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ICECUBE

SOuUTH POLE NEUTRINO OBSERVATORY

The Prototype for the IceCube - IceTop Surface Detector Upgrade

(...and how to get there to work)
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How to (steady) find something out about the universe %(IT .
—

Hubble
"Ultra deep fleld"

====p Steady upgrade of the human “Instrumentation” (= The eye)
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The optical sky - Visible via human eyes _\\__‘(IT

Karlsruhe Institute of Technology

Wavelength= 10" °m o leVv
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The optical sky - Visible via detecting gamma rays _\\J(IT

Karlsruhe Institute of Technology

Wavelength= 10" °m o 1 GeV
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The optical sky - At very high energies \\‘(IT ( ‘a?sg)

Karlsruhe Institute of Technology /

Wavelength = 10 °m o 1 PeV
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The optical sky - At very high energies ﬂ(IT .

Karlsruhe Institute of Technology

25

(3K bkg)

py—=A-m-v

20

Cosmic Microwave Background (CMB)

log(particle or photon energy, eV)
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10 - Nearby clusters [ ]

- AGN & OS0Os [
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”
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Astroparticle physics: Another window into the universe %(IT .
B

- cosm ic Rays Karlsruhe Institute of Technology

Sources?
Accelerators?
Equivalent c.m. energy \’Epp (GeV)
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Cosmic rays: km?2 - year
Protons? Nucleons? /

Composition? . .
Large instrumentation(s) needed!
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Astroparticle physics: Another window into the universe ﬂ(IT

- cosm ic RayS: EXte nSive Ai r-Showe rS Karlsruhe Institute of Technology
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F. Schroder (KIT-IKP, Uni Delaware)

Extensive Air-Showers: Detectable!
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J. Oehlschldger, R. Engel, (KIT-IKP)

KASCADE Observatory

thomas.huber@kit.edu



Astroparticle physics: Another window into the universe %(IT .
- Neutrinos

Karlsruhe Institute of Technology

Sources?
Accelerators?
s e
>
@ 10% |
,_E - Cosmological v
10T
W 102 F Solarv
'?E Supernova burst (19874)
L 1 08 L
; i _-Reactor anti-v
e 10* | /_/..//
1 Background from old supernovae
‘IO 4 L
10 } Terrestrial anti-v
1012 : Atmosphericv
L | ‘v from AGN
‘l 0 201
M Cosmogenic
10 [ b
102}
.........................
10°¢ 10 1 10° 10° 10° 10" 10" 10
ueV meV eV keV MeV GeV TeV PeV EeV
Neutrinos:

Neutrino energy

Flux? Origin? — Pointing to sources!
Correlated to cosmic ray sources?

“Only” weak interaction: Small cross-section === Large instrumentation(s) needed! (Again)
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The IceCube Observatory ﬂ(IT .

Karlsruhe Institute of Technology

IceCube Lab

o e IceTo
- = T - ST = 81 Stations, each with
50m[— et T s e - - / 2 IceTop Cherenkov detector tanks
= L 2 optical sensors per tank
1l 324 optical sensors

IceCube Array

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

5160 optical sensors

December, 2010: Project completed, 86 strings

1450m|_______

DeepCore
/8 strings-spacing optimized for lower energies

480 optical sensors

Eiffel Tower
324 m

2450 m

2820 m

Cables and DOMs N ek

10 2/24/19
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How IceCube Signals looks like - How you ,,see” a Neutrino

Cherenkov
Effect

neutrino =
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Karlsruhe Institute of Technology

Neutrino detectable if it weakly

interacts and creates a charged
particle

( Muons, Electrons, Tauons )

1Each DOM is shown

Ui Color indicates arrival time:
by a white dot
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date: November 12, 2010 duration: 3,800 nanoseconds energy: 71.4TeV
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How IceCube Signals looks like - How you ,,see” a Neutrino _\“_(IT

Karlsruhe Institute of Technology

Movie “Cherenkov”

12
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Karlsruhe Institute of Technology

s IceCube working? Seems like \“(IT .
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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}
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55 - ANy e
5.01

" PKS.05024049 |
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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
13
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Is IceCube working? Seems like =» So lets upgrade it! ©

Surface
array:

Prototype
deployed
2018/19

&

Prototype
~ Station
deployed

Radio array

High Energy
Array

MeV- to EeV-sca’ 2 physics

S. Blot, (DESY)

ST

Karlsruhe Institute of Technology

IceCube-Gen2

In-Ice upgrade:

lceCube

.. .o .0

Deeplore  Upgrade

36 cm
DESY, MSU, KIT

“lceCube Upgrade” :

- 7 new strings
- More sensitive for

T, NeULTINO oscillation

- DOM(s) “benchmark”
for Gen2

1600 m

2150 m

2425 m

2600 m

PDOM
~100 (UW- Madlson)

g MDOM 300+ (DESY, MSU, KIT)
& /D

:

1 + pDOM <+ DEgg + mDOM

Cherenkov-weighted Ay [cm?]
@
=

-10 -05 00 05 10
Impact angle cosn

D-EGG 300 (Chiba)

14 2/24/19
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The scintillator surface extension “IceScint” %(IT .
R,

Karlsruhe Institute of Technology

Upgrade of the surface array with scintillation detectors:

« IC strings positions power/fcomms (phasel)
Scint Field Hub panel/SFH cable (phase 1)
Scint Panel powerfcomms (phase 2)
- ICL panel/SFH cable (phase 2)
600 I
- Improvement of the veto capabilities for neutrinos at the surface . Al T .
R . . 400 N ss.l '7.: .4 .uv‘f'n' N
- Cross calibration with the IceTop Tanks RN L oI
- Improved capabilities for studying cosmic rays x /o KN N A
O .u l‘h‘z ‘] '.4;’" n e:" 37 "; JQT. i
A /s e \/ . ik £
. . . L . i TR\ Vo L IR e
Plan to build up to 37 stations with 7 detectors each within IceTop footprint # 2N = N =37 7, "
—200}+ "2__23"“‘ 7N~ LY o\
— ‘5..1-5 ; _13..“. ..‘..]‘.
14 P "' g . # ‘?1 12.. ‘-‘
—400f s S8 T VAR
=g DAY U S
E’lo"’ r a £ =y
E]o‘é I Cosmological v —_600l | | ' | | ‘ |
[ Solarv —-600 —400 -200 0 200 400 600
’?E]O L Supernova burst (19874) x(m)
£ —~Reactor anti-v First map of the full scintillator array
S0 L -
1 Background from old supernovae » : httpS//pOSSISSB|t/301/401/pdf:
10 E :
10¢ }F Terrestrial anti-v
1012 : Atmosphericv
LUl v from AGN
10} 9
10-24: Cosmt:’genic . S e o e ke J"FL- ot
10| IceCube : IceTop
10 107 1 10° 100 10° 107 10" 10 Deployment finished 2010
peV  meV eV keV MeV GeV TeV PeV EeV
Neutrino energy
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Simulation of a scintillation detector ﬂ(IT

Karlsruhe Institute of Technology

Expressed in number

Deposited energy  Numberof | of photons from 3GeV

of every particle hotons :
e 5% S o verfical muon (VEM)
x2105“ Number of photonsfrom 1-10 GeV vertical u*
. —— Landau approx, MPV: 16186
Histogram peak: 16189
201 | — Median dep energy: 17432
~B65000 sims
1.5
/-; |
1.01 '
0.51
no WLS fibers

Number of photons

included in the simulation \ 0-01 0600 20000 30000 40000 50000

( Scintillator working principle

explained soon
P ) A. Leszczynska, (KIT-IKP)

16
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What to expect by a large scintillation detector array _\“_(IT .

y/m

17

Karlsruhe Institute of Technology

Footprint of simulated event

- Efficiency of air-shower trigger
8001P. Ewmc=0.66. 0 =250% ¢ =730 -— shower axs o eometrical area
% True core g ' i
Scintillator detectors 3 0.4 »
600 IceTo | l 4
p tanks 800 ®
»
400 y
E0.3
"
200 600 ~
O
T x
0 202 »
=
400 E 4
200 L] 4
0.1 " Areacr = m(400m)? (@) cos(457) ol )
—400 200 Wilson confidence intervals
p Condition: 3 hits in array above 0.5VEM
—600 Size ~ lg(deposited energy), Signals=>0.5VEM ¥
Time residuals: |tpiane + to — t| 00 e T e 5 = o i
500 —250 0 250 500 t/nS ' ' " g(E/GeV) ' '

x/m
The full scintillation detector array:

- Can efficiently measure cosmic rays in the "knee" region
- Has potential of veto capability for IceCube in-ice measurements

A. Leszczynska, (KIT-IKP)
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How to measure MIPs %(IT .
[ O

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
Scintillator Frame Optigal Photosensor Analog
- ~| Coupling - (SiPM) ~ Readout

18
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Used scintillator material and optical fibers ﬂ(IT

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

19
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Optical coupling to the photosensor (SiPM) ﬂ(IT

Karlsruhe Institute of Technology

SiPM

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

20
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Used DAQ electronics for the scint detector array ﬂ(IT .

Karlsruhe Institute of Technology

Optical fibers to the
scintillator bars Adapter board

Cookie
board

Input & Channels

Readout board

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

21
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A lot of function tests + specifications + documentation %(IT .
-

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:

22
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SiPM Photosensor calibration and tests %(IT
-

Karlsruhe Institute of Technology

—— Gaussian Fits H _ WWWW
1pe. w Pedestal events R 2:): @-' 'E_&h:&{:ﬁ#mm T Wavelength: 423 nm 1
Nl 15 i

Measured at room temperature -
éGain ;

PDE

Pedestal Data 35
40

+- IceCube SiPM 024-25
t IceCube SiPM 025-25
+ IceCube SiPM 026-25

w
=]

8 0 10 1

500 600
QADC channel

Charge finger spectra of an
for obtaining Gain, Efficiency, dark

b

in mm

00 L0 20 30 40 50 60 70 80 90
X In mm

Effects of dust on the photosensitive SiPM area
- Lowers PDE at around 9% at the right area

Singe Photon Calibration Setup at KIT (SPOCK)

M.Oehler, (KIT-ETP)

23
thomas.huber@kit.edu



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

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)

24
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Production and testing of the scintillators _\ﬂ(".

Karlsruhe Institute of Technology
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Deployment - Season 2017/18 ﬂ(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

. SCIintiiator panei Sl :
2. sensor readout + SFH DAQ g s [ ] (] |

.
T
Position E ::;:«m-let : E | |
Q 6
. % ICL: White Rabbit + Position G ;

DAQ server &

- & ==
surface cabling - Pasition A lceTop 34 A ::,'“:"M - | | |
%C f 2 Position D
+ optical fiber . i

Position B

- . 4 _ ety iceTop 34 8 ET—T e
/ 3: power/communications/timing v [k 2 L33
. + |CL DAQ equipment ] st [or m
L / o ,E'Dosition C

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

(A. Schmidt, KIT-IKP)

Scintillator station

to next
Scintillator Field Hub (SFH)~

D.Torsi & T, Huber

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

5y i
3 \\_”‘ 4 8
£ ]

Detector “on the way” Deployed detectors

Data acquisition

26
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Is it working? How the scintillator signals look like

10°

(1/s)

Eventrate

Threshold-Scan

U bias = U SiPM corrected @ -55°C; DESY/KIT Cluster -> IceTAXI02

-

+
% > o %

0

&
i,_
o

-

sty

X Panel 002-25, High-gain
e Panel 004-25, High-gain
Panel 005-25, High-gain
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5 »  Panel 009-25, High-gain
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4
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10° B e s O
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Threshold to start

processing MIP events only

Charge histogram

500

Entries (#)
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1014

1

-
-
107 1 BB iceTAXI Channel 5
-
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IceTAXI Channel O
IceTAXI Channel 1
IceTAXI Channel 2
IceTAXI Channel 3
IceTAXI Channel 4

IceTAXI Channel 6

IceTAXI Channel 7

250 500 750 1000 1250
Charge (Me)
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1500

- Voltage (mV)

ST

Karlsruhe Institute of Technology

Signal-Over-Threshold SiPM Peak

- Channel 0 - Channel 1 Channel 2 - Channel 3
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(A.Weind\, KIT-IKP)
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Is it working? SiPM Bias-Voltage<->Temperature control loop ﬂ(IT .

Karlsruhe Institute of Technology

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

ooooo

& [ o PO PN s, R PR o Wi aer
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 Q9= 3
v
the temperature O 530 ] -F —»

g% £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

28 Charge (Me)
thomas.huber@kit.edu



Is it working? Scintillators <-> IceTop reconstruction

Prima
Paﬂlcg
400 4
Shower disk
~ 300 -
=,
-
Thickness (o) A
200 A
J o
G d level 100 A
round leve } — — h
Core position Detector

29

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

=50

— gauss-fit

zenith
mean = -0.0318+-0.1048

sigma = 6.7847+-0.1048

0 50 100 150

eLaputop'@TAX! in deQ

350 1

300 4

250 4

200 1

150 4

100 4

50 4

azimuth — gauss-fit

mean = 0.4043+-0.4117

sigma = 14.0623+-0.4117 |

(i
. |'||I||.||.II||||?]|||”||‘ "

=150 =100 =50 0 50 100 150

¢Laputop'¢TAXf ind eg

F. Ellwanger, (KIT-IKP)
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Adding radio antennas? - Simulations and motivation

Electromagnetic radiation of Air
Showers (induced by Askaryan or
geomagnetic effect) detectable
with radio antennas.

Galactic

present sky coverage of

surface detector analyses Center

atmosphere
2

sky coverage of - =8
radio array Bl ©  Y-TaY
air shower
surface array i
IceCube
in-ice detector
schematic sketch (not to scale)

A Zalagopsl V. 2nd EG. Schridar

Upper cutoff frequency (MHz)

ST 63

Karlsruhe Institute of Technology

SNR

2000
1700
1450
-1200
-1000
- 800
-650

-500
-400

-300
200

100
50
20
10

30 40 50 60 70 80 90'100110120130140150
Lower cutoff frequency (MHz)

- Optimal frequency band of 100-190 MHz improves SNR and lowers threshold

- Radio enables measurement of very inclined air showers
- Search for PeV gamma rays from the Galactic Center

A. Balagopal, (KIT-ETP) and F. Schroder (KIT-IKP, Univ. Delaware)
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Adding radio antennas - Preparation for deployment %(IT
R,

31

IceCube:lceTop Surface Extension
Prototype Station
Season 2018/2019

scintillator

scintillator

scintillator

(not to scale)

scintillator
E=

antenna

(= |

| —
—
&

antenna

(possibly
sharing
trenches)

I
scintillator

Karlsruhe Institute of Technology

. New: Antenna #1

scintillator

line to ICL 3

(data, timing, power)

scintillator

New: Antenna #2

thomas.huber@kit.edu



Adding radio antennas - Preparation for deployment

1.0m antenna 2m antenna

How to avoid that are antennas
flying around at the South Pole

119cm

A

>

Q Antenna

LNAs Parts

B u
% I B 162cm
220em| | E |

Y
i ‘\m

Glass-Fiber poles 58cm
and cables

Antenna testing How to ship it to the

South Pole

32 2/24/19
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L ]
-
£
=]
EZ!— 40
201
35
151
101 30 g
£
3
25
20
-
® 0
%‘_20 20
o
€40 ——
860 1 . Il i A3
= 0 800 100¢
4 200 ugrequenz [MHZ)O
T-Stability tests of Frequency vs. Gain
at different of the antenna electronics
One radio channel
ESD BiasTee High Pass Low Pass : |
—B (peazs1 || jeeTanzos |- = S0l —j= 100 >
Radio signal S B+ -340+ To TAXI
SMA Cat-6 Ethernet
4x Amplifier
TH54508

One radio channel ( = one polarization )

Filtering and amplification of the radio signals

M. Renschler, M. Weihrauch, P. Steinmiiller, M. Riegel (KIT-IKP)
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Adding radio antennas - Deployment Season 2018/19 A\

Karlsruhe Institute of Technology

Max Renschlers LC-130 Hercules into the cold

Shoveling out the DAQ of last season Shoveling the trench for the cables Deployed antenna

33
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Adding radio antennas - First measurements %(IT .
R,

Karlsruhe Institute of Technology

- Background measurement with a DAQ at the ICL
- Measurement time ~24h, data taking every 5 seconds
- Antenna parallel to the ICL

— Frequency (MHz)

‘ . . Z'o-ng N98SREIIABARNSEREGLEY S £5888%33 -4
ByLULU ChlbaUnlverslty EEEE R R F R R SEERBEESS A ANARS AR AEERRNEd32R8ARR
!
— Time

- Frequency bands with higher signal visible
- Some time depending structures are showing up

— Might get more uniform (less bands) by larger distance to ICL

M. Renschler, (KIT-IKP)

34
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The surface extension Prototype: Season 2018/2019 &(IT
i

Karlsruhe Institute of Technology

o IceACT cherenkov telescope
Antenna Scintillators ( RWTH Aachen, FAU Erlangen)

T
-

The IceCube surface extension Prototype

thomas.huber@kit.edu



The surface extension Prototype: Season 2018/2019 ﬂ(IT

Karlsruhe Institute of Technology

o IceACT cherenkov telescope
Antenna Scintillators ( RWTH Aachen, FAU Erlangen)

36 2/24/19
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Ka rlsruhe Institute of Technology

That was the physics.

Lets switch to a “Diavortrag” :-)

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

thomas.huber@kit.edu



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

Karlsruhe 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

38
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(...and how to get to the South Pole to work)

- And a lot of travel...

BNCE g, B
© 14308 ki ANTARKTIS

Sidney

Christchurch

thomas.huber@kit.edu



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

Karlsruhe Institute of Technology

- And a lot of strange travel...

Christchurch - USAP Terminal

o

onw® B

[ WAUOTRS
T

12\

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

40
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(...and how to get to the South Pole to work)

- 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
1

ST 6%

Karlsruhe Institute of Technology

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 ) ﬂ(IT .

Karlsruhe Institute of Technology

- But with nice views... Poor guy
IceCube Lab South Pole Station

Hiking / Staying in shape / Waiting McMurdo Hiking / Staying in shape / Waiting McMurdo Hiking / Staying in shape / Waiting McMurdo
42
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(...and how to get to the South Pole to work ) ﬂ(IT .

Karlsruhe Institute of Technology

- Butitis... work :-)

Recabling the DAQ

43
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(...and how to get to the South Pole to work ) ﬂ(IT .

Karlsruhe Institute of Technology

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

Baios

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

Mc Murdo Station

thomas.huber@kit.edu



(...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

45 2/24/19
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Backup

ST 63

Karlsruhe Institute of Technology
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How the scint station looks like after one season (IT

Karlsruhe Institute of Technology

No stands
no panel (in sight)

Thanks to
Johannes and Raffaella!

47 2/24/19
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Karlsruhe Institute of Technology

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 ... 2032
1 Deployment
[ R&D Design & Approval  Construc:

IceCube U

Today

Radio array IC86

Surface array WA —— IceCube Upgrade
High Energy PINGU
Array

MeV- to EeV-scale physics

48 2/24/19
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Multi messenger approach

Cosmic sky:

High Energy

-3 -2 -1 0 1 2 3
Relative intensity [ x10 *]
Cosmic-ray anisotropy
sky map from IceCube.

Galactic

[ ]
Y TS=2log(L/LO) 113

Arrival directions of 37 high energy neutrino events
found analyzing three years of data. No significant

u clustering was observed yet.
Fﬂ-—‘_‘—

Two different kinds of events
Closely related scientifically
. . =

ke
R : a

Rl e

MNeutrinos from all directions

Primarily v,-induced p e
from below =

31/01/2017



TAXI DAQ Calibration

O
O

IceTAXI

Externe Gerdte

rg

Embedded |}
Laptop (Ethe - 1 FPGA
h
Diskriminator f—> DRS4 > ADC
I 70 m Kabel

\

Pulser

- ——— >

Signal-Impuls

ARM - General
Purpose Board

20000

17500

15000

12500

10000

ADC-Counts

7500

5000

2500

50

-—-- Linear Fit
“+  Value

i
o
e

Fit range: 580-1500 mV
Slope =14.01 +£0.07
Intercept = —6216.01 + 75.49

600 800 1000 1200

1400

Amplitude [mV]

1600

1800 2000

Example: High gain channel 7

8.0

Amplification
o o o ~ ~
i ol Gl e Y

O]
o

-
wn

ST

Karlsruhe Institute of Technology

Same readout chain like TAXI at the Pole

TR G e e Ve i S e ha e e S G s (e T D e e M T T o e e i

0 100 200 300 400 500 600 700
Pulse Width [ns]

Amplification at high gain

f

Used for calibration of
the charge deposit into TAXI of a MIP event
(see slide later)

Bachelor thesis E. Raspupin (KIT-IKP)

thomas.huber@kit.edu



ST 63

TAXI Ca li b ra tio n : Si PM Ga i n a t low te m pe ra tu res Karlsruhe Institute of Technology
Fiber cables
LED container Cooling chamber Collimator SiPM
2000 "?EL\E“‘““ j ;:'amunwl data . f guir:;'s:;lz ::;:t;:nbeim Abkiihlvorgang
1500 !\l ) . . BO00000
I 20°Cto-70°C
I: 1| Iﬂ:l > 4000000
500 I L il 2. 3000000
T_ﬂ A e
300 Ill‘l{l&h«&:’:ffl .\‘T&T/ \:\[T“j:‘;:\”ﬁﬁ“ 1000 lllt]ll 1200 - —GIU —4:10 —éﬂ [I! 2‘0
nger s - glld;l\lllGa invs. Temperature

SiPM SPE finger spectrum

Used to check if the p.e. TAXI amplification chain is understood
(- SiPM Gain; - el. Gain, + cable supression — ~ 50 SPE/MIP Bachelor thesis B. Mitic (KIT-IKP)

51
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Karlsruhe Institute of Technology

Run #2.1 - Dynamic range via offline integration

- Jom
Charge histogram of all TAXI scintillation detectors at the Pole
i — JeventData_1543560517_2018-11-30_06-48:37.6in 1 IceTAXI Channel 0
' Ti ture = ~-35°C
MIP peak DateTime: 30.11.08 648 UTC == [GETAKL CHanmel. L
~450.000 events | IceTAXI Channel 2
n [ IceTAXI Channel 3
[ IceTAXI Channel 4
1 IceTAXI Channel 5
s "!u“,L [1 IceTAXI Channel 6
Bofl W "1 IceTAXI Channel 7
II! b
! ';1'1
i H
10! L" ’||'|
ﬂ HI|| ihl | }
: H
o
P T
1 II\I\ Il \I\HH |MERECETRAL AR O A T MR T e I 111 | H
— Charge (Me) ( Absolute value might change by a small fFactor! But: Is just scaling) ? ?
1 2
MIP-Peak at ~ 1100 Me 2 1
Largest integrated SiPM peak into a Charge: ~92500 Me or 84000 Me ?

Signal or

DynamicRange :  IMIPEOSAXMIP or FMIPEOT6XMIP DAQ issue 7

52
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ST 63

Commissioning runs - Threshold Scan
6B U bias = U SiPM corrected @ -55°C; DESY/KIT Cluster -> IceTAXI02
x  Panel 002-25, High-gain
e Panel 004-25, High-gain
— " *x  Panel 005-25, High-gain
& 3 ® Panel 006-25, High-gain
] “ A Panel 007-25, High-gain
s % Panel 008-25, High-gain
Q h Panel 009-25, High-gain
+ on
Ot
+ .
*
Q »
> e
L -
r.
i SR B e g
| | PR it Tl Sl = - T
0 100 200 300 400 500

Threshold [mV]

Threshold for start proccessing of MIP events only
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Is IceCube working? Seems like @ _}\__‘(IT

Karlsruhe Institute of Technology

So you can point back to strange sources in the Universe! - Neutrino Astronomy

54
thomas.huber@kit.edu



(...and how to get to the South Pole to work) -\\J(IT

Karlsruhe Institute of Technology

South Pole / ICL during Winter Season

thomas.huber@kit.edu
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Karlsruhe Institute of Technology

Cherenkov detectors Scintillation detectors

56 2/24/19
thomas.huber@kit.edu



Decades of research and development by Neutrino detectors ﬂ(IT

Karlsruhe Institute of Technology

...to find out more about the properties of Neutrinos and the Universe itself

Catching them

A lot of different experiment were (and are going to be) built to hunt for Neutrino properties
(and using them for astroparticle physics):

Neutrinoless double

Neutrino mass Neutrino oscillation beta decay Neutrino telescope Neutrino oscillation

KATRIN, Karlsruhe SNO, Canada GERDA, ltaly KM3Net Mediterranean sea Super-Kamiokande, Japan

57
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IceCube Sensors _\“_(IT

Karlsruhe Institute of Technology

DOMs ( Digital optical Modules)
- Readout eletronic and Photo Multiplier

Movie #3:

“ — -
.m.-mnnnnmnmn/

Y

58
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How to build IceCube ﬂ(IT

Karlsruhe Institute of Technology

Movie #4:

“Deep Ice drill”

59
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l] DAQ at KIT ﬁnsﬁtute of Technology

* Survived the transport Madison < Karlsruhe

§ {L COM3 - Tera Term VT Jg
File Edit Setup Control Window Help

INIT SUCCESS!
Hallo Cruel Hovld!
print_tine

09 176917

0K

[

“Hello world” test

Next steps:

* SiPM calibration with uDAQ readout
at KIT calibration setup (SPOCK)

ubDAQ * Include uDAQ in a scintillator at KIT

* Benchmark uDAQ vs TAXI

Marie Oehler (new PhD student), KIT-IKP will mainly work on that: marie.oehler@kit.edu

60
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How to build IceCube

ST

Karlsruhe Institute of Technology
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The IceCube Observatory ﬂ(IT .

Karlsruhe Institute of Technology

(Station)

South Pole

62 2/24/19
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