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TeVPA 2021

P-ONE — Pacific Ocean Neutrino Experiment

pathfinder and pilot phase

C. Spannfellner on behalf of the P-ONE collaboration

TUM — Experimental Physics with Cosmic Particles
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Pacific Ocean Neutrino Experiment — motivation & overview
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P-ONE — a new complementary telescope

B [ceCube KM3NeT, Sicily
GVD, Russia B ONC, Canada

- Galactic center/plane

TXS 05064056

AQ - KM3NET

ORCA (France)
ARCA (Xtaly)

a IceCube

South Pole

Image: A. Turcati

PLEVM concept: L. Schumacher @ TeVPA 2021 Image: M. Huber

29.10.2021 P-ONE | C. Spannfellner | Technical University Munich
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e TOL e« T S @  NEPTUNE observatory

Discover the ocean.Understand'-, ' A : 3 -
R [V e SR * Cabled ocean observatory (completed 2009)
NEPTUNE Observatory % R4 g ' :

* Annual budget ~$27M (CDN)

* 800km loop of fibre optical cable (4GB /s, 8kW /node)
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P-ONE — detector overview

ol ¢

-1660 m -

ilg’ Y ;E;.x}éc

-2660 m -

Image: K. Holzapfel
29.10.2021

1

Him SRigE

* Please note: lllustrations are preliminary studies!

* P-ONE detector design:

* Clustered structure, focusing on horizontal tracks

* Around 7 Clusters with 10 moorings each
1000 m

* Roughly 20 modules per mooring

i T T Vi Vi i i Vi i i Vi T T . T 4

P-ONE | C. Spannfellner | Technical University Munich 5
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P-ONE — detector overview
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Image: K. Holzapfel
29.10.2021
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P-ONE | C. Spannfellner | Technical University Munich

* P-ONE phases:

Pathfinder(s): characterization of the site

Pilot phase: deployment of first P-ONE moorings
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Optical characterisation
of deployment site

R&D on optical modules,
further characterisation

Deployment of first
P-ONE mooring lines

|

P-ONE - pathfinder phase

29.10.2021

P-ONE | C. Spannfellner | Technical University Munich
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P-ONE — pilot phase (now)
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STRAW - 1st pathfinder mission

Objective: Measure optical properties and verify deployment of strings = -

Deployed July 2018 in Cascadia Basin in collaboration with ONC

Operational with a duty cylce of around 98%

-

Concept of 2 lines and 2 different optical modules:

2
0 0

&

Image: K. Holzapfel

* 3x POCAM: Emission of nanosecond light pulses [ ] .’
* 5x sDOM: Measurement of incident light via 2 PMTs \/

29.10.2021 P-ONE | C. Spannfellner | Technical University Munich
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STRAW - 1st pathfinder mission
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Image: K. Holzapfel
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STRAW —
W — 1st pathfinder mission

STRAW, Cascadia Basin,
this Work

3 KM3NeT, ACY,
G. Riccobene ot al., Astropart. Phys., 2007

1 KM3NeT, LAMS,
E.G. Anassomzis etal., NIM A, 2008

40

[ Lake Baikal,
V. Balkanov et al., Applied Optics, 1999

»clearest natural water”

Smith & Baker, Applied Optics, 1981
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STRAW - 1st pathfinder mission
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29.10.2021

Background at Cascadia Basin

Baseline component (few kHz)
« K40 decay

e Diffuse bioluminescence

Bioluminescence bursts (MHz)

P-ONE | C. Spannfellner | Technical University Munich
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Images: ONC, TUM

29.10.2021 P-ONE | C. Spannfellner | Technical University Munich 13
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STRAW-b — 2nd pathfinder mission

408m -
* R&D for P-ONE, further background characterisation, verification of attenuation length

384m -
3 standard modules with p/T/H ping signal o

288m -

* 7 specialized modules

~ 264m -

* 2x PMT spectrometers

* Stand-alone spectrometer ~ Background zaom-
* Muon Tracker 168m -
e 2x LiDARs }* Attenuation length
144m -
* External module - WOM
120m -

LiDAR -

PMT Spec -

Standard M. -

Standard M. -

Muon Tracker -

Mini Spec -

Standard M. -

LiDAR -

PMT Spec -

WOM -

29.10.2021 P-ONE | C. Spannfellner | Technical University Munich - ROV Relsase -
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47.756208, \127.73fl625 2345.70m
202@-10-011306:12 HDG:261.60
ONC 0Y062 \\

NISCHE ..
Tsfrylvsnsmr

MUNCHEN ‘

ONC 0Y062

STRAW-b successfully deployed on 27th Sept. 2020, data analysis ongoing Images: ONC, TUM

29.10.2021 P-ONE | C. Spannfellner | Technical University Munich 15
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STRAW-b successfully deployed on 27th Sept. 2020, data analysis ongoing

29.10.2021
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P-ONE — pilot phase (prototype line)
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P-ONE — prototype line

* st step of phase 2 for P-ONE

* Obijectives:

1) 1stline of P-ONE

2) Proof of deployment concept (scalability)

3) Optical and calibration module development

4) Time synchronisation for mooring line (and full P-ONE)

5) Collect as much data as possible (understand data stream

29.10.2021 P-ONE | C. Spannfellner | Technical University Munich
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P-ONE — prototype line

STRAW-a 110m

B

29.10.2021

BT —

X 2
STRAW-b 450m
A : . -
e
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P-ONE | C. Spannfellner | Technical University Munich
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P-ONE — prototype line

Optical Module | In development | 16 pcs

29.10.2021

a

P-ONE | C. Spannfellner | Technical University Munich
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P-ONE - optical module
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Photomultiplier tube (PMT) selection in full progress

Multi-PMT approach

* Biological processes are slow(er)

* Suppression of background by requiring coincidence hits on PMTs (ns scale)

Modular mounting structure to ease construction effort

Electronics development in progress

29.10.2021 P-ONE | C. Spannfellner | Technical University Munich 21
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P-ONE — optical module

29.10.2021

ransparent reflant

P-ONE | C. Spannfellner | Technical University Munich
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P-ONE - optical module

29.10.2021 P-ONE | C. Spannfellner | Technical University Mc
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P-ONE — prototype line

29.10.2021

Calibration Module | Adapted POCAM | 4 pcs

P-ONE | C. Spannfellner | Technical University Munich
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P-ONE — calibration module
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Calibration in P-ONE is based on emission of a nano-second light pulse with know characteristics within detector volume.

1000 m

-1660 m —

i [l

I T . 4

-2660 m

29.10.2021 P-ONE | C. Spannfellner | Technical University Munich 26
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P-ONE — calibration module
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Calibration in P-ONE is based on emission of a nano-second light pulse with know characteristics within detector volume.

* Reconstruction of events require adequate
knowledge of detector

* Performance of optical modules

* Optical properties of detector medium
* Detector geometry

1000 m

1660m —9 & 9.1 * Environmental parameters influence behaviour

* Seasonality of bioluminescence

* Sedimentation

* Currents
-2660 m

29.10.2021 P-ONE | C. Spannfellner | Technical University Munich 27
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P-ONE — calibration module
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Image | F. Henningsen

29.10.2021 P-ONE | C. Spannfellner | Technical University Munich 28
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P-ONE — calibration module \ \
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29.10.2021 P-ONE | C. Spannfellner | Technical University Munich
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Thank you for the attention! There are many more involved!
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— 1<cos(0) < 05

P-ONE — detector overview wpoing

104 —

M. Agostini et al. (P-ONE Coll), Nature Astronomy? (2020)

— ~05<cos(9) < 0.5

horizonta]

— 05 <cos(9) <1
down-going

29.10.2021 P-ONE | C. Spannfellner | Technical University Munich
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STRAW = 1st pathfinder mission

29.10.2021 P-ONE | C. Spannfellner | Technical University Munich 33
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STRAW-b — instrument tray and module mechanics

* Instrument tray
* Built from aluminum profiles (weight: 1200kg (equipped))

* 5 modules can be stored on each side

*  Communication cable (VEOC) is spooled in an eight

*  Module mechanics

* Protection of glass sphere via EPDM rubber layer

* Click-in mechanism to merge with ferrules on wire rope

29.10.2021 P-ONE | C. Spannfellner | Technical University Munich 34
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P-ONE — external temperature sensors

-1660 m —

-2660 m

29.10.2021

1000 m

ERTARTTRETRETRTTRNTRNTRTNTTRTRTRTRTRYTYTN"T"T

External temperature sensors are planned to
be incorporated on every module

Depth-profiling of temperature
* 1000km height
* Long-term study (15+ a)

P-ONE | C. Spannfellner | Technical University Munich
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P-ONE — external temperature sensors

* External temperature sensors are planned to
be incorporated on every module

e * Depth-profiling of temperature
* 1000km height
* Long-term study (15+ a)

* What do we need to know?

Image | Nat. Geography
29.10.2021 P-ONE | C. Spannfellner | Technical University Munich 36



