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Introduction

The neutrino was first proposed by Wolfgang Pauli as an explanation for the energy spectrum obtained for the emitted electron in beta decay. The maximum energy that an electron can have in beta decay is given by the expression.
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The above expression shows that the energy of the emitted electron must be constant but experiments show that the energy spectrum is as shown in the below figure. Even though Neils Bohr was ready to abandon the law of energy conservation for nuclear particles, Pauli suggested that another particle was being emitted. [1] 
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The experimental proof for the existence of a neutrino was given by Cowan and Reines.  Ever since its discovery the neutrino still remains to be a mystery among the fundamental particles.  The neutrinos were believed to be without mass and are highly energetic particles making them very difficult to detect. They rarely interact with matter and are highly penetrative. The earth receives a continuous and enormous flux of neutrinos. Most of the neutrinos come from the sun which is the primary source of the neutrinos detected on the earth. Supernovas in the universe are the next big source of neutrinos.
Many detectors have been set up all over the world to study neutrinos. With help of data collected from detectors, in particular, the Super Kamiokande (Super-K) and KamLAND detectors in Japan and the Sudbury Neutrino Observatory (SNO) in Canada we now know that neutrinos have mass and oscillate.  There are many things about neutrinos that still remain to be known. We do not know the manner of oscillations and the scale of their mass.  

The India-based Neutrion Observatory (INO) aims to set up a neutrino observatory that will enable us to study and monitor the neutrino flux that constantly bombards us.  Among many detectors, like the Cerenkov detectors used by the Super-K, the INO project plans to build a magnetized Iron Calorimeter (ICAL) for the detection of Neutrinos. The ICAL uses the glass Resistive Plate Chambers (RPC’s) as the active element of detection.

Detection of Neutrinos
Neutrinos carry important information about this universe. Many innovative techniques have been used to detect them. The Sudbury Neutrino Observatory in Canada (SNO) and the Super Kamiokande (Super-K) are Cerenkov detectors. High energy particles emit Cerenkov radiation when they pass through a material with index of refraction greater than 1. This Cerenkov radiation is detected with the help of photomultiplier tubes. Other detectors are ionization detectors that use the concept of ionization of a gas.  Their normal operation is based on the collection of charges that result from the direct ionization within the sample gas by the application of the electric field. The INO-ICAL detector is an ionization detector that uses a similar kind of detector. RPC’s are planar ionization gas detectors. 
Fabrication of RPC’s

My work involves the fabrication of 30cm x 30 cm RPC’s and measuring their efficiencies. Resistive Plate Chambers (RPC) are going to be used as the active detector element for the INO-ICAL experiment.. The iron calorimeter contains iron plates as the absorber of energy and glass RPCs as the active detector device. The detector working concepts are based on the detection of gaseous ionization produced by charged particles traversing the active area of the detector, under a strong uniform electric field applied by resistive electrodes.
· Cutting and Cleaning of glass

We have used commercially available float glass to make up the resistive electrodes of the RPC. The glasses were cut to the required size with the help of a diamond cutter. The edges are chamfered to make a 45° angle. The glass sheets were cleaned thoroughly by alcohol followed by labolene and distilled water. The glasses are then left for drying. The next step is to introduce the button and side spacers. The edge spacers are as shown figure. The edge spacers are fitted in with a nozzle creating a gas inlet.
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The button spacers and the edge spacers ensure a gap of 2mm between the glass plates. The four chamfered edges are fitted with gas nozzle creating two inlets and two outlets. The spacers were cut according to the size of the RPC. 
· Glueing the glass with the spacers
The glue used for stabilizing the glass plates with the spacers was 3M Scotch-weld epoxy adhesive in a duo-pack cartridge. Since the size of the RPC is small, it was decided to use a single button spacer in the between the plates. A small drop of glue binds the button with one sheet of glass. The other glass plate is rested on top of the button with the help of suction cups, so that the glue is not spilled and the glass sits neatly in line with the one under it. The glue is then applied to the gap between the spacer and glass.
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After a period of 8 hours, the RPC is turned over and the glue is applied to the other side.
· Gas leak test
To test if there are any leaks during the application of glue a pressurized gas leak test was done. The RPC is filled with Freon gas which is connected to the RPC with a needle valve which helps in slowly increasing the pressure in the RPC. A pressure of 20 cm was maintained and it was found that the RPC held this pressure for almost 4 hours revealing that there are no leaks.
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· Conductive coating

The RPC is now covered with masking tape covering a distance of about 1cm measured from the edge of the side spacer. This is done to prevent the conductive coating from being sprayed at the edges. The coating is done for two reasons. It not only increases the conductivity of the glass but also allows for the uniform application of high voltage over the area of the RPC. The coating is a mixture of dry colloidal graphite and industrial lacquer in a ratio of 1:8 which is sprayed by using a spray gun.
After this is done the resistivity of both the surfaces is measured by using a square jig of copper and brass (5cm x 5 cm). 
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· High Voltage Cables
Now the base RPC is ready to be wired for applying high voltage and picking up the signals as charged particles pass through. The high voltage is applied to the graphite layer by sticking on a copper tape (1cm x 1 cm) and the leads are then soldered on to the copper. Positive voltage is applied to one side and a roughly equal and negative voltage to the other side, using a bi-polar high voltage DC supply, so that both see a common ground. The bi-polar connection is better than the unipolar since each glass surface sees only half the total voltage, thus decreasing the chances of HV leaks.
· Pickup Strips

The RPC is now sandwiched between two honeycomb pickup panels placed orthogonal to each other and then packed in an aluminium case. The pickup panel consists of 8 strips copper foil on one side of a layer of 5mm of foam and aluminium on the other side. Each strip is of width 2.8 cm with a gap of 0.2cm in between two adjacent strips. Each strip is terminated with a 50Ω impedance to match the characteristic impedance of the preamplifier. A layer of mylar of thickness 100 μm is placed between the graphite layer and the pickup panel to provide insulation.
Characterisation of the RPC
The RPC is then kept on an aluminum plate and is connected to the pre amplifier board. The RPC is introduced into a system of continuous gas flow for about 8 hours so as to flush out the air from it. The gas mixture used is given in the table.

	Gas Constituents
	Percentage

	Freon
	95.15

	Isobutane
	4.51

	Sulphur Hexafloride
	0.34


The use of gases depends on the following factors
· low working voltage

· high gain

· good proportionality

· high rate capability.
Tetrafluoroethane (known as Freon), which is widely used, has shown these specifics. But here we use R134A(as Freon) which is eco-friendly. Isobutane acts as the quenching gas which absorbs the extra photons that are generated. We use SF6 (Sulphur-hexafluoride) to control the excess number of electrons.
I-V characteristics 
After the connections are made the I-V characteristics were taken
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We see that the region (less than 5000V) is almost linear and corresponds to the increase in the number of electron-ion pairs. The sharp increase occurs when the gas breaks down creating an avalanche of electron-ion pairs. We see that this results in two modes of operation of the RPC.
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· Avalanche mode: The primary ions produced by the charged particle being accelerated by electric field produce secondary ionizations by collision with the gas molecules. The electric field of this cluster of ionized particles is opposed by the external field and the multiplication process stops after sometime. The charges then drift towards the electrodes from where they are collected. This mode operates at a lower voltage and the gain is also less. Typical pulse amplitudes are of the order of a few mV. 

· Streamer mode: Here the secondary ionization continues to occur until there is a breakdown of the gas and a continuous discharge takes place. This mode operates at a higher voltage and also results in high gin. Typical pulse amplitudes are of the order of 100-200 mV. 

The different resistances offered by the RPC is given by

R spacer = 107.5269 GΩ

R gap=3.646973 GΩ
Measuring Efficiency
Efficiency is a measure of the number of particles detected. To do this we use the help of scintillator paddles. Scintillator paddles are optical fibres connected to a photomultiplier tube. These optical fibres are sensitive to high energy particles. The photons generated in the fibres are carried away to the photomultiplier tube which converts them into electrical signals. These paddles are arranged in line with a particular strip of the RPC pickup panel. The electrical signals from only the paddles is compared with the signals from the RPC and signals to measure the efficiency. Before doing this we must ensure that the noise rate of the RPC is very less. The results are as shown in the figure.
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The efficiency of the strip of the RPC is found out to be more than 80 %. 
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