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• Altitude: 4410 m

• 2021-07 建成

CDD
C

B
J

高海拔宇宙线观测站

Large High Altitude Air Shower Observatory

LHAASO，拉索



Multi-Messenger

Collaboration Network
ANTARES (NT)

LST/CTA-
N (CT)

GVD (NT) VERITAS (CT)

IceCube(NT)

LHAASO Coll.：
5 countries
31 institution
315 members

MAGIC(CT)

KM3Net (NT)

eROSITA(X-ray)
Einstein Probe(X-ray)

DAMPE(γ-ray, CR)

Space borne Exp.



4

➢ Survey discovered 40+ new sources, ~70 PeVatrons and diffuse γ-ray emission  

UHE γ-ray Astronomy: survey for sources 

大型超高 能伽马 源立 体跟踪观 测设备 （ L A C T ）4

地球
HESS

1-25 TeV WCDA

25-100 TeV KM2A >100 TeV KM2A

>1 TeV WCDA



Some Examples of Candidates

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

Many types of γ-ray sources have the potential to accelerate particles to 1 PeV and above

SNR PWN

…

μ-quasar

W51 Crab Sgr V4641

Premilitary 
LHAASO
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Composite X-ray/Optical Image
Credit: NASA/ESA

Limit from Hillas 
Condition
Limit from 
Synchrotron Cooling

rotational energy → electromagnetic energy

nonthemral energy    ← kinetic energy 

Lu et al. 2021, ApJSironi & Spitkovsky 2014, ApJ

X-points electric field Fermi-type

Young PWNe: Extreme Particle Accelerators



Esyn= 7MeV (Ee/1PeV)2 (B/100μG)
EIC= 0.37(Ee/1 PeV)1.3

Extreme acceleration efficiency

(𝜂 =
ℇ

𝐵
< 1)

Implication from Crab Nebula

LHAASO Coll. 2021, Science
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Are PWNe proton accelerators (and PeV CR sources)?

relax εe+εB=1

5% of spin-down 
energy goes into 
protons

Cheng et al. 1990
Atoyan & Aharonian
1996
Amato et al. 2003
......

Liang, RYL et al. 2025, ApJ

No doubt of strong capacity of young PWNe as particle accelerators



Spectral index ~ 2.0



LHAASO VIEW ON CYGNUS

Galactic diffuse gamma-ray background 

(GDE) must be taken into account



LHAASO VIEW 

ON CYGNUS

Huge bubble beyond 

~10 degrees (200 pc)



Model w 3 components : SED over 8 decades

Fermi Cocoon

Extended Bubble w HI gas 

Hot spots w MC 

Entire Bubble

-2.16

-3.0



PSR J1849-0001: another extreme accelerator

low magnetic field → size-limited acceleration

BTS
2/8π= εBLs/4πRTS

2c → EH=eBTSRTS= (2εBLs/c)1/2=2.5PeV (Ls/1037ergs-1)1/2(εB/0.1)1/2

η = Ee,max/EH

-3.0



Black Hole as a super-PeVatron?
Very difficult to detect: not only due to the distant: ~20,000 light-year !
But also out of main field of view of LHAASO: a source in southern hemisphere 
Powerful accelerator generating particle at E >10 PeV !!

-2.25



Many ways 
to accelerate 
particles to 
very high 

energy

Credit to Lli Jian



• Complex of 3 sources: PWN (Boomerang), SNR+MC 
(G106.3+27) and an extended associated with gas   

2025/3/21 The 2nd LHAASO Symposium, HK, March 21-25, 2025 17

Particle escaping from the SNR or PWN?



Photons with E>400 TeV

atomic gas distribution                                 molecular clouds



SEDs of the
3 Components

• Spatially separated SNR+MC 
component has a cut-off 
around 50TeV

• PWN has some HE photons 
near-by making the SED 
hard at HE, overall there 
exists a softening around 
100 TeV

• The bubble also has a 
softening structure similar to 
the PWN’s. Sharing the HE 
events with PWN is still an 
issue

Comp. B: SNR+MC (green)

Comp. C: Bubble (red)

Comp. A: PWN

-2.4



Summary on the Super-PeVatrons

• PeV photons (1.4, 2.0, 2.5, 3.0, 3.7 PeV)

• Flat Power Law Spectra ( from -2 to -3 for spectral indices) 

• Many species: X-ray binary, PWNe, μ-quasars

• Characteristics: Compact Objects

• Challenge: still possible for electrons at few PeV ! 

LHAASO Symposium 20
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Black Holes and Jets: μQs

• Very important !!
• New CR source population 

particularly at energy E >3 PeV





Black Holes and Jets
➢ LHAASO measured them clearly
➢ At low energy, the jets
➢ At higher energies, BH itself may have shown up 





LHAASO J1740+0948: BSPWN tail

E > 100 TeV

PSR J1740+1000
τc=114kyr, Ls=2x1035erg/s, 
d=1.4 kpc

LHAASO Coll. 2025, The Innovation

PWNe

E ~ 25-100 TeV

XMM-Newton



More PWNe

PSR J0007+7303
τc=13.9kyr, Ls=4x1035erg/s, d=1.4kpc

PSR J0248+6021
τc=62kyr, 
Ls=2x1035erg/s, 
d=2kpc

LHAASO Coll. 2025b, SCMPA

PSR J0248+6021PSR J0007+7303



LHAASO J0621+3755 
coincident with 
PSR J0622+3749 in 0.1°±0.1°
A candidate of TeV halo 

E > 25 TeV



GALACTIC MINI STARBURST W43

Yang & Wang 2020

•Galactic mini star burst 
•Contribute 10% of the Galactic star formation rate
•Huge HII region excited by central WR/OB cluster
•GeV detection



LHAASO VIEW ON W43

•UHE gamma-ray emission reveal good correlation with  dense gas

•Spectrum up to 400 TeV



SNR: W51

31

MAGIC
LAT 

12CO

MASERs
CO 
clumps LHAASOpulsar

Note: LHAASO centroid shifted towards the pulsar CXO J192318.5+140305 above 100 TeV by 0.15°

D~ 4.3 kpc
T~18 kyr
MC~105 solar mass



Protons may be same originated as those 
generated the π0-bump measured by LAT 

• 1st evidence about 
the SNRs are 
generating CR 
protons up to 1 
PeV

• Cut-off feature is 
rather evident with 
the proton Ecut ~ 
500 TeV for the 
accelerator  

2025/3/21 The 2nd LHAASO Symposium, HK, March 21-25, 2025 32



Unidentified Sources   
PEANUT at b~17.5°

two hotspots + one strip (4.5 deg x 0.5 deg)



More unidentified

LHAASO J0341+5258

The Astrophysical Journal 
Letters, Volume 919, Number 2

LHAASO J2108+5157

The Astrophysical Journal Letters, 

Volume 917, Issue 1, id.L4, 7 pp.

https://iopscience.iop.org/journal/2041-8205
https://iopscience.iop.org/volume/2041-8205/919
https://iopscience.iop.org/issue/2041-8205/919/2


Short Summary

➢ μQuasars, PWNe and Staller Cluster are the main population

➢Many sources have emission above 100 TeV, some of them
are strong, however, SEDs are cut typically below 100 TeV

➢Some sources are very interesting but remain unidentified

➢ Is something missing?—— SNR
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Reconstruction and Proton shower  selection

Energy 
reconstruction 

Gaussian energy 
resolution 
function

μ-content 
Vs.
Shower maximum 
depth Xmax

Combined 
species-sensitive
Parameter
Simulated vs data  
Parameter 

Selection purity 
& efficiency for 
protons and other 
nuclei 



Proton spectrum

Hardening above 100 TeV

Knee @ knee of all-particle spectrum

Steeper spectrum than all-particle

~1/3 fraction

New population of sources?



What LHAASO Observations Tell Us…

• Many evidences collected for the SNRs accelerate CRs to very high energy, W 51, W 44, IC 433, Cas A

• Almost all of them cut at energies around 10 TeV or even lower

• Before the SNR contribution completely dying away, the on-set of a new component is observed with 
the hardening of the spectrum

2025/3/21 The 2nd LHAASO Symposium, HK, March 21-25, 2025 39



Summary
• LHAASO has been finding PeVatrons everywhere in the Milky Way 

• Cosmic Ray Super-PeVatrons are found among many species

• μQuasars and PWNe are the major contributors: compact objects 

• Many μQuasars, PWNe, Staller clusters, Unidentified PeVatrons

with cut-off feature below 10 PeV, and SNR seems missing 

• Proton spectrum with 90% purity: a new component around the 

knee implying non-SNR origin, another hump above 10 PeV?

• LACT with the resolution of 3’ for deep investigations on super-

PeVatrons in 2 years
40



LACT as the upgrading of LHAASO 

41

➢ Stereo  measurement of Cherenkov image 

 At least 4 telescopes simultaneously 

➢ Reconstruction 

 Angular resolution 0.04° for E>30 TeV

空间立体成像测量系统

A.R.：<0.04°

for E>30TeV



• Funded
• 8X4 array at LHAASO site
• 6-m telescopes
• two proto type telescopes 

•First light soon in this year! 

LACT : an IACT array in LHAASO



4 Telescope Array Performance 

• Effective area for small elevation targets

• Angular resolution 

Rp~ 630 m 



Jet Termination vs central accelerator

• LHAASO           vs.         LACT (either two point sources or complex morphology) 

LACT PSF

LHAASO PSF



Expected flux measured in one year with the 4 
Telescopes of LACT 

for different assumed cut-off energy Ecut


