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J-ray astronomy:

Survey for sources (above 500 GeVy ===

PeVatrons(abave 100TeV)

I All kind of sources: SNR, PWN, MYC, binary,

pulsar, AGN, GRB etc.
Cosmic Ray Physics:
The knees .

Compositions : individual species H, He and Fe
Anisotropy: (1 TeV to 10PeV)

New Physics Front:om, Liv, etc.
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Cosmic Ray Origin

AAfter 110 years, we have learnt a lot about CRs
near the Sun

AParticularly in the era of high precision
measurements

AHowever, their origin is still an open question

—s— solar system (Lodders, Ap)] 591, 1220 (2003))
cosmic ray flux at Ey,/4 =20 GeV (*)
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There |

Is still no clue about the origins of CR;@
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lcaTop (ICRC 2012 - IDD24E)
Telescope Array (ICRC 2013 - IDO0221)
TIBET-1Il {Astrophys. Jour. BBT{2008}1165)

KASCADE-Grande (Phys. Rev. D 87(2013)081101(R))
KASCADE-Grande (Astropart. Phys. 36(2012)183-194)
KASCADE all (QGSJetl)

HiResll (Phys. Rev. Lett. 100(2008}101101)
Tunka-132 (ICRC 2013 - IDO&1T)
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Physics Procedia 61 ( 2015) 425 434.arXiv.1910.03721v1
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All -particle energy spectrum & 2\

composition by LHAASO R T aama
(from 0.3 to 30PeV)

A Systematic
uncertainties
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LHAASO -KM2A

Selection obi rays out of CR backgrouna:

>

Active Area for Muons vs. Array Area: 4%

very few muons

ray event

. many muons ~ 1 PeV

~1 PeV CR event

from the Crab

“ta:31.2deg, Phi:284.0deg
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20210511131 236/0.554788897: nTrig=-1, 0=37.81=0.02%, f=103.39+0.027

AASC pYA
Water Cherenkov
Detector Array
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-ray Astronomy: sources and diffuse emission

U Survey discovered 30+ new sources, 40+ PeVatrons d g g g | i-raxemissioh
<500 GeV FerrlAT__ Excess Map 1-25 TeVLHAASEWCDA Excess Map
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E2dN,/dE [erg s~' cm~2?]
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Possible Source Candidates
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Many types of sources have the potential to accelerate partitlegaod above

A&A 671, A12 (2023)
Science 10.1126/science.abg5137 (2021).

G.C. by IACTs

The Astrophysical Journal, 913:115 (11pp), 2021 June 1



LHAASO J0534+2202

Cygnus Bubbile, .

Science Bulletin, LhARSO 122264057+ B :
arXiv:2310.10100 Crab, Sclence373, 425 (2021)
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For the first time in the world LHAASO observed



A Bubble of UHEgscentered at a complex ca@

[ A SO

Cygnus OB2, binary J2032+4107, MQ X P G
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Association with HI gas distribution over ~200 ﬁ

The significance map is smoothed Clear correlation with gas distribution indicating a hadrc
with a Gaussian kern@gv origin ofphotons in thé&ubble
The contour is from HI4PI 2am E The signal is elongated alongdisekand extends to 10
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Galactic Latitude [ degree ]
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The Bubble at 220 TeV
by WCDA
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Clampy structure of the
Bubble: hot spots

0y

ey 08 c8 oe

[ aainah 1 ahiitinan | aitaeled

The contour is fronCfA galactic CO survey

The

significance

18
16
14
12
— —_
10 9@ bl
S »
8) SN
8 S -E
S a3
6
8 O
4
2
0
-2
ma p

1D FIUX |n 2 B b5 F B P 2

e
& \

TAASC

x10°
14—
- —o— Data
A  central source
e Bubble + hot-spots
- | Bubble
10— — diffuse y’s estimated using
B i lacti i
S S T immer galactic region
8— I ‘L + outer galactic region
- 4_ 2
°L @ ) +
aH
ZEAE
ol
B 1 1 I 1 1 1 I | 1 | | 1 1 l 1 1 1 I 1 1 1
76 78 80 82 84 86
Galactic Longitude( degree ) _
S smoothed with a Gaussi an

K



The Bubble at 25100 TeV
by KM2A 1D Fluxin 2
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Galactic Latitude [deg)

LHAASO measured the Galactic Diffuse Emission —..~
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Spectral Energy Distribution of the Bubble \ -
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HE Protons injection from the core regit

. High energy cosmic rays
< Xmc ol
escape from the accelerator F - HI Gas
1 : ! ' H:Cloud
In the core . .

‘®- CR Source
Low-ener
63 4

, Diffusing through the H1 gas CR Trajectory

. X . | ™3 — High-ener
and producin@sin p-p dn " CR Trajectory
collisions ; I v, . —

. Hitting on clampy molecular . w . 2
clouds making hestpots

i - . .‘ 1.46 kpc ;.

. Slow diffusion ~1%DC in " g

ISM



Model w 3 components : SED over 8 decadeés
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s Spatial A\

Profile over 10 from the core

~ 8107 30107

E C| % 2510"f

‘o 64107 1 o o

o Q

o 44107 o 1.5.107}

) )

o pq0® o 1.04107"°}

n < [ wn 11

2 __ o 50107

1_ Ol e 0 L e— "_ 0 LT T -
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10

Angular Distance (deqg) Angular Distance (deg) Angular Distance (deg)



E?dN/dE (GeV/cm?®)
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The Galactic Diffuse Emissionis 22\ .

X3 higher than the expectation b T 2
e TTTHAASGKMZA e
Inner Galactic Region by Lotz srancs
ALikely to be the » el

extension of bubbles

ACygnus bubble is a
good example
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Extra galactic sources: ~12, AGNs  <sarsivans
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The FoVof LHAASO at the burst

By Bing Zhang



