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Cosmic rays

Interaction of particles (mainly protons) from outer space with Earth's
atmosphere produces a particle shower.
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Scintillation detectors

Some substances have the property to emit light when excited by ionizing
radiation — scintillator

Luca Scomparin (University of Padova) Measurement of muon'’s lifetime October 28th, 2019 3/19



Scintillation detectors

Some substances have the property to emit light when excited by ionizing
radiation — scintillator

Scintillation detector = Scintillator 4 Light sensor
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Multi Pixel Photon Counter

A MPPC is a light detector made of several diodes in Geiger mode
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MPPC pros and cons

Pros:
@ Higher quantum efficiency
@ Lower voltage
@ Lower power consumption
@ Rugged

Cons:
@ High dark rate

@ Smaller active area
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Gain measurement

To learn the basics of MPPC | started with a gain vs. bias voltage
measurement
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Gain measuremen
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Gain measurement
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Histogram of noise

Histogram of the amplitude of produced signals
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Histogram of noise

Histogram of the amplitude of produced signals

Used oscilloscope as MCA, used signal standard deviation for pile-up
removal
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Histogram of noise
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Coincidence measurement

As a test, two scintillators (120 cm x 5 cm x 1 cm) where put into
coincidence mode.
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Muon lifetime setup

The idea is to trigger when a muon enters an aluminium absorber but does
not exit — stopped inside
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Muon lifetime setup

The idea is to trigger when a muon enters an aluminium absorber but does
not exit — stopped inside
When a muon decays p* — e + ve 4+ 7, an electron/positron is emitted

We measure the time distribution of the next detected particle (hopefully
the decaying ™)
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Fiber bundle to MPPC connector

Each scintillator plane is read with one MPPC, but we have six
independent scintillator slabs per plane
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Fiber bundle to MPPC connector

Each scintillator plane is read with one MPPC, but we have six

independent scintillator slabs per plane
Each slab is read with a fiber. We have to find a way to read a bundle of

fiber with a single MPPC
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Fiber bundle to MPPC connec
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Fiber bundle to MPPC connector
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Fiber bundle to MPPC connector
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Fiber bundle to MPPC connec
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Trigger electronics
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Trigger electronics
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Trigger electronics
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Oscilloscope DAQ

An oscilloscope was used as a digitizer

Luca Scomparin (University of Padova) Measurement of muon'’s lifetime October 28th, 2019 13/19



Oscilloscope DAQ

An oscilloscope was used as a digitizer
The oscilloscope we had allowed the user to read waveforms via Ethernet
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Oscilloscope D

An oscilloscope was used as a digitizer
The oscilloscope we had allowed the user to read waveforms via Ethernet

A program was written that read the waveforms and stored them into a
ROOT TTree
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Waveform analysis
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Data quality
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Data quality
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During the 3 days of measurement the difference between channel 1 and 2
remained less than 1 ns
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Estimation of muon lifetime

Decay curve

Integral 5518
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Estimation of muon lifetime

Binned likelihood fit with the function N(t) = k(e ™ + efi) +b
(assumed initially equal population of u)
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Estimation of muon lifetime

Binned likelihood fit with the function N(t) = k(e ™ +e ¥ )+ b
(assumed initially equal population of u)

Decay curve
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Conclusions

The values obtained in this preliminary analysis are near the ones found in
the literature
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Conclusions

The values obtained in this preliminary analysis are near the ones found in
the literature

Possible improvements:
@ Independent estimation of the background
o Better trigger system
@ The waveform analysis code can be improved
@ A better veto system can be used
o

On a long run, a magnetic field
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