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Aim of the Experiment

Characterization of Photo-Multiplier Tubes (PMTs)
Characterization of Silicon Photo Multiplers (SiPMs)
Plastic Scintillators (PScis) attenuation length

MIP response of Bismuth Germanium Oxide (BGO) using SiPMs
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HERD: HIGH ENERGY COSMIC RAY DETECTION FACILITY

I ISiIicon Charge Detector
Z measurement

I IPIastic Scintillator Detector
e Gamma ID.
e Z measurement

&
Ee—

Fiber Tracker
— 1racking
s Gamma conv.

e Transition Radiation Detector
TeV nuclei calibration

* CALOrimeter

I I Energy measurement
—

&

Particle ID

Around 800k reading channels in total

HERD Payload-DONG Yong-Wei-ASAPP Conference 2023 ]

Dedicated to the study of cosmic rays,
gamma-ray astronomy, electron spectra and
dark matter searches

Larger acceptance [geometry factor + the
Top and Side instrumentation]

Extension in Energy [deep calorimeter, 53X ]

Precise measurement of charge [Silicon
detector + Plastic Scintillator Detector]

Plastic Scintillator Detector : y identification
and nuclei identification (energy loss o< Z?)
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https://indico.cern.ch/event/1208314/contributions/5288621/attachments/2670319/4628820/HERD20230620@ASAPP.pdf

Terzina

y\«\\o

Source: |. De Mitri et al 2023 J. Phys.: Conf. Ser.
2429 012007
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ZIRE payload
- Cosmic Rays (~MeV)

" TERZINA payload
(Van Allen Belt, solar activity) Chorenkov aht detect
- Gamma Rays (0.1 — 10MeV) erenkov light aetector

for upward-going
particle air showers

Source: |. De Mitri et al 2023 J. Phys.: Conf. Ser.
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NUSES: TERZINA payload module

ﬂ e
Spacecraft Jl
e ol

- Pathfinder for future missions ety Big mirror
SiPM plane
- Earth skimming Neutrino Source: 1. De Mitri et al 2023
it Bndil wibrar J. Phys.: Conf. Ser. 2429 012007

Cherenkov light
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Photo Multiplier Tubes (PMTs)

e PMT is a vacuum tube consist of:
v an input window,
v a photocathode,
v’ focusing electrodes,
v electron multiplier (dynodes),
v sealed in evacuated glass tube.
e Photomultiplier tubes (PMTs) are extremely
sensitive photo-detectors in
v the ultraviolet,
v visible,
v near-infrared ranges

e PMTs are able to:
v reach a gain of 108

Photocathode
f Focusing electrode Photomultiplier Tube (PMT)
- /

o

LA RAR A AR

lonization track {

e 3
g - LA ¥ ; K7 v P oA S
photon Low ener gy photon: \ // N\ !
3 | / \ / Connector
% | \ / i
Scintillator Primary Secondary Dynode Anode pns

electron electrons

Schematic diagram of PMT

Photo Multiplier Tube

Courtesy: Wikipedia
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Silicon Photo Multipliers (SiPMs)

.Rise ume 2 Vbius—}‘:v)"glak Vbias~Vhd
e SiPMs are detectors that gives output current pulse % “:“x"(fm” [ RHRi TR
upon absorption of photon. %75 Z
e Collection of Single-Photon Avalanche Diode (SPAD) 3 R [\ Do _U%)
or Avalanche Photo Diode (APD). o

e Operated on reverse bias voltage
e An avalanche of electrons is caused.
e Gain in the order of 1068,

0 100 200 300 400

e Short dead time and fast time response.

=% SiPM Equivalent Circuit
[

Rq§ MPPCcell | Rag
¥ F +
Veias Tl s — s — sl
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T T arD

Rs
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Amplitude (V)

Photo Multiplier Tubes Vs Silicon Photo Multiplier

PMT
Output Signal (Pre-Amplified) SiPM Output Signal
Average Waveform SiPM signal
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PMT vs. SiPMs

SiPMs pros: SiPMs cons:
v’ Good timing resolution X Low gain
v Insensitivity to magnetic field X High dark counting rate
v’ Low power X Cross-talk
v’ More radio pure X Very sensitive to temperature

variation

10
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Characterisation of PMTs

Lecroy HDO 6104, 1 GHz, 4+16 Ch, 12 bits, 10 GS/s NIM Crate
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- Signal conditioning and processing
- Trigger generation

1
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Trigger Schematics

Oscilloscope

k
/

PMT1 @ o/ ® ®

(3200 V) / -40 mV)
TRIGGER

PMT2 @ ® ®
(3200 V) / 4D i

PMT3 @ > ° °
(3400 V) (-10 mV)

Analo Ampl. Discr. Diaital Logic AND gate
FIFO (><18) FIFO
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Amplitude (V)

0.05 A

0.04

0.03 A

0.02

0.00 A

Characterisation of PMTs

PMT Waveform

—— PMT Pulse
LS FIE

T = decay time

\\\ V(t)=Vye "

10% to 90%
of amplitude

time

T T T T T
1000 1100 1200 1300 1400
Time (Samples)
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Measurement of scintillating light attenuation: experiment configuration

Collected charge ratio
depends on the
impinging particle
position

S FP e
”\_

- - [\ "~
.\jb‘ I ‘

Region of Interes

Calibratig the

Plastic Scintillator Bar response Iet us

i extimate the impinging
%\ position
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Radiation source

Naturally occurring cosmic muons 5

W—=

I I I

=0
P
are mostly in MIP (Minimum 2/ o Bethe
lonization Particle) regime 5 [ e ]
% £s effects Eye /f
& 10 =23 reach 1% 7 Radiative 3
g2 b Honisation o bomes
S [ Nuclear § N\ [ | __--=771 [ t _________
7 | llosscs il Without 0
1 H 1 | | | |
A” partICIeS dzepOSIt abOUt 0.001 0.01 0.1 1 10 100 1000 10 105
2 MeV/(g*Cm ) | | | | | BY | | | | |
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[MeV/c] [GeV/c] [TeV/c]

Muon momentum
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SiPM Calibration

Charge ratio at x = 0 cm

04
0.25 0.50 0.75 1.00 1.25 1.50 175 2.00 2.25
Charge ratio

When selecting central events signal
is on average the same in both SiPM

Collected charge ratio (C)
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SiPM1/SiPM2 collected charge ratio

I
i

_}_‘

-10 0
Position (cm)

10

20

16



Avg. collected charge (C)

2.5 o=

2.0 A

1.5

1.0 4

0.5 A

0.0

-0.5

Light attenuation

Attenuation

in plastic scintillator bar

—— LS fit SiPM1
—— LS fit SiPM2

@ siPM1
SiPM2

-10

Bar position (cm)

10

15

Q(z) = Qpe ™/

Fitted values for
attenuation length:
A1=55cm

A2=51 cm
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Amplitude (V)

SiPM Gain - Charge Reconstruction
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—— Raw waveform
—— Gaussian filtered
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Average derivative (V)

—0.001 A

0 200 400

Time (ns)

600 800

0.000 - WJ

I T—
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Norm. counts

Norm. counts

SiPM Gain - Charge Spectra

Charge Spectrum at T = 45°C, V = 35V

—— Data
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—— Multi-Gaussian Fit
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Charge (arb.)

Charge (arb.)

Charge LS Fitat T = 45°C, V = 35V
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Charge (arb.)

Charge (arb.)

Charge LS Fitat T = 45°C, V = 37V
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Gain (1/e)

SiPM Gain

lo| T=23c +

0374 ® T=45°C
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+ &
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0.30 % : '
35 36 37

Bias Voltage (V)
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Average derivative (V)

MIP response of BGO Crystal

Scintillation Signal
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MIP response of BGO Crystal: Scintillation Spectrum

Counts

Scintillating Crystals will be used in
NUSES (also in HERD) to
instrument the detector calorimeter

2
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Charge (arb.)
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Amplitude (V)

17:5:7

12.5 4

7.5

5.0 1

2554

0.0 A

MIP response of BGO Crystal: Decay Time

Average BGO scintillation signal

— Lsfit

decay time = 386+1 ns

Consistent with
nominal value

-2

—1 0 1 2
Time (s) le—6
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Fuyre 18 ©

¢ Lay Tuned...
WINE So Serious?!

25



