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The India-based Neutrino Observatory (INO) collaboration, consisting of several Indian research institutions and universities is currently involved in a feasibility study towards building a neutrino detector in India. We are presently planning for a large and modular detector consisting of magnetised iron plates interleaved with glass Resistive Plate Chambers (RPCs), which are used as active detector elements. Good tracking and energy resolutions, accurate directionality and charge identification capabilities as well as ease of construction were the considerations, which have influenced choice of this type of detector.

A typical glass RPC detector channel produces an electrical signal of a few hundred milli Volts in pulse amplitude across a 50 load with a rise time of less than a nano Second. Essentially, we need to record Boolean status and arrival timing information of this signal from each of the detector channels for every interesting event that is seen inside the detector. The readout system for this detector is required to handle several hundred thousand detector channels. 

Several small area RPCs were developed and their performance is being studied at TIFR. We present in this talk, preliminary results on detector efficiencies, time resolution, pulse height distribution and inter-channel cross-talk obtained using different proportions of gases in the mixture. We will also highlight our proposed data readout schemes for the prototype as well as the final detectors.

1. INTRODUCTION

Neutrinos are one of the fundamental particles, which make up the universe. They are also one of the least understood. Neutrinos are electrically neutral and were initially thought to be mass less. There are three types or flavors of neutrinos known. Recent evidence seems to indicate that neutrinos not only have mass, but also experience mixing among these flavors. This leads to the phenomena of neutrino oscillations that can explain the discrepancy between theory and observations about its flux. Neutrino mass can also be indirectly estimated by detecting its eventual oscillations. The existence of non-zero mass for neutrino has profound implications on fields as varied as nuclear physics, particle physics, astrophysics and cosmology.

Historically, the Indian initiative in neutrino physics experiments goes back to several decades. In fact, the first atmospheric neutrino event was recorded at the Kolar Gold Fields (KGF) underground laboratory nearly forty years ago. The KGF experiments had spanned several decades involving a systematic study of neutrinos and its related exotic processes at great depths underground. To exploit this valuable expertise for the emerging new area of observational neutrino physics, an idea to construct a neutrino detector at an India-based Neutrino Observatory (INO) was mooted a few years ago. This proposal has subsequently been formalised with a Memorandum of Understanding signed by several Indian research institutes and universities. 

2. PROPOSED DETECTOR

The proposed neutrino detector will have a modular structure of lateral size 32m X 15m and height 11.9m with iron plates used as absorber and glass RPCs as active detector elements. Fig 1. shows the over-all layout of the detector. It comprises of 140 layers of horizontally arranged iron plates of 6cm thickness interleaved with 2.5cm gap between successive layers of iron plates to house the glass RPCs. The iron plates will be magnetised at a field of 1.2-1.3Tesla. The total mass of this detector will be about 35KTon.
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Figure 1: Sketch of the proposed neutrino detector

It is proposed that we use large area glass RPCs of surface area 3m X 2m for this detector. The total number of detector elements that we therefore need to build is about 11,200. Assuming a two-dimensional signal pickup pitch of 3cm on either surface of the glass RPC, we need to instrument about 220,000 signal channels. While, we need to record Boolean status information (i.e. one bit per channel) for all these channels, the signal channels can however be combined for recording signal arrival time information. For instance, we will require about 3000 TDC channels, if we combine all the signal pickup strips from one side of rows or columns of glass RPCs.

The main characteristic of such a detector is a clean identification of muon tracks, which are associated with the neutrino interactions that take place inside the detector with good energy and time resolutions. In addition, the presence of the magnetic field will distinguish positively and negatively charged particles. These properties meet very well the conditions required to unambiguously identify muon neutrino oscillations. 

3. BASIC DETECTOR ELEMENT

Glass RPC is a gaseous detector composed of two parallel electrodes made up of float glass with a volume resistivity of about 1012cmThe two electrodes, 2mm thick, are mounted 2mm apart by means of highly insulated spacers. A suitable gas mixture is flown at the atmospheric pressure through the gap while an appropriate electric field is applied across the glass electrodes. An ionising charged particle traversing the gap initiates a streamer in the gas volume that results in a local discharge of the electrodes. This discharge is limited to a tiny area of about 0.1cm2 due to the high resistivity of the glass electrodes and the quenching characteristics of the gas. The discharge induces an electrical signal on external pickup strips, which can be used to record the location and time of ionisation. Typical signal amplitude is about 100-200mV across a 50 load and its rise time is less than a nano Second.
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Figure 2: Sketch of a typical glass RPC in operation

Sketch of a typical glass RPC and its operation is shown in Fig 2. The insulated spacers used for maintaining precise and electrically isolated gap between the glass electrodes as well as T-shaped frames used for supporting the electrodes and for forming an enclosed gas volume are made up of special PVC material, brand named NORYL. The glass plates, spacers, frames, gas inlet and outlet nozzles are all assembled using a 3M 2216 epoxy. The high voltage is applied to the outer surfaces of the glass electrodes by means of a graphite or a special paint coating. The RPC operates at a typical high voltage of about 4500 volts per one milli metre gap between the electrodes. The signal pick-up strips are made up of either a double-sided G-10 material or a sandwich of a foam material between two aluminium foils. While on one side of these materials, strips of required pitch are milled, the other surface is used as the ground reference for the picked-up signal. A flat cable may also be used for this purpose, which provides an additional advantage of choosing the signal pick-up pitch even during operation of the experiment.

4. RPC R &D and characterisation
RPC is operated typically with a gas mixture of Argon, Freon (R134A), Isobutene and SF6. While Argon is the main ionising gas, the other three which are called quenching gases are used to control formation and size of the streamer inside the chamber. A gas mixing unit, which can mix these individual gas components and control the mixed gas flow through the detector chambers has been designed and developed with the help of a commercial vendor. Schematic of this gas mixing unit is shown in Fig 3. The mixing unit has provision either to flow the mixed gas directly into the detector chambers or to store in a pre-mix gas cylinder for a later use. A microcontroller based gas bubble counter is developed and mounted on the output gas line of the chamber for monitoring the gas flow rate through the chamber. During normal operation, approximately one volume (of the chamber) change of gas per day is adequate. 
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Figure 3: Schematic of the gas mixing and flow control unit

Several glass RPC prototype modules of surface area of about 1000cm2 have been developed and fabricated using the construction principles, which are outlined in the previous section. The modules have been tested for their performance using a scintillator paddle based cosmic ray muon telescope. Schematic of this telescope arrangement as well the logic and timing sequence of generation of cosmic ray muon trigger is shown in Fig 4. 
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Figure 4: Schematic of cosmic ray telescope and muon trigger timing sequence

The telescope consists of four cosmic ray muon trigger (P1, P2, P5 and P6) and two (P3 and P4) veto paddles. A paddle is made up of a scintillator tile, which is optically coupled to a photo multiplier tube (PMT) for converting the scintillation light into an electrical signal. When the PMT is operated with a calibrated high voltage, the paddle gives out the signal to indicate passage of a cosmic ray muon or other charged particle through its scintillator tile volume. The geometry of the telescope using these paddles has been setup such that we define a window of about 14cm X 2cm for the cosmic ray muons to pass through the telescope as well as through the RPC. We record the data from RPC pick-up strips whenever a cosmic ray muon particle has passed through the trigger window. This is indicated by a trigger signal, which is generated according to the following logic equation:

Muon trigger = 
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Efficiency of a particle detector element is its ability to respond to external radiation by producing a fast and well-discriminated signal. RPC with a higher efficiency helps in detecting the track and directionality of a particle passing through the detector more accurately. Efficiency of the glass RPC as determined by the above test is defined as the ratio of number of muon triggers recorded in the RPC to the actual number of muon trigger signals generated by the telescope.
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Figure 5: Efficiency plot of RPC for various gas mixtures

Shown in Fig 5 is a plot of these efficiencies recorded for a RPC as a function of high voltage applied between the glass electrodes and for different gas mixtures. We have obtained plateau efficiencies of over 90% for all the gas mixtures. It may be noted that as the Freon (R134A) concentration is lowered, we obtain higher efficiencies even at lower electrode voltages due to higher containment of the streamer. 
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Figure 6: Typical timing resolution plot of a RPC

The timing resolution of an RPC is its ability to resolve time of passing of a charged particle through its gas volume accurately. This capability of the RPC is crucial for recording directionality of incoming particle track unambiguously. Shown in Fig 6 is timing resolution plot of a typical RPC. As can be seen from the plot, the timing resolution improves exponentially with increase of operating high voltage and reaches to a resolution of about 500pSec. Shown in the plot with a straight-line fit is the timing resolution of the cosmic ray muon telescope, which is the reference for the timing measurement.
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Figure 7: Typical mean charge plot of the RPC

Fig 7 shows a typical mean pulse height (charge) or gain of an RPC as function of its operating high voltage. The plot indicates a linear response while the standard deviation of the pulse height distribution is fairly constant. We can conclude from this behaviour that the RPC is operating with a good energy resolution.

Noise rate of an RPC is the individual counting rate of its signals of above an operating threshold. These signals are produced by the cosmic ray charged particles of multiple energies as well as due to the dark current of the chamber. This rate per unit cross-section area of a particular RPC should be consistent when integrated for a reasonably long period. The noise rate serves as a good measure to monitor long term stability of the chamber as well as its dark current. For instance, if the dark current of an RPC increases drastically, it will be indicated by a sharp increase in the noise rate. This will result in reduction of actual voltage potential across the electrodes and hence the chamber's gain as well as its efficiency. Fig 8 shows a fairly linear dependence of the noise rate of the RPC on the applied high voltage.

Spatial resolution of the detector is mainly determined by the pitch of the pick-up strips. However, this is limited by the cross talk between the adjacent strips. Among many factors that contribute to the cross talk, electrical characteristics and thickness of the pickup strips as well the driving scheme of the picked-up signals are the most influential. The chambers that we had fabricated have shown cross talk of about 6% between the adjacent pick-up strips.

[image: image9.png]~2515,
303.0

s

Bl
B2

[ ADI2E+95 11 ]

0

25
High vol-age, Kv

85

75

L

w4 ssi04





Figure 8: Typical noise rate plot of the RPC

5. Readout system for the prototype detector

It is proposed that we build a prototype of the magnetised iron calorimeter and study cosmic ray muons using the same, in order to understand and estimate performance of the final detector. This prototype detector will also be used to test the results obtained from the physics and detector simulation studies that are currently underway as well as will provide some measured data back to the simulation group.

We plan to build a prototype of about 1m3 in volume. It will comprise of 12-14 layers of RPCs each of about 1200mm X 900mm in area and will have 6cm iron as the absorber between the layers. The electronics, trigger and data acquisition systems will need to handle about 900 channels for this detector. We plan to design and fabricate the front-end sub-systems for the trigger, event data readout and monitoring systems in-house and configure the back-end on CAMAC data acquisition standard. This way, we will be able to use the hardware and expertise, which exists within the collaboration and hence will be able to put the data acquisition system in place quickly. 

A system schematic of the data readout electronics for the prototype detector is shown in Fig 9. There will be one front-end board per signal plane per layer of the detector. Detector signal conditioners, translators, Boolean latches, multiplexers for event data and monitoring and trigger system as well as timing measurement primitives are some of the major components that reside on the front-end board. Event data from either signal planes of a layer are mixed and routed to the back-end on high-speed serial links. The CAMAC back-end is driven by a Linux host and will house master trigger generator, TDC, scaler, real-time  clock and other front-end control modules.
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Figure 9: System schematic of the data readout electronics for the prototype detector

6. REadout scheme for the final detector

The incoming detector signals are passed through programmable threshold comparators for producing digital logic signals. These signals are used for recording Boolean hit information, for generating trigger primitives as well by time multiplexing blocks for generating timing signals. Processing of only one coordinate signals for generating trigger primitives and using time multiplexing techniques for recording timing information reduces the DAQ channel count and hence the cost. Similar techniques are already in use by other neutrino experiments such as the Belle experiment [i] in Japan and a proposed Monolith experiment [ii] in Italy.

Time multiplexing scheme combines hit information from a block of strip channels into a single data stream which can be passed on to multi-hit TDC at the backend. In this scheme, the front-end processing will be achieved by a custom ASIC chip where as the hit recording and time multiplexing by a commercial FPGA device. This scheme is shown in Fig 10.

Trigger generator is an independent sub-system which uses the same hit signals to look for physicist required patterns of data in the detector and initiate data recording if any of the interesting event patterns take place inside the detector. For instance, a trigger may be generated when on certain track patterns such as 2 or 3 hit layers out of 5 consecutive layers. This will take care of nearly all relevant atmospheric neutrino events. Programmability is the key requirement of this sub-system so that different physics motivated data recording plans may be supported during the course of experiment. Again, this is an ideal system for commercial FPGA device based design.

We plan to use VME standard for the DAQ system and hosts will be based on Linux PC boxes.
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Figure 10: Proposed readout scheme for final detector 

7. Summary and future plan

We have fabricated and characterized several small-area RPCs. Our studies using a cosmic ray muon test stand have shown that these chambers are performing as per their design specifications. We are continuing our studies on the gas mixtures, detector timing, efficiencies and long-term stability of these chambers. We are also improving the gas mixing and flow control unit as well as the test stand electronics along. We plan take on the challenge of fabricating large area RPCs shortly. We will start building the prototype detector after we streamline the fabrication procedures and study performance of these chambers.

We have finalised design of the electronics and data acquisition system for the prototype detector and are currently fabricating the necessary hardware. We have started working on the possible electronic system schemes and technology options for the final detector. We are also working on and looking for collaborations for design and development of VLSI and custom hardware solutions.
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