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Scientific
- - - Quantifying the amount and
Motivation distribution of heat producing elements

in the Earth

- Mapping the compositional variation in
the mantle

- Critically testing compositional
models of the Earth

- Constraining the cooling history of the
=g

"\




Scientific

Motivation

B-decay geo-neutrinos
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Energy threshold, 1.8 MeV

107} +40K geo-neutrino detection needs

another technology.
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History of Sub-Surface neutrino
detection

e Homestake mine (1968-70)

o Solar neutrino problem

o “missing” neutrinos! (conservation not until SNO 2003)
e DUMAND workshop (1976)

o Neutrino detectors made at UH

m leadingto

IMB - Irvine—Michigan—Brookhaven (detector)
HPW - Harvard-Purdue-Wisconsin
Kamioka
DUMAND - Deep Underwater Muon and Neutrino Detection

o ultimately:

m AMANDA, IceCube, Antares, Nestor and KM3
u

[ |
o Bruce T. Cleveland et al 1998 ApJ 496 505 u



https://en.wikipedia.org/wiki/Irvine%E2%80%93Michigan%E2%80%93Brookhaven_(detector)
https://iopscience.iop.org/article/10.1086/305343/pdf
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IceCube

Amanda

DeepCore

Eiffel Tower
324m

The original
DUMAND project
(left), cancelled in
1995, and IceCube
located at the
South Pole (right).
Although there are
no formal links
between the two
experiments, their
configurations
bear strong
similarities.
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https://cerncourier.com/wp-content/uploads/2016/07/CCdum3_06_16.jpg

DUMAND and HanoHano
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Hanohano

2005 2019 2020-2025 e are here
| ; ~20 kg 1-10t ~1.5 kt 10-50 kt

High Energy Physics - Experiment

[Submitted on 28 Oct 2008]

‘Hanohano” 2005 U . Hawai | & Makai Ocean En g | n eeri n A Deep Ocean Anti-Neutrino Detector near Hawaii - Hanohano: A Deep Ocean Anti-Neutrino Detector for Unique

Hanohano Neutrino Physics and Geophysics Studies
Final Report John G. Learned, Stephen T. Dye, Sandip Pakvasa

The science potential of a 10 kiloton deep-ocean liquid scintillation detector for ~1 MeV energy scale
electron anti-neutrinos has been studied. Such an instrument, designed to be portable and function in
the deep ocean (3-5 km) can make unique measurements of the anti-neutrinos from radioactive decays
in the Earth'.s mantle, Ths information speaks to some of the most fundamental questions in geology
about the origin of the Earth, plat e tectonics, the geomagnetic field and even somewhat indirectly to
global warming. Measurements in multiple locations will strengthen the potential insights. On the
particle physics side, we have identified a unique role in the study of anti-neutrinos from a nuclear
power complex, at a range of 55-60 km off shore. Not only can precision measurements be made of
most neutrino mixing including 633 on i but the neutrino mass
hierarchy can be determined in a method not heretofore discussed, and one which does not rely upon
matter effects. This detector is under active study on paper, in the laboratory, and at sea. An
interdisciplinary and international collaboration is in formation, and plans are in motion for a major
proposal, to be followed by construction over several years.

10~50 kT
1~5 kmwe
movable

Vessel : 112m

\ ok Comments: 35 pages, 23 figures. Published in the Proceedings of the Twelfth International Workshop on Neutrino Telescopes,
‘The National Defense Center of Excellence Venlos, March 2007
for Research in Ocean Sciences (CEROS) Subjects;  High Energy Physics - Experiment (hep-ex); High Energy Physics - Phenomenology (hep-ph)
73-4460 Queen Kaahumanu Highway, Suite 111 d
Kailua. ‘Hawaii 96740 Cite as arXiv:0810.4975 [hep-ex]
(o arXiv:0810.4975v1 [hep-ex] for this version)
Prepared by: https:/ /doi.org/10.48550/arXiv.0810.4975 @
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Neutrino Geoscience: Current and Future

what we need
multi-site L directional sensitive detector

improved accuracy of

measurement
& measurement | |

= ﬁj new type detector
modelling e =

An Ocean Bottom

‘ current generation Detector next generatio
what we learn
total radiogenic heat . resolving vertical and

in the Earth J horizontal flux differences

Th/U‘ I’a'[IO Measurlng Next Target!

dlstlngwshlng mantle ‘, : detecting
* Measuring ;
contribution K geo-neutrino

L

beyond modern land-based detector

{ OBD: breakthrough
transforming our vision of deep Earth

first measurement in 2005
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OBD Present & Future

. . 020-2028%¢¢
2005 B 2 ~20kg _ 1-10t ~1.5 kt 10-50 kt

— F {Maturity of science ]
Technical demonstration & environment measurement in the sea
deep sea neutrino & muon flux, ocean water density & temperature, radioactivity
— input parameters for ~1.5 kt detector design

. . 2.5
First clear mantle signal C #
] ] o B 2 Stainless
« Detector simulation study is in progress. 5 21 5. tank
~ Hawali is possible position. E Y :
i 15 P
» Detector should be installed at ~4km deep sea & [ | Reactor o ffer oil
" - neutrino © B Butter oi
to shield muons Low T 2-4°C High P40MPa 5 4  Accidentl Bami e e o 2 e e Acrylic
o [
Signal Backgrounds 1]
E region U Th Total | Reactor | Acci. | (a,n) |He-Li|Fast-neutron| Total

Al o5l 164 | 803 | 413 [ 192388 0 | <242 |9.93
Geo-nu [(4-61)|(1.15) | (5.76)} 153 [ 1.90 |2.96| 0 | <0.58 |6.39

Visible energy[MeV]

(mantle) [Events/year]
highQ model: lyear — 3.70 1month — 4.10
+«Mantle geoneutrino sensitivity middleQ model: 3year— 3.50 17 kt detector case 3month — 3.90
L lowQ model: 10year— 2.50 lyear — 3.00
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Risks \!/

Glass PMTs implosion,
leaks, etc.

Cost, deployment, mobility
issues inertial mass

Cable Fiberoptics
Data?

Battery operation Buffer and veto volumes
feasible? most of inertial mass

Depth requirement
4 km

Detector mass:
1t-10kt

11



UH Meeting Station Aloha

Who? Blue Eisen (Marine Research Engineer)

What? Station ALOHA’s ALOHA Cabled Observatory (ACO)

When? Sept. 2025.

https://aco-ssds.soest.hawaii.edu/

Where? 5km below the surface,
100km north of Oahu.

Why? Three methods to do
ocean bottom deployments,
SiPMs, etc.



Station Aloha - ACO




1atm with nitrogen or air, cool old air
-  Expensive bulky heavy casing

_—

Blue Eisen
thus suggested

the mineral oil method
for pressure tolerance.

N

Submerge in oil (40MPa)
-  Pressure balanced

Epoxy (40MPa)
- Deep camera (Deep Sea Eye)
- 3d printed box, filled with epoxy
- Will experience compression
- Even matrix with chop fibers

14



Talk to other ocean bottom experiments
(KM3NeT, etc.)

Synergize with Tohoku U. on testing
components for possible use in OBD.

Work with national labs to facilitate next
steps for both research and career.

15



summary

. Measure Radiogenic Heat and the Core-Mantle Boundary:
Unigue composition measurement via geo-neutrinos.

. Testing of Q models and, flux via an Ocean Bottom
Detector project lead by Tohoku U. Specifically, professors
Hiroko Watanabe and Bill McDonough.

. Risk white paper, input from Blue Eisen (UH Station Aloha).

. Test SiIPMs, coordinate with other deep ocean technology

projects (many have military implications).
16



Thank you!

TOHOKU

UNIVERSITY
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