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Lunnits on Newtrino and Ganmna-Rays at UHIE
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Auger UHE Photon limits ICRC 2023

Auger SD 433 m + UMD (2023), U.L. at 95 %

Auger HaCo + SD 750 m (2022), U.L at95% C
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Auger Hyond (2021), UL at85% C.L
Auger SD 1500 m (2023), UL. at 85 % C.I
RASCADE Grande (2017), U.L. at 20 % Gl
EAS-MSU (2017, UL, at 90 % C |
Telescope Array (2019), UL. at95% C.L.

Telescope Array (2021), U.L. at 95% C.L.
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Auger Neutrino limits ICRC 2023

w wm = AGN (Murase 2014)
Cosmogenic (best-fit to Auger spectrum - proton) ssssssss |Low-lumin. BL Lac (Rodrigues 2021)
Cosmogenic (best-fit to Auger spectr. & compos. - mixed) - « we=  Starburst Galaxies (Condorelli 2022)
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What are the sources of Astrophysical Neutrinos?
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Extragalactic Neutrino Astronomy begins: IceCube
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Artist's rep TDE (star torn BH).
Credit: NASA / CXC / M. Weiss

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

Binary Neutron Star Mergers Tidal Disruption Events
Binary Black Hole Mergers

g Neutron Star —Black Hole Merge
Artist's rep NS-NS merger. .
Credit: NSF/LIGO/SSU/A. Simonnet. NS-NS M 87

Credit: NASA,
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OBSERVATORIES/ASSOCIATED PRESS

SWIFT NEUTRON STAR | :
COLLISION V. 2 ‘ Gamma w Bursts

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

ANIMATION: DANA BERRY
310-441-1735

PRODUCED BY ERICA DREZEK

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 UHECRSs

Timeline

serPrime upgrade

I'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
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Figure 1. Distribution of neutrino sources in energy and distance traveled to the detector, and present and future £S5
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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

EUSO-TA (2013-)

EUSO-Balloon (2014) i
EUSO-SPB1 (2017)
Mini-EUSO (2019)

EUSO-SPB2 (2023)

Fluorescence

Atmosphe

K-EUSO (2025+) — ‘ Cherenkov

-----

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







Muni=EUSO
International Spauce Station
ISS

Vs w EN

Soyuz M2 Progress 73

Soyuz MS-14



JEM-EUSO CHANT

PCC: POEMMA
CHERENKOV

PFC: POEMMA
FLUORESCENCE

CAMERA CAMERA
uv 1§ SELE Optical
lusec -Hr} '! {»rﬁ, - 20 nse:c
126,720 pixels (1T [ 15,360 pixels
MAPMTSs SIPMs

// |

POEMMA ROADMAIP EUSO-SPB2 EUSO-SPB2
. CT:
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EUSO-SPB2 (2023) \ | TELEScoPE ,l |
uv > <—/ SiPMs

lusec .{» )/ : Optical

6,912 pixels 10 nsec
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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 41
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EUSO-SPB2

2023 flight

Fluorescence from UHECRS
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. . 13 MAY. 2023 00:02:
Flight Ended Flight Ended /3 COLUMBIA SCIENTIFK
Total Flight Time Total Flight Time BALLOON FACILITY
39 Days 13 hours 35 minutes 1 day 12 hours 53 minutes
Launched April 15, 2023 Launched May 13, 2023

EUSO-SPB2
May 13 flight

2 nights
commissioning
+ data




NWASA WANA KA (Caunnqpal[ig]ms
Super Pressure Balloon ((S]P’]B))

EUSO mission 2015 & 20273

2015 2016 2017 2023
NASA Engineering Flight COsI EUSO-SPB EUSO-SPB2

32d5h 46 d 20 h 12d4h 1.5 d (37hrs)!1!



Event Types

o BiFocal Events
o Air Shower Cone
o Direct Hits

Bifocal Optics and Trigger Logic

Bi-focal mirrors

Detector

Trigger Boa‘lid _
Trigger

& DAQ

100ns coincidence




CRI11-01 Terzina telescope
Sat July 29th, 10:15 AM
Roberto Aloisio

The Terzina instrument
on board the NUSES

space mission

NUSES mission

Ziré

POEMMA ROADMAP Terzina

A\

U

&)

EUSO-SPB2 (2023) | =/7 7

Terzina (2026)



POEMMA ROADMAP

EUSO-SPB2 (2023)
Terzina (2026)
PBR (2026)
(POEMMA-Balloon-Radio)

POEMMA -Balloon + Radio
PBR (2026))

PBR:
Larger Telescope than EUSO-SPB2

Hybrid Focal Surface = POEMMA
All space qualified components

Fluorescence
- UHECRs from zenith to High Altitude EASs

Cherenkov

- Below the limb for Targets of
Opportunity Neutrino sources
- Above the Limb CRs

Radio
- Low Freq for coincidence with Cherenkov

Infrared camera; LEDs, auxiliary devices



Future detectors of UHE CRs and Neutriunos
Future Looks ]Blrfug‘]hntl!
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Giant Radio Array for Neutrino Detection ((GRA\ND))

5 u_ A ' ~ Radio detection of ultra-high-energy air-showers
yin | - ] ('H[:('R
* s’ l i vertical shower
GRAND10k -
) | v | , S K Ty

10,000 kmZ

+ Proto300

. ] geomagnetic effect:
g | radio signal
g . | few 100 MHz

GEANDProtoBOQ) GRAND10k GRAND200k

2022 203X




EUSO-SPB1 Launch from Wanalka, NZ
April 24, 2017
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