularity.
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Fig. 13 Single electron timing spectrum for muons made with 2 low-pressure

• chambers.
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6 Summary and Conclusions

The key factors in obtaining a reproducibly high QE for the CsI and CsI-TMAE

photocathode_arc: 1) heating to a teml_ramre of >40 'C in a vacuum or with a flow of a

suitable gas,and 2) operatingthe photocathod¢in the proper gas such as methane. T_e

heating is believed to remove the adsorbed water, and possibly other gases. In a practical

detector, the heat can be applied by a thin-film heater placed directly under the

photocathode.

The use of a gas such as methane yields a QE nearly a factor of 2 higher than for

isobutane and nearly a factor of 4 higher than for He + 0.26% CF4. This effect is believed

to be related to adsorptionof gas on the staface of the photocathode.

Aging of the photocathodes is shown to depend on the pressure and type of gas

present, as weUas the temperature. The amount of gas gain is also important since, in the

case of the CsI-TMAE photocathode, the positive ions do not do as much damage as the

removal of an electron by a photon. At least in the case of the CsI photocathode operated in

isobutane, total collected charges of 2x10 t4 e'/mm 2 or greater will not degrade the

performance by more than a few per cent. Since the bulk CsI has been shown to keep its
scinttUation and transmission characteristics after doses on the Mrad level [17], this

photocathode should survive in an SSC_HC hadron environment. These photocathodes

can also handle the rates of such an environment, since the shaped pulse can be made to be

less than 20 ns and pad readout allows for high multiplicities.

One concern when considering the low pressure operation is the question of how to

construct an instalment with a large area. With the single-step amplification desc.n'ibedin

this work, one can conceive of supporting the window and the back plane off each other

with two G-10 or ceramic support grids, above and below the anode mesh. Thus, the

distance that the window and back plane must span without support is only 5 cm or so.

Since low pressure operation requiresonly low voltages, sparking down the insulator is no

longer a problem.

This work is far from completed. A greater understanding must be gained of the

i remaining variables. Further work must also be done on the "spray on" technique which,
if it proves to produce damage resistant photocathodes, promises to be a useful technique

for covering large areas. The effect of adsorbed gas also merits further study, particularly

the study of aging of the photocathode in a methane environment. There is also the hope

that a gas can be found wtfich will lower the work function of the surface.

There is much work to be done on using these photocathodes, coupled to low-

pressure counters and liquid or solid Cherenkov radiators for time-of-flight detectors.

They may yield large-area instruments with good timing resolution and granularity.
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We believe that the quantum efficiencies presented in this work are routinely

achievable. The techniques for preparation and operation are accessible to those with

normal instrumental _kills. The CsI photocathode and possible the CsI-TMAE

photocathode are ready for inclusion in a high energy physics experiment. The results

should be instruments with good QE, excellent timipg, able to work at high rates and h:_gh

multiplicity, and which are insensitive to passing particles.
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