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“Typical" Multi-messenger Event you imagine

~ Milky Way Galaxy Simultaneous detection of
200-400 billion Stars, with at Iezis?iuotﬂiSill‘lziobriluli’cl}Znﬁz,r SSS:Jd;nilllion of which may support Life Op'ﬁ Cal emi SS i on
| ' X-ray
Gamma-ray
Radio
Neutrino
Gravitational Wave

125,000 Light Years
in Diameter.

The Milky Way is moving at a rate of 552 to 630 km per . :
second, being pushed away from the Local Void at You Are Here
600,000 mph. Our Solar System travels at 447,000 MPH ;
and takes 250 Million years to complete one Galactic
Rotation.

26,000 light years away from the
Black Hole at the center of the Milkyway




Rare Transient Phenomena

1987A Kamiokande GW170817A GRB 221009A
T s M i NS-NS Merger at 40 Mpc prightest of all ime GRB
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GWTC-3: ~105 Gpc=3 yr1 Once per 10,000 yr
Once per 30-100vyr — Once per 36yr



Multi-messenger astronomy with Ultra High-energy Cosmic-rays

overdensity map in Galactic coordinates AUGER ICRsz
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Pierre Auger Obs. exposure = 32 EeV [10° km? yr sr]

Correlation search for: Infra-red catalog
Gamma-ray catalog
Radio catalog etc,



Non-thermal phenomena (Extra-galactic)

Accretion Flow
AGN Corona

Disk Wind
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Blazars are not dominant neutrino source

ICRC2023
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Leptonic process is liKely.

Maximum energy of electrons suggests

low acceleration efficiency,
Turbulence Acceleration?

Maximum Energy of Protons is also low,



Neutrino Limit for BOAT GRB

GRB 221009A o
brightest of all ime GRB [ceCube Upper Limit
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Neutrinos from Seyfert, beyond one-zone model

NGC1068 IceCube Collab, 22
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Other Seyferts
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Tidal disruption event
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Star Formation History Davies & Beasor 18
Abbott+21] - _red supergiant problem
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BH Formation History

Neutrinos from Failed SN
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Origin of Massive BH
GRB Rate L Pop lll SF History
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Gravitational Wave Background
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101 10°

10714 .

107'° 1 = Best-Fit SMBH Binary Model
] === SMBH Binary Model (GW-Only)

v a=2/3
2 | T | 3 x 10!
GW Frequency [nHz]
nHz GW detection Binary Super Massive BHs

by NANOGrav 15 yr observation



SMBH binary with sub-pc separation
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SMBH with Kpc separation
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SMBH merger

Palenzuela+ 10
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Galactic Diffuse

Diffuse Gamma-Ray
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IceCube+LHAASO+Tibet

Converted 1o neutrino flux
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Cosmic-Ray Direct Detection

Proton spectrum
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Note: how 1o distinguish diffuse and sources?
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Pulsar component consistent with positron CRs
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Future AMS data for positrons

AMS-02 ICRC2023

® AMS Current Data
® Projection AMS by 2030
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