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Study of bakelite-based RPC detector performance with cosmic ray using different gas mixtures
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Abstract 

  One Resistive Plate Chamber (RPC) module of 30cm x 30cm dimension obtained from China has been tested in a cosmic ray setup. Performances have been tested using different composition of gases (i.e. Argon, Isobutane and Freon (R134a)). A characteristic plateau region has been obtained for efficiency when measured with varying applied voltage. An efficiency up to ~93% has been obtained and found to be stable for  a large range of applied HV and for large period of operation.

1. Introduction

   One  Resistive Plate Chamber (RPC) made from bakelite plates  has been tested during the last few months using cosmic ray muons. The RPC has been operated in streamer mode with a gas mixture of Argon, Isobutane and Freon (R134a) of 
varying proportion. This module was obtained from China where thousands of such modules have been built of BASEIII experiment. One special feature of these specially made bakelite plates is lincid oil was not used for surface preparation of these modules.

2. Experimental setup
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                                  Fig.1. A Bakelite made Resistive Plate Chamber.
   The RPC (shown in fig. 1) used in the testing is made of two parallel bakelite sheets of thickness 2.0 mm each and a gas gap of 2.0 mm. The dimension of the RPC is 30 cm × 30 cm. Two Mylar sheets of the same size have been placed just above the bakelite plate to provide better isolation. Pick up strips are placed over the Mylar sheet one set along X-direction another over Y-direction. The width of the pick up strip is 3 cm each.  
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Fig. 2. Schematic representation of the cosmic ray setup
Fig.2 shows schematic representation of the setup. RPC module is sandwiched between two scintillators (SC1 and SC2) each with dimension of 25cm x 35cm. In order to obtain efficiency in a region within one pickup strip, the trigger setup is further zoomed into a region of finger scintillator (SCF) of dimension 2cm x 20cm and placed above the pickup strip. The trigger signal is obtained as SC1.AND.SC2.AND.SCF . We therefore obtain the efficiency in a region of 2cm x 20cm within a pickup strip. Final signal count was obtained from the pickup strip whether signal from the chamber is put in coincidence with the trigger obtained above. Final efficiency is obtained from following formula

Efficiency = (RPC count with signal in coincidence with trigger)/(trigger count).

Parameters which have been varied and efficiency obtained are (a) HV (b) gas mixture ratio (c) threshold on RPC signal. Stability has been obtained over a period of time by taking the measurement at different time over a period of 3 weeks.

   The high voltage (H.V.) have been given to the scintillators by the LeCroy 1458 H.V. power supply and to the RPC by the CAEN Mod.N470 H.V. power supply . Positive and negative high voltage has been applied to the upper and lower plates of the RPC module respectively. RPC signals have been taken from the positive plate.
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                   Fig. 3. Arrangement of the scintillators and RPC.
2.1 Electronics setup

   The signals generated by cosmic ray muons from all the scintillators and RPC strips have been applied to MODEL 708 P\S OCTAL 300 MHz DISCRIMINATOR. The discriminated signals of two large scintillators are coincided and with this output the discriminated signals of the smallest scintillators are coincided by CAEN Mod. N455 QUAD COINCIDENCE LOGIC UNIT. This triple coincidence output has been used as the trigger of the RPC.  This 3- fold coincidence output (trigger) have been coincided with the RPC signal by the same coincidence logic unit. For this 4-fold coincidence of one RPC strip signals ORTEC CO4020 QUAD 4-INPUT LOGIC module has been also used. The coincidence counts are taken by CAEN MOD. N1145 QUAD SCALAR AND PRESET COUNTER TIMER.
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                                       Fig. 4. Power supply and read out system.

   The gas cylinders have been placed outside the laboratory. The RPC have been tested in premixed mode. First, a gas cylinder of volume 6725 cc have been filled by gasses of desired ratio at 2 atmospheric pressure , then gas is supplied to the RPC slowly . Once the cylinder is filled the RPC could be operated for 6 hours.
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                   Fig. 5. Gas mixing control panel.
    High voltage of -1600 volt and -1700 volt has been applied to the PMTs attached to SC1 and SC2 respectively and -1200 volt has been applied to the PMT attached to the finger scintillator  (SCF). The noise in the signals from the large scintillators and small scintillators are 5 mV and 10 mV respectively. So threshold voltages of the larger scintillators are set at 25 mV and that of the small scintillators are set at 50 mV respectively.       
2.2 Different gas mixtures for RPC testing

   The RPC detector has been tested in premixed mode. The gas cylinder has been filled by Argon, Isobutane and Freon (R134a) in different ratio based on partial pressure. The cylinder was filled up to 2.0 atmospheric pressure and then gas flow has been started through the RPC. Argon provides efficient gas amplification, Isobutane to absorb UV photon and Freon (R134a) has been used as “quench gas`` to control charge and physical size of streamers. Gas mixtures have been taken in four different ratios of Argon, Isobutane and Freon (R134a). According to percentage these Argon, Isobutane and Freon (R134a) ratios are 20:6:74, 32:9:59, 30:8:62, 34:6.8:59.2. These ratios are calculated according to the mass of the gasses. Measured efficiency has been found to increase with increase in HV and approaches saturation.

   The rise time of the RPC pulse was 5 ns. In the testing, the threshold value of the discriminator of RPC is generally set at 30 mV. But it has been varied for some special cases.
3. Detection efficiency

The efficiency was measured for different gas mixtures from 5.0 kV to 8.8 kV with a step of 200 volt. Initially counts have been taken for 10 minutes, but in the later cases all the data have been taken for 30 minutes to reduce the statistical error. Fig. 6 shows the variation of efficiency with applied high voltages for different gas mixtures. Lower curve shows the efficiency saturating at around 85 %. At that time the smallest scintillator was not properly aligned and overlap with pickup strip was not complete. After proper arrangement finally we have got the 91%-92% efficiency.
 In order to estimate random coincidence rate, we performed the measurement by placing  the smallest scintillator on one RPC strip whereas coincidence of trigger with RPC signal was demanded from another strip. We got 5.6% noise. 
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Fig. 6. The efficiency vs. High Voltage for different gas mixture.
3.1 Detection efficiency at different RPC threshold

   For same gas ratio Argon: Isobutane: Freon (R134a) = 32:9:59 we have observed efficiency for two different RPC threshold 30 mV and 100 mV respectively. The plots are shown in the Fig. 7. As expected for higher threshold, efficiency is lower.
[image: image8.png]Plot of %Eficiency vs High voltage for Ar:isobutane:Freon(R1342)=32:9:59 at different RPC threshold

RPC Threshold st at 30 mV.
. 000
RPC Threshold set af 100 m’ o« e

erglee LT L L | L
5 6. 7 75 B 85

High Voltage in KV




Fig. 7. The efficiency vs. High Voltage for two different threshold and with the same gas mixture composition.
3.2  Detection efficiency over a period of time
   Efficiencies have been measured for a given gas mixture composition (Argon: Isobutane: Freon (R134a) = 34:6.8:59.2 ) and same experimental condition for a period of 3 weeks. Room temperatures were monitored on daily basis. With this testing we have got nearly the same result. Fig. 8. is the detection efficiency curves versus high voltages for the same gas mixture on several days.
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Fig. 8. Detection efficiency curves  for a period of 3 weeks.

      The detection efficiency curve with day at a particular high voltage is shown in the fig. 8. This curve is showing the constancy of the efficiency at a particular high voltage.
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Fig. 8. Efficiency at a particular high voltage measured for a period of 3 weeks. 

3.3  Detection efficiency on different RPC strip 
   In order to study the variation of efficiency over different region of detector, we have also performed the measurement with a finger scintillator of size 4cm x 20cm covering 2 strips. No significant variation on efficiency was observed.
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Fig. 9. Detection efficiency measured for different covered area.
3.4 Detection efficiency at a particular high voltage 

We performed the measurement over a period of six hours and at HV=8.2KV. In this observation we have obtained average efficiency of 92%. 
4. Observations:

Following observations can be mentioned on this study.

(i) In this test the plateau region has been found from voltage 8.0 kV onwards at efficiency 91 %. Above 9.0 kV some sparkling sound has been generated in the RPC, but no sparking signals have been observed in the CRO screen.

(ii) For all the gas mixtures the trigger rate is around 0.31/cm2 /min.
(iii) For different gas mixtures saturation region starts from different high voltage.     

      With high ratio of Freon the system has been found to trip.
5. General comments and future plan

We obtained two small size (30cm x 30cm) RPC modules and two large size (1m x 1m) modules from our colleagues at China. Only one small module has been tested. Other small module has developed some defect. We are making arrangement for testing large ones here. For testing large modules we need to have pickup strips and some modifications of gas handling system. We are working on these issues.
From tests we made so far we obtain efficiency comparable to the values reported by Chinese colleagues. However there is a difference that they started getting >90% efficiency even at 6KV, but we get >90% efficiency only above 8KV.

6. Future plan:

While we are making arrangement for testing remaining modules and over a period of time, but we feel that it will be useful if we assemble RPC ourselves using bakelite plates. INO collaboration should therefore make arrangements so that we can obtain some numbers of bakelite plates from our Chinese colleagues.

