ICELCUBE

SOuUTH POLE NEUTRINO OBSERVATORY
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Karlsruhe Institute of Technology

Thomas Huber - Baksan School on Particles and Cosmology

Readout Board

Y e IceCube
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Calibration setu
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KIT — The Research University in the Helmholtz Association ) <
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How to (steady) find something out about the universe
Or: What is all about :-) k./ %(IT .

E N‘S Karlsruhe Institute of Technology

Hubble
: "Ultra deep fleld"

=P Steady upgrade of the human “Instrumentation” (= The eye)

= @
= 4 ;E - g E
: S : : :
£ s o = s =
3 = = E s 22| &
i IIH
[IRCT [ R 1010 108 108 104 02 1 102
Wavelength (m)
Visible Light
400 500 600 700
2 Wavelength (nm)

thomas.huber@kit.edu



The optical sky - Visible via human eyes g/ \‘(IT

Karlsruhe Institute of Technology

Wavelength= 10" °m o leVv

thomas.huber@kit.edu



The optical sky - Visible via detecting gamma rays k“./ \‘(IT

Karlsruhe Institute of Technology

Wavelength= 10 "> m & 1 GeV

thomas.huber@kit.edu



The optical sky - At very high energies \/ \\‘(IT ( B‘?;?D

Karlsruhe Institute of Technology /

Wavelength = 10 °m o 1 PeV

thomas.huber@kit.edu



The optical sky - At very high energies u ﬂ(IT .

Karlsruhe Institute of Technology

25

(3K bkg)

py—=A-m-v

20 | highest observed p energy

.-.'.” prﬁ ll_ﬂﬁls JI:".'I_-.

Cosmic Microwave Background (CMB)

12

L highest observed y energy

:aalary

local group NN

+ =
Yo v Vg — et + e

log(particle or photon energy, eV)

10 - Nearby clusters [
% AGN & QSOs I
cosmology

PeV Photons are interacting with CMB Photons
(411/ cm?) before reaching our telescopes

0.01 0.1 1 10 102 103 104
Observable distance (Mpc)

-—=p We need other “messengers”

thomas.huber@kit.edu



Astroparticle physics:
Another window into the universe:

Sources?
Accelerators?

Neutrinos

Cosmic rays:

Cosmic Rays

10"
10"
10"
10"

1 015

Scaled flux E*° J(E) (m?s'srieV'®)

1 014

1 0]3

Protons? Nucleons?

Composition?

- IT

Karlsruhe Institute of Technology

Equivalent c.m. energy \’Epp (GeV)

102 10° 10* 10° 10°
E—I”“f I? T 1II|II] + T III+III f T T Illlill T T [IIIII[
B RHIC (p-p) Tevatron (p-p) 7 TeV 14 TeV Y  HiRes-MIA
=— HEBA(rp) LHC (p-p) 4 HiRes|
E A  HiRes
Lotia e «  Auger ICRC 2013

VRN o e +  TASD2013
E P T
E
E s
L« aTIC KASCADE (QGSJET 01) . i |
E ¢ PROTON KASCADE (SIBYLL 2.1)
B ¢ RUNJOB KASCADE-Grande 2012 |
. « TibetASg (sieyLL2.1) , LHC t
B 1 JIIIlIlI 1 Illlll.lj | lIIlIIJl 1 IJIJJIII 1 lIlIIIIJ | lIIIIJll

1013 1014 1015 1016 1017 1019 1020 1021

Energy  (eV/particle)

1
- year

1 -

km?

/

Large instrumentation(s) needed!



Another window into the universe:
Cosmic Rays: Extensive Air-Showers

primary
particle
+ /]
T 70
\
0 4 L )
/108 T e = \
{50 e e e \
\
] \
N B\
! Ne* \
I 8 5
V’ " \_/ v
1 WV
:’ . v \
\
! radio + air-Cherenkov
! o \
/ e =l
A‘ ] -1 . :
radio light
antenna  detector

particle

detector

F. Schroder (KIT-IKP, Uni Delaware)

Extensive Air-Showers: Detectable!

KASCADE iee-Auge Observary

- ﬂ(IT

Karlsruhe Institute of Technology

hadrons muons s electrs | 4,00 -10"" sec Proton 10 ™ eV
2311 m
00
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3860

1000 ©

B 1 At ~ 65 Microseconds

hadrons muons slectrs neutrs 71.00 -10°" sec Proton 10 ™ eV

21311 m

0
-2000 C
»nnp ~1000

-3000.3p0g ~2000

J. Oehlschldger, R. Engel, (KIT-IKP)



How to read out the detectors. it ﬂ(IT .

Or: How to “transform” Photons into a measurable voltage7 Karlstuhe nstitute of Technology

Silicon Photomultiplier (SiPM)

KASCADE Pierre-Auger Observatory IceCube : IceTop



Silicon Photomultiplier (SiPM)

PMT

Photocathode

/ Focusing electrode  Photomultiplier Tube (PMT)

Primary Secondary
electron electrons

7 .
Dynode  Anode Bins

‘ Connector ! '

- IT

Karlsruhe Institute of Technology

SiPM

10k

PMT SiPM

Photo Detection Efficiency PDE| 20-40% 20-60%
Gain 10° 10°
TTS (Transit Time Spread) ~1ns ~1ns
Dynamic range 10° 10°
Dark noise rate ~Hz © | ~-MHz @
Behavior in magnetic fields 1) ©
Operation Voltage 1000+ V@ |50-70V ©
Temperature sensitivity © ()]
Robustness and compactness @ ©

10

AR

Number of detected photons
Number of incident photons

PDE =

thomas.huber@kit.edu
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How they look like @\zﬁ ﬂ(IT .

Candidate:
HZT%T)‘(Z}SU 1 Pixel from the
SiPM TSV-Array TSV Array

2.5x Zoom into 1 Pixel 10x Zoom

b L LT T
ﬂmuannuu
bttt L LI TTTI T
b L LLTTTITITTT
SESEESENNREEENREEE
==========IIIIIIII\I1 J

dNanaanany
SEEEEEEEEEEE -t 1]
EEEERS an ]
EEERR as

EEREEE SEEEEEEES
REEEEES T

100x Zoom

Hamamatsu S13361-3050

Gain: ~ 10%

Low Bias Voltage: ~53V

Number of APDs: ~3600

Darkcountrate: ~1 Mcps
1 Avalanche Photodiode Crosstalk-reducing
(of est. 3600 @ 1 pixel) Isolator

29/02/2016 SiPM Candidate
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Karlsruhe Institute of Technology

How to calibrate them?

thomas.huber@kit.edu



Karlsruhe Institute of Technology

o XIT
Characterising measurement setup (SPOCK) G’ N .
SENSE

Power Supplys

3 il
Puls Generator

’ |
; i

1
j {

Electronics

i‘

n

Measurement control R = ST
-~ |and |
~ |data acquisiti - ‘ i
b

oSl Oscilloscope

|
|
i
|

f Multiplexer

SPOCK: Single PhOton Calibration stand at KIT

13
thomas.huber@kit.edu



Simplified sketch of measurement method AIT

1 st step: Calibrating the measurement setup:

Photon Shielding LED-A
-Array

Photo Diode 2 Integrating
PnisT2 Collimator Sphere

R

Photo Diode 1 Nsprere

PnisT1

14
thomas.huber@kit.edu



Simplified sketch of measurement method

Karlsruhe Institute of Technology

2 nd step: Characterize the photo sensor (SiPM / PMT )

Photon Shielding

Collimator
R

Photon-Efficiency
_ Npm
N

Newmr

15

Pulsed LED

Integrating
Sphere

PNIS'I‘I g

N =
P

photon

Photo Diode 1 Nspnere

PnisT1

thomas.huber@kit.edu



Characterizing SiPMs

D Stand-alone device

(] NIM-module

VME-module

N4168

LDD Cern-NP p

E}]] Karlsruhe Institute of Technology

Pulser
HP8082A

Out1 Out 2
neg comp

-2to-24V
-------- : Photon

Light source

| e st |
nl =<
SVIE Va¥aVa¥
=

! shielding

w L
-V

NIM

Inverter

Amplifier Fan-In/
C12332

Fan-Out

Gate
generator

Gate
(NIM)

QADC
CAEN v965

l

Deiay

VME-USB2.0 Bridge

Position control &
bias voltage

16

CAEN v1718

thomas.huber@kit.edu



Inside of the calibration setup g/ \‘(IT .

Karlsruhe Institute of Technology

Collimator Attenuation

+ ~10° (- Single
_ - photon pulses)
. /& WY | Integrating :
w0 R Sphere Available Wavelengths:

%:_ AN * 423nm
& |Colimator | AW * 395nm
: \ .+ 376nm

| ¢ 371nm

- Linear stage to
automated
measurement of more
SiPM channels

\-#a®: Amplification

o ~5 ',r%‘”7~ P

- Only room
Temperature (yet)

17
thomas.huber@kit.edu



How the data looks like

18

< T ¢

' VY Karlsruhe Institute of Technology

Signal QADC Channel

SiPM % QADC % Histogram

Darkbox

Charge Integrating PC

Analog-to-Digital
Converter

Finger Spectrum

d ATANY

[

R

500 mV/div
685 mV/|

Example of SiPM waveforms

SiPM array S13361-3050AS-08

base 26.8 ns|[Trigger =0
20.0 ns/div|Norm_ -290 mV/|
2 kS 10 GS/s|Edge Positive

thomas.huber@kit.edu



How the data looks like g/ %(IT

Karlsruhe Institute of Technology

=

Pedestal - Data
o | — Gaussian Fits
| 1?-6‘-  Pedestal events

30_ .................... Il Gain ~. ...................................................... .............................. ............................ .......................... .............................. ______________________________

Entries

n h
| ||I ‘l "
il ul | _ |'|'tl_ ulll l"!‘ I“ll( : i ,5 Il
00 200 300 400 500 600 700 800 900 1000
QADC channel

19
thomas.huber@kit.edu
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Okay...
Calibrated!
We know what we can measure with that

Using photo sensors in astroparticle physics for... what?

( “Backup”:
What is the story of the SiPM temperature dependcy ?)



21

& T G

Example #1
SiPMs for the surface extension at IceCube

Or:
Developing (and deploying) detectors as PhD thesis

R ICECUBE

, SOuUTH POLE NEUTRINO OBSERVATORY

thomas.huber@kit.edu



The IceCube Observatory Wt IT .
% Karlsruhe Institute of Technology

IceCube Lab

\: .H lceTop

81 Stations, each with
2 IceTop Cherenkov detector tanks
2 optical sensors per tank

324 optical sensors

50m

IceCube Array

86 strings including 8 DeepCore strings
60 optical sensors on each string
5160 optical sensors

—

1450m|p

DeepCore
/8 strings-spacing optimized for lower energies

480 optical sensors

Eiffel Tower
Xz 324 m

2450 m

2820 m

Optical Module (DOM)



How IceCube Signals looks like " (IT
- How you ,,see” an astrophysical Neutrino G N

i Karls ruhe Institute of Technology

Cherenkov
Effect
Y Neutrino detectable if it weakly
interacts and creates a charged
, particle
yV>— =

( Muons, Electrons, Tauons )

AC p nf n
\Each DOM is shown (il {1 Color indicates arfival time: (1]
by a white dot | {11111 red first, green last |
. - | 3 | .\5:
Vv - _W ? .; E 5 *
' 1 . o o8
d P - u ? ;_:f. ;
i 4 43
¥ s N ~d P ; S e Path or pamclemro igh detector
u— —_— ’ | Bl ._:-':_°'
u se E VE 1| ! 4 . 7
detected light} | l AL
Weakly interaction | L 0101 LR L
Size scales with the
q

mount of rec ﬁrdedhth ||

i
|
i

date: November 12, 2010 duration: 3,800 nanoseconds energy: 71.4TeV



Karlsruhe Institute of Technology

Is IceCube working? Seems like g_/ \“(IT .

s ABeee
see
o a o

. i: ii 2 t. *
't § BRES E -
== ! 2 —————>
.l 2 L
g = 3 &%
3 ¥ §
g :

ML e LY

""'...l.tta-
88e,
.

20831  Signature of “Ernie” (1.1 PeV) and “Bert” (1.3 PeV)
== The First observations of PeV Neutrinos of astrophysical origin

Declination [°]

Blazar TXS 0506+056
‘— IceCube (50%) MAGIC (35%) TXS 05064056
IceCube 190‘“ Fermi (95%)
. smf
65{ s}
DL ROUESEACARE ¥ 71 | ; -
3 S Lne mar.mm
% .'I:XSOM@ :
55 - ANy e
5.01

" PKS.05024049 |

785 780 775 770 765

Right Ascension [°]

First time that a neutrino detector has been used to locate an object in space and
that a source of cosmic rays has been identified ==» Multi-Messenger astronomy



Towards IceCube-Gen2 , At ﬂ(IT .

Karlsruhe Institute of Technology

Scintillators <t Next slides Radio antennas

p— | Surface extension

Prototype stations Prototy|5e
deployed
2017/18 deployed
2018/19
IceCube Upgrade IceCube
e —— a‘::_:::}.i'::é:::-_-‘.;i‘;f:-
«

L
2021227 resent

~ Possible IceCube-Gen2 facility



How to measure MIPs g./ %(IT .

Karlsruhe Institute of Technology

A new surface

Minimum Synchronization with ICL, Trigger, Fieldhub connection

lonizing detector array —_— -

Particle (MIP) for IceCube Datastream, Sat-Uplink, White Rabbit compatibility

o Optical Photosensor Analog DAQ
Scintillator |—=| Frame |—= Coupling [~ |  (SiPM) ~ | Readout | | System

Fmal result" |



Used scintillator material and optical fibers 91‘”5/ ﬂ(IT
SENSE

Karlsruhe Institute of Technology

- Scintillator material:
Fermilab scintillator bars

- Wavelength shifting Fibers:
“Kuraray Y-11" optical fibers

Sensitive scintillator area:
0.8m x 1.875m = 1.5m?

Routing of the fibers:
16 optical Fibers = 32 fiber ends to
the SiPM

100

Bending Loss (%)

0 50 100 150 200
Bending Diameter D (mm)

Fixed routing of the optical fibers to

Cracking of ensure an uniform detector
fiber core



Why SiPMs as photosensors?

TSV-MPPC S12641 PA-50 Serial 85

—|— Measurements

T Linear fit

70

69

Bias voltage (V)

68

67 = | | | | | | | |

40 30 20 -10 0 10 20 30
Temperature (°C)

Performance increases at low temperatures:

- Less dark counts
- Less bias voltage needed
- Higher PDE

28 21/aBI2017

ST 63

Karlsruhe Institute of Technology

3 TSV-MPPC S12641 PA-50 Serial 85

1200 — | —}— Measurements

— e englin
“» 1000 —
—

.55

9 so00—
—

=3

O

O 600
~

| .

©

O 400

40 30 20 10 0 10 20 30
Temperature (°C)

No better place on Earth (beside the Lab)
to operate SiPMs than:

At the South Pole

thomas.huber@kit.edu



Optical coupling to the photosensor (SiPM) N / %(IT

Karlsruhe Institute of Technology

SiPM

Breakout board Photosensor ' 3D printed
Glued optical socket
(+ Temperature ' coupling
sensor) (SiPM) 32 fiber ends
(With optical

cement)



Used DAQ electronics for the scint detector array )}“* Cozd &(IT .

Karlsruhe Institute of Technology

Optical fibers to the
scintillator bars Adapter board

Cookie
board

_ General purpose board (DESY) " Readout board

[ S

T. Karg, K-H. Sulanke, M. Kossatz (DESY)

IceARM (Analog Readout Modul) : |ceTAXI:

Developed by DESY Zeuthen

1 or 3 DRS4 sampling chips, 8 input channels each
Adjustable sampling rate up to 5 Gigasamples/s
Triggered by signal-over-threshold

Analog readout of the SiPM

High-Gain / Low-Gain (10x / 1x)
Hamamatsu Power supply for the SiPM
Temperature sensor next to the SiPM



A lot of function tests + specifications + documentation U %(IT .

E N‘S Karlsruhe Institute of Technology

Tested, measured and documented: (incomplete!)

- SiPM:
- Breakdown Voltage / Operation voltage
- Photo Detection EFFiciency, Gain, Crosstalk %, Darkcount rate

- Readout board:
- Communication Hama
- Outgoing bias voltagé

- GP-Board:




Testing of all components if they “survive” the South Pole u %(IT

E N’S Karlsruhe Institute of Technology

* Measurements
56.90:

§ 5685

I'\l hias volta; age e (V)

56.80

RMS = 56.83
a = 0001

4 90 Co13s 180
Measuring time (Minutes)

Test for T-Stablllty of the SiPM
power supply at -70°C

Low temperature stress tests of
the used 3D printed material
(A. Schmidt, KIT-IKP)

Full system tests a the IceCube cooling chambers with T. Karg (DESY)
Madison, Physical Science Lab (PSL)



Production and testing of the scintillators g_/ \“(IT .

Karlsruhe Institute of Technology

93l reihtsight,
(A1 Mige gt

tumen




Deployment - Season 2017/18 ) %(IT .

Karlsruhe Institute of Technology

- 2 different scintillator prototype stations
- Main difference:

- Digital transfer of the detector signal to the DAQ ( uDAQ, UW-Madison)
- Differential analog signal transfer to the central DAQ and possibility to investigate the SiPM Waveforms (TAXI, KIT/DESY)

— 2017/18

lceTop 43 B

cintillator panel

I. -. e : TAX Che 1
2. sensor readout + SFH DAQ g s [ ] (] |

.
T
Position E Fonpar] s e | |
Q /|6
3 % ICL: White Rabbit + Position G

DAQ server &

oh:
% 0 ot |1
H TAXI Panel: | bod
surface MNIHQ - Position A lceTop 34 A DA Pt | 004 T
7 ZGBV%C power Position D i
/ / / + optical fiber - .
/ leeTop 33 o Position B .
y . - - IceTop 34 B [Taxith: 1 e TR
/ 3: power/communications/timing 4 [Wipmet: [y 3
+ |CL DAQ equipment ] —
/ S 'E Position € :

https://pos.sissa.it/301/401/pdF - ~130 m > s |}
Scaled detector array positioning

(A. Schmidt, KIT-IKP)

Scintillator station

to next o
Scintillator Field Hub (SFH)

D.Torsi & T, Huber

Different alignments to compare both DAQ systems
and the influence of snow covering

-

Detector “on the way” Deployed detectors Data acquisition



Is it working? How the scintillator signals look like Q./ %(IT

‘ Karlsruhe Institute of Technology
| J

Threshold-Scan Signal-Over-Threshold SiPM Peak

==l : oc-
105 U_bias = U_SiPM_corrected @ -55°C; DESY/KIT Cluster -> IceTAXI02 = e . s e " P
X Panel 002-25, High-gain
— Panel 004-25, High-gain
— % *  Panel 005-25, High-gain He) B i ne
Q g ® Panel 006-25, High-gain s 100 100 100
— % A Panel 007-25, High-gain B = % >
~— ‘ % Panel 008-25, High-gain > H
(4] ’, ©  Panel 009-25, High-gain * " & i
+— E 0 0 o w0
©10¢ - ~ S = | -
= ; g
e - o
(irf] 3= e 120 20 B i
_'r__ O 1o 0 1o 1o
>
« -'“ £
M& dhee Y, ) 0 % 0
10° mp Ty LA St e T i w w0 w0
200 300 400 500 i o ’“ »
Threshold [mV] - = : - "

0 200 40 600 80 1000 0 200 40 600 80 1000 0 200 0 600 800 1000 0 200 400 600 80 1000
L Time (ns) Time (ns)

Time (ns) Tme@s)  Tmens)

Threshold to start — Time (ns)
processing MIP events only

. Waveforms Air-Shower event
Charge histogram

2] Waveform Frame J— — =&
Fist I v I Back I P I side Show Jemarar
BB ceTAXI Channel O Event Waveform
IceTAXI Channel 1 2600
IceTAXI Channel 2 210 gﬁi
B ceTAXI Channel 3 299, f 1
BB ceTAXI Channel 4 v g 13 {
1074 EEB IceTAXI Channel 5 s . % &Y
BB (ceTAXI Channel 6 c LT e
WS iceTAXI Channel 7 2 -
™ o=
I @) L 1
5 1800
7 O ; A\
L w07y o= j \
=
3
T v 1 /
8 S
10 Noise channel, S
no panel S | ]
connected . < = i i
: 2 5 . s o 7 s s 1
0 ] [Channel selector
1 Wl E— Z z z a

250 500 750 1000 1250 1500 1750 2000 - Time (ns) JTAXI TOOI.
Charge (Me) (AWeindl, KIT-IKP)




Is it working? g./ Q(IT .

SiPM Bias-Voltage<->Temperature control loop

Temperature curve during the run Temperature curve during the run
(-] Average temperature during the measurement run
SIPM -35 C = S 5 e et

ooooo

-15°C - o fa = i 5 = . - N TR - o
Disabled control loop Enabled control loop
TAXI panel position A TAXI panel position A
. . L 450

Gain of the SiPM D v -
: : Q'™ T 400 :
is a Function of S = 3
v
the temperature O 530 ] -F —»

%E £300) 5 | |

5° 250 | | | |

BB IceTAXI Channel O
IceTAXI Channel 1

. IceTAXI Channel 2

charge hlstogram EER IceTAXI Channel 3
R IceTAXI Channel 4

103 R IceTAXI Channel 5
EE IceTAXI Channel 6
BN IceTAXI Channel 7

Uniform,

—P Gain stabilized,
detector array.

Entries (#)

250 500 750 1000 1250 1500 1750 2000

Charge (Me)



Is it working? Scintillators <-> IceTop reconstruction ~ ™
SENSE

Primary
Particle

Shower disk

Ground level

Core position

400 A

300 4

200 1

100 A

ST

Karlsruhe Institute of Technology

Difference between scintillator station and IceCube:
IceTop shower axis reconstruction (3834 events)

m— gauss-fit 350 1 azimuth — gauss-fit

mean = 0.4043+-0.4117
zenith 300 4 sigma = 14.0623+-0.4117 |
mean = -0.0318+-0.1048

sigma = 6.7847+-0.1048 250 -

200 1

150 4

100 4

50 1

-15 =100 =50 1] 50 100 150
GLaputop-Prax In deg

0 50 100 150
eLaputop'eTAX! In de'g




— 1]

Summary: With a little of effort, you can really
measure stuff with as example SiPMs :-)

Thanks for listening

If there is time you can choose
- Temperature dependency of SiPMs
- The space-based fluorescence telescope JEM-EUSO and the SiPM “Addon”

- What it is like to travel and work at the South Pole ?



- X
u h—.
@}]] Karlsruhe Institute of Technology

Addition #1
- Temperature dependency of SiPMs



Experimental Setup for Bias-Voltage / Darkcounts K_/ %(IT .

' Y Karlsruhe Institute of Technology

Temperaturesensor- / LeCroy — . Cooling
Powerlsupply- / IV-Curve - YV —— _ . Chamber
contro s : _ _ b =

+  TSV-SiPM testing device with attached
temperature/humidity sensor and one part
of the readout electronics

+  2x3mm2, 1x 2mm?2, 1x 6mmz2 TSV SiPM
sockets to compare them simultaneously

+ Photon shielding is overlapping the corners.

29/02/2016 Experimental Setup



Experimental Setup for Bias-Voltage / Darkcounts

DRS4 Evaluation Board

Arduino UNO Rev 3

Y

Raspberry Pi B+

29/02/2016 Experimental Setup

W
’:« x x>

DRS4 Evaluation Board:
* Upto5GS/s
 DAQ SiPM Signals

Arduino UNO Rev 3:

* Mounted with Hamamatsu
SiPM Power Supply

* Control of Bias voltage via
Python interface

e Current Monitor

Raspberry Pi B+

e Connected via GPIO to
temperature sensor

* Monitoring temperature.
Written in Python;
Controlled via SSH;
Saving data via SQL
to a local webserver

o T

Karlsruhe Institute of Technology

C11204-01
Output Voltage:
50V to 90V

AM2303
+ 2% of humidity level
+ 0.3°C temperature



Temperature dependency of the bias voltage g_/ \“(IT

Karlsruhe Institute of Technology

TSV-MPPC 512641 PA-50 Serial 85

Dark current vs. bias voltage

B —|— Measuremants

— Linear fit

70—

y

Bias voltage (V
3
|

71 68 —

U (V)
67~ | | | | | | | |
-40 -30 -20 -10 0 10 20 30
Temperature (°C
UBiasr, = ((0.045 £ 0. 014)%) T +(69.204+0.35) - V P (°C)

29/02/2016 Experimental Setup



Consequence of not adjusting the bias voltage

Bias voltage (V)

TSV-MPPC S12641 PA-50 Serial 85

< T ¢

‘ Karlsruhe Institute of Technology

Wlth a constant bias voltage:

70—

—|— Measurameants

~— Linear fit

I‘~‘ TELEDYNE LECROY
Everywhoroyou 0ok

“.ﬂ

TS

I‘“ TELEDYNE LECROY
Everywhoroyouloak”

29/02/2016

|
20 -0 0 10
Temperatfe (°C)

"~‘ TELEDYNE LECROY
Everywhereyouloak’

Experimental Setup

V: 50mV/div Tlmebase

500ns/div



Dark counts of TSV-MPPCs g_/ %(IT

Karlsruhe Institute of Technology

TSV-MPPC S12641 PA-50 Serial 85

x10°
Nospe(T) ~ ATZ exp[ Eg ]
1200— —|— Measurements 2k T
— T e:n‘.p{z 1!"14 ) T : absolute temperature [K]
i) 10001— L A : arbitrary constant
-t:-n.. Eg: band gap energy [eV]
ﬂ k : Boltzmann's constant [eV/K]
2 800—
=
%
O
U 600—
Y4
=
V]
5 400 — i_nc?dent Iightw —‘ W W —‘
iming
Dark pulses
200— ‘
output
U | e I |
-40 -30 -20 -10 0 10 20 30 Time

Temperature (°C)

29/02/2016



A |

Estimation of the band gap energy of TSV-SiPMs ] rvene st i ecnaony

Arrhenius plot for estimating the band gap energy of the used TSV-MPPC (SiPM).

__ 14562

w

= *

- * * Measurements

2 -E

= — Iog(A)-In(T"(LSl)v(—_Gl) 3 _Eg

é _ &:ATQ .62'kb-T

§ 123 log (&) = log (A) +1 (Tﬁ) i

. L (@] = 10 O 2 ) —
z > . . 2 kT
-

Ey rqvappe, = (099 % 0.05)eV
10.09—
x10’®
et 3.4 3.6 3.8 4 42
Inverse temperature (1 / K)

45 Institute for Experimental Nuclear Physics (IEKP)
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Addition #2
- The SIiECA Fluorescence camera
for JEM-EUSO



]EM—EUS O COll abOI“atIOH 16 Countries, 86 Institutes, 346 people

The (initial) JEM-EUSO program

JEM-EUSO % Orbit altitude:
~400km . : :
* Detection of Ultra High Energy Comsic
UHECR . Rays by measuring induced Flu_orescence
& \@ light and scattered Cherenkov light
@’%O 0"-%\’)\
e f R
\é’%@}\ * 1.9m x 2.3m focal surface out of 4932
TN PMTs with 64 channel each PMT
/’ | (standard design)

* Pathfinder Mission:
EUSO — Super Pressure Balloon

Altitude <20 km

Observation area: ~1.4x10 ° km 2

47
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]EM'EUS O COHabOI“atIOH 16 Countries, 86 Insttutes, 346 people

The (initial) JEM-EUSO program

26 mm

P

& UV-Filter

2x2 MAPMTs = 256 pixel

Multi-Anode :
Photomultiplier X
Tube - MAPMT e
8x8 pixel
2.3m \

Focal Surface Detector

137 PDMs = 0.3 Mpixel 3x3 ECs = 2,304 pixel

48
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The (initial) JEM-EUSO program 5 (IT
One pathfinder: EUSO-SPB 2017

- Fluorescence camera with 265
SiPM channels

- Placed next to an EUSO photo
detection module (PDM)
— (Previous slides)

(Used: 4x 64 channel SiPM array o = M g )
S13361-3050AS) EUSO-SPB.

49
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EUSO-SPB 2017

50

I(I uhe Institute of Technology

Detector Basics

a 1 PDM, 2304 MAPMT channels

a 2 PMMA Fresnel Lenses

m Data storage and transmission

Mission

m Observe 10 UHECR Fluorescence
and 2 Cherenkov events

m 60-100 days above 33000 m

he Silicon —_
‘;\\"\J;\:E)mulu \ier Addon GiEC

thomas.huber@kit.edu



The SiECA camera g./ %(IT

Karlsruhe Institute of Technology

Silicon photomultiplier Elementary Cell Add-on camera

51
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o KT
SiECA integration in Super pressure balloon gondola Cez”
SENSE

Karlsruhe Institute of Technology

Standard design Photo
Detection Module with PMTs

i

EUSO Balloon Gondola
**New Gondola has been built for EUSO-SPB**

SiECA SiPM arrays

52
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SIECA In detall

< XIT G2

Karlsruhe Institute of Technology

Schott BG3 Filter
64ch Hamamatsu SiPM array
Connector
to Si-EC

Citiroc (x4)
Read-out Chip

Connector

to Si-EC ‘ >

Spartan 6
FPGA

& Trigger

Citiroc (x4)
Read-out Chip

USB out

LEMO Probes

\i

-

Aluminium Frame
and Mount to PDM

thomas.huber@kit.edu



54

Euso-SPB with SIECA: ready to start

o KT

E N‘S Karlsruhe Institute of Technology

PDM (SIECA
(MAPMT SiPM
camera) camera)

thomas.huber@kit.edu



First super pressure baloon flight 2015 k-/

4]}

Karlsruhe Institute of Technology

Southern
(GOx DS ]OCE?

Southern

NASA's first Super Pressure Balloon flight, March 2015, Wanaka, NZ:
* No scientific instrumentation

* But: Flight duration 32 days
» — Proof of principle for the Super Pressure Baloon

55
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Disaster in the South Pacific

' Karlsruhe Institute of Technology .g

thomas.huber@kit.edu



SIECA Results

ST 63

Karlsruhe Institute of Technology

4%

Total Counts per Event per Channel SIECA Measurement Periods

E 35000

s C (Yt ~ ~ ! ~ n
- = 30000
13 7 - Lils 12 44
12 = E P of ol :

i 25000 — SRILRINE
11 C | 11_5 S
10 c v HREERY \ \

20000 — ULy N !
9 E VA vy \
8 | !
15000—

7 -
6 co
S NRRIEEN (ORI 10000
4 C X
3 (10 5000
2 : ‘ _5 T 17 | | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 ‘ 1 | X10
1 i ?493 1493.2 1493.4 1493.6 1493.8 1494 1494 2
0 UNIX Timestamp (s)

15 3 a5 6 T 8 5 011 2959415 SiECA measurement periods (green circles)

SiECA background measurement

* Successful measurements with SiECA during
Flight time

* Super pressure balloon went down after 12 days
due to leak in balloon

SPB flight path
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o XIT
Addition #3

- That was the physics.

Lets switch to a “slide show” :-)

What's it like to travel to the South Pole?

] ‘ '-




(...and how to get to the South Pole to work) e (IT

*‘*"‘

I(arlsruhe Institute of Technology

- Tremendous amount of paperwork
- A lot of medical and dental tests if you (and your teeth) survive at the South Pole
- Better do not have any wisdom teeth left

A

14 pages of blood count Dental “tests”...

. I guess that travel Form (~100 pages)

How to survive is a new KIT record And you need some pretty good reason

(= experiment) to go to the Pole

59
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(...and how to get to the South Pole to work ) \/ \\‘(IT ( B*u?é?'

Karlsruhe Institute of Technology

- And a lot of travel...

Sidney

Christchurch

thomas.huber@kit.edu



(...and how to get to the South Pole to work) g./ %(IT

E N‘S Karlsruhe Institute of Technology

- And a lot of strange travel...

Christchurch - Getting clothes

Christchurch - USAP Terminal

ﬁx:m o
IhoT 18 oo

-2\

Inside of a LC-130 Hercules Inside of a LC-130 Hercules McMurdo Station - Runway

61
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(...and how to get to the South Pole to work) U ﬂ(IT .

E}@ Karlsruhe Institute of Technology
W &
- And a lot of delay/waiting/ for good weather to travel to

Mc Murdo Station and the South Pole Station (and back)

Arriving+iights

Flight From ETA ATA

GZMO21 CHC 12-Jan 17:51 Delayed

Departed @ 09:14 Mission aborted due to weather, returning
to CHC

WSDO10R  WAIS DIVIDE

“412-Jan 15:00

WSDO11R WAISDIVIDE  13-Jan 00:01
SOUTH P : AT jse)

WSDO012R  WAIS DIVIDE 13

19PN :‘“'l's T H 1

Air Services x2347

1

McMufo Station

AN 1IN 109 30109 30
DI HOTS0911
mm.\'lnlll supNana L

id {
)
SSIH0 YONY

McMurdo Station
62

Current Time: Fri 12-Jan 12:40:01
Departing Flights

McMurdo Station

McMurdo Station

thomas.huber@kit.edu



(...and how to get to the South Pole to work ) K_/ %(IT .

EN‘S Karlsruhe Institute of Technology
- But with nice views... Poor guy
IceCube Lab South Pole Station

rds Mc Murdo View from ICL to South Pole Station

-m*
Hiking / Staying in shape / Waiting McMurdo Hiking / Staying in shape / Waiting McMurdo Hiking / Staying in shape / Waiting McMurdo
63
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(...and how to get to the South Pole to work ) K_/ %(IT .

Karlsruhe Institute of Technology

- Butitis... work :-)

South Pole - Somewhere nowhere Digging out the DAQ Recabling the DAQ

64
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(...and how to get to the South Pole to work ) K_/ %(IT .

E N’S Karlsruhe Institute of Technology

- But: It is all not that dead serious :-)

: [SUSRE
South Pole Odyssey Mc Murdo Station - M. Kauer, (UW Madison)  South Pole - T. Huber, M. Kauer, M. Kossatz (DESY)

Mc Murdo Station ICL - South Pole M Kauer, (UW Madlson)
65
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(...and how to get to the South Pole to work) (IT

Karlsruhe Institute of Technology

“Path” to the IceCube Lab and back to the South Pole Station

66 4/12/19
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Backup

< XIT G2

Karlsruhe Institute of Technology

thomas.huber@kit.edu



How the scint station looks like after one season (IT

I(arlsruhe Institute of Technology

No stands
no panel (in sight)

Thanks to
Johannes and Raffaella!

68 4/12/19
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Example calibration: Dead time of the DESY/KITSystem‘ % %(IT .

Karlsruhe Institute of Technology

Charged
particle

Charged
particle

Charged
particle

Charged Charged

particle

particle

Hit + Signal Hit + Signal
processing processing
Time T (us)
OKey: 2 at_min: 67.4us Lot __OMKer 3 i 6735 105 4 -
k| fit = exp((-0.00671+-3e-05)*x + (11.22+-0.03))
lO“é
: 12h measurement Dead time = 67 ps
1075 run at the Pole
102é .
i . Fits to
10° ] measurements
E - in the lab with
12h 100 a pulser
run _
100 100 10t 1071 ?
Atinps Atinps 10_2 b
4] 500 1000 1500 2000
Delta T (ps) Delta T (ps)
Time difference between Time difference between two hits
two scintillator hits ~ All scintillators summed up Bachelor thesis F. Ellwanger (KIT-IKP)
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Summary / Outlook / What's next

: Is the Full DESY/KIT scintillator system capable to
. detect cosmic air-showers?

. — Comparison with IceTop reconstruction:

— gauss-fit

400 1 zenith
mean = -0.0318+-0.1048

sigma = 6.7847+-0.1048

300 1

- 0 50 100 150
eLapurop’eTAXI in deg

300 1

250 4

200 1

150 4

100 4

50 4

4 azimuth — gauss-fit

mean = 0.4043+-0.4117

sigma = 14.0623+-0.4117 |

-15 ]U =50 0 50 100 150
GLaputop-Praxi in deg

Zenith and Azimuth difference between DESY/KIT
Scintillator Station and IceTop reconstruction

- lceARM<-> [ceTAXI DAQ chain is
meanwhile pretty good understood

- DAQ characterization still ongoing

- Air-Shower analysis starts
70 — See next talk by Agnieszka

W :
< KIT

Karlsruhe Institute of Technology
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