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Abstract 

UV-Photons are detected by a low-pressure photosensitive multistep gaseous de

tector. Photoelectrons are multiplied in two charge amplification stages. A third, light 

amplification stage operating in a scintillation mode, provides light yields >5.107 vis

ible photons per single photoelectron avalanche, in Argon-CjHe-TMAE gas mixture. 

We present results or. absolute photon yields in various TMAE gas mixtures, at low gas 

pressures and at low charge gains. We describe the operation mechanism and some ba

sic properties of the gated 3-stage detectors, such as stability of operation at high back

ground rates and localization resolutions particularly at large TMAE concentration and 

high temperature operation conditions. Further applications are discussed. 
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1. Introduction 

Single UV-photons, in the wavelength range of 120-220 nm can be efficiently de

tected and imaged with gaseous detectors filled with photosensitive vapours. Several 

UV-imaging techniques have been developed, mostly motivated by the application to 

Cerenkov Ring Imaging (RICH)1 ' in particle physics. There exist many other appli

cations of UV-detectors such as in particle calorimetry2', nuclear medicine3-, plasma 

diagnostics'1', and UV astronomy5 '. 

Multistep avalanche chambers6 ', operating at atmospheric pressure with a photo

sensitive gas mixture are efficient tools for the imaging of single UV-photons7 '. Such 

detectors have been successfully applied to Cerenkov Ring Imaging in particle physics 

experiments8 ', having several advantages: gas amplification factors >106, short UV con

version gap (short drift time, high rate capability); the transfer gap between the two 

charge amplification stages offers an incorporated delay which is practical for trigger 

purposes, and efficiently suppresses secondary photons. An additional gate electrode, 

located within the transfer gap, enables the triggering of the detector on well selected 

events of interest. 

Considerable effort has been made in the past few years to develop UV-photon 

imaging detectors, based on photosensitive low-pressure multistep avalanche chambers 

(LPMSCs)0,1"'. There arc several additional advantages in using low-pressure (40-100 

Torr) devices for detecting UV-light11'. Higher charge gains (> 10') and thus higher ef

ficiency for detecting single photoelectrons, reduced charged particles ionization (dEjdx) 

or Gamma-background, lower self-absorption of UV-photons in the carrier gas (usually 

hydrocarbons), high rate capability, and a reduced aging of the detector due to the low 

charge density in the electron avalanche12'. LPMSCs can operate at very high rates due 

to the fast collection of positive ions. Their localization accuracy is limited by primary 

photoclectron diffusion within the conversion gap, typically of the order of 0.2-1 mm 

mis. 
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Several UV-photon RICH detector prototypes based on the LPMSC technique 

were studied in real beam conditions, with electronic13,14' and optical15 ' readout sys

tems. The optical recording of visible light emitted from single photoelectron-induced 

avalanches provided a localization efficiency close to 100%. 

The optical imaging of light emitted during the avalanche process16 ' is particularly 

interesting for the recording of complex events, such as multiple simultaneous Cerenkov 

photon rings. Modern optical systems, based on image intensifiers coupled to CCD cam

eras, offer the advantages of providing genuine unambiguous two-dimensional images. 

The readout system is totally decoupled from the detection volume, thus being practi

cally noise free. The optical image can be delayed, for trigger purposes, using image in

tensifiers with combinations of slow and fast phosphors, or other optical delay devices17'. 

Although present optical systems are rather slow (at most a few hundred images/sec), 

they can be gated in a way that allows slow but very selective data recording in the case 

of very high particle rates. 

Several light emitting gases and vapours for optical imaging detectors were recently 

investigated. It was found that TEA (Triethylamine) and TMAE [Tetrakis (dimethy-

lamine) ethylene], known for their excellent photoionization properties, are also highly 

efficient light emitters. TEA emission is peaked at 280 nm (near UV) while TMAE 

emits around 480 nm16 ' . Conditions were found in which light yields larger than 1 pho

ton per avalanche electron can be currently obtained both at very low charge gains at 

atmospheric pressure18 ', and at gains as high as 105 at low gas pressures19 '. 

From our extensive study of light emission at high gain (105) in a single parallel am

plification stage 19 ' we can draw the following conclusions: 

- gas mixtures containing Argon, hydrocarbons (CH4, C2H6) and TEA or TMAE 

emit comparable amounts of light, at vapour pressures below 3 Torr. TMAE 

light emission saturates at about 3 Torr yielding about 0.1 photon/electron, 

while TEA emission increases to values exceeding 1 photon/electron. 
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- The light yield is practically independent of the gas pressure in the range of 50-

400 Torr for TMAE, and 100-750 Torr for TEA. Rather it is a function of the 

absolute photosensitive vapour pressure. 

- The light-to-charge yield decreases while increasing the charge gain, in the single 

amplification gap. This can be explained by the decrease of the excitation cross 

section. 

- The light yield increases practically linearly with the amplification gap width (in 

a parallel grid amplification mode). 

A significant increase in the light yield occurs while transferring the electron 

avalanche into a further, light amplification stage with a relatively low electric 

field across two parallel grids. 

The last property is indeed the basis for the 3-stage optical imaging detector 

proposed here. The idea consists of amplifying primary electrons to the maximum 

avalanche size possible and the transfer of the amplified electron swarm into a highly 

efficient light emitting element, operating in a scintillation mode. 

The gating and/or pulsing of various detector electrodes enable a stable operation 

at high event rates with large avalanche gains, and with a photon yield > 5 - 10" photons 

per single photoelectron avalanche, as will be discussed here in some detail. 

Detectors based on this principle were developed and built in our laboratory and 

have been successfully used for UV-Cerenkov photon imaging. A detailed description 

of the beam test results can be found elsewhere15'. A large area detector based on this 

technique is presently under construction as part of the electron pair spectrometer of the 

CERES (NA45) relativistic heavy ion experiment at CERN-SPS20>. 

In the present work we describe the 3-stage low-pressure optical imaging UV-photon 

detector and describe some basic properties of this novel mode of operation. We present 

data on the amount of light emitted in various gas mixtures as a function of the charge 

gain. We discuss the stability of operation in the gated mode. Data on the avalanche 
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spot size and localization resolution, recorded with a CCD intensified camera system, are 

presented. We summarize by discussing other potential applications of this device. 

2. The 3-Stage detector 

The 3-stage detector is shown schematically in fig.l. It consists of several paral

lel grid elements made of stainless steel mesh electrodes (50/im wires, 500 ^m spacing, 

81% transparency) mounted on epoxy resin frames. It operates with various photo

sensitive gas mixtures, typically Ar/C2H6 (20/80) and TMAE. The TMAE concentra

tion (i.e., the partial vapour pressure) depends on the temperature of the liquid TMAE 

through which the gas is bubbling21 '. The detector can be operated at various gas pres

sures, below atmospheric pressure, with a gas and TMAE handling system described 

elsewhere11'. 

UV-photons penetrate the sensitive volume through a UV-transparent window 

(quartz, CaF2). They are converted into photoelectrons in the conversion region. The 

transmission of typical windows and gases and the quantum efficiency of TMAE are 

given elsewhere15'. The width L of the conversion gap needed for efficient conversion 

is related to the absorption length A of UV-photons in the photosensitive gas, usually 

L > 3A. A depends exponentially on the vapour pressure (temperature) of the pho

tosensitive vapour. For example A=2 and 10 mm for TMAE at T=60°C and 35°C 

respectively11'. A and the related L are chosen according to the required localization 

resolution and other experimental parameters such as time resolution. The width of the 

conversion gap and the operating pressure govern the lateral diffusion during the drift 

process of the single photoelectrons towards the preamplification stage. This sets the ul

timate limit to the detector's localization resolution. As an example, a detector operat

ing with C2H6/TMAE at a pressure of 100 Torr and L= 6 mm (i.e. mean drift distance 

is 4 mm due to the exponential photon absorption) will have an intrinsic localization res

olution of <T ~350/xm. 

In the preamplification stage a first multiplication occurs. A fraction of the electron 
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swarm is transmitted to a gate element, with a normally backward-biased low electric 

field. By applying a negative pulse on electrode No. 4 (fig-1) at a proper time, and of 

a length equal to or larger than the total conversion drift time, the electron swarm can 

be further transferred towards the second charge amplification element. Taking ii.to ac

count the charge amplification factors of the two elements, and the transfer efficiencies 

dictated by the ratio of electric fields between the various stages, total charge gains as 

high as 108 can be obtained1 ' '2 2 ) . 

The electrons are finally transferred to the last parallel grid element. Electrons 

drifting across this gap, in a relatively low electric field, induce light emission, mostly by 

direct excitations of TMAE molecules. The light gain in this stage was studied at vari

ous gas pressures and TMAE concentrations. It is of the order of 5-20, with very little 

charge amplification. The light amplification process, as recorded in the 3-stage detec

tor with a photomultiplier tube, is shown in fig.2. One can observe the difference in the 

light pulse-shape when going from a 2-stage charge amplification (fig.2a), through pure 

scintillation in the third stage (2b), into an additional small charge amplification in the 

last detector element (2c,2d). The details of the light gain study follow in Section 3. 

3 . Light amplification 

Light amplification was investigated at conditions where there is no charge amplifi

cation (scintillation process) as well as at low charge gain (1-10), over a pressure range of 

40-100 Torr, with C2HG, Ar/C2H6 and their mixtures with TMAE at various tempera

tures. 

Primary charges are induced by 2 " A m a-particles crossing the conversion gap in 

parallel to the electrodes, and stopped in a solid state detector, which provides a trigger 

signal to the electronics. The charges released along the central part of the a-track are 

preamplificd and transferred to the light-emitting parallel grid element. The charge sig

nal measured on the anode of this element is recorded with a calibrated charge amplifier. 

The photons emitted in the last double grid element are recorded with a photomultiplier 

- 6 -



(PM) (Philips 2020Q, quartz window) as a function of the electric field across this gap. 

In order to avoid deterioration of the PM photocathode at high temperatures, an ad

ditional quartz window was inserted between the PM and the detector quartz window. 

The light signal from the PM is integrated, and normalized to the single photoelectron 

noise. Knowing the solid angle and quantum efficiency of the photocathode, this proce

dure provides an absolute value of the number of emitted photons from each avalanche. 

The charge and light pulses were digitized and averaged with the aid of a HP-54201A 

digitizer. 

Fig.3 shows light and charge data obtained with C2H6 and with Ar/C^He (20/80). 

The light emission gap width is 10 mm and the gas pressure is 40 Torr. The ratio of 

light-to-charge yield is shown on the upper part of the fig. One can see that the pho

ton yield doesn't differ much in the two gas mixtures. Over the field range of about 5-25 

V/cmTorr we see an exponential increase of the light yield with the electric field, while 

the charge remains constant. This is clearly a scintillation process which takes place 

when the gap is operated in the charge collection mode. 

Data with TMAE, as a function of the TMAE vapour pressure, for the same to

tal gas pressure and gap width, are shown on fig.4. One may remark on the 3 orders of 

magnitude increase in the photon yield as compared to the operation with pure gases. 

The light-to-charge ratios are shown on the upper part of the fig.4. They attain val

ues as high as 3 photons/electron at the highest TMAE temperature. The data of fig.4 

should be compared to the data of Peskov et.al (ref.18) showing a light/charge yield of 

about 3 photons/electron at atmospheric pressure, in a Ar/CH4(90/10)+TMAE (60°C) 

gas mixture, and at a charge gain of 100. As a matter of comparison our previous data 

with C2H6/Ar(80/20) and TMAE (60°C) at charge gain of 105, show a saturation in the 

light yield of about 0.1 photon/electron19 '. Fig.5 summarizes the data of light/charge 

yields as a function of the scintillation gap width, the total gas pressure, TMAE tem

perature and the charge gain. The light yield increases with the total gas pressure, for 
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a given gap width and an electric field strength, as expected from a scintillation-like 

process23,24 '. Also for a larger gap there is more light emitted at a given field strength. 

Fig.6 presents part of the data in the form of reduced light-to-charge yield as a func

tion of reduced electric field. For 60°C TMAE (partial pressure of 5 Torr) a rather clean 

scintillation process is evident up to E/p ~18V/cm-Torr. It is reflected by the depen

dence of the reduced light-lo-charge on E/p. This is not the case for a gas mixture con

taining TMAE at 40°C (~1.5 Torr). In order to better understand the scintillation pro

cess in TMAE mixtures, the scintillation properties of pure TMAE will be studied. 

The light amplification via the scintillation-like process was implemented in the 

3-stage detector described in section 2. The gas mixture was C2^Te/Ar (80/20) and 

TMAE (60°C). The third gap, 9 mm wide, was operated at a low charge gain so as to 

obtain maximum light yield. The light to charge yield ratio of this 3-stage detector was 

studied in a similar way, with the aid of calibrated PM and charge amplifier. The detec

tor was triggered on a discharge H? UV-lamp and measurements were done with single 

photoelcctrons or a few simultaneous photoelectrons. The results are shown in figs.7a 

and 7b. As a matter of comparison, the light and charge of the 2-stage structure preced

ing the third gap was also studied, by keeping the last gap under "reversed field" condi

tion. The conclusions are fully consistent with the previous study. At high charge gain a 

ratio of about 0.1 photon/electron is obtained, whereas at low gains a ratio of the order 

of 1-2 photons/electron is recorded, irrespective of the size of the initial charge injected 

into the 3-stage detector. The absolute amount of light emitted per single avalanche is of 

the order of 5x10' photons/4^. This value is currently obtained for avalanches initiated 

by a single electron and thus provides the basis for implementation of optical readout 

and for imaging of single electrons. 

4. Gated and pulsed operation modes. 

Having tin- fnsk of defecting single photoelectrons, UV-photon detectors are partic

ularly sensitive to external sources of background, mostly charged paitk!- s and Gamma-
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rays (Compton electrons). The background radiation induces a considerable number of 

primary charges as compared to single UV-photoelectrons, which limits the total charge 

gain. A low pressure operation reduces the problem by a large factor. The double stage 

charge amplification also reduces the chances of background-induced discharges, as each 

of the stages operates far below its maximum possible gain. 

However, in many experimental conditions, such as in high energy particle physics 

applications, the intense particle and 7-background seriously limits the maximum charge 

gain. We have demonstrated that by gating the detector (electrodes 4-5) and having the 

full double stage charge multiplication only for events of interest, we can gain large fac

tors in stability, depending on the gating rate. We have tested the stability of the detec

tor in the presence of uncorrelated background as a function of charge gain and gating 

rate, using a 60Co source, of about 104 7 's /sec, placed in front of the detector's entrance 

window. In this test the detector was filled with 20 Torr of Ar/C2H6(20/S0)+ TMAE at 

00°C and was adjusted to provide 5 x 106 photons/avalanche. Under these conditions a 

DC operation mode was impossible due to s sparking rate of about 30 sparks/sec, which 

were induced by the highly energetic Compton electrons. Operation in a gated mode, 

with a gate pulse of 0.6 /is, reduced the sparking rate to about 0.5 sparks/min at 200 

triggers/sec and 5 sparks/min at 5000 triggers/sec. In order to obtain these values of 

stability in DC mode, one has to reduce the detector gain by about 800 and 100 respec

tively. 

As an alternative to the gated operation mode we have tried to pulse various elec

trodes of the detector, sue! as No. 3,6,7, or 8, thus operating the detector at low DC 

gain and instantaneously increasing the charge gain on the various gaps. We did not im

prove the total charge gain as compared to the gated mode. However, due to the lack of 

a proper high-voltage pulser in our laboratory we could not complete the study, and the 

effects of pulsing will be further studied in the near future. We also tried the combina

tion of both methods, having the normal gating but in addition keeping the DC poten-
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tial across the second amplification stage relatively low, and increasing it instantaneously 

to the right level by negatively pulsing electrode No.6. This definitely contributes to a 

more stable operation of the detector, at a given charge gain. 

5. Avalanche spot size and localization resolution 

The avalanche size in gaseous detectors and more particularly in multistep chambers 

is a result of a combination of several factors. The most dominant are electron diffusion 

and secondary photon emission during the various stages of the avalanche process. Both 

factors are functions of the detector geometry, the gas mixture and the operating pres

sure. 

In the present geometry, the diffusion of single photoelectrons drifting across the 

conversion gap is reflected only in the localization resolution. The avalanche size is dic

tated by the diffusion of secondary electrons produced in the preamplification stage, 

drifting in the transfer and gate elements and further produced in the second and third 

charge and light amplification stages. 

Secondary energetic photons, emitted during the preamplification process enlarge 

the primary avalanche and further enlarge the electron cvvarm during the second charge 

multiplication process. One should be reminded here, that the efficient operation of 

multistep chambers at normal gas pressure is based on the enlargement of the initial 

avalanche by secondary photons6 '. It is clear that the contribution of the secondary pho

tons to the avalanche size is smaller in gas mixtures containing larger amounts of photo

sensitive gases, as the mean-free-path of UV-photons diminishes. 

The avalanche spot size recorded optically depends, in addition, on the resolution 

of the various elements of the optical chain, such as the lens, the image intensifiers, the 

optical fibre couplings and image reducing elements, and the CCD camera. From basic 

optics,25', the rms point spread of an optical system is given by: 

~ °-177r l 
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R being the overall resolution of the optical system in line-pairs/mm at 50% MTF 

(modulation transfer function). 

Ri being the resolution of each element in the system. The overall resolution value for 

our optical chain is of the order of R = 5 line-pairs/mm, at the level of the 18 nun di

ameter phoooncathode of the first image intensifier. This results in a point spread of 

about 35/zm at this level. With an optical demagnification of <12, that we had during 

our measurements, the instrumental point spread is <ropi <0.42 mm. 

The avalanche spot size and the detector localization resolution were recorded with 

an optical system described elsewhere15'. It consists of a lens, two image intensifiers, a 

CCD camera and a PC-based video digitizer. Fig.8 shows the rms spot size as a func

tion of the integrated light intensity for various operation conditions. The gas mixture is 

CiHsjAr (80/20) and TMAE at various temperatures. The total operation pressure is 

of 40 and 100 Torr and the transfer gap is of 100 and 40 mm. The increase in the spot 

size with the light intensity is due to a video threshold effect of the camera. This effect, 

also simulated with a LED, is well visible in fig.9 showing individual pulse distributions 

at various light intensities. It should be noted that the pulse-height distribution of sin

gle photoelectron avalanches follows an exponential behaviour, therefore most pulses 

have a rather narrow width. Typical rms spot widths, as shown on fig.8 are of the or

der of 2.5 mm at a pressure of 40 Torr, TMAE at 34° C and a transfer gap of 100 mm, 

and about 1 mm at a pressure of 100 Torr, TMAE at 60° C and a transfer gap of 40 mm. 

It should be noted here that the recorded optical spot size iw of the same order of mag

nitude as that recorded electronically26'. The contribution of the optical system to the 

pointspread is minor, also for the data recorded at 100 Torr with a demagnification fac

tor of 5 (<ropi ~0.2 mm). Fig.10 shows single electron avalanche spots recorded optically 

with the CCD camera system. The avalanches are induced in the 3-stage detector by 

- 11 -



single UV-photons irradiating the detector through a 3-pinhole mask. Both images are 

recorded at 100 Torr of C2He/Ar(80/20) + TMAE. The image on the left was recorded 

with TMAE temperature of 40"C and on the right with TMAE at 60°C. The charge 

gain is the same in both cases, and is of the order of 5 • 107. In addition to the smaller 

spot size at the higher TMAE concentration, one can see that the image is free of sec

ondary photon background due to the more efficient absorption of the secondary photons 

in the nearest vicinity of the avalanche. At the lower TMAE concentration, secondary 

photon avalanches are induced at the second amplification stage, and one can see some 

traces of these avalanches with the larger spot intensity. 

The localization resolution of the 3-stage optical detector was studied at ' igh 

TMAE concentration. The detector, with a conversion depth of 7.4 mm, was irradiated 

with UV-photons through two pinholes with a diameter of 100 //m. The image spots 

at the conversion gap are 10.5 mm apart. Data was recorded at various detector gains 

yielding, on the average, from 106 up to 5-10T photons per single electron avalanche. 

The images were digitized with a Data Translation DT 2851, PC-based, Frame Grab

ber and the centre of gravity of each avalanche spot v/as computed. A one-and two-

dimensional display of the distribution of the centers of gravity of about 1200 events is 

shown in fig.11. One should note the negligible number of secondary avalanches, spread 

around the two avaianche spot-centers. 

The distribution in fig.ll has a FWHH of 720±60/im. In terms of a normal distri

bution this corresponds to a a of 310± 25/^m. A fit to a Gaussian distribution func

tion gives <r=360±10/am. The experimental distribution deviates from a pure Gaus

sian in the tails, which are probably due to scattering of photons on the slits, window, 

and the first mesh. The theoretically expected resolution based on electron diffusion in 

Ai7C2Hc(20/S0) at 70°C, is <x=400/im. The discrepancy may be due to the presence of 

TMAE, which, on the basis of our previous data, tends to reduce the transverse electron 

diffusion by about 25% (see fig.9 of Rcf.ll). 
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6. Remarks on high temperature operation 

The operation at high TMAE concentrations requires some precautions. The gas 

circulation lines and the detector vessel have to be kept at temperatures of about 5-10°C 

above the TMAE bubbler temperature, in order to avoid condensation. The construc

tion materials have to be chosen carefully, as to avoid outgassing and deterioration of 

the mechanical and electrical properties27,28 '. For example G-10 epoxy laminate and 

EPON 826/VERSAMID 140 epoxy glue were found to be TMAE resistant at normal 

temperatures29,30 ' . We have found no deterioration of these materials at high tempera

tures (60°C-80°C). We are presently studying the effects of outgassing of frame materials 

and glues on electron and UV- photon mean free path. 

We have observed an increase in spontaneous emission of electrons with tempera

ture. It is of the order of a few electrons/s-cm2 of the electrode, in a single stage parallel 

grid element operated at a gain of the order of 105, at 70°C. We have measured a strong 

dependence of the spontaneous emission on the detector vessel tightness (leak-rate) 

which may indicate that the emission depends on TMAE oxidation. This phenomenon 

will be studied in more detail. 

7. S u m m a r y and discussion 

Wc have described a novel 3-stage gaseous detector with optical localization of pho

tons induced by electron avalanches during the amplification process. Initial charges are 

multiplied in two charge amplification stages and the resulting electron cloud is trans

ferred into a light amplification element, operating in a scintillation-like mode. 

An application to single UV-photon localization is described, based on 3-stage de

tectors operating at low gas pressures (40-100 Torr). The advantages of the low-pressure 

operation mode, particularly in detecting single UV-photons, are discussed. 

The results of a light emission study in CjHg/Ar/TMAE gas mixtures, at low 

charge gains, is presented. Typical light yields of the order of 1-2 photons/electron were 

measured in a mixture of C2H6/Ar (80/20) with TMAE at 20°C-60°C (p=0.3-5 Torr) 
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and in a charge gain range of 1-30. The light yield mostly depends on the partial pres

sure of TiviAE vapours and on the width of the scintillation gap. As a matter of com

parison, very similar photon yields have been measured by Peskov et al. (ref.18), at 

low charge gain, in a different gas mixture: Ar/CH* (90/10) + TMAE (60°C), at at

mospheric pressure. Our results are in contradiction to these authors' prediction of a 

lower photon yield at low gas pressures, which might result from an increased ionization 

probability of TMAE and Ar molecules. 

The light production at high TMAE concentrations seems to obey a real scintilla

tion law, where the reduced photons yield (photons/e""- Torr-cm) is a function of the 

reduced electric field (E/p)2 3 '2 4 ' . One should note that the scintillation process in multi-

component gas mixtures is certainly rather complex and we are, in fact, preparing a 

scintillation study in pure TMAE vapours. For the moment we can only conclude that 

the scintillation process in TMAE gas mixtures is quite efficient. As compared to 2 pho

tons/electron measured at 100 Torr of C2H6 /Ar (80/20) and TMAE (60°C), the photon 

yields at 100 Torr of Ar and Xe are of about 8 and 100 respectively23-24^. The gain in 

light emission of the 3-stage detector is of the order of 10-20 as compared to the 2-stage 

operation mode. The second stage, operated at high gain, has more than an order of 

magnitude lower light yield, resulting from the competition between ionization and exci

tation processes. Total light yields larger than 10' photons per avalanche can be reached 

regardless of the size of the initial charge. 

We discussed the advantages of gating and/or pulsing the detector. We can indeed 

gain a considerable factor in stability in this operation mode, which is vital for high rate 

and high background applications. A systematic study of the pulsed operation mode is 

presently under progress. 

The avalanche spot size, which is an important parameter for the double hit reso

lution, is a. function of the detector parameters and the gas composition and pressure. 

Best results so far were obtained at a pressure of 100 Torr and TMAE at 60°C. In these 
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conditions, the avalanche optical spot has an rms width of the order of 1 mm. The opti

cal recording provides a very good signal-to-noise ratio, typically better than 100, as the 

readout system is fully decoupled from the detector. The localization resolution mostly 

depends on electron diffusion in the conversion gap. It is of the order of 300 fim (rms) at 

100 Torr. 

Besides single UV-photon imaging there are several other applications to low-

pressure 3-stage optical localization detectors. We are presently developing a dE/dx 

detector based on single cluster counting at low gas pressures31 '. We are investigating 

the optical readout of cluster-tracks which may result in efficient TPC-lilce 3D tracking 

and particle identification devices. Examples of Cosmic-rr.y tracks, recorded at a pres

sure of 50 Torr, are shown on fig. 12. Low-pressure TPC devices have recently been pro

posed as a tool in the search for Dark Matter32 ' . The method consists of tracking and 

identifying protons in the energy range of 1-2 KeV, recoiling from collisions with galac

tic "Dark Matter particles" (cosmions). The Protons will have a range of a few cm in a 

low-pressure, hydrogen rich, TPC. An optical recording method seems to be particularly 

suited for this kind of search for rare events, as the topology of recorded tracks should 

allow an efficient background rejection. 
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Figure Captions 

Fig.l. Schematic structure of the gated 3-stage UV-detector. 

Fig.2. Fast light pulses recorded with a photomultiplier as a function of the elec

tric field in the third gap; a) two-stage charge amplification; no field 

in third gap; b) the charge is transferred to the third, 9 mm wide gap; 

electrons drift in a low field (14 V/cm-Torr) and produce light (scintilla

tion); c) the field is 18 V/cm-Torr with some charge amplification, ac

companied by an increased light yield near to the anode; d) a field of 20 

V/cm-Torr, the light amplification is of the order of 20. 

Fig.3. Number of electrons and photons emitted in a single parallel gap, 10 

mm ;vide, as a function of the reduced electric field, for C2H6 and 

Ar/C2H6(20/80). On the upper part of figure are shown the pho

tons/electrons yields. 

Fig.4. Same conditions as in Fig.3 for Ar/C2H6 (20/80) + TMAE at various tem

peratures. 

Fig.5. Summary of light/charge yield in a single parallel gap, of 5 and 10 mm, 

with Ar/C2H6 (20/80) at 40 and 100 Torr and with TMAB at different tem

peratures. The ratio is shown as a function of the charge gain. Curves 1), 

2), 3), 5) and 6) are for 40 Torr and TMAE at 20°C, 30°C, 40°C, 50°C and 

60°C, respectively. Curves 4) and 6) are for 100 Torr and TMAE at 40°C 

and 60°C, respectively. Curves 7), 8) and 9) are for 40 Torr and TMAE at 

20°C, 40°C and 60°C, respectively. 

Fig.6. Reduced light/charge yield for a 1 cm gap. VS. reduced electric field in the 

gap, for C2H6/Ar(80/20) and TMAE. See text. 

Fig.7. Average number of avalanche electrons and photons and their ratios, as a 

function of the voltage across the second and third amplification gaps of the 

3-stage UV detector. 
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a) the primary deposited charge is 4 electrons. 

b) the primary deposited charge is 80 electrons. 

The light/charge yield is typically of 0.2 at high charge gain (second stage) 

and of 1-2 at low charge gain (third stage). 

Fig.8. The light spot size (mm rms) as a function of the integrated light intensity 

for C2ri6/Ar(80/20) and TMAE at various temperatures, and various opera

tion conditions. The light was recorded with a CCD camera. See text. 

Fig.9. One dimensional projection of light intensity distribution for individual 

avalanches recorded with the CCD camera, with increasing total light in

tensity: a) total light intensity is 470; b) 1200; c) 3500 and d) 9000 (in 

arbitrary units). One should observe the variation in size and shape of the 

light spots. 

Fig. 10. Single-electron avalanche spots, induced by UV-photons and recorded with 

the CCD camera. Left: TMAE at 40°C; right: TMAE at 60°C. Both fig

ures were recorded at equal detector gain of ~10T . The suppression of sec

ondary avalanches at high TMAE temperature is evident. 

Fig. 11. One and two-dimensional distributions of the centre-of-gravity of 1232 light 

spots induced by single UV-photons. The distance between the two peaks is 

10.5 mm and the FWHM is 720^m. 

Fig.12. Tracks c? cosmic minimum ionizing particles, recorded with the optical 3-

stage detector. 
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