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Cosmic Particles
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Astroparticle Physics Open Questions:

What are the sources of the Ultra-High Energy Cosmic Rays (UHECRs)?

What are the sources of Astrophysical Neutrinos?



Outliune:

What are the sources of the Ultra-High Energy Cosmic Rays (UHECRs)?

S S Q
Cosmic rays with energy above 1 EeV = 10" eV

1

What is the spectrum of UHECRSs?
What is the (C(ounnlp@s[Ut[[(onnl of UHECRS?

1

What is the sky distribution of arrival directiomns?

1

1

Where are the neutrino and gamma-ray secondaries?

1

What physical processes do UHECRs probe?

What are the sources of Astrophysical Neutrinos?

Futuore Outloolk



Submitted to the US Community Study
on the Future of Particle Physics (Snowmass 2021)

Ultra-High-Energy Cosmic Rays

The Intersection of the Cosmic and Energy Frontiers

Abstract: The present white paper is submitted as part of the “Snowmass® process to help
inform the long-term plans of the United States Department of Energy and the National Science
Foundation for high-energy physics. It summarizes the science questions driving th High-
Energy Cosmic-Ray (UHECR) community and provides recommendations on the strategy to answer
them in the next two decades.

Coleman et al, 2022
arXiv:2205.05845

Snowmass Cosmic Frontier 7 report
Adhikari et al 2022
arXiv:2209.11726

Open Questions in CRs at UHEs
Alves-Batista
arXiv:1903.06714
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3,000 km? array of 1665 water Cherenkov tanks
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Telescope Array
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What is the spectruum. of UHECRSs?
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Auger Spectrum ICRC 2021
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Greisen, Greisen-Zatsepin-Kuzmin Effect
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What is the <c<o>1nnqp><o>sfutii(onm of UHECRSs?
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Auger Composition ICRC 2021
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Mass composition at Earth

A=1
1<A<S
4 <A<23
22 < A <39
38 < A<57

log10(E/eV)




Auger Spectrum ICRC 2021
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Auger Spectrum+Composition ICRC 2021
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What is the sky distribution of arrival diurections?
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Auger Spectrum ICRC 2021
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Auger Spectrum ICRC 2021
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TA hotspot (E>50 EeV)
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A , Starbursts Galaxies or Active Galactic Nuclei?
M82 — Starburst Galaxy SRR '
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Auger Spectrum ICRC 2021
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Where are the neutruno and Qramnumia=ray secondaries?
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What physical processes do UHECRs probe?
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Figure 3.8: Constraints on the mass and lifetime of SHDM particles as obtained from the upper
limits on photons [375] (left) and upper limits at 95% C.L. on the effective coupling constant of a
hidden gauge interaction as a function of the mass for a dark matter particle decaying into qq [18]
(right). For reference, the unification of the three SM gauge couplings is shown as the blue dashed
line in the framework of supersymmetric GUTs [376]. Figures taken from Refs. [18, 375].
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What are the sources of Astrophysical Neutrinos?
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Extragalactic Neutrino Astronomy begins:

IceCube (2013)

9 07:23:18 2011 Joan 3 03:34:01 2012

Bert 1.05 PeV

AR AR O TR A5

Ernie 1.15 PeV

ﬁ.ICEDUBE

50 m
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86 strings of DOMs,

IceCube Laboratory t 125 met rt
e meters apa

Data is collected here and
sent by satellite to the data
warehouse at UW-Madison

Digital Optical

Module (DOM) 2450 m

5,160 DOMs
deployed in the ice

1450 m

Amundsen-Scott South
Pole Station, Antarctica

A National Science Foundation=
managed research facility

T

60 DOMs
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Artist's rep NS-NS merger.
Credit: NSF/LIGO/SSU/A. Simonnet.

Artist's rep BH-BH merger.
Credit: NASA / JPL/
Swinburne Astron.Prods

Blazar Flares

4

Artist's rep WD-WD merger
Credit: Ars Technica

Binary Neutron Star Mergers
Binary Black Hole Mergers
Neutron Star —Black Hole Merge

NS-NS
Credit: NASA,

SWIFT NEUTRON STAR
COLLISION V. 2

ANIMATION: DANA BERRY
310-441-1735

PRODUCED BY ERICA DREZEK

Artist's rep TDE (star torn BH).
Credit: NASA / CXC / M. Weiss

Tidal Disruption Events

M87

EVENT HORIZON TELESCOPE
COLLABORATION/MAUNAKEA
OBSERVATORIES/ASSOCIATED PRESS

'Gamma w Bursts

s

Newborn Ptgbalrs b

Credits: X-ray: NASA/CXC/ASLJ/J.Hester etal;
Optical: NASA/HST/ASU/J.Hester et al.
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Future Outlook

Timeline

gerPrime upgrade

'Ax4 upgrade

IceCube-Gen2 IceCube-Gen2
deployment operation

GRAND GRAND 200k
10k multiple sites, step by step

POEMMA

GCOS GCOS
R&D + first site further sites
2025 2030 2035 2040
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Probe Of Extreme Multi-Messenger Astrophysics

UHECRSs and Cosmic Neutrinos
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JEM-EUSQO program

Joint Experiment Missions D P A
Extreme Universe Space Observatogy 25« «8%¢

300 researchers from 16 coun?ri.s
/ -

% EUSO-KLYPVE
: it 400km

FUSO-TA (2013-)

EUSO-Balloon (2014) i

EUSO-SPB1 (2017)
Mini-EUSO (2019)
FUS0-5PB2 (2023) Fluorescence
; Atmosphe
K-EUSO (2025+) e ‘ ‘ Cherenkov

-----

POEMMA (2030+) = ~TAEUSO@03) 100km s




EUSO-SPB2

2023 flight

Science Results:
Fluorescence from UHECRS - Fluorescence from ~30 UHECRS

Tau Neutrino Events - Tau Neutrino candidates from

transients
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EUSO-SPB2

Field Tests, Integration, Hang Test
Flight Ready Match 2023
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EUSO-SPB2 Hang Test

& Packing
November-December 2022

77



OLUF MAERSK
Container Ship

IKSU2587018 Hapag-Lloyd

New Orleans

08 Dec 2022 - Arrival in
12 Dec 2022 - Departure from

New Orleans - Charleston
12 Dec 2022 - 17 Dec 2022

Charleston

17 Dec 2022 - Arrival in

19 Dec 2022 - Departure from January 10; 2023
19 Dec 2022 - Arrival in

23 Dec 2022 - Loaded (Vessel name : OLUF MAERSK)

24 Dec 2022 - Vessel departed (Vessel name : OLUF MAERSK)

Charleston - Port Chalmers 41 days
24 Dec 2022 - 04 Feb 2023

Port Chalmers

04 Feb 2023 - Vessel arrival (Vessel name : OLUF MAERSK)







Why New Zealand?

Wanaka air flow at ~30 km June 9t 2017

SOUth ISIa n d https://earth.nullschool.net/#current/wind/isobaric/1
New Zealand OhPa/orthographic=180,-90,300

Cameron Beccario 80
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Future detectors of UHE CRs and Neutriunos
Future Looks ]Blrfug‘]hntl!
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EUSO-SPB1 Launch from Wanalka, NZ
April 24, 2017




