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Water Cherenkov Detector 

Array (78,000 m 2)

Wide FoV Cherenkov 

Telescope Array 

KM2A: Scintillator counters 

(ED) and muon counters (MD) 
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5216 EDs

1188 M Ds

3120 unit s

18 telescopes 

FoV: 360¯Ó16¯

LHAASO d frpsoh{ iru erwk Ɨ-astronomy 

and Cosmic Ray research

Very sensitive 
Ɨ- ray telescope above 

10 TeV (~15 mCU )
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Very sensitive 
Ɨ- ray survey telescope 
above 1 TeV (15 mCU )

Very unique 
spectrometer of CR H, 

He and Fe above 30 TeV

30m



ScientificGoals

ɔ-ray astronomy:

Survey for sources (above 500 GeV)

PeVatrons(above 100 TeV)

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 10 PeV)

New Physics Front: DM, LIV, etc.

Large High Altitude Air 

Shower Observatory
LHAASO

The ultimate goal is to

identify origins of CRs
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LHAASO Operation: Stable and High Quality 

Duty Cycle>98% with failure rate<2% Pointing acurracy and resolution

Black: EƗ~3 TeV
Green: EƗ~25 TeV - 100 TeV

Blue: EƗ>100 TeV

°0.03¯

0.23¯

0.15¯

0.38¯;; ƫ

~3 TeV

56 ƫ

25-100 TeV
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Âɾ-ray Astronomy

90

LHAASO Sources

1. AGN,GRBandEBL
2. Microquasars
3. SNRsandPulsarHalos
4. PWNandYMSC
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ü Survey discovered 30+ new sources, 40+ PeVatrons dqg gliixvh Ɨ- ray emission  

- ray Astronomy: sources and diffuse emission
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HESS

1-25 TeVLHAASO-WCDA<500 GeV  Fermi-LAT

25-100 TeVLHAASO-KM2A >100 TeVLHAASO-KM2A



LHAASO AGNs 

1. A Survey of extra- galactic 
sources with full- WCDA data 
(508 days)

Name RA[Ј] Dec[Ј] Significan
ce[s.d]

Separatio
n[Ј] 

Mkn421 166.05 38.15 70.84 0.05

Mkn501 253.45 39.75 63.97 0.02

1ES2344+514 356.75 51.65 6.76 0.06

LHAASO
J1219+2916

184.95 29.25 6.71 x

1ES1727+502 261.95 50.25 6.52 0.09

RXJ0648.7+15
16

102.15 15.35 5.10 0.09

M87 187.75 12.45 5.07 0.07

TXS0210+515 33.65 51.75 4.95 0.05

1ES1741+196 265.85 19.55 4.41 0.15

BLLacertae 330.67 42.27 4.38 0.18

VER0521+211 80.55 21.05 4.23 0.19

1ES1959+650 299.65 65.05 4.18 0.18

W Comae 185.35 28.45 4.10 0.22

5 sources above 6 are detected.

Credit: Min Zha



Active Galactic Nuclei  

ÅThe 1st Low luminosity AGN @ TeV
NGC 4279

ÅFirst time measured the duty cycle for 
M87 and Mrk 421 etc.

ÅThe size of the TeVemission is ~ few 
Schwarzchildradii of SMBHs

ApJL, Vol,971, No.2, L45, 2024
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Even much less chance for 
it in the middle of FoVof LHAASO

ÅThe burst of 64k photons in 270 seconds

versus the exposure of the Crab for 508 days 

The Crab for 508 daysThe GRB for 270 seconds

GRB:

ÅLHAASO FoVat 
the GRB started



Light- curve and Time- sliding SEDs
Å z ~ 0.152, EBL absorption above 3 TeV

Å EBL model: A. Saldana- Lopez et al., Mon. Not. R. Astron. Soc. 507, 
5144- 5160 (2021)

ÅIntrinsic SED:  

ÅPower law:  ~E- 2.3

ÅNo hint about cut- off below 10 TeV

ÅModerate spectral evolution is observed  



EBL:  GRB 221009A (z~0.152)
Blazars (130 Mpc)ɹM87/NGC 4278 (~16 Mpc)

M87 NGC 4278

GRB 221009AExtra Background Light



Micro -Quasars: UHE ɾ-emitters? 

Å~20 - Quasars 
has been found in 
the MW

Å12 - Quasars in 
the FoVof  
LHAASO

ÅA systematic 
survey for the UHE 
radiation from 
them is done
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SNRs:  W51 and others

12CO

¸SNR W51 VHE radiation is found coincidence with the 

interacting region between SNR and Molecule Clouds 

¸LHAASO measures the cut -off clearly

¸SNRs likely not to contribute the CRs above the knee

LHAASO coll. Science Bulletin, (in press 2024 εhttps://doi.org/10.1016/j.scib.2024.07.017 ) 

¸Ɨ-Cygni

¸G-106

¸G-150.3+4.5

¸ɖɖ

¸Young SNRs?

¸Cas A
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Upper limit on SNR Cas A

Using KM2A upper limit to constrain the total CR injected by  Cas A

point source

r ~ 1.8 degree

LHAASO collaboration, ApJL, 961, 43 

ωStringent upper limit was set for the total VHE CRs injected by Cas A since explosion
ωhints for other candidates of PeVatrons
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TeV Halo: Pulsars have halos of electrons 

ÂDiffuse coefficient of the 

electrons is 100 times 

smaller than that in ISM

ÂCut -off structure <100 TeV

PRL 126, 241103 (2021) 

PSR J0622+3749: age ~ 21ѓẈ

Distance ~ 1.6 kpc
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Asymmetric slow diffusion in TeV Halos

ÂGeminga εage~340 kyr , distance~ 250 pc

ÂSlow diffusion Preliminary

X-ray & IR

Vhh [1M1 Elɏv wdon rq 5;wk
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PWNe : the largest population in LHAASO catalog

LHAASO coll., ApJS 271:25(2024) 

Evolution of PWNe LHAASO PWNe
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ᴦ♪Ẫ▌↓ᶙ ֖ᾯ ҈ṓ Ṃ

֖ᾯσPSR J1740+1000

◕ỀẈ σ11ѓẈ

σ1.4 kpc

ÂΊᴦ♪ ῙַײᾹ ῶ( ♩ᶪῑԊ?)

Â ⁸ᶇṓ ᴦ♪ Ṃ

Âᶇṓ ᴴ Ḕᶇᾚַוײ ψ

LHAASO coll., submitted

X-ray



2121

ᴦ♪ј₩ ֖ᾯּגԊַײᾚᶙ ṂᶽӋ

Â ֖ᾯσPSR J0218+4232

αMSPβ

Â◕ỀẈ σ4.76 ҚẈ

Â σ3.15 kpc

Âѭ ἹỢσҼίψו ψ



YMSC: a CR source population

ÅCygnus Bubble: 1st super- PeVatron

ÅW43: seems not to be a PeVatron

ÅWe need to carefully estimate the contribution of YMSC as a 
source population to CRs above the knee



Galactic mini starburst W43

ωGalactic mini star burst 
ωContribute 10% of the Galactic star formation rate
ωHuge HII region excited by 

central WR/OB cluster
ωGeV detection



Star forming region: W43

ωUHE gamma-ray emission reveal good correlation with  dense gas
ωPhysical size similar to Cygnus cocoon (~ 50 pc)
ωSpectrum up to ~ 400 TeV
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ÂCosmic ray Sources
1. W51
2. TheCygnusBubble
3. BlackHoles̔ SS433, V4641etc.
4. -ɹray Binaries
5. Extreme accelerators̔ Crab and others



Cosmic Ray Source Candidates

A&A 671, A12 (2023)
Science 10.1126/science.abg5137 (2021).
The Astrophysical Journal, 913:115 (11pp), 2021 June 1

Many types of sources have the potential to accelerate particles to 1 PeVand above

SNR PWN Other sources

W51C Crab G.C. by IACTs

Premilitary 
LHAASO


