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1 Aim:-

Detection of Cosmic rays and calculate its energy.

2 Theory

2.1 Cosmic Rays

They are the high energetic atomic nucleus or other particle traveling through space at a
speed approaching that of light.On an average one cosmic ray approaches for an area of 10cm
x 10cm per second.

2.2 Scintillators

Scintillators are the materials that produce light when an ionized radiation passes through
them.

When they absorb incident radiation raises electrons to excited state and after subsequent
de-excitation,the scintillator emits a photon in the visible light range.

And at the end of a Scintillator it is connected to a Photo Multiplier Tube.It amplifies
the radiation giving an output connected to a CRO. Lyso Crystal is the scintillator we
use in our experiment to collect the input.
LYSO crystal has the advantages of high light output and density, quick decay time, excellent
energy resolution and low cost. These properties make LYSO an ideal candidate for a range
of ray detection applications in nuclear physics.

Physical Properties of Lyso Crystal
Density(g/(cm)3) 7.4
Effective Atomic Number 66
Radiation Length(cm) 1.10
Decay Constant(ns) 40-44
Peak Emission(nm) 428
Light Yeild(Relative BGO=100%) 190
Index of Refraction 1.82
Peak excitation(nm) 375
radiation Hardness(rad) ¿106
Melting Point() 2050
Hardness(Mohs) 5.8
Cleavage None
Hygroscopicity No
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3 Procedure

3.1 Threshold of Scintillator

In order to find the threshold of a scintillator we find the number of cosmic rays detected by
scintillator for a threshold for a given voltage.

Use the count meter we collect the data of No.of counts vs Threshold.

For a Voltage (V)

No.of Counts Voltage
. .
. .

And when we draw a graph between No.of Counts vs Threshold, the graph looks like an
exponential in the beginning and the count stays constant for certain values of threshold and
decreases again.In the constant part, the value at corresponding threshold is the ”Threshold”
of the given Scintillator. like wise we also need to find the threshold of the other scintillator.
After finding the threshold we set the both Scintillator to their corresponding thresholds
respectively.
When the cosmic ray’s energy crosses the both thresholds it sends a signal to the which
activates the Lyso Crystal to take the input at that corresponding time.And all the data is
copied into a root file.

3.2 Triggering the signal

Figure 1: Alignment of Scintillators

In the figure ?? there are two scintillators(top and bottom) connected to a PMT.
The reason to use more than one scintillator is to avoid noise , so the more number of
scintillators we use the more accurate the results will be.In this case we used two.
For the top Scintillator,at voltage = 1800V the Thresold = 68µV
For the bottom Scintillator,atvoltage = 1150V the thresold = 60/muV
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Figure 2: Showing the raw input

After setting the threshold values, when a signal above threshold hits the scintillators a
triggering signal is sent to the LYSO Crystal

4 Analysis

Analysis is done by the ROOT software.The raw experimental data consists of a branch
wf [32][1024] 32 corresponds to raw waveform of each ECAL channel and ”1024” corresponds
to roughly the in units of nano seconds.In this case we use only 16 waveforms of ECAL
channels.
The macro file computes the Base,Height,Time and charge for the wf data.

4.1 Finding the Base

figure ?? is on of the many samples,in many such graphs the value of wf i.e,the base remains
almost constant from 600 to 800 ns.So Base is calculated as the average of amplitudes from
600 to 800ns.
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Figure 3: Histogram of Height

4.2 Finding the Height

Height is calculated as the maximum amplitude in a wave subtracted by base.The figure ??
shows the Histogram of Height.

4.3 Finding the Charge

From the figure ?? we can see that from - to 500 ns there is a peak.So the charge(energy)
is the area under graph from base.So it is calculated as the sum of amplitudes above base
from 0 to 500 ns.4 shows a histogram of charge.

4.4 Finding the time

defined as the timing the pulse amplitude first goes above 10(percentage) of the height(but
the searched region is from 0 to 500 ns).figure ?? shows the histogram of time[2].
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Figure 4: Histogram of charge[2]
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Figure 5: Histo of time[2]
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4.5 Charge:Height

The above figure is the ration of charge to height.It is supposed to be a straight line.But in
graph it is not, maybe because of too much noise.So if we use more and more Scintillators
for calculation we can reduce this Error.

5 Conclusion

From the graph of Charge vs height we can say that there are many errors in our raw data
form.So there is lot of noise in the data, we can see this from figure ??.In order to reduce
these errors we should use more Scintillators to avoid the noise. Also the two PMT’s we
used are two different models and are being operated at different voltages so their gain may
be different so for the top PMT since the voltage = 1850V the noise may also get amplified
accordingly.So using the PMT’s of same model and under same voltage may be better.
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