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Shower particles

Fluorescence detector
FD FAMOUS
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* Fluorescence telescope « Fluorescence telescope prototype
* Schmidt telescope design . Refractive telescope design
* 440 pixel PMT (QE ~ 25%) * 64 pixel SiPM (PDE ~ 35%)
camera camera
e Duty cycle: ~13% « Duty cycle: ?
— Increase sensitivity! 2

faint, distant showers - increase duty cycle



Muon detector
S D Shower particles
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3.6m
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Muon detector

64 scintillating tiles
64 SiPMs

Duty cycle: ~100%

Surface detector

Water Cerenkov detector
3 PMTs

Duty cycle: ~100%

— measure muon component




Silicon photomultipliers

SiPM: Pixelated photo detector

hundred to several thousand G-APDs
connected in parallel

Passive quenching through quenching
resistor Rq

Size: few mm? per SiPM

R, ~ 100 kQ
Ix G-APD i1 Z 3 \ S \
RN — ; .




Silicon photomultipliers

Newest Hamamatsu
SiPMs

» prototypes
v High PDE (45% - 60%)
v High spatial / time resolution (~100 ps)
- Moderate supply voltage V, < 100 V

v Robust technology

Low cost Dramatically

reduced in
new SiPMs
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(Correlated) noise (70 kHz mm~2)

Temperature dependence  —— compensable
Gain~g0(1-B(T-T,)), B~2-3% K

Small size (- a lot of read-out

channels needed) ™

challenging
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Silicon photomultipliers

v High PDE (45% - 60%)
» High spatial / time resolution (~100 ps) |
- Moderate supply voltage V, <100V 3*

v Robust technology '
Low cost
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Photon Detection Effic

(Correlated) noise (70 kHz mm~—2)
Temperature dependence
Gain~g0(1-B(T-T,)), B~2-3% K ]
Small size (- a lot of read-out T
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Silicon photomultipliers

» High PDE (45% - 60%)

« High spatial / time resolution (~100S) s12571-050C -
- Moderate supply voltage V, < 100 \% @ OkHz

v Robust technology
Low cost
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AN
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(Correlated) noise (70 kHz mm~—2) [
Temperature dependence
Gain~go(1-B(T-T)),B~23%kK> = 7 7 7 Do
Small size (- a lot of read-out
channels needed)
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- High spatial / time resolution (~100 gs)
~ Moderate supply voltage V, <100 V

v
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Silicon photomultipliers

High PDE (45% - 60%)

Robust technology
Low cost

(Correlated) noise (70 kHz mm~—2)
Temperature dependence
Gain~g0(1-B(T-T,)), B~2-3% K
Small size (- a lot of read-out
channels needed)
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Normalised gain vs. temperature
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FAMOUS

* First Auger Multi-
pixel photon
counter camera for
the Observation of
Ultra-high-energy
air Showers

FAMOUS |/
FAMOUS®4 y
telescope D [ )

FAMOUS’
7-pixel
telescope

2 : : o
prototype i \i['{ '“ ‘| m' al?‘ - In cooperation with

— — Lisbon & Granada
Increase efficiency of
fluorescence detectors by
using SiIPMs
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* Fresnel lens, d ~ 50 cm

e Total transmittance ~ 41%
* 64 pixels

 FoV = 1.5°/ pixel, 12° in total

Baseline design

— Test the design!

(with 7-pixel telescope)
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FAMOUS' overview

7-pixel variant of FAMOUS
 Hamamatsu S10985-100C (4 channel SiPM)

Electronic read-out
« Analogue sum (4 channels / pixel) Pre-prototype evaluation
— digitisation using a QDC*

* QDC = Charge to digital converter

— Ready for testing! .




Signal strength / arb. unit

FAMOUS’ commissioning .y 2o

Star (Arcturus) transit measurement

200 ns charge integral
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Amplifier
saturation

FAMOUS’ commISSIONING  june 2014

Moon transit measurement

Signal strength / arb. unit
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...towards FAMOUS®4

Read-out prototype

 Read-out electronics prototyping:
* Analog signal amplifiers, FADC
digitisation, Temperature
compensation SiPMs arrived

% g AT "
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19 mm Special UV-sensitive

4 SiPM for FAMOUS

e PDE > 35% in UV
e 4 channel 6x6 mm?2
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[ * Aachen Muon
Detector

Measure muon component with Scintillator
tiles & SIPMs
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Overview

SD electronics

/_ﬁj

2 EASIROC readout
boards , 32 channels each

No additional
absorber

One 1mm? SiPM
per tile, at end of tray

clear fibre
€—— mirror
64 scintillator tiles
with wavelength
shifting fibre
30cmx 30cm x 0.5 cm

8 trays holding
8 tiles each
35 cm wide

2 steel housings next to each other
4m x 1.8m x 0.1m each tray cover

=seal

5.76 m? = 55% Tank

Th. Hebbeker
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—30r Start time 2014-07-02 01:23:55

y/ mm
m

Pixel 3 Pixel 0

Characterisation finished, 7- | = ‘ -
pixel version measured star o I
and moon transits e

Funding, Steel-housing, read- o= =EEr e
out electronics, detector i/ —
performance simulations
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FAMOUS

Upgrade to 64 pixels, trigger f*iiii???\;‘\ \
analysis =
AMD

Fiber-SiPM coupling,
advanced detector
simulations, detector
construction
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In cooperation with CMS [I1A MA Meil3ner

SIPM — Fiber coupling
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MA Meil3ner

Read-out electronics

Temperature Dependence (board 35, channel 3, bit 4)

Voltage output of external power supply
shows temperature dependence

Steps occur when switching on/off

single bits

inVv

DAC voltage fluctuations (board
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I run 0, T=24.6+/-0.06
I run 1, T=24.6+/-0.06
run 2, T=31.7+/-0.09
I run 3, T=36.2+/-0.1
IR run 4, T=32.4+/-0.09
I run 5, T=33+/-0.03
I run 6, T=41.2+/-0.3
I run 7, T=31.9+/-0.09
B run 8, T=24.6+/-0.06
B run 9, T=24.4+/-0.09
B run 10, T=24.6+/-0.03
B run 11, T=24.5+/-0.06
B run 12, T=24.3+/-0.06
I run 13, T=15.4+/-0.1
I run 14, T=13.9+/-0.09
I run 15, T=14.2+/-0.2
I run 16, T=34.9+/-0.06
run 17, T=35.4+/-0.06
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Voltage changes linearly
with temperature for each bit

— No problem

_ (can be corrected on)
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Muon Density / m?

-
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AMD simulations

BA Wirtz

10 MeV threshold

® 920= Entries 16
=== Mean 0.7¢
Myon Density below SD-Tank Bottom, log (Energy/eV) = 19.0, 0 = 0.0° 0 . RMS 01
x? / ndf 2325/5 | [ 2/ ndi e
- proton Prob 0.8026  0f et ige
B Poioco  1.07540.09984 | &=
B B 08141+ 0 | O Mean 0.7944 + 0.0C
; Y 371+ 0 O:_ Sigma 0.1455+ 0.0C
- LDF* single event fit o \
- / O
- o Resolution for
N aE- number of
_ - muons: 18%
\ 0__
- O
I l T N T I TR Ll ; 1 PRI N N SO S N N N A BN A ol vy
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Distance to Core / m

*LDF = Lateral distribution function

P(r) = P,y ( T/ 1000 m)PB+yin (/1000 m)

Simulations ongoing

=)

integrate

; 1.6
AMD / NCor5|ka
NTrigger [

Number of detected muons Nu

— performance similar
to other prototypes
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Backup

22



Michael Eichler, Julian Grothoff, Thomas
Hebbeker, Franziska Knuth, Tobias Kowalew,
Markus Lauscher, Sebastian Mann, Rebecca
Meil3ner, Lukas Middendorf, Tim Niggemann,
Christine Peters, Barthel Philipps, Johannes

Schumacher, Maurice Stephan, Daniel Wilson,
Franz-Peter Zantis
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——
3 mm

1-channel

SIPM arrays

4-channel

64-channel
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EASIROC Read-out electronics

e Extended
Analogue Sl-
pm ReadOut
Chip

e 32 input
channels with 2
parallel pre-
amplifiers
(VGA)

e Fast
discriminator
output

e individual bias
voltage
regulation

npu

Omega group at Ecole polytechnique

N A

m calib | —— Hold Low Gain
1pF - 15pF Read . 0R32R d
+ Multiplexed
Output Low Gain

Read High Gain

Slow Shaper

_I_

Channel0_trigger

Multiplexed OR32Read

- ﬁ—/ —J output

High Gain

Triggerl output

Bipolar Fast
8-bit DAC Shaper th D atc
0-5V 15 ns

T N Output - VDD
output
o K‘
I Trigger31 output
S ur+
|
R

I:Q Trigger0
h -
v_tl 3 - L~ output
- VLO
Discri Read _risser OR32Read

é Multiplexed vt Hit M

Output 1t Mux

— R output

T L LG Slow Shaper 10-bit \
Gain PA (4 bits) Variable Shaping DAC

OR32
Time (3 bits) I output
Varibe High HG Slow Shaper Ch31_trigger
Gain PA (4 bits) Variable Shaping
Time (3 bits) Common to the 32 channels

For full detector, 2 chips needed

GND VLO

- Firmware written, tests ongoing
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SIPM array read-out
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(MA Niggemann, Peters, Eichler)

Fresnel lens characterisation
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% R & . Intensity
- 10 ' .
] - . » Overall transmittance w/o
£, Fresnel lens . photo sensor - 41 %
.
| fcm FD: ~ 50%
1.4° £ :
a7 K SN
; E ] @ i
Point light source 3 g ]X inomm 1 i i N ' A-m-oy giymulgtei:lr(\;gg:a%rsftangle,
i A m eV Measurement |
é D m
s '[Pixel size se=10°
o
= °0=8 -
§ SSMaximum angle——
3 vO=6° %
<, (FoVv =12°) |
mO=4° &
3 o4 °,
°9=2°
2L A0=0° |
470 48|O 496 560 51‘0 é20

Distance to lens in mm



(BA Grothoff, Knuth), Sommer

FAMOUS' slow control & event
selection

SkyCam CMOS Slow control

camera Temperature, air pressure, humidity,
system load, GPS position & time, ...

Event V|ewer
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Focal plane pixels

Astrometry found Ophiuchus constellation



SIPM gain compensation

Normalised gain vs. temperature
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SIPM read-out

Ry |
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(typical)

(MA Schumacher)
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Camera design




SIPM large pulse performance
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QDC

Integrated SiPM signal, 25 ns gate width

counts
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photon equivalents (p.e.) 33




Transmittance in %

Fresnel Iens transmlttance
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Fresnel lens

35



PDE [%]
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300

400 500 600 700 800 900 IOOOI
Wavelength [nm]

Hamamatsu S10362-11-100C, Tadday 2010
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PDE

20- Meyi.. -

104—= MEPHI XP2020 (error=17%) for U=38V (aU=47V)
v Musienko (same type SIPM sample with U=37.5V)
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Famous-64 event display

Eile Help
Tirming | Mumber of Phatans | Profile | Phetan Hits |

FAMOUS Event Display

Pixel Timing

entries

Pixel 37
Signal
Integral 3516
Mean 1844 2 2822
C RMS 54981 2086
- Y B8
140 Fvenins [l e oy -

SIPM =aturation T30 entries.

x [mm]

Threshold [#/ns]: [0.33 2] Time Bin widtn [ns]: [ 66 5] s [0.33 2 smax [o11 £

Shower
log(E)
XI'I'IB:I:
x1
RD
azimuth
zenith
Nhits

Wi
1

t [ns]
Telescope

18.25 Dapertwre = 510594 mm
747.779 glom® f = 510.594 mm
45.489 glem? o, = 12 deg
2000 m 1 = 1.5deg
0 deg Ny = 64
0 deg Ao = 13.4164 mm
60039 A = 6mm
64646.6 Az = 8mm

Foot-Files in current Directory: il |fresne|8im—‘| 0Z5.root

= >
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Trigger probability
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SIPM Avg. Num. Fired Cells

Silicon photomultipliers
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AMD Trigger Density / m*
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AMD performance
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