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Neutrino Astronomy

— Investigation of ultra high energy cosmic ray Y. A \

sources is a fundamental task in

Gamma rays -

Astro pa I’tiC|e PhySiCS ' | They point to their sources, but they

can be absorbed and are created by
multiple emission mechanisms.

— Information is obtained by detection of
different messenger particles

— Why neutrinos? Neutrinos

They are weak, neutral
— Not deflected by magnetic fields particles that point to their
sources and carry information
. from deep within their origins.
— Not absorbed like photons - .
air shower
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— Weakly interacting

They are charged particles and
are deflected by magnetic fields.

— Only produced by hadronic interactions

* X

Image: J. A. Aguilar and J. Yang, IceCube/WIPAC, [1]
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Neutrino Telescopes

km® volume
(ice or water)

Image: F. Henningsen [2]

3D array of photosensors
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Neutrino Telescopes

km?® volume
(ice or water)

Image: F. Henningsen [2]

3D array of photosensors
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Knowing the sensor
systematics is
essential to
reconstruct this!

Cosmic neutrino
= signal




Photomultiplier Tubes (PMTs) Q}\V |r.§/A,é\\\U

General

— PMTs are highly sensitive

light detectors
Optical module of

the P-ONE detector

— Based on the photoelectric called P-OM
effect
E tial lificati : Photon Photo-
— Exponential amplification o oloctron
photoelectron via dynodes ° - 5
- [H Electron
Secondary Read-out
electrons $—0
N e O e ® Y e = ey I G
_/ u
O O -
Photocathode - + 1L .
Acceleration Voltage = .
Image: F. Henningsen [2]

Image: Wikimedia, Photomultiplier, [8]
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Photomultiplier Tubes (PMTs) Q}‘ |§/A\U

Angular Acceptance

— Sensitivity of PMTs depends on the incident

direction of incoming photons ©>0° ang.acc.<1

What do you need to measure angular acceptance:

=0° . =1
— Well understood light source ©=0" ang. acc

— Device for rotating optical module

©®<0°%ang.acc. <1
— Water tank

Image: F. Henningsen [2]
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ECAP Water Tank Q}\v |§/A\U

sssssss

Long-term goal:

Automated measurement system for
optical modules of neutrino telescopes
(not only P-ONE)

Automated
rotation system for
optical modules

Light source with
monitoring system

Water Tank
Project

Water Quality Water Tank
Monitoring Simulation
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Upcoming Measurement Q}\V |§/A\\\U

— Colleagues from Munich come to ECAP
next week and bring a P-OM hemisphere
of P-ONE

““““
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Upcoming Measurement ‘& |;/AA\U

LED

470 nm LED Water-tight diffuser
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Upcoming Measurement Q}‘V |§/A\U

Time Profile Measurement with APD

— Need to understand light pulses of our LED

— Measure time profile using an avalanche ND Filter Wheel
photodiode (APD) H%
20 ns pulse , A \ |
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Upcoming Measurement
Optical Module Mount
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Conclusion Q}\V FA\U

0.07 20 ns pulse

— Recently started working on a 0.06 |
measurement system for optical _ 0.05; O OO0 @ ® O

modules of neutrino telescopes S, 0.04
P > o NOROROROXO

E 0.03
2 ool NONON X N

— First measurement next week with a 0.01

P-OM hemisphere

Image: F. Henningsen [2]

— Lots of work ahead,
results will follow...
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Conclusion

— Recently started working on a 0.06 |
measurement system for optical
modules of neutrino telescopes

— First measurement next week with a 0.01

P-OM hemisphere

— Lots of work ahead,
results will follow...

Thank you!
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Image: F. Henningsen [2]
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+ 3 new projects
NEON)

proposed in China
(TRIDENT, HUNT,

@ South Pole

$§—-:

KM3NeT

IceCube

©
©
"©
c
1)
O
(7))
T
3
o
S
]
()
Z
=
@©
()
(&)
o

P-ONE

-

Neutrino Telescopes




Neutrino Telescopes
P-ONE - Location

™ v
. N

OCEAN NETWOR

Discover the ocean. Understand t

v o~ = “VANCOUVER ISLAND *

ol | % J 9

Fynlore = s

AR o A PortAlberni
Plate

NEPTUNE Observatory R 4[ g/

b "\'_:.‘,‘

Clayoquot |
Slope

1250/ m

4 ‘,.4 -" =
S Folger
e Eassade

S USTUUM
% P

o
R

basin

Middle Valley

2400 m

node

Cascadia
* Abyssal plane

e 2700m water depth
e Stable 2°C

* Low currents

&

/ -
Cascadia
EN

2660 m

Endeavour

2300 m

— 840 km of underwater
fiber-optic cable

& --\ . -i&_" : 3
tr
edk

ged ) N 2
AN
¢

T00-30( )
-

S ‘ Image: F. Henningsen'[2]

20July 2026

17



Neutrino Telescopes

P-ONE — Design

~1 km3 detector volume,
segmented structure
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10 lines per cluster 20 optical modules 16 3.1”-PMTs per module
per line (Hamamatsu R14374-10)
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Image: F. Henningsen [2]
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Image: PoS (ICRC2023) 1053, [5]
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Detection Principle

Cherenkov Radiation

— Neutrinos are detected indirectly by observing
Cherenkov radiation induced by secondary

charged particles

Image: Wikipedia, Cherenkov radiation, [6]

Image: PoS (ICRC2023) 1219, [7]
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Water Tank

General ® ;AU

Behalterschild

Wasser-Abwasser-Technik A’\v
ENVIRODTS f

EnviroDTS GmbH, Pfingstweide 22, 61169 Friedberg
Tel.: 06031/7318-0, oﬁice@envirodts,de, www.envirodts.de

Hersteller
Behalterabmessungen
Herstellungsjahr
Fabriknummer

Werkstoff

Nutzinhalt

zulassige Fullhche

zulassige Betriebstemperatur
zulassige Befllltemperatur
maximaler Betriebsiiberdruck
maximaler Betriebsunterdruck
maximaler Uberdruck kurzzeitig
maximaler Unterdurck kurzzeitig
Medium

Dichte Medium
AuRienaufstellung
Aufstellungsort

zulassiger Volumenstrom beim
Beflllen und Entleeren

Roos & Co. GmbH Montabaur
3000 x 2000 x 2600 mm
2021185

7854

PE100

11400 Liter

1900 mm

252C

30°C

0,0 bar

0,0 bar

hydrostatisch 0,005 bar
0,008 bar
Wasser

1000 kg/m?
nicht zulassig
Erlangen

20m?*h / 20m?*h

eUberwachungsvertrag F-351

®RegelmaRige Betreuung
®Fachbetrieb gemal WHG

Betriebs- und Lagervorschriften fur das Lagern
von wassergefahrdenden, flussigen Stoffen beachten
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Water Tank

General
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ECAP Water Tank Q}\v |§/A\U

sssssss

Long-term goal:

Build a measurement system for optical
modules of neutrino telescopes

(not only P-ONE)

— light source, monitoring system for

continuous information on shape and

intensity of light pulses | =1
— Automated rotation system for optical 1 1 N ‘

modules, multiple axes of rotation = -

— Water quality monitoring system
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Upcoming Measurement

General

— Colleagues from Munich come to ECAP next week and bring a
P-OM hemisphere of P-ONE

— Light source: LED HLMP-CB15 by Broadcom/Avago (470 nm)

— Rotation device: self-built holder, rotation by hand via gear
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Water Tank Jg}\v - [E /A\\U

Optical Module Mount
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Upcoming Measurement

Water Tank Preparation

Preparing the Water Tank itself:

Ensuring it is as light-tight as possible using
black foam and plastic rails

26
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Upcoming Measurement

Water Tank Preparation

Preparing the Water Tank itself:

Ensuring the tank is light-tight using
black foam and plastic rails
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