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                            INTRODUCTION

             In modern terms, the detection of particle means much more than its localization in space. One has generally to measure its energy _momentum four vector and its quantum numbers. Further, one is interested to separate different types of particles in space and time. In order tom achieve this goal, a multitude of tasks has to be performed, viz.

a. Localization of charged particle trajectories i.e. measurement of space coordinate and directions.

b. Measurement of charge and momentum. This is achieved by determining the curvature of each trajectory and magnetic field.

c. Determination of particle mass which is achieved by simultaneous measurement of momentum and energy or momentum and velocity.

d. Determination of energy, direction and nature of a neutral particle.

         Each method of detection is generally based on the particle interaction with the detector medium which creates an observable signal. This interaction changes some quantities that characterize the detected particles. For example, the particle loses some of its energies, the particle may change its direction of momentum, or it may even change its identity during its detection process. Thus particle detection in general the measurement of several observables in distinct measuring processes.

     Keeping in view the above requirements for particle detection discussed above the detection methods are divided into two parts.

· Non-destructive methods, which allows multiple measurement to be performed without changing the identity of the detected particle.

· Destructive methods, which destroys the particles identity during its detection.

       It is obvious that all neutral particles have to be detected by destructive methods.         

       Resistive plate chambers (R PCs) are gaseous detectors with parrell resistive plates. The detector has two operation modes via the avalanche mode and streamer mode. In the last few years, a remarkable advance has been achieved for the avalanche mode having high rate capabilities. Resistive plate chambers (R PCs) are widely used to detect the high energy particles especially muon's, due to high gain, moderate time, spatial resolution, simple design and low cost of these detectors .In RPC a streamer mode is adequate for cosmic ray and low rate accelerator experiments, while an avalanche mode is required for high rate experiments such as CMS at LHC. Because of the above mentioned advantages, R PCs are being used more and more in modern experiments .The Glass resistive plate chambers has been proposed as the active element in the iron calorimeter (ICAL) detector for India based neutrino observatory (INO).Single and double gap RPCs have been found application in cosmic ray experiment and in high energy experiments as well as in astroparticle physics.

RESISTIVE PLATE CHAMBERS 

            Resistive plate chambers (RPCs)  are rugged and affordable gas ,the detectors that have been found extensive in High energy experiments and astrophysics experiments .RPCs   were first discovered by Santonic.O.et al  using Bakelite  and by Yu N.Pestove et al. and subsequently by others using silicate glass.

Basic Design and Principle of Operation

       An RPC is a particle detector that utilizes a constant and uniform electric field produced by two parallel electrode plates which is made of a material of high bulk resistivity .Owing to the high resistivity of the electrodes, the electric charge quickly dies off in a very limited area (typically 0.1cm^2) around the points where the discharge occurs .The discharge produces signals which are counted and analyzed by appropriate read out electronics.

     When a high voltage is applied across the two faces of the resistive plate chamber (RPC) i.e. the two conducting plates of RPC. The chamber is filled with a proper gas which gets ionized when a sufficiently energetic radiation penetrates the chamber thereby resulting in the formation of electron ion- pairs. It is worth mentioning that mean number of such electron –ion pairs produced is preoperational to the energy deposited in the chamber. The strong electric field makes these appositively charged until to drift towards respective opposite electrodes. The freed electrons on their way to anode may cause secondary ionization resulting in an ionization avalanches or cascade. A number of such avalanches form a streamline of continuous of charge form a streamline of continuous flow of charge from one electrode to the other electrode, thus forming a streamer pulse. The pulse is collected by front end electronics.

        Resistive plate chambers are a special type of ionization type of detectors made up of high resistive plates e.g., Bakelite ceramics etc as electrodes .The high resistive plates help to contain the discharge by the passage of a charged particle or an ionizing radiation in a gas volume. Pick up stripes are used to collect the resulting signal. Typically time resolution for a single gap RPC is~1-2ns.

        In order to reduce the time resolution to < 100ps the gap between the electrodes is reduced or a multistage is used.

         RPCs are used in two modes, via. , the preoperational mode and the streamer mode .The preoperational mode corresponds to the generation of  a Townsend avalanche following the release of primary charge by the ionizing radiation whereas, in the streamer mode, the avalanche is followed by a streamer discharge.

    Now the discuss in brief the structure of a standard single layer RPC- 

Diagram of RPC
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[image: image2.emf]
Resistive electrode plates made of commercial float glass with a volume of the order of 10^12ohms and thickness of 3mm.They are put on top, parell to each other within the framework. 

   The surface resistivity value of the graphite coating is average; they vary about 40% with respect to the given value not only for the different side but also from place to place on the same side. All RPC have a gas gap of 2mm i.e., for 2mx2m as well for 3mx3m RPCs except the Italian one which is 3mm. Button spacers having three holes in it and width ~1.8mm.

CONSTRUCTION OF RPC

         The glasses are cut by diamond cutter to the appropriate size and the four corner edges are chamfered by a jig of right dimensions to make a correct of 45 deg .The glasses are thoroughly cleaned with alcohol and then laboline and distilled water. After that the edge spacers, corner spacers (which are connected to the gas nozzle), button spacers (used for bigger RPC) are cleaned with alcohol. For smaller RPCs the glasses are glued and then coated with graphite, this graphite coating is done by spray gun after doing the all cleaning processes for glass RPCs we made having glass ids AB13-061A,AB13-061Band A2G02, A2G03 .Graphite coating is done on both sides of the RPCs leaving about a gap of 2mm from all the edges so that leakage of high voltage can not take place through the edge spacers.

          After cutting and cleaning the glasses, one glass was put on a miler sheet and on the top of the glass the button spacers were glued in a square array, the glue came out through the holes and the other glass was put on the lower glass plate, to put a uniform pressure on the glass plates, the whole set up was wrapped with the miler sheets and the air was sucked slowly to create partial vacuum by vacuum pump .This work has been done for both 1mx1m as well as for 2mx2m  RPCs  . The glue was poured in between the gap of two glass plates i.e. in the required gap. The lead blocks were placed on the four sides to put a uniform pressure and the whole setup was left for one day. Now we are testing the RPC if there is some leak or not, for that purpose we allow Freon gas through the RPC and test the leak by leak detector which is especially made for Freon (R134a). After passing the leak test now our RPC is ready and it needs to be wired applying the high voltages, the high voltage is applied to the graphite layer by sticking on a copper tape and leads are then soldered on to the copper. Positive voltage is applied on one side and the negative voltage is applied on the other side, using a bi-polar high voltage ~10KV. The bi-polar connection is better than the uni-polar because of decreasing the chance of HV leaks.

Circuit diagram of RPC
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 GAS SYSTEM  

         The choice of filling the gas for resistive plate chambers is governed by several factors: low working voltage, high gain, good proportionality and high rate capability. For a minimum working voltage , noble gases are generally used having high first ionization potential as compared to the other elements and they require the lowest electric field intensities for avalanche formation.

       Hence the role played by the gases is very important. The first ionization potential, the first Townsend co-efficient and the electronegative attachment co-efficient determines the avalanche multiplication, the presence and the relative importance of photo production, the saturated avalanche range to the streamer mode. The gas mixture fixes the working mode of the RPC in avalanche or in a streamer mode, resulting in different characteristics and performances. 

             The filling gas is usually composed by an optimized mixture. To work in streamer mode the main components should provide a robust first ionization signal and a large avalanche multiplication for a low electric field. One typical element can be Argon, because of its higher ionization energy and low cost, which ensures that a greater avalanche increases with electron abundance, good situation to start the streamer mode. To work in Avalanche mode the main components could be an electronegative gas, with high primary ionization but with small free path for electron capture. The high electronegative attachment co-efficient limits avalanche electron number. Tetrafluorehtane(known as Freon), which is widely used, has shown some these specifies. But here we use R134A (as Freon) which is eco- friendly. 

          One more component is constituted by polyatomic gases, often Hydrocarbons, which have absorption probability for ultra violet photons, produced in electron-ion recombination. This gas is known as quenching gas. This component allows to the energy by vibration and rotational energy levels, avoiding photo ionization with related multiplication and limiting the lateral charge spread. In our gas system we have used Iso-Butane as quenching gas.

          Finally we use SF6 (sulfur-hexafluoride) to control the excess number of electrons. A small quantity of SF6 in a few per mill fraction of the standard gas mixture could enlarge the pure avalanche mode operating voltage range up to 1KV streamer free plateau. 

Resistance measurement of graphite coating on 1mx1m glass plate

               We measure the resistance of the graphite coating on the glass plate with the help of the jig as shown below; it is clear from the graph that résistance is uniform through the whole surface except at the ends .The reason for the resistance increase at the ends is due to the large painting

at the corners.
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Fig (a) Resistance measurement by small jig of AB13_061A
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Fig (b) Resistance measurement by small jig of AB13_061B
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Fig (c) Resistance measurement by big jig of AB13_061A
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Fig (d) Resistance measurement by big jig of AB13_061B

Resistance measurement of graphite coating on 2mx2m glass plate

  Similarly we make graphite coating on the 2mx2m glass plate and then calculate the resistance with the help of jig on the two plates and the graph is shown below in figure.   
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  Fig (a) Resistance measurement by big jig of (2mx2m) A2G01 A                                                                                                              
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      Fig (b) Resistance measurement by big jig of (2mx2m) A2G01 B    
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     Fig(c) Resistance measurement by big jig of (2mx2m) A2G01A 
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     Fig (d) Resistance measurement by big jig of (2mx2m) A2G01 B 

PLOT OF HIGH VOLTAGE VS CURRENT FOR 1mx1m RPC

                When we apply the high voltage to the RPC and note the current at different voltages as starting from low voltage to higher voltage up to 10KV   and we plot the graph as shown in fig.
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These two graphs are separately for high positive and negative voltage verses current.

          PLOT OF HIGH VOLTAGE VS CURRENT FOR 2mx2m RPC   

          When we are applying the high voltage to the RPC and note the current at different voltages starting from low voltage to highest voltage i.e. up to 10KV from module and the graph is shown below.                                          
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High voltage applied to the resistive plate chamber without the SF6.

   Now after adding the SF6 to the gas mixture which is flowing through the RPC, we observe   that the current gets decreased as compared to the previous case i.e. when no SF6 was present in the gas mixture. The reason for this case is that as the SF6 is electron quenching gas and it absorbs some of the electrons that may be responsible for further ionization and hence we observe the decrease in current after adding the SF6.  The graph of high voltage verses current after adding the SF6 is shown in figure (a). The pulses of the our middle strip without SF6 having a narrow peak with bigger pulses which shows the streamer mode of the RPC as there are enough electrons in the gap which are responsible for the producing further ionization and results in the streamer mode and when we add the SF6  to the gas mixture, we observe that the there is a narrow pulse on the  oscilloscope which shows that after adding the SF6 to the gas system, it will absorb some of the electrons in the gap which are responsible for the streamer mode of the RPC and hence we observe a pulse with a single narrow peak i.e. the avalanche pulse as shown in figure  (b) and in figure (c).
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              Fig (a) High voltage vs. current in two different modes                                                                                

Fig(b).   Pulse without SF6 on oscilloscope
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       Fig (c).  Pulse with SF6 on oscilloscope

     RPC Efficiency

      To measure the efficiency of the RPC we set up our experiment in such a way as to ensure that trigger pulse is generated by atmospheric muons. So to do this, we have to exclude all other cosmic ray which forms the background noise. For this we set up six scintilllators as six paddles. Thus we make a cosmic ray telescope with these scintillators. We named them P1-P6. We put our RPC as shown in fig below. We keep three paddles (20cm, 2cm, and 20cm) on the 2mx2m RPC and out of these three paddles 2cm i.e. P5 paddle is kept along the main strip, and the other two paddles i.e. 20cm are veto- paddles (P3, P4). These two paddles opening the telescope window and hence are known as telescope window and hence are known as veto. The other three paddles (20cm, 6cm and 20cm) below the RPC and out of these paddles, two P1 and P2 are big paddles and the third paddle i.e. P6 are kept on these two paddles. For this setup the chance of coincidence is given as 

P1.P2.P3.P4.P5.P6. This ensures that muon trigger is generated when we have three paddles are in coincidence and (P3 andP4) are in anti coincidence 

Now the efficiency of RPC = (3-fold x veto x RPC)/ (3-foldxveto)

i.e. (pulses in the RPC output above some threshold value of 20mV)/ (muon trigger)
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          In the figure below I have shown the efficiency of the right, main and left strips as our 2cm paddle is along the main strip, so we should expect that our main paddle will show the maximum efficiency as shown in the fig below.
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Efficiency of the scintillator paddle   

         We determine the efficiency of the main paddle of P5 having the total number of paddles P1 to P6, while our veto paddles are P3 and P4, and the efficiency as well as noise rate is shown in fig(a).  

No. of paddles used=6

Dimensions:

 Paddle P1=60cm x 20cm x 1cm

 Paddle P2=60cm x 20cm x 1cm

(Main) paddle P3=40cm x 20cm x 1cm

 Paddle P4=40cm x 20cm x 1cm

 Paddle P5=30cm x 2cm x 1cm 

           Paddle P6=30cm x 3cm x 1cm 

Preset time=15min,   

Discriminator level = -30mV
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 Fig (a) Efficiency and noise rate vs. high voltage   

           Calibration of the MFC

The gas is fluxed into the tube and then water is allowed to flow through the tube. The gas apply the pressure on the water and water bubble flows through the tube and we can determine the rate of flow by measuring the change in volume in some fixed time with the help of stop watch.

            Flux = (change in volume)/ (Change in    time)                                               
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          Water flow

Gas flow
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Calibration plots of MFC for Iso-butane, R134A and SF6




Calculation of gas flow rates

As per the reading displayed in the gas system.

      Freon = 15.8 sccm

      Iso-butane =  0.65 sccm

      SF6 =  0.12 sccm

After correcting the value from the Calibration curve

    Freon = 15.478 sccm

    Iso-butane =  0.695 sccm

    SF6 = 0.046 sccm

Total amount of flow rate (Freon+iso-butane+SF6) =    16.22 SCCM

 Hence each RPC (1mx1m and2mx2m) gets an average of = 8.11 SCCM 

 Circuit Diagram of scintillators with electronics
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TDC and QDC plots for the main strip

The below mentioned graph (a) shows that the time resolution for 

the main strip is 1.7 ns and this value shows how much it is deviation from its mean value while as the graph (b) shows the charge distribution the main strip .                                                                              


                                            Fig(a)


ff                                                                                                                                                       

Fig (b)

Total charge on the main strip will be = Mean value x 0.25pc

                                                  = 50.26 x 0.25 pc

                                      = 12.565 pc

Efficiency and noise rate of the main strip after adding the SF6 

    Now after adding the SF6, we expect the noise rate will decrease and there is some 

reduction in the efficiency for the main strip as shown in the fig below.
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