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Outline

ʳ Science Subjects 

ʳ Observational Instruments 

ʳ Diffuse Ǡ-rays 

ʳ Discrete sources

ð Galactic Sources 

ʳ Steady Radiation 

ʳ Variable Sources 

ð Extra galactic emitters 

ʳ AGNs 

ʳ GRBs 

ʳ Exploring in Physics Frontier 

ʳ Summary and Outlook 
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Science:     Non-thermal radiation of the universe, 

particle acceleration, origin of CRs

ʳMulti-messenger 

Astronomy era
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Science,373, 

425-430, 2021

Crab

LHAASO
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LHAASO J0534+2202

GRB                 BOAT 
Science 372 (2021) 6546, 1081  Science 380, 1390 (2023)

Crab: Extreme 
accelerator 

Science 373, 425 (2021)

PeVatrons in MW
Nature 594:33-36 (2021)

üUHE ɔ-astronomic window

üNew Phenomena & new sources (>30) 

ððAll kinds of HE objectsσ

SNR, Pulsar, PWN, YMC, binary, SBG, 

AGN, GRB é

Nature 575 (2019) 7783, 455

Nature 575 (2019) 7783, 459



Observational Instruments

ʳ H.E.S.S. is the only one in southern hemisphere and finished all-sky survey along the 

Galactic plane using the pointing observational instrument  
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300 m ɲ ñlight poolò, 105 m2

H.E.S.S.

MAGIC

VERITAS

Pointing Devices

Angular Resolution 3ô

FoV<10°
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ARGO-YBJ 4300 m a.s.l

HAWC 4100 m  a.s.l .

ASg4300 m a.s.l .

3 Generations of 
EAS arrays

LHAASO 4410 m a.s.l .

Wide FoV Surveying Facilities
on the ground

1/7
sky 
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FERMI-LAT & AGILE
in space w/ wide FoV

Sensitivity: 10-14 erg/cm2/s
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Diffuse galactic Ǡ-rays above 10 GeV 
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Spatial Distribution on Longitudes and latitudes
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Roughly consistent with gas distributions for b, 

but show deviation for l distribution

10-63 TeV

63-630 TeV

ASɔColl., Phys. Rev. Lett. 126, 141101 (2021)

Contamination from the 

discrete sources due to 

sensitivity to resolve them

LHAASO(2023)
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EnergyDistributionof GDE

Fermi-LAT

LHAASO

Inner Galaxy

outer Galaxy

Predictions

using local CR 

intensity and 

column 

density of gas 

are lower than 

measured that 

may indicate 

existence of 

contamination 

of extended 

discrete 

sources found 

in more 

sensitive 

observations 

(see below)  
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p,Ɯ + ISM Ÿ p0Ÿ 2g

e + ISM Ÿg(bremsstrahlung)

e + ISRF Ÿ g(inverse Compton)
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Origins of Galactic diffuse ɔ rays

(GeV)
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Unresolved source population?
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ʳ SEDs of GDE in two regions

ʳ Higher than prediction, contamination of sources? 
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Fermibubble

Ideal sourcefor EASarrays

HAWCset strongupper limits

E-Rositahalo



Discrete VHE/UHE Ǡ-ray sources
ü 7100+ Sources listed in Fermi-LAT  catalogs (4FGLé)

ü TeVCatincreases from 270 sources to ~300 sources after LHAASO published 32 new sources in its 1st catalog

ü Amongst them ~200 are in the galactic plane ( |b| < 5° )

ü ~50% of them are associated with known celestial objects, and others are unidentified. 8 unidentified can be 

associated with GeV sources 



43 PeVatronsare discovered

ü Photonshaving EǠ>100 TeVare detected in the 43 sources significantly (>4ǰ)

ü The spectra of the PeVatronsare typically soft, w/ spectral index > 3.

ü 8 of them have hard spectra so that there is no emission detected in 1-10 TeVband

Implication: Our Galaxy is full of PeVatrons, the candidates of the origin of cosmic rays 

around/above the knee  knee

43



The stars

The most fascinating objects: the Crab, Cygnus X, Galactic Center and RX J1713-3946

Pulsar

&

Pulsar 

Wind 

Nebula 

Supernova 

Remnant 

G.C.

Young Massive 

star cluster



SED of the Crab: òstandard Candleó
& PeVatron

Zhen Cao et al., LHAASO, Science, p425-430, 2021
Ò LHAASO: (comparison)

ü Covering 3.5 decades of energy

ü Agreeing with other experiments below 
100 TeV

ü Self cross-checking between WCDA & 
KM2A

Ò LHAASO: (discovery)

ü Unique UHE SED

ü A PeVatronwithout ambiguity  

ü Clear origin:  a well-known PWN

Ò Challenge basic theory of electron 
acceleration

KM2AKM2A
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òExtreme Electron PeVatronó
ʳ One-zone Leptonic Model non-negligible fact, howeveré

ʳ It is hardly to be recognized as a òreasonably good fittingó

ʳ Challenge: 1.4 PeVphoton must be emitted by 2.8 PeVelectron implying Ǣ/B~26% !

BSoftphoton

Scattered Ǡ

IC

e+

& 

e-

e

L. Nie et al., ApJ, 924 42 (2022), arXiv:2201.03796
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https://arxiv.org/abs/2201.03796


Seems to be a plausible interpretation 

Proton

above 1 GeV : Lepton + Proton

L. Nie et al., ApJ, 924 42 (2022), arXiv:2201.03796

Due to
flares

ʳ Relaxingthe tension of 2.8 PeVelectronõs acceleration

ʳ Origin of CRs above the knee: a Super-PeVatron?!   Stay tunedé

ʳ Majority of sources in catalog 1-LHAASO are found associated with PWNe

ʳ The contribution to the origin of CRs above the knee is certainly not negligible !! 
19
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G.C. and Cygnus X H.E.S.S collaboration 2016

ʳ G.C. is the first indication of PeVatronusing 40 TeVphotons

ʳ Cygnus is emitting photons up to 2 PeVis a bubble associated 
with the local gas distribution in at lease 6°

ʳ Strong core emitting a couple photons with Emax~1.4 PeV

ʳ Super-PeVatron: origins of 10 PeVCRs ?!
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Young SNRs

SN 1006 

d=1.6-2.2kpc

Acero et al. 2010

Leptonic

Hadronic

possible to probe E
p,max

TeV extends 

beyond X-ray shell

SNR J1713.7-3946

1.1-1.7kyr (SN 1629?)

d=1.1kpc

Interacting with clouds:

Promising hadronic 

gamma-ray emitter

HESS J1502-421

HESS J1504-418

in low gas density environment

SNR G0.9+0.1 in GC direction, d=8.5-10kpc

Composite SNR

PSR J1747-

2809Characteristic age 
5.3kyr 
Spindown Luminosity
4.3e+37

Flat TeV spectrum

VERITAS Collaboration 2021

HESS Collaboraiton 2018

Fukui et al. 2021


