COSMIC RAY MUON DETECTION USING SCINTILLATION COUNTER

AND 
WAVELENGTH SHIFTING FIBERS
Compiled BY
ARUNODAYA BHATTACHARYA
(Msc (physics), University of Delhi)

UNDER GUIDANCE

OF

PROF.SUDESHNA BANERJEE
SUBMITED FOR
VSRP-2009

Motivation:
                    Scintillators are used for triggering in High energy physics experiments owing to their fast timing response. We already have existing scintillation counters installed at CERN in the CMS experiment. Their geometry is of four fibers in four grooves and light from all four fibers are collected together. Since the scintillators are quite big, it is not possible to localize the particle on the tile. But if we try to read each fiber independently using Photomultiplier tubes then we can determine if the fibers show different amounts of light when particles pass through different portions of the tile. We know that RPCs give good position measurement of the muon events. So, if we place the scintillator tile on the stack of RPC and use eight fold coincidence from the RPCs to trigger the readout from the scintillator, then we can see if there is a correlation between the position of the particle where it hits the scintillator and the pulse height shown by the nearest fiber. If there is a correlation then the position of the particle hit on the tile will be known more precisely and can be used to make a better trigger condition.
Principle of Operation of Scintillators:

 Scintillation detector working principle is based on the detection of the light produced by the charged particle traversing the scintillator(1) and scintillator is a material that converts the incident particle energy into a detectable light. There are many varieties of scintillators available viz. inorganic, organic, liquid etc. For muon detection we are employing organic (acrylic) scintillators as their response is fast.
To be a good scintillator, a material should convert as large a fraction as possible of the incident radiation energy to prompt fluorescence, while minimizing the generally undesirable contributions of phosphorescence and delayed fluorescence.

A paddle has been made by me using plastic scintillator and the materials used and the constructional details are given later.

Resistive Plate Chambers:
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Fig1  Diagram of Resistive Plate Chamber
The Resistive Plate Chamber (RPC) is a gas - based detector with good spatial as well as timing resolution (3). It consists of two parallel electrodes made up of float glass with a resistivity of about 
[image: image2.wmf]10

12

Ω-cm. The two electrodes, 2mm thick, are mounted 2mm apart by means of highly insulated spacers (fig.1). A suitable gas mixture is flown slightly above atmospheric pressure (above760mm of Hg) through the gap while an appropriate high voltage (10kV) is applied across the glass electrodes using a graphite resistive coating on their outer surfaces. An ionizing charged particle traversing the gap initiates an avalanche in the gas volume that results in a local discharge of the electrodes. This discharge is limited to a tiny area of about 0.1cm
[image: image3.wmf]2

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 on both sides orthogonal to each other, which can be used to record the location and time of ionization. The discharge area recharges slowly through the high resistive glass plates and the recovery time is about 2secs. 
· Dimensions of RPC= 1mX1m

· Thickness of glass electrode=2mm

· Gap between two glass plates=2mm

· Width of pick up strips=28mm
· Flow rate of gas =30cc/min

[image: image4.emf]Fig.2 Equivalent circuit of RPC
[image: image1.emf]
Recovery time:
  Where   R=resistance of glass

                C=effective capacitance between the glass plates

                A=area of glass plates

                εo = absolute permittivity
                κ = dielectric constant 
[image: image5.emf]
Voltage-current characteristics of RPC:
· Temperature=27.64 deg.Cel.

· Humidity=48.66%
[image: image6.emf]
Fig.3
[image: image7.emf]
          Fig4

 Plateauing of the Photomultiplier tube:
In order to proceed with our aim, firstly, we should know how to plateau the PMT. The paddle (i.e. PMT+scintillator+light guide) to be plateaud is aligned over another paddle of same dimension (fig.6). Now a second paddle of smaller dimension is kept at a distance of 23.5cm from the bottom paddle. Over this paddle, a narrow paddle (dimensions given below) is aligned so that paddle 1 and 2 are in contact with each other. The output of paddle 1, 2 and 4 are discriminated and brought into coincidence (fig.5). The output of the main paddle is deliberately delayed to bring it into coincidence with the 3-Fold signal as 3-Fold goes through a lot of electronics and arrives late. Here, 3-Fold acts as a trigger that ensures that the event is a genuine muon event. This type of alignment is done keeping in mind that any event that generates 3-Fold should also generate 4-Fold. So, we are ensuring that the efficiency of the paddle (i.e. the PMT) is close to 100%  [image: image8.emf]3
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  Fig5. Determination of efficiency of paddle and operating voltage of PMT

                       EFFICIENCY= (4F/3F)*100 %
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Fig.6 Geometry Arrangement of the Paddles
Here the arrows indicate vertical distance between the paddles
No. of paddles used=4

· Dimensions:

      1st paddle=20cmx2cmx1cm

2nd paddle=20cmx5cmx1cm

(Main) 3rd paddle=30cmx20cmx1cm

4th paddle=30cmx20cmx1cm

· Preset time=15min
· Discriminator level= -30mV

	Applied voltage(v)
	Current (mA)
	3F counts
	4F counts
	Counts of main paddle
	Efficiency(%)
	Noise rate

	1100
	0.2
	254
	0
	2
	0
	0.0023

	1200
	0.2
	351
	4
	57
	1.4
	0.0634

	1300
	0.2
	388
	8
	491
	2.06
	0.5456

	1400
	0.2
	383
	80
	463
	2.89
	0.5145

	1500
	0.2
	333
	223
	18448
	66.70
	20.4979

	1600
	0.2
	349
	322
	33340
	92.30
	37.045

	1700
	0.2
	352
	343
	57990
	97.5
	64.434

	1800
	0.2
	376
	370
	88477
	98.4
	98.3078

	1900
	0.2
	402
	395
	128406
	98.3
	142.6756


[image: image9.emf]Variation of Efficiency and Noise Rate
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Fig.7 Plateau curve and Noise Rate
The operating voltage should be such that the efficiency of the PMT is maximum, but the voltage should not be too high also. So, we choose operating voltage just at the beginning, near the bend in the curve. We choose the operating voltage to be 1650V.
Photomultiplier Tube:

It is a device that converts the extremely weak light output of a scintillation pulse into a corresponding electrical signal (2). 


 Fig8. Schematic of a photomultiplier tube coupled to a scintillator
The Photomultiplier tubes typically utilize 1000 to 2000 volts to accelerate electrons within the chain of dynodes. Voltages are distributed to the dynodes by a resistive voltage divider known as BLEEDER CHAIN, (Fig9). 
Base construction of the PMT::Since I am using a new PMT for the experiment, I have made its “base” by employing the materials shown in the circuit diagram and their prescribed values.  All materials are assembled on a base holder that gets fixed to the bottom of a photomultiplier tube.  The bleeder circuit used is given below. 

[image: image11]Fig9 Bleeder Chain Circuit Diagram
Result of PMT base assembly: The base of the PMT has been made by employing the bleeder chain circuit as shown and voltages across different pins have been measured by me. The voltages across pins show stability and, thus, the circuit is ready to use. Also, bleeder resistance measurement    (between pin 7 and pin21) has been done and it is satisfactory with the theoretical value. 
Construction of the paddle:
To study muon events, we need a scintillator paddle which essentially consists of a scintillator tile with optical fibers grooved in it and connected to a Photomultiplier tube. I made a scintillator paddle employing four wavelength shifting fibers but, initially all four fibers are connected to a single PMT. This would give an idea about how to proceed next and what kind of difficulties we may encounter with the actual experiment.
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[image: image12]                                          
[image: image13]
Fig.10 Scintillator paddle with one PMT and with Four PMTs
· Materials used: 
· Scintillator:

· BICRON BC404 (polyvinyl toluene)
· Refractive index= 1.58

· Green wavelength shifting fibers(single clad)
· BICRON BCF 91A

· Core material=Polystyrene

                  Refractive index=1.60

· Cladding material= PMMA(polymethylmethacrylate)

         Refractive index=1.49

· White fibers(single clad)
· Transparent cookie

· Photomultiplier tube (head-on type)

· Type=EMT 9807B (twelve step)

 Constructional detail:
· A plastic scintillator of dimension 12”x12”x1” is taken.

· Four grooves are cut in the scintillator material.

· A wavelength shifting fiber is inserted into each groove.

· The other end of the fiber is spliced with a clear fiber using heat shrinkable tube. This is done as attenuation length of the clear fiber is less compared to that of wavelength shifting fiber.

·  All the fibers are enclosed in black heat shrinkable tubes to avoid any external light pick up.
· All the four fibers are inserted into a cylindrical cookie and fibers are cut and polished so that their face is perpendicular to the axis of the cookie.

· Cookie is glued to the face of Photomultiplier tube using thick black insulation tapes.

· The scintillator is wrapped carefully in tyvec paper (reflector) and then wrapped in tedlar sheets to prevent any accidental leakage of light from the scintillator.

· The entire setup is mounted on a 50”x12” wooden board to impart strength to the setup.

Due to time constraint, this paddle has not been plateaud. Instead, the operational voltage of the PMT is obtained from the operation manual. 

Checking for light leakage:
High voltage (1650V) is applied to the PMT base and its output is studied in an oscilloscope. To study light leakage we adjust the time scale in such a way that we get a noise band along with a pulse.

Then we switch off the lights. If the band becomes narrower, then there is a light leakage. In our case, we didn’t encounter any problem of such type. A typical PMT pulse from four fiber paddle is shown in the next section.
Study of Individual Count rate of the Paddle:
The individual count rate (noise rate) of the paddle has been studied by me at different discriminator thresholds and it gives satisfactory results.

· Applied voltage=1700V
· Preset Time=15minutes
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Fig.11 Circuit for studying Count Rate of the paddle
	Discriminator level
	Counts per 15 minutes
	Count rate

(per sec.)

	-23mV
	7663
	8.5

	-30mV
	2222
	2.5

	-40mV
	508
	0.56

	-50mV
	225
	0.25

	-60mV
	128
	0.14

	-70mV
	119
	0.1


      Fig.12    ANALOG OUTPUT OF THE PADDLE
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Amplitude of PMT pulse= -48.8mV; Width of the pulse=8nsec.
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Fig13 Study of Count Rate of the paddle
Upto this part we have not used the trigger pulse from the RPC. In the next section we will study our paddle using 8F trigger from the RPC stack. This takes us a step closer to our aim!
Study of Muon pulses using RPC trigger:

There are 12 layers of RPC with 32 read-out channels, each for x and y side. The outputs of these channels (strips) are used for trigger generation. We are using 8 RPCs to generate a trigger (fig.14), what is known as 8-FOLD trigger logic. To generate 8F, we bring into coincidence the output of eight RPCs. 
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    Fig.14 Circuit for generation of 8F Trigger from RPC and Muon pulses  from the paddle
Alignment of the paddle :. RPC data would serve as a reference to localize the muon event on the paddle. So, we need to align the paddle with some x-y strips of an RPC layer (fig.15) and then we can correlate these two independent datas and conclude our results.

      The paddle is aligned on the third (Layer-02) RPC layer.

       X position of the paddle= between strip number 14 to 23

       Y position of the paddle= between strip number 19 to 28
Whenever muon passes through the paddle (satisfying 8F trigger condition) it would give a large signal. We now proceed to run the DataAcquisitionSystem (DAQ) system of the RPC (for track and position determination of the muon event) and ADC (for storing the amount of charge collected.
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Fig.15 GEOMETRY ALIGNMENT OF THE SCINTILLATOR ON THE RPC LAYER02
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Fig.15 GEOMETRY ALIGNMENT OF THE SCINTILLATOR ON THE RPC LAYER02
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Procedure: The 8F signal is fed as GATE  to the ADC and PMT signal is given as the input . Whenever GATE input is present, the ADC gives output in the form of charge of the analog signal. The data is stored in a text file using c++ codes and analyzed using softwares. The DAQ system and ADC are run simultaneously in order to achieve a correlation.

Just to make sure that we are getting a nicely resolved signal peak, we draw the histogram of the ADC output first.
. The 8F and paddle signal is first analyzed in an oscilloscope:
· Applied voltage to paddle=1850V
· Channel 1= 8F RPC trigger

Gate width=53.4nsec.
· Channel 2=Paddle signal

             .
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                   Fig.16. RPC TRIGGER AND THE PADDLE PULSE
            (Gap between leading edge of the signals=178.3nsec)
RPC trigger propagates through lot of electronics and hence arrives late.  So, I delayed the PMT signal using LEMO cables. 
1 m of Lemo cable =5.2 nsec. of delay

Length of cable used=38m

     Net delay=38x5.2=197.6nsec 
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Fig17 Coincidence between 8F and Paddle pulse
Both signals are in coincidence now. The only problem encountered is the tremendous attenuation of the PMT signal because of the long delay cables. (The amount of attenuation present makes the signal almost negligible!)

                                      Fig18.Histogram of ADC Output                   
[image: image21.emf]Graph between ADC output and Signal and Pedestal counts
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                                           Fig.19 Magnified scale plot of ADC Output
[image: image22.emf]Graph between ADC output and Signal and Pedestal counts
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The broad hump is the muon signal distribution and sharp peak is the pedestal (offset of ADC) peak (fig.18). A pedestal run was separately taken. Remember, pedestal can’t be determined by keeping the input signal connected and not giving high voltage to PMT! (pedestal depends on GATE WIDTH and VOLTAGE). So in order to determine pedestal correctly, we have given high voltage to PMT (1850V) and instead of gate from RPC we have used gate from a pulsar with same gate width but high frequency. Now as we know, output will come only when gate is present, also since the frequency of the gate is high, the probability of PMT pulse being present with the gate is very less and what we get is the pedestal distribution of the ADC (pink curve). We can see that pedestals overlap quite nicely. Moreover, we have plotted the amplitude of each muon event with its x-y position (in mm) on the RPC layer
.            Fig.20 Plot of ADC output and position of pulses 
                                                                                                        
.  The white square area(fig.19)



The white square is the position of the paddle. We expected the muon signal data to be concentrated within the paddle dimension but it is scattered everywhere. But we are getting a nicely resolved signal and pedestal peak, so, this is due a mismatch between the two data collection methods and since it is a complex system synchronizing them is a bit complicated. I am still working on this problem.
Since we are getting a very weak pulse (because of delay cables), we switch over to storage oscilloscope in which channel2 (RPC TRIGGER) is used to trigger Paddle pulse (channel 1) in the oscilloscope itself and it also calculates the pulse height of the paddle pulse (pulse present on the window) in .xls format. So, no delay is required, and hence we avoided the attenuation. The circuit is same as earlier, except for ADC we have storage oscilloscope.
(Although, this is not a very accurate way of calculating the charge, but this gives an approximate idea. We are forced to adopt his method because of low signal amplitude of the PMT pulse.)  
· Channel 1=Paddle signal

· Channel 2=RPC 8F trigger
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               Fig21
.. 
               Charge collected= area under curve/resistance.
  The characteristic impedance at the input of CRO is 50 ohm (fig.21). So, if a current flows towards CRO, it would see an effective resistance of parallel combination of 1000( and 50(, which is nearly 50(.

Hence, charge collected=area/50
 The charge corresponding to each pulse height has been calculated and plotted. Moreover the histogram of the pulse height has also been plotted.
Fig.22 Analysis of data from storage oscilloscope
[image: image24.emf]
[image: image25.emf]fig22.1
[image: image26.emf]Histogram of Pulse height of the Paddle pulses
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[image: image27.emf]Magnified scale histogram of pulse height
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So, now we are convinced that RPC can be used to trigger our paddle and hence determine the charge collected due to muon events on the paddle. The problem with the correlation of the two data collection system still needs to be sorted out.
Change over to Single fiber:

In this section, instead of four fibers going to one PMT we now have single fiber going to a single PMT. 

Procedure:

· The paddle is taken out carefully and the tedlar sheet covering the fibers is opened.

· Three out of the four fibers are cut from the cookie, but not completely removed, for future use.

· Fiber is again carefully wrapped with the tedlar sheet and the paddle is again checked for light leakage and output. (We did not encounter any light leakage problem and output pulse is also well resolved from the noise)
Fig.23 Paddle pulse with single fiber
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   Fig24. Analysis of ADC output with single fiber
[image: image29.emf]Histrogram of ADC counts with Single Fiber
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Fig24.1 Magnified plot of ADC Output
[image: image30.emf]Magnified scale Histogram of ADC counts with Single fiber
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But the histogram (fig.24) did not show us any signal peak.Even the magnified scale histogram did not show a trace of any muon signal. This has happened eventually because of the long delay cables which reduce the initial amplitude by almost 58% (fig.17). With single fiber, already we expected the amplitude to be very less and its attenuation due to the cables has made the situation worse. So we can’t analyze the data obtained from the DAQ system and the ADC and the experiment had to be halted unless we find out a solution to avoid this tremendous attenuation problem. 
Conclusions:

· Positional information of muon events may be possible using scintillator paddles.
· Separate read-outs are required for each optical fiber present in the paddle.

· Resistive Plate Chambers is an excellent reference for determining position of muons on the paddle but we need to learn the synchronization of the two data collection systems.
· Somehow the problem of signal attenuation has to be solved.

.
Future work plans:   
Experiment with four fibers with separate read-outs will be continued and will try to achieve our aim. 

We need to work out the problem of signal attenuation and synchronization of the two data collection system. 
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Percentage change in pulse height = 57.78%











SCINTILLATOR


30cmx30cmx1cm





SCINTILLATOR


30cmx30cmx1cm





PMT








PMT








X-position (mm)





Y-position (mm)





4 PMTs


s















































_1307893636.unknown

_1307992358.unknown

_1307797822.unknown

