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Abstract
The aim of our research project was to create a photon detector with high sensitivity, which is able to detect UV-light down to single photons. These photon detectors can be used for the improvement of the technique of night vision-mammography and high energy physics experiments.

In this report we describe the preparation and construction of a gaseous photon detector based on parallel plate avalanche chamber. We describe in detail the detector setup, its components and its construction and give some preliminary results on its efficient operation.
Introduction

Today, there are three different methods used to detect photons: semiconductor detectors, vacuum detectors or gas detectors. The semiconductor devices have the disadvantage of limited size. Semiconductors have large background noise at room ambient temperature, which falsifies the results of the measurements. Vacuum detectors have the drawback that they are limited in size and cannot work in strong magnetic fields. Therefore, we try to build a detector with a gas-filled interior to overcome these problems.

The basic principle of photon detection consists of two steps: 1) converting the photon to an electron and 2) the multiplication of the photoelectron to get high enough signal for detection. The first process (photoeffect) takes place in a photocathode, which emits an electron in to the gas filled detector volume. The second process requires a method known as gas amplification. Electrons pass through gas filled volume with a high electric field. During their flight the electrons collide with the gas atom electrons in an inelastic fashion. As a result of this interaction, electrons from the gas atoms are ionized and additional electrons are produced. These electrons again accelerate and a chain reaction is initiated. This electron avalanche upon arriving on the anode produces a signal there, which is fed into an electronic amplification chain and visualized on an oscilloscope. From the measured counting rate it is possible to determine the number of the electrons expelled by the photons per unit time. Knowing the quantum efficiency of the photocathode used the number of incoming photons can be calculated. The ratio of the registered electrons on the anode to the expelled electrons from the photocathode shows the amplification factor called gain. To detect single photons a gain of 105 - 106 is required. Fig.1 shows the principle of operation of a gaseous photomultiplier.
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Fig. 1: Electrons released from the photocathode undergo gas amplification close to the anode and induce a signal there

Experiment
Construction

The construction of the photon detector used is similar to the well-known construction of a Micromegas gaseous detector and parallel plate avalanche chamber. The usual Micromegas has only one amplification gap. In the construction of our photon detector the amplification area is divided into two steps. An additional stainless steel mesh is situated between the cathode and the anode. The aim of the gap’s splitting is to reach higher gains and to make it possible to use lower voltages in the two partial amplification gaps. The lower voltages reduce the probability for sparks between the meshes. In fig.2 we show the framework of our created photon detector.
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Fig. 2: Setup of a gaseous photomultiplier consisting of a reflective photocathode coupled to a two-stage parallel plate avalanche chamber

Our photon detector consists of four different parallel stainless steel meshes. As it is shown in fig. 2 we’ve numbered them consecutively. Mesh 2 is the grounded photocathode and mesh 4 the positively charged anode. The photocathode converting photons into electrons is situated on the top of mesh 2. The distance between mesh 1 and mesh 2 is 3.2 mm, between mesh 2 and mesh 3 the distance is 1.6 mm as well as between mesh 3 and mesh 4.

The meshes we used are new developed MicroCAT meshes that are very uniform and precisely elaborated. The four meshes of the detector have different lattice constants and different transparencies. For mesh 2 a MCAT 305 mesh was used. It has a large opaqueness (70%), so that a large area is covered by the photocathode that is situated on it. Thus, most incoming photons hit the photo cathode. The mesh’s lattice constant is 90 μm and its hole diameter is 50 μm. Fig. 3a shows an enlarged picture of MCAT 305. The Meshes 3 and 4 are MCAT 155 meshes. They have a high transparency. Especially for mesh 3 we chose a high transparency that only few electrons hit it and get absorbed. The lattice constant of the meshes 3 and 4 is 170 μm and their hole diameter is 120 μm. Here, 50 % of the whole surface are of the mesh’s material. Fig. 3b shows an enlarged picture of MCAT 155. Mesh 1 is a standard mesh of crossed 100 μm stainless steel wires with a high transparency. It is used as an anode in a pretest.
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               Fig. 3a: MCAT 305       

  Fig. 3b: MCAT 155

All the meshes were rightly cut and fixed on identical frames with Araldite-2011-glue. The effective area of the meshes is 28x28 mm2. 

The frames were fixed on brackets and contacted to a high-voltage power supply. The arrangement of the frames with the meshes had to be very exactly. The meshes must be parallel, since even small differences in distance cause large variations of the gain.

For the fabrication of the photocathode, CsI was evaporated onto mesh 2 in a dedicated high vacuum (10-6) setup at a rate of 0.1 – 0.2 nm/s . The thickness of the photo cathode is about 270 nm. 

The photon detector was installed into a volume, which can be evacuated or filled with a constant gas mixture.
Functionality

The incoming photons pass mesh 1, which doesn’t play a role in the detection process. Following this, they hit the photocathode and induce a photoeffect. The positively charged meshes 3 and 4 attract the expelled electrons causing them to pass through the holes of mesh 2 until they reach the gas-filled preamplification gap where they undergo the multiplication process. Upon arriving at mesh 3 some electrons get absorbed. However, most of them travel to the amplification gap and continue multiplying. Mesh 4, the anode, receives the charge signal. Mesh 1 is used for pretests to determine the efficiency of the electrons’ redirection into the preamplification gap after they have left the photocathode.

Measurements and results

Our first experiment was performed in a vacuum. It was used to determine the efficiency of the electrons’ redirection. The experiment was done in two independent steps. In the first step, we measured the current between mesh 1 and mesh 2 that is caused by the photoeffect. Mesh 1 is connected to a high voltage power supply with a variable voltage and  the other meshes are grounded. In the second step, we measured the current between mesh 2 and mesh 3 as mesh 2 was connected to a high voltage power supply and the other meshes were grounded. Of course, the current between the meshes 2 and 3 is smaller than the current between the meshes 1 and 2, because not every electron is able to pass through the holes of mesh 2. Fig 4 shows the size of the current between the meshes depending on the voltage put on them.
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Fig. 4

Compared with mesh 1 the current on mesh 3 is definitively too small, which means the redirection of the electrons is not very efficient.

To raise its efficiency, we connected both meshes 1 and 3 to a high voltage power supply in a second experiment. The voltage on mesh 3 was fixed at 800 V. The voltage on mesh 1 was raised from  – 500V up to +500 V. As one can see in fig. 5, the redirection of the electrons works best at a voltage of +100 - +200 V on mesh 1.
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Fig. 5

Discussion

Due to our short stay in the lab we were unable to perform many measurements with our photon detector. A majority of our lab time was used for building the detector. The current construction of our detector doesn’t provide optimal photon detecting yet. Further experiments have to give information about an ideal construction. Parameters such as the distances between the meshes, the amount of meshes used, the mixture of gas inside the detector and the voltages between the meshes must still be clarified.
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