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Multi-Messenger Framework

Credit: Irene Tamborra
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Windows on the
Universe bring
electromagnetic
wave, cosmic rays,
neutrinos and
gravitational waves
together to probe
the rich physics of
extreme phenomena
in the sky.




What can VHE gamma-ray observation provide?

* The origin of the high-energy cosmic rays
— Galactic or Extragalactic
* Acceleration mechanism under extreme astrophysical
conditions
— Astrophysical radiation and particles propagation
— Source properties
e Study of cosmology and fundamental physics
— Indirect detection of dark matter
— Lorentz Invariance Violation

— Galaxy evolution and Extragalactic Background Light

>\ \ﬁ’\

1 | 1 |
Visible light X-rays High energy y-rays VHE y-rays UHE y-rays
eV keV GeV TeV PeV
(e.g., Hubble) (e.g.,Chandra) (Fermi-LAT) (e.g., VERITAS) (LHAASO)




The LHAASO Detector Array

KM2A: (1.3 km?)
Electromagnetic Particle
Detectors (ED)
Muon Detectors (MD)

Daocheng (29°21"28”N, 100°08207E) 4410 m a.s.l.
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WFCTA: (18)
Wide-Field Air Cherenkov
Telescope Array



The first catalog of y-ray sources detected by LHAASO
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Significance

Covering declination
from -20°to 80 °
Containing 90 sources
with extended size
smaller than

2°, significance > 50.
32 new TeV sources
43 sources are
detected with E > 100
TeV emission at > 40
significance level.

LHAASO Collaboration, arXiv:2305.17030



https://arxiv.org/abs/2305.17030

Observation of LHAASO J2108+5157 in the X-ray band with XMM-Newton and at TeV

D-KM2A

LHAASO J2108+5 157 energies with the Large-Sized Telescope prototype (LST-1) and Fermi-LAT data.
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Leptonic scenario of emission

Hadronic scenario of emission



LHAASO J2226+6057

TeV counterparts: VER
J2227+608/HAWC J2227+610

Tail: the SNR G106.3+2.7, with

the associated MC
Head: Boomerang PWN

Assuming a completely
hadronic origin, the neutrino
fluxes are expected, but the
lceCube sensitivity was
insufficient to detect possible
neutrino emissions.
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Gamma Ray Burst
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https://arxiv.org/abs/2310.08845
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Started at T;+230s with two flux peaks around

Ty+245s and T,+285s, decreased since T;+300s * The highest energy observed from GRB ever.
and faded out after T;+900s. During T,;+230sto ¢ An external shock origin for the emission.
Ty+900s, 142 events with energies above 3 TeV * Place strong constraints on new physics

were detected, with an estimated background parameters.
of 16.7.



Milky Way
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Take Home Messages

* LHAASO has made a great success in the VHE gamma-ray observation,
extending the spectra of energy distribution to the highest regime.

* The gamma-ray together with neutrino observations are necessary to
discriminate between leptonic and hadronic scenarios.

* The synergies between LHAASO and next-generation IACTs and

neutrino telescopes are essential to explore the physical processes
and reveal the Universe.



