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Abstract
   We have demonstrated experimentally that recently developed gaseous detectors with resistive electrodes combined with solid or gaseous photocathodes have low noise and high quantum efficiency for UV photons while being solar blind. For this reason they can be used for the detection of weak UV sources in daylight conditions. These detectors are extremely robust and affordable, and  may operate in poor gas conditions. We present the first results of their applications to hyper spectroscopy and flame detection in daylight conditions.
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I. Introduction

   In the last few years, a great interest arose for solar blind UV imaging detectors as requested by new applications such as hyperspectroscopy [1-3] and visualization of UV sources in daylight conditions [4].

   Currently, advanced microchannel plate detectors (MCPs), sensitive in the spectral interval 300-850 nm [1], are used for these applications. With this approach the very weak UV light has to be detected against the very strong visible light background. This puts very strong constrains on the signal to noise ratio [1, 4] and the development of low noise MCPs is rapidly progressing [5]. However, the recently developed photosensitive micropattern gaseous detectors (see [6, 7] and references therein) may offer an alternative approach. Indeed, these detectors have several interesting features: they are solar blind, have a high position resolution and can have high efficiency for UV detection. Their planar geometry makes them well suited to cover very large area because of weak constrains on the window size. Last but not least, photosensitive gaseous detectors can have very low thermo electronic noise (see [8]).
   Recently, we improved the performance of micropattern gaseous detectors by coating the electrodes with a resistive layer which greatly increase their robustness against discharges. Two such devices were developed and tested: a microgap resistive plate chamber (MGRPC) [10] combined with a CsI photocathode and a thick GEM with resistive electrodes (RETGEM) [11] coupled to CsTe/CsI photocathodes [3]. 
   In this work we present the results of the first application of such detectors to the detection of UV photons in daylight conditions.
II. Application of photosensitive MGRPC to UV 

   Hyper spectroscopy is a new method of surface imaging which provides simultaneously both high position and spectral resolution, allowing to remotely study the chemical compositions of surfaces [1, 3]. Until now, hyper spectroscopy measurements have been performed in the spectral region 300-860 nm [1] in most cases using sunlight as the radiation source.
   Our work aims at extending the hyper spectroscopic method into the UV region, namely in the range 185-230 nm, which may offer additional pattern and composition recognition capabilities. The sunlight in the wavelength interval 185-280 nm is fully absorbed in the upper layers of the atmosphere by the ozone, while the atmosphere is transparent for these wavelengths at the ground level. More precisely: it is transparent in the range 185-280 nm for distances <100 m and transparent in the range 250-280 nm for longer distances (~km). Thus to perform the hyper spectroscopic measurements in the spectral interval of 185-280 nm, one should use  artificial UV sources, which have a rather  low intensity in most cases  calling for low noise, high efficiency detectors. In this work we investigate the potential of MGRPC, developed earlier for RICH applications [10], and RETGEM [3, 11] to hyper spectroscopy. 

   Fig.1shows a schematic layout of our apparatus. It consists of a hype spectrometer combined with one of the gaseous detectors, MGRPC with CsI photocathode or RETGEM with the CsTe/CsI photocathode. An optical system projects the  image of the sample under study into the entrance slit of the hypespectrometer. Details of the principle of operation of the hyper spectrometer can be found in [1, 3].  Here we recall that the hyper spectrograph optically selects a narrow strip on the surface of the object to be studied, called strip of interest, and forms in its focal plane a 2D image of it: in one coordinate the 1D image for each spectral interval determined by the hyper spectrometer’s spectral resolution and on the other coordinate its spectra for each point along the strip of interest. By moving the strip of interest (by means of optical system []) along the surface and with a 2D position sensitive detector placed in the focal plane of the hyper spectrometer, usually an MCP, it is possible to scan the full surface. Because the detectors used in this work had only 1D position resolution (see [10]) we made a two steps measurement: first we measured the spectrum at different positions along the 0.3 mm wide strip of interest, then the detector was turned on 90° and we recorded the image at a given wavelength. As an example, Fig. 2 shows a 1D hyper spectroscopic image of an object made with two yellow papers (see [3]). During the measurement the noise rate was ~1 Hz [8]. Note that it will be difficult to achieve such an image quality with the MCPs used for hyper spectroscopy today [1], as the typical rate of noise is close to1 kHz (see for comparison  images presented in [1]. Moreover MGRPCs are considerably cheaper than MCPs. MGRPCs detectors are insensitive to vibrations and therefore they can be mounted, together with an UV source, on helicopters and used to perform environmental monitoring of the earth. 
III. The detection of flames 

   Another interesting application is the detection of UV emitters like corona discharges, sparks and, for practical reasons, flames under day light conditions. As mentioned above, the sunlight in the wavelength interval 185-280 nm is fully absorbed in the upper layers of the atmosphere, offering a unique possibility to detect artificial UV sources without background from the sun. Several commercial devices already exploit this feature (see for example [12] and references therein). However, more sophisticated detectors can provide better and more accurate information leading to important technical and commercial applications [4].
   Currently, image intensifiers combined with narrow band filters are used in some special applications for UV visualization [].The MCPs used in this application are sensitive from 200 nm to 700 nm and to suppress the light with λ>280 nm narrow band filters are used with a transmission <10% for the light in the wavelength interval 240-280nm. This leads to low detection efficiency for UV photons. Moreover these devices are difficult to produce and costly, not finding yet wide application. 
We have recently demonstrated  that photosensitive gaseous detectors with resistive electrodes can compete with commercially UV flame sensors [3,12].
With the MGRPC with CsI photocathode described above it was possible to detect the flame from a match or a cigarette lighter at a distance of 30 m inside fully illuminated buildings: the counting rate produced by the UV light from these flames was about 1kHz, while the counting rate without the flame was of the order of the  Hz. Even higher sensitivity was achieved with RETGEMS combined with CsTe/CsI photocathodes[] or with RETGEMs combined with SbCsI/CsI [8]. These detectors were able to detect small flames at a distance of 60 m. In these detectors the CsI protective layer do not allow for small energy photoelectrons to pass through [Akkerman] and as a result it cuts the sensitivity of the photocathode to photons with λ<280 nm [Amos+my old], whereas enhance the sensitivity for short wavelength []. Unfortunately, detectors with CsTe/CsI or SbCsI/CsI photocathodes are very demanding in term of gas purity in order to achieve long term stable operation.
   Therefore we developed an improved version of solar blind gaseous detectors using photosensitive vapors EF [13] or TMAE [13] instead of solid photocathodes. The main improvement is the capability to operate under poor gas conditions leading to a very competitive production cost.
   The scheme of this detector is presented in Fig.3a. It consists of a gas chamber filled with a mixture of Ar with EF or TMAE vapors at a total pressure of 1atm and  combined with a lens (focal length F= 50 cm). Two RETGEMs, to operate in cascade mode, and a readout plate are installed inside the gas chamber. 
The RETGEM has an active area of  40x40 mm2 or 100x100 mm2 and a thickness of  0.4 mm. The diameter of the holes is 0.3 mm, the pitch 0.7 mm. Instead of graphite coating in this work we used either CrO or CuO resistive coating [14]. Compared to the usual graphite coating CrO and CuO allow for more stable operation because they do not absorb photosensitive vapors. The schematic drawing of the readout plate is shown in Fig. 3b. It was made out of a G-10 plate with a fan-out of 10 Cu strips converging in one point, the centre of the lens, placed 50 cm away from the middle of the detector plane (see Fig. 3b). Each strip was individually readout.
   In this geometry (F>>d, where d is the size of the RETGEM used; d=100 mm in most cases), the UV photons from the flame are projected along one or two strips and cause the ionization of the photosensitive the vapors. The photoelectrons created in the drift region trigger Townsend avalanches in the holes of the RETGEM which in turn induce a signal on the readout strips. The typical overall gain at which we operated the double step RETGEMs was ~105. Due to the fact that  the photosensitive vapors used have zero efficiency for λ>220 nm [] we could operate such a detector with very small background even in presence of direct sun light (see Fig. B). By pulse counting it is possible to obtain a 1D digital image of the flame. As an example, Fig.4 a, b shows the image of a flame of approximately 5x5x5 cm3 and placed 70 m away from the detector obtained in open air on a sunny day. Note that for human eyes such a small flame under the same light conditions, is practically invisible. Figures 4a and 4b show that the sensitivity of the detector filled with TMAE vapors was a few times higher than with EF vapors. However, the EF vapors are not chemically aggressive and remain stable even in air. 
   We compared the sensitivity of our gaseous detector filled with EF to a commercial UV device such as Hamamatsu R2868 , which has a sensitivity typical to other commercial devices [15]. The results are presented in Table1. As one can see, our detector was some 100-fold more sensitive than commercial UV sensors of flames. We also performed comparison with the MCP based image intensifier; the data are presented in the [Preprint]. 
IV. Conclusions

   Our studies have shown that gaseous detectors with resistive electrodes can compete with commercially available UV sensitive MCPs in several applications, namely for hyper spectroscopy or flame visualization up to a distanced of 100 m . In the case of the flame detection the sensitivity of our detectors can be100 time higher. At the same time, compared to commercial UV flame sensors or UV image intensifiers they can offer much larger sensitive area at lower price.

Figure captions
Fig. 1.  A schematic drawing of the hyperspectrometer combined with photosensitive MGRPC.
Fig. 2. 1D visualization of the boarder between two yellow papers at λ= 194 nm. The mean amplitude of pulses with a typical for single electron detection exponential shape  was 175mV , the ASIC threshold 50mv. The gas gain ~105.
Fig. 3a. A schematic drawing of the RETGEM for visualization of flames (side view).
Fig.3b. A schematic drawing of the readout plate (top view). For simplicity only 5 readout strips are shown.
Fig B.Example of analog signals from the double RETGEM (all strips are connected to a single amplifier) operating at gain 3x105 and detecting the background from the direct sunlight  and from the  flame at distance of 7m which was ignited in the middle of the measurements. During theses measurements the detector was exposed to the direct sunlight, so few Hz counts were due to the surface photoeffect from the chamber electrodes (drift and the cathode of the first RETGEM).
Fig.4a. A digital image of an alcohol flame of  ~5x5x5 cm3 obtained at a distance of 70 m outside the building and in the presence of full sunlight( in this case the direct sun light did no hit the detector, it receive only the scattered one). The detector is filled by the mixture of Ar+EF vapor at a total pressure of 1atm
Fig.4b.The digital image of the flame obtained almost at the same conditions, with a detector filled with Ar+TMAE vapor at a total pressure of 1 atm.
Table1.Conting rate from the commercial UV flame sensor Hamamatsu R2868 and from our detector both detecting the UV light from the candle placed at various distances from the detectors. 
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