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Outline

 Motivation for SiPMs
e Part 1: AMD — Aachen Muon Detector

e Part 2: SSSD — SiPMs for the Scintillation Surface
Detector in the scope of AugerPrime




Silicon Photomultipliers

aka SiPMs, MPPCs, G-APDs, ...
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! Based on datasheet values
Why SiPMs?
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SD tank
AMD | /

The Aachen Muon
Detector (AMD)

Seed-funded project: a SiPM-based prototype muon detector




Hamamatsu S12571-50P SiPM

data
tank
used as shielding 1 EASIROC
Voltage Supply SIPM ASIC
A
bias
voltage
catll ] steel housing regulation
' -4x1.8x0.1 m?
- 2/ station v SiPM
- signal
tray L]
- 8 tiles / tray ]
tray cover - 4 trays / steel housing
- sealing - width =35 cm L] SiPM Carrier Board
— | - 4 boards / steel housing
__//””’Eﬂr_ - located at the end of tray
waveguide L]
scintillator tile L]
- 30x30x0.5 cm? =
- 32 tiles / half detector — SiPM
- mirrored WLS fiber [] - 1x1 mm
-1 SiPM / tile




Steel




Optical

Scintillator efficiency test stand  coupling
(SiPM side)

Optical
measure impacts of different ... coupling
* ... scintillator wrapping techniques (scint. side)
» ... fibre conditioning techniques
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Example: different wrapping techniques

Slightly varying | Entries 1032530 |
efficiency — tile O (trigger)
— tile 1
— tile 2
— tile 3 (trigger)

— tile 4
tile 5 (trigger)
i v, tile 6
tile 7 (trigger}

Efficiency not matter of wrapping technique,
but more likely a matter of wrapping
experience!

]- Tyvek UV

]— Teflon



To do list

e test of water/light tightness
of steel housing next months

* wrapping of remaining 24
naked scintillator tiles by
hand

* test measurements of
scintillator tile efficiency vs.
Impact position




SiPMs for the
Scintillation Surface
Detector (SSD)

In the scope of AugerPrime




SSD - overview

Scintillator
bars

“Cookie”

WLS fibres coupled to a single optical
coupling (“cookie”)

WLS fibres

=» single large area photosensor needed




SiPM solution for prototype detector

Hi & Lo gain out

Pre-amps

Developed May/June 2015
5 weeks development

SiPM &
T-sensor

uC, DAC, LDO

“cookie”
enters here

Cone

12 Vin

based on 6x6 mm”2 SensL C-series



SiPM solution mstalled N Argentlna
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SD event display

122) 33937742, 15 staions, TOT2C1&3C2

123) 33937936, 4 stabons, TOT2C183C2

124) 33930203, 13 stabons, TOT2C1&3C2
33530573 9 sllom. TOTZC1&3CZ

1zn 33830085, € sistene OT2C183C2
128) 33939190, 1 stabons, OBSERVER
129) 33939074, 4 stabons, TOT2C183C2
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11) 1570 (2117 ns, 15.1 VElo
12) 0072 (2942 ns, 34.0 VEM)
13) 0668 (2962 ns, 41.3 VEM)
14) 1781 (3693 ns, 3.3 VEM)
15) 17689 (4066 ns, 4.3 VEM)
16) 1760 (4651 ns, 6.2 VEM)
17) 1830 (30024 ns, 26 VEM)
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Date Of thip event: Fri Jul 24 20:08:18 2015 (GPS 1131803698)
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Changes

* Improved electronics
=>» |less electronic noise

* Improved cone
=>» higher efficiency

e “better” SiPM
=» less dark noise, less crosstalk, higher efficiency
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Improved electronics
Improved cone
better SiPM
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Hamamatsu S13360-6050PE, low crosstalk version
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Measurement in Aachen

SSD scintillator bars
triggered by AMD sc. tiles

No cone! (Expect increased efficiency)
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Hamamatsu S13360-6050PE charge histogram
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Summary/outlook

* Currently working on a two-channel SiPM solution
for AugerPrime

e electronics will be finished in March

* shipping in mid-April together with aluminium housing
from KIT to Argentina or in summer

* tests (optical coupling, efficiency, reliability, noise, ...)
will be done until mid-April



Conclusion

e SiPMs are an excellent choice for WLS-fibre read-
out, due to high efficiency

* Low noise, high dynamic range SiPMs available!




Appendix

some additional measurements



Counts per bin
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A x :(1 — exp(-x/B))

¥2 [ ndf 273.1/33
A 2.005e+004 + 57.53
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simulation
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SiPM temperature dependence

>
>

v

SiPM properties heavily depend on temperature
dependence can be canceled by adjusting the bias voltage
Vbias = Vo + 60mV/K - (T-25°C) (for Hamamatsu)
method tested between -10°C and 40°C

correction already implemented in electronics
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Temperature dependence%/K
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ANODE SENSITIVITY
TEMPERATURE COEFFICIENT (%/°C)
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Photon Detection Efficiency (°%6)

PDE versus Wavelength
35um Microcell Products
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Photon Detection Efficiency (%)
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PDE at 420nm versus Voltage
MicroFC-30035-SMT

: : : : courtesy of SensL
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Voltage (mV)
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Crosstalk (%)
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Crosstalk versus Overvoltage
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Afterpulse Probability (%)

Afterpulse Probability versus Overvoltage
MicroFJ-60035-TSV
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