Studies on gas systems and gas flow rate optimisation for ICAL RPCs
Introduction

         The proposed INO (India-based Neutrino Observatory) project aims to build a large ICAL (Iron Calorimeter) detector. ICAL will detect neutrinos indirectly via detection of muon particles produced in CC (Charged Current) neutrino interaction. The detector will have layers of iron interleaved with active detector elements called RPC (Resistive Plate Chamber). Here at TIFR (Tata Institute of Fundamental Research) glass type RPCs are being fabricated and tested. 

          The glass RPC is a gaseous detector composed of two parallel electrodes made of commercially available 2mm thick float glass. The glass plates are separated by suitable spacers glued at edges at regular intervals in such a way that they channel the gas mixture flow through the chamber uniformly. The whole module is gas tight. The outer surface of glass plates is coated with a thin layer of graphite paint to distribute high voltage uniformly over the glass. This is to maintain high electric field in the medium (i.e. gas mixture). The graphite coating is covered with insulating mylar sheets over which pick up panels are mounted. The pick up panels pick up electric signals and transmit them to the DAQ (Data Acquisition) system.
           The RPC may be operated in either of two modes- ‘avalanche’ mode or ‘streamer’ mode- that differ in the mechanism in which signal is generated. The gas mixture inside RPC is so selected depending on the mode of operation desired. The prototype detectors here at TIFR operate in avalanche mode with gas mixture- Freon R134a (95.4%), Isobutane (4.3%) and Sulfur hexafluoride (0.3%). The same prototype gas mixing unit can supply gas mixture suitable for streamer mode choosing Argon (30%), Isobutane (8%) and Freon R134a (62%).

           Over a period of time the quality of gas inside the RPC gets degraded due to many factors that are yet to be identified. Suspected causes are leakage, radical formation or some chemical reaction with glass plates. Degraded gas results in drop in efficiency of RPC. Here efficiency may be defined as = n/N * 100 %, where n = number of charged particle hits detected by RPC, N = total number of actual hits (this is obtained using scintillators). To enhance the life and performance of detectors the gas content needs to be replaced from time to time. For this reason a major developmental work being carried out here at TIFR is in optimizing gas flow into the RPC to balance cost on one hand & efficiency on other. In one study, an RPC named AB_13 was flushed with the gas mixture for avalanche mode operation and then sealed. It was operated detecting charged particles for four months starting from 5th February, 2010. During this period it was continually being monitored for current, voltage and background noise signals (Noise rate). In addition temperature and humidity were also being recorded. Analyses of this data will lend us insight into the behavior of RPC with varying conditions and help us develop strategies for its operation. 

              For study of the chemical behavior of the gas inside the RPC and to test it’s purity a RGA (Residual Gas Analyzer) which is a mass spectrometer is installed here.

Intended Plan of Work
              My work here mainly focuses on the Gas unit in operation for the prototype detector stack. The larger purpose intended from my work is towards contributing to optimization of the Gas flow (mentioned in introduction) into the RPCs that will help reduce daily operating cost of ICAL in future. This work comes under the experimental physics - detector development category.
The set plan of work is (Objectives):-

1. Understand the principle and working of the prototype gas mixing and supply unit currently installed here at TIFR supplying gas to the prototype detector stack. Learn to operate the same. Learn about Gas recycle and other systems designed or being designed.

2. Understand the principle and working of RGA (mentioned in introduction) installed to test purity of gas mixture and learn to operate it. Using RGA obtain mass spectra of pure Freon R134a, Sulfur hexafluoride, Argon & Isobutane from commercially available cylinders kept here at TIFR INO lab and save the data in library for future use.
3. Obtain Noise rate, Current, Temperature and Humidity data of AB_13 sealed RPC (mentioned in introduction). Obtain the same data of other working RPCs having continuous flow of gas mixture. Compare and analyze this data and identify correlations if any. 
4. Obtain mass spectra of gas mixture going into the RPC, coming out of RPC & of gas mixture in AB_13 sealed RPC (mentioned earlier). Analyze this data and identify impurities and it’s cause. (eg. If air components are identified coming out of the sealed AB_13 RPC then identify extent of leakage and find its correlation with efficiency or noise rate, etc)
5. Work experience in various stages involved in developing an RPC detector.

Work done so far:- 

1. Objective 1 is fulfilled and I am involved in day to day operation & maintenance of the gas unit.

2. In objective 2, learning about RGA is complete and mass spectra of Freon R134a, Argon & Sulfur hexafluoride (with little uncertainties) have been obtained.

3. In objective 3, four months data of AB_13 RPC has been collected and plotted. Its analysis is being performed. Currently working on identifying a functional relation between Noise rate fluctuation with temperature fluctuations.
4. In objective 4, mass spectra of input gas mixture is obtained. Mass spectra of gas in the sealed AB_13 RPC is currently being obtained using RGA. Data analysis will start once all data is obtained.

5. As work experience - glass cutting, fabrication of RPC plates, surface resistance measurements and plotting of graphite coating, V-I (voltage - current) characteristics of RPC, Leak test of RPC, experimental determination of RPC efficiency, impedance matching of pick up strips, etc were performed.
