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Objectives

Noise

Raising Falling time
Sensitivity
Dynamic Range

Measuring Cosmic Muon Rate
» Optimizing Trigger Threshold
Muon Decay Event
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NOISE RATE
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NOISE RATE
PMT signal
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NOISE RATE
PMT signal
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MPPC Signal

0.5 pe 1.5 pe 2.5 pe

56.07V |-0.68mV |2394+6Hz|-1.25mV | 537+256Hz | -1.82mV | No signal

57.06 V | -0.75mV | 56+4kHz | -1.46mV .796i232HZ -2.17mV | 30+60Hz

5805V | -0.81mV | 71+6kHz | -1.66mV | 1.14+0.15kHz | -2.51mV | 15+6Hz




Comparison

e The case with 57.06 voltage and 0.5 PE threshold level
gives us a good MPPC noise rate.

e For both PMT and MPPC results, the MPPC at the 0.5 PE
threshold is more stable than the PMT with less
uncertainty.






SETUP

Osciloscope




RISING AND FALLING TIME

WaveForms (led_drive_100khz_duty0ds_sync)
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RISING AND FALLING TIME

PMT Medasurement
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RISING AND FALLING TIME

PMT Medasurement

M 5.00ns/ Delay:0.00s

Sa 500MSals I

hMeasure ltem

MEASURE
Source

CH2

Current
5.55ns

13.0bns

2.96ns

T

2.96ns

— |
3.U2ng

ro—oom
.]._'III'%:

4.

Type

bZn :#;

-19.44ns
410.00ps
205.00ps

WEY

25 580ns
3 7

il il w N -.rl ':'

25.11ns

COUNTER
Value
Mean

Min

M ax

G

Count

Count

E |:||";" "‘j

Std-Dev
5.30ns
3.41ns

- -
[ I "
L. NS

i L

1bU4
1819

All Measure

Off

Curr 35.0pts

i 1 H
7 53477 MHz

—

b1.8062MHz
19.6607 MHz

|
# 'r,:._p'
89 "

AND

196mY

-3b0uY

DC1M
100m\/
-104mV

2.00mV/
4.40mV




e Both the rising time and falling time of PMT are smaller than
SiPM.

o With a tiny standard deviation, PMT allows us to
experiment with better results.

e When we measure PMT and SiPM simultaneously, their rising
time and falling time are similar. Thus, we have fundamental
to compare the results of us in other experiment later.






SENSITIVITY

Theory and
Method
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SENSITIVITY

PMT
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SENSITIVITY
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SENSITIVITY

e In term of this measurement, SiPM has a better sensitivity
results

e Although the measure result show that SiPM is better, SiPM are
designed to catch more wavelength than PMT, as a result it
has more chance to catch photon






Dynamic Range

Medasurement
Method

e WWe want to increase the intensity of photon until
the signal is saturated
e Checking the linearity of the PMT sensing




Dynamic range of PMT

Dynamic range of PMT and SiPM
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Dynamic Range

Dynamic range of PMT and SiPM
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Characteristic summary

PMT SiPM

More stable

Faster rising and falling time

more sensitive to photon

Have a wider dynamic range







Filtered Signal Measurement

» Full bright
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Intensity (mV)

Measurement method
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e Adding filter only on PMT

e Measuring SIPM for normalization
references

e Estimate intensity of signal using
integral



Intensity (mv)

PMT plot

PMT plot with no filter

PMT plot with 400nm filter
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Understanding
Cosmic Ray Muons
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Muon Production Phenomenology

Primary Cosmic Ray
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*Source is C. R. Nave, Cosmic Rays, HyperPhysics.*



Scintillator Cube (Thanks DAT)

Before sanding After sanding



Experimental Setup:
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Measuring Cosmic Muon Rate

1.Triggering at the Falling Edge of PMT]
2.Triggering at the Coincidence of PMT1 and PMT2



Coincidence of Signhals for a Cosmic Muon
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Muon + Noise Rate vs Threshold Voltage

Rate (Muon + Noise) (Hz)
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Muon + Noise Rate vs Threshold Voltages of PMTs




Muon Rate measured for the whole Night
Rate (Avg) = 0.146 Hz

nts/5mins.
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Comparision with Theoretical Expectation

Assuming Muon Flux =1 muon [ cmA2 [ min
The lower bound =5/ 60 = .084 Hz.

To calculate the upper bound of muon rate,
the muons passing through the half sphere
should be more than muons passing the cube.
Therefore the upper bound is 2*pi*RA2 = .15 Hz.

The measured average rate .146 Hz is
consistent with the theoretical bounds.




Amplitude (V)

Muon Decay Event
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Any question?
Ask Gia Minh




