PHOTON DETECTION:

| New Directions in the®Search 0N
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Scintillation mechanisms

Organic scintillators Inorganic scintillators
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Properties
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A compromise: wavelength shifters

Any scintillator able to

absorb primary scintillation

light and re-emit it to more

suitable wavelengths

*High conversion efficiency

e Fast
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Ultra-pure scintillators for DM searches

Crystals Noble liquids
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They come 1in all flavours and sizes
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PMT
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PMT common features
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Si1PMs
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SiPM: matrix of SPADs
~ mounted in parallel

SPAD: Avalanche PhotoDiode
L operated in geiger mode

Passive avalanche quenching
through R,~MQ resistor
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Signal formation in SiPMs

« SPAD equivalent to 2 RC meshes

- Important parameters: diode

capacitance (Cyq) and resistance

(Rs) , and quenching resistor (Rqg)

ﬁ Temperature: Fit results:
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S1PM technology: noises

Crosstalk

E

DCR
e Correlated: DiCT,

o Primarx:

DeCT, AP

e An effective way to
distinguish the several
components of CN 1is a
Amplitude vs At

scatter plot.
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Noises vs Temperature
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PMT Vs SiPM

3”7 diameter

Bias Voltage ~(1000-2000)V

~(30-40)V
Sensitivity to B fields

Yes No
QE/PDE@420nm@300K 34% (20-50) %
Packing efficiency 60% (80-90) %

SPE resolution 20% ~(1-5)%
Dynamic range >> 103 0 (103)

Gain 109-107 nominal 0(10¢°)

DCR O (lcps/PMT) (10-100) cps/mm?
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Electronics: a fast cryogenic pre-amp

e Pre-amplification is needed near the photo-sensor.

e S1PMs are current generators and present a huge output
capacitance (~50pF/mm?) .

e A Transimpedance amplifier (TIA) is the most suitable choice:
High Bandwidth and Low Noise at cryogenic temperatures.

10k I Rf
sl 2
;) |
SiPM Cf
B Rd

pull A —

i out

— Cd @

v
But a high BW, Low-Noise Op.Amp. is needed!
(and should be stable at 87K)
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S1PM Tiling

Not a trivial task:
« Signal from 1 SiPM, noise read-out from all SiPMs.
* Huge input capacitance reduces the BW of the system.

SiPMs
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There’s no such thing as free lunch

1. Discrete electronics radiopurity

2. Packaging

3. Signal filtering
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Thank you
for the attention!
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ER/NR identification wvia PSD

o — NR LAr scintillation light has 2
10> SESLER decay times: 7Tfast=7nS, Ts1ow=1600ns
i Discriminating variable:

# prompt photons

107% f L
3 rompt —
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107° &
- In DS-50 90ns is the optimal
0 F i e 5 i 7 time window to Optimize PSD.
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ER and NR produce 1light with Discrimination Power > 1.5 x 107

different 7Trast/Tsiow fractions. Background-free UAr exposure: 5.5ton -yr
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TIA working principle

A TIA transforms current
pulses in voltage pulses.

e Amplification is achieved
“shaping” the open loop gain
of the OA through a feedback
on the inverting pin.

e Noise at the output of the
system has 3 sources:
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