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Science of large-scale neutrino observatories

Astrophysical high-energy neutrino flux

AR DR

L1414
I -

- | el -

O O O O O O O O O
1988 2000 2001 2011 2013 2018 2021 2022 2023

Telescope in AMANDA Atmospheric IceCube Astrophysical First Source Glashow Second Source Third Source
the Ice completed Neutrinos Completed Neutrinos TXS 0506+056 Resonance NGC 1068 Milky Way
Envisioned Detected Discovered Identified Neutrino Identified Identified
Identified
15°

IceCube. Science (2022)

_____________

Declination

' . o .
° " K 28] .9
- ' '-

0° ,° ........ o°°: .é.o.o.Q. ..... 00008 «
' ' Ce e TXS 0506+056 ° ~ °
24h 12h

Right Ascension

NGC 1068

[ Signal 1 Total
1 Background ¢ Data

Latitude

Improved data processing
At the location of NGC 1068:

79*3% neutrinos
Spectral index: -3.2 £ 0.2

I I I I I
Post-trial significance 4.2 ¢ oo 180° 120° 60° 0° -60° -120° -180°
v ldeg'] Galactic longitude

Atmospheric neutrino program ... see Neutrino/Dark Matter Symposium day



Science of large-scale neutrino observatories

Astrophysical high-energy neutrino flux
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Leveraging Canada’s investments in deep ocean science for particle astrophysics
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Leveraging Canada’s investments in deep ocean science for particle astrophysics
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Pacific Ocean Neutrino Experiment (P-ONE) - Pathfinder 24 P-ONE
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Pacific Ocean Neutrino Experiment (P-ONE) - Pathfinder Fur Phys. J. © 8T, 1071 (2021 @ P-ONE
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- Stable over the period of data collection
- Compatible with measurements at Mediterranean sites



Pacific Ocean Neutrino Experiment (P-ONE) - Pathfinder ;{8} P-ONE

« Summer 2023 recovery of both strings
* Dive inspection revealed some level of sedimentation and biological growth
- Analysis of data reveals decreasing transparency for the modules as function of time
- Mitigation studies underway
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P-ONE-1 (o) P-ONE

* 1 km mooring line with 20 modules employing a connector-less design

« Sub-ns synchronization
* In-line network infrastructure
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P-ONE-1 (o) P-ONE

Calibration program I~ Muon scintillation tracker

2025

P-CAL optical diffusing sphere”
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* P-CAL characterization at the U.Winnipeg HyperK test facility; component overlap with nEXO



P-ONE collaborahon
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P-ONE Logistics Chain
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P-ONE Demonstrator )
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~13M project funding currently secured (2023 CFI-IF/ERC);

requests under review (NSF)



P-ONE Demonstrator
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Core CFI deliverables:

*Precision calibration devices
. o Optical

*Acoustic
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‘Deployment (ONC)
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~13M project funding currently secured (2023 CFI-IF/ERC);

requests under review (NSF)



P-ONE %

2025
P-ONE-1 1000m c > @
\ EC 50m
_ e
X 2
® c
STRAW-b 450m
A : S ) 1000 m
P e ‘
x 4 | , €8
STRAW-a 110m . j d h o
j i Connection
_ A to ONC node P-ONE JB
Pathfinder Demonstrator (first cluster) PhasPe_?(Izl(l)Ezs )
Phase 1 (2018 — 2025) Phase 1 (2025 — 2028) o OOM)_sca;

~13M project funding currently secured (2023 CFI-IF/ERC);

requests under review (NSF) CFI-IF in prerparation for next

generation deep ocean junction box



P-ONE

1000m

200 m

Kai

[ e e e e e e e e e e B

e

P-ONE-10

-600 -
-600 -400

600

400 1

200 4

=200 4

~400 -

TEST GEOMETRY

@ @ @ @

-200

200

400

600

7o) P-ONE

PoS (ICRC 2023) 1175

GC iter. (>0m)
GC iter. (>200m)
GC iter. (=700m)

e true seed (>0m)
- true seed (>200m)
- true seed (>700m)

i
-~
-

%

-
-
e
-~
-

P-ONE Likelihood (> 700f;

-
-~
-~
-
-
-~
-
-
-
-

[,
5 10°-
-
A=
4+
et
o
n
Y
-
o

_1-
S 10
=

107

e - TR
muon energy [GeV]

L)

10°



Summary

* Vibrant particle physics program leveraging high-energy
neutrinos continues to rapidly evolve/grow
* The P-ONE program is in its early stages next phase of
now underway.
* First fully integrated detector line is tracking to first
data in 2025
« Will deliver 1st neutrinos in the Pacific Ocean
 “Demonstrator” first cluster (estimated completion
2028) will provide significant Canadian detector
construction activities over the next few years
* The detector and calibration source technologies, and
trigger/DAQ developments are leveraging early synergies
broadly in the Canadian experimental PP program
landscape (most recently HyperK, nEXO);
Expressions of collaboration are very welcome!
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