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- — Our Motivation —

...IceCube’s legacy...
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Neutrino astronomy — key to 20% of Universe

neutnnos cosmic mrs

terra incognita:
only revealed by
neutrinos

microwave optical X-rays
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Neutrinos from the Universe

* Since 2013 — Astrophysical neutrinos Starting Events
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Neutrinos from the Universe

* Since 2013 — Astrophysical neutrinos

discovered
. — Single Power Law
— 10-6L lceCube LogParabola
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cOoSmic ray sources

target 7Y




original GCN Notice Fri 22 Sep 17 20:55:13 UT
refined best-fit direction IC170922A
= |C170922A 50% - area: 0.15 square degrees
= |C170922A 90% - area: 0.97 square degrees
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Fermi Counts > 1 GeV
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First multi-messenger observation of neutrinos and . .y
high energy gamma rays! L) .

https://icecube.wisc.edu/news/view/586 N . 4



Neutrinos from the Universe

— HESE with ternary topology 1D
%  Best fit: 0.20 : 0.39 : 0.42
Global Fit (IceCube, APJ 2015)
Inelasticity (IceCube, PRD 2019)

3r-mixing 30 allowed region

* Since 2013 — Astrophysical neutrinos
discovered

e 27018 — Evidence for First source:

Neutrino events in a direction of a flaring
blazar, TXS 0506+056

e 2020 — Neutrino oscillation
measurements at PeV scale!

Fraction of v,
https://arxiv.org/pdf/2011.03561.pdf

v, . v, .V, at source — on Earth:

11
m 0:1:0 = 0.17 : 0.45 : 0.37
e 1:20—0.30:0.36: 0.34
A 1:0:0 = 0.55: 0.17 : 0.28
¢ 1:1:0—-0.36:0.31: 0.33
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Neutrinos from the Universe

Second neutrino source!

g do -------- °° S lceCube. Science (2022)
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Neutrinos from the Universe 10

Since 2013 — Astrophysical neutrinos
discoverea

2018 — Evidence for First source:
Neutrino events in a direction of a flaring

blazar, TXS 0506+056
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—_— 1 ¢ Cosmic rays (Auger) IceCube Glashow (Nature 2021)
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Neutrinos from the Universe

Since 2013 — Astrophysical neutrinos

discovered

2018 — Evidence for First source:
Neutrino events in a direction of a flaring

blazar, TXS 0506+056

2020 — Neutrino oscillation
measurements at PeV scale!

2022 — Second source

2023-04-19 | Matthias Danninger | SFU
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Neutrinos from the Universe

e 7023 — Galactic sources?

y. Optical

v Predicted r°

Northern Sky

Southern Sky Southern Sky
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Neutrinos from the Universe

e 7023 — Galactic sources?

y. Optical

v Predicted r°

v Analysis Expectation

Typical Event Uncertaint?.'

Northern Sky

Southern Sky

Galactic Coord.
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| Matthias Danninger | SFU

Pre-Trial Significance (n-o)

120° -180°

DOI: 10.1126/science.adc9818
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Neutrinos from the Unive~-
egaCY

e 2023 — Galactic sources? g, neut
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Diverse Neutrino Astronomy largets
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Diverse Neutrino Astronomy largets

: EHE/GZK
Galactic Extragalactic
Atmospheric
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Diverse Neutrino Astronomy largets

NE

EHE/GZK

Galactic Extragalactic
o - large detector
A o - good pointing (energy . okay pointing - sig%al that travels
mospheric not as helpful) - large detector K
Backbgrtound to - Northern hemisphere - SPAISe KAy
comba

- smaller okay
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Diverse Neutrino Astronomy largets

15

e Field of view for neutrino telescopes matter

e P-ONE has latest technology + new line

concept

e \With P-ONE we expect unprecedented

performance & particle |

D

e First Neutrino Telescope hosted by an

existing large scale oceanographic

infrastructure (ONC)

* |nfrastructure can realistically support multi-

<m3 detector

> .-

 P-ONE
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We need more neutrinos: Expanding the Neutrino Net
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P-ONE — Not just big — focus on precision

PoS (ICRC2023) 1175

10° s—Preliminary

102 E

10~1
1072 - —— |ceCube Trigger -1C86 == 60.0 ° <zen <90.0°
] - = Allsky — 90.0 ° < zen < 120.0°
: — (0.0 ° <zen < 30.0° - 120.0 ° < zen < 150.0°
1073 - — 30.0 ° <zen < 60.0° = 150.0 ° <zen < 180.0°
1072 103 104 10° 106 107

E, [GeV]

e Simplistic euclidean universe approx.

NG f) o f3
e 5 times better sensitivity results in more
than 10 times more sources

Y P-ONE

2024-03-07 | Matthias Danninger | SFU
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P-ONE — project timeline

STRAW-b 450m

A :c c
X 4 ; i
STRAW-a 110m Pl ¢
b B ‘ 4,
stRaw | 1 sTraw, - B
i - i 1 T
' o ' .

Pathfinder
_Phase 1 (2018-2023)
| | P-ONE

NS 2024-03-07 | Matthias Danninger | SFU
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P-ONE — project timeline

STRAW-b 450m

i

¢ ®

’

|
¢
L

x 4

STRAW-a 110m

-

STRAW | | STRAW, .
HoF T

- e ke

Pathtinder
Phase 1 (2018-2023)

1000 m

Connection
to ONC node P-ONE JB

Demonstrator (7-10 lines)
Phase 2 (2023-2028)

2024-03-07 | Matthias Danninger | SFU
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P-ONE — project timeline

STRAW-b 450m
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1000 m

Connection
to ONC node P-ONE JB
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P-ONE — project timeline

P-ONE-1 in 2025

\
[ ) ecx ¢
e 4 ?(0\
50 m (\d@d
STRAW-b 450m " ¢ 3%
A : , o -
, 1000 m
X 4 ] y | L
; L] § '. | |
STRAW-a 110m o ,, Jiliy L
> % - S— § 1§ ]____ :
: $ : RT3 A
3 B V ;
STBAWZ § STBAWb J i Connection
:l = ‘l 1 l to ONC node P-ONE JB

e —— >
Pathfinder Demonstrator (7-10 lines) P-ONE

_Phase 1 (2018-2023) Phase 2 (2023-2028) Phase 3 (2028->)
(  P-ONE

L O 2024-03-07 | Matthias Danninger | SFU
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Attenuation Length [m]

The Roadmap to P-ONE:

Phase 1, Pathtinders 22

5-years operation of STRAW (98% uptime)

Bioluminescence, sedimentation and biofouling

EPJ C 81 (2021)

STRAW, Cascadia Basin,

this Work

E KM3NeT, AC9,
G. Riccobene et al., Astropart. Phys., 2007

KM3NeT, LAMS,

E.G. Anassontzis et al., NIM A, 2008

Lake Baikal,

V. Balkanov et al., Applied Optics, 1999

’clearest natural water”
Smith & Baker, Applied Optics, 1981

Attenuation Length ~30m @ 450nm
K40 background quantified
as main challenges identified.
;
40 - i
?

30 A 1 Y I i

2

Wavelength [nm]

PoS (ICRC2023) 1166



https://arxiv.org/abs/2108.04961
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P-ONE detector line concept

Key facts

* 1 km long mooring line with 20 modules

e Connector-less design
e Optical and calibration modules

* Acoustic & optical calibration systems

e Sub-ns time synchronization

e Mooring network infrastructure

String junction box

Fa® o

' P-ONE PoS (ICRC2023) 1219 Y
)~ 2024-03-07 | Matthias Danninger | SFU PoS (ICRC2023) 1053 e



P-ONE optical module 25

PoS (ICRC2023) 1219
e Optical module with 16 PMTs

e PMT: Hamamatsu R14374-10
* Modular, spring loaded mounting structure

e Optical gel pads used to increase light yield

Few DAQ highlights:

e 16 channel ADC (full waveform digitization)

e 210 MHz sampling rate — reconstruction of full waveform

s W * Online buffering capability (module local ~ 4GB)
 P-ONE

L O 2024-03-07 | Matthias Danninger | SFU



Optical in-situ Calibration inside P-OMs 26

PoS (ICRC2023) 1113

n?ef
i e Depth dependent optical water properties
3 e Refractive index, scattering & absorption length
Myer e Refractive index crucial for track reconstruction

* Depth-dependent calibration required (!)

Optical properties Nyer
labs: lscar Mrep ~ 4
2
nref
1
nref

2024-03-07 | Matthias Danninger | SFU



Optical in-situ Calibration inside P-OMs

PoS (ICRC2023) 1113
* Light pulses to calibrate column properties

e Emit + receive in neighbouring modules

2 /\ e Can use multiple wavelengths

labs: lsca» Nyef Nai

Am P litude

2024-03-07 | Matthias Danninger | SFU
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Optical in-situ Calibration inside P-OMs 28

PoS (ICRC2023) 1113
* Light pulses to calibrate column properties

=
E
o

Emit + receive in neighbouring modules

& e Can use multiple wavelengths

2 Time Tme e Cross-correlation with up/down symmetries
l

Amplitude
Amplitude

e Sedimentation + biofouling with up/down ratios

- 405 nm
- 450 nm

>
>

Amplitude
Amplitude

Time Time

2024-03-07 | Matthias Danninger | SFU



Refractive index

Optical in-situ Calibration inside P-OMs 29

PRELIMINARY STUDY

120 A

To make this work, we developed cost-
effective and high-performance
picosecond and high-power light pulsers.

100 ~

W dt-1.5 wi-350 dwl-15_dn-0.000
—— Fit (235.01, 1.70)
80 1 dt-1.5 wl-400_dwl-15_dn-0.000
—— Fit (231.53, 1.87)
W dt-1.5 wi-450_dwl-15_dn-0.000
60 | — Fit (228.95, 1.60)

n G M g
L] ®|

Counts

B Gt-15 wil-500 dwl-15_dn-0.000 gammss
= Fit (227.39, 1.59) ¢ me
40 - [ O (s (11
see for details JINST 18 10010 |
20 1
0- 1
220.0 222.5 225.0 227.5 230.0 232.5 235.0 237.5 240.0 10 3 O
Time [ns] |
B
1.46 - - =)
PRELIMINARY STUDY — S;m‘p — =
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1.44 - M
3 ]
1.42 - £
O
'E‘J 0
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oy 10 | O
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https://iopscience.iop.org/article/10.1088/1748-0221/18/10/P10010/pdf

Special module 30

20

Optical in-situ Calibration 2

Zenith [deg] PoS (ICRC2023) 1113

0.0 41.4 60.0 75.5 90.0 1045 120.0 138.6 180.0

=
o
o

o Photodiode and silicon
4 -._'.—.‘ photomultiplier used for
4 flashself-monitoring

~
wn
L

—  Upper hemisphere .
~  Lower hemisphere
- Total

Relative counts
o o o
wn
o

o
o
o

-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00 y/
Cos Zenith

e Absolute efficiency _
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Acoustic position Calibration 32
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e 2 Piezo-acoustic receivers per module

e Signals are amplified & high/low-pass filterea
—> digitized with ADC on mainboard

e Accuracy of ~10cm for relative geometry

e Collaboration with Northern Cascadia
Subduction Zone Observatory for geo-
referencing of beacons >
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Another muon pointing calibration system 33
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P-ONE Collaboration on the Map
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Thank you 36

Phase 2 of the P-ONE project has started.
Exciting 2024 and 2025 are ahead for the P-ONE project.

We are looking forward to dep\oy and test our new line concept!

Stay tuned for updates.... 11 EEmEEs
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