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P-ONE — The current vision 2

P-ONE Collaboration, Nature Astronomy (2020)

Design inspired by existing experiments:

* Array of instrumented vertical lines (lceCube)
* Multi PMT optical sensors (KM3Net)

* Clustered deployment (GVD)

1660 M —+ - What is different?
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P-ONE — The current vision 3

P-ONE Collaboration, Nature Astronomy (2020)

Design inspired by existing experiments:

* Array of instrumented vertical lines (lceCube)
* Multi PMT optical sensors (KM3Net)

* Clustered deployment (GVD)

1660 M ——+s . o gilt .t..  Whatis different?

First Neutrino Telescope hosted by an existing
large scale oceanographic infrastructure:

OCEAN NETWORKS CANADA
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* One of world's largest and most advanced cabled ocean observatory
*NEPTUNE observatory:
*completed in 2009
*800km loop of fibre optic cable, data flow and power infrastructure
*designed for long-lived, highly reliable underwater operations
*high-speed data link (10GB/s)
*high power (at least 9 kW/node)

* "plug and play" basis allowing a highly modular deployment and maintenance §

Fuca Plate

= 840 km of underwater fibre optic cable : ___Anlnitiative of the University of Victoria
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2 P-ONE pathfinder missions (2018 & 2020)

* Goal — Characterize optical properties

* Interface, anchoring and deployment operation by ONC
e JINST 14, P02013 (2019) and EPJC 81, 1071 (2021)
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* Intertace, anchoring and deployment operation by ONC
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* Goal — Characterize optical properties

* Interface, anchoring and deployment operation by ONC
e JINST 14, P02013 (2019) and EPJC 81, 1071 (2021)

--  Mean Livetime: 98.3%
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Key result 1: Attenuation length :

A
* Measure Attenuation length in the water
r N = 150 m
e For different wavelength [(r) = 5e %
e Constant over 2 years of measurements L1
. . /\a.tt /\.s'('.t )‘(z.bs
* Optical properties are good! 110m
60 | 1 1 | 1 | 1 | |
I tSh'f R\;A;/W,k Cascadia Basin,
7 4 gMR?il::i)%eﬁg ZE al., Astropart. Phys., 2007 - 7 O m
— § KMB3NeT, LAMS,
g 40 - ; E.G. Anassontzis et al., NIM A, 2008
| ¥ ¢ Bai
Eﬁo 0 p t } * V' Balkanoveetal, Applied Optics, 1999 | | 50m
= ¥ I ”’clearest natural water”
-% ) ' Smith & Baker, Applied Optics, 1981
5 1/ - T ' 30m
< x
104 =
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Key result 2: 40K in situ measurement

e Understanding the 40K background

e Natural in-situ calibration with K40

possible YK —40 Ca + e + 7. 7

e Cross-check of . results, o
detector and site model

)

Rate [kHz]

SDOM PMT housing Geant4 model

2022-02-24 | Matthias Danninger | SFU
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Key result 2: 40K in situ measurement

10
e Understanding the 40K background " | T STRaW Du
90 - .
e Natural in-situ calibration with K40 - % 38 - }
pOSS|b‘e 4OK 4>4O Ca_|_ e _|_ 176 Y g 86 - } } _ }
84 -
e Cross-check of a results, - I ol ] } |
detector and site model 30 - H
. —l20 —l10 (l) IIO ZIO
¢ CO hsistent resu ItS! Time Between Coincident Events At [ns]
12.5 - Z SimuatonFt ||
Salinity from this work: 2.5+1.4% . = QERe
Salinity from ONC: 3.482+0.001% £
Salinity at ANTARES site: 3.844% g ..
2.5
SDOM PMT housing Geant4 model 0.0 e
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Key result 3: Bioluminescence as expecteo 11

rate [Hz]
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e Bioluminescence is modulated with the tides

e Constant over more than 2 years ot operations —> no big bursts

The deep sea site of Cascadia basin is
optically qualified to host P-ONE
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Better characterization of Bioluminescence
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* Measurement of wavelength dependent
emission spectrum of bioluminescence with
PMT spectrometers ©

* Comparison to detailed simulation of

bioluminescence o)

Interdisciplinary: oceanography,
microbiology, climate change
related studies
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Better characterization of Bioluminescence °ii"® 12
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P-ONE — prototype line (2023)

e Construction and deployment of a complete P-ONE mooring line

e Proot and veritication of:

e detector design
* deployment techniques

* positioning calibration (we aim to use optical position system)

-~ e |

Optical Module | In development | 16 pcs
| P-ONE

S 2022-02-24 | Matthias Danninger | SFU
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P-ONE — prototype line (2023)

e Construction and deployment of a complete P-ONE mooring line

e Proot and veritication of:

-

e

e detector design
* deployment techniques
* positioning calibration (we aim to use optical position system)

Optical Calibration
e Understanding ocean

water is key to the success
e Synergy with IceCube

Calibration Module | Adapted POCAM | 4 pcs

S

2022-02-24 | Matthias Danninger | SFU
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Prototype
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P-ONE — up to 10 line "Explorer” (2023 - 2026)

up to 10 lines
200 modules

~100m spacing

Instrumented Volume ~1/8 km3

Exploring physics potential for:

atm. neutrinos
moon shadow
ambient background
and more...

P-ONE Collaboration, Nature Astron. (2020) e-Print: 2005.09493
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P-ONE — up to 10 line “Explorer” (2023 - 2026) 16

Prototype

1000 m

L | P-ONE

10 string Explorer

AN o

3

200m

2022-02-24
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| Matthias Danninger | SFU

Experiment

up to 10 lines 2027 and beyond

200 modules

~100m spacing

Instrumented Volume ~1/8 km3

Exploring physics potential for:

-1660 m —=0 ‘:' I ¢

atm. neutrinos
moon shadow

ambient background

and more...

P-ONE Collaboration, Nature Astron. (2020) e-Print: 2005.09493



The vision: from a single telescope (lceCube) to a multi network 17

PoS(ICRC2021)1185

Assumption: lceCube size detector at KM3NeT, GVD, and P-ONE location

Impact:

e P-ONE will boost exposure to the Southern Sky by order of magnitudes
* A global network will achieve excellent full sky coverage for high-E astrophysical neutrinos

- PLEvM-1 —:= [ceCube x 7.5 -== at KM3NeT location

—-.— PLEvM-2 at P-ONE location -=-=at GVD location IceCube (10yr) == IceCube + PLE/M-1 (10yr) g L1
S PPN gy o = [ceCube (20yr) IceCube + PLEvM-2 (10yr) - TXS 0506+056
Spectral index v=2.0 .
- [
1 02 - - v p | B lceCube KM3NeT, Sicily @ Galactic center/plane
E ~ 10-11 - | GVD, Russia B ONC, Canada @ TXS 05064056
N 5 ’
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B 200 ) I :
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https://pos.sissa.it/395/1185/pdf
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If you want to learn more:
https://www.pacific-neutrino.org/

* Ocean Networks Canada is an exciting opportunity for neutrino physics

e Cascadia Basin is a suitable deep sea site
* Prototype line being developea

poone ® New Collaborators are welcome to join and support the efforts!

2022-02-11 | Matthias Danninger | SFU
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STRAW — Strings for absorption length in water 20

mid 2017 09/17 05/18 06/18 06/18 11/18

fime [~ ns] > STRAW Idea  Construction  Shipment / Test on site Deployment Commissioning Data Taken
5 e, | T Multi-wavelength emission for
5, s gt spectral studies
;f’ ,,,,, -~ 365, 405, 465, 525, 605nm
S . Two 3¢ PMTe 37 m horizontal spacing
v

* 4 channels per PMT PocAM s | | oo
| 7 | ' . :\PGS

8.1mm 1x19
+2mm coating

SWL: 36 kN
MBL: 62 kN

#, 400 mm

FETE g T

SDOM #5
69.10m

SDOM #1
69.79 m

;gg;"qlTPi'iiiiii

4 Spacers

SDOM #2 POCAM #3
49.40m ’ 49.51m

4 Spacers

i

SDOM #3
29.98 m

4 Spacers

sDOM — POCAM
(STRAW Digital Optical Module) Precision Optical Calibration Module)

Anchor

625 kg

+ Sacrificial Anode

+ adjustable alignment

Deployment was a 100% success!

e M. Boehmer et al JINST 14 P02013 (2019)
e Site characteristics EPJ C 81, 1071 (2021)

2022-02-24 | Matthias Danninger | SFU



https://link.springer.com/content/pdf/10.1140/epjc/s10052-021-09872-5.pdf

Why another neutrino telescope? 21

e More neutrinos, better neutrinos!
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e P-ONE project has large emphasis on collaboration and complementarity with existing efforts such

as lceCube, GvD (Baikal), and KM3NeT —> we welcome collaboration/participation

* We aim for combined cross-calibration efforts to boost precision of all measurements at all

Tl nsutri\rng telescope sites worldwide (POCAM, LiDAR, etc..)
| P-

Y 2022-02-24 | Matthias Danninger | SFU




Why another neutrino telescope? 22

e Horizontal coverage from which HE v will not be affected by the Earth absorption

e With lceCube +3 neutrino telescopes (similar size), current sensitivity to astrophysical neutrinos would
be improved by up two orders of magnitude (gain depends on energy)!

B JceCube KM3NeT, Sicily @ Galactic center/plane
GVD, Russia B ONC, Canada ® TXS 05064056

P-ONE
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Why another neutrino telescope?

\ I '
]
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AT HIGH ENERGY THE EARTH IS OPAQUE TO NEUTRINOS
€3 THE FIELD OF VIEW OF NTs (>50TeV): THE HORIZON

Vertical

0.90

Core-mantle

T, boundary 0.755
150 o
.............. E 0.60-8
9 140 a
c -
© 0.45'%
= n
I= £
g 120 0.30
=
0.15
...... 90 0.00

10° 10° 10* 10°' 10° 107 108
Neutrino Energy [GeV]

ICECUBE-170922A

IceCube Collaboration, "Measurement of the multi-TeV neutrino cross section with IceCube using Earth absorptior
IN L.

TIPP 2021 | Matthias Danninger | SFU
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Photons in ice and water




