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LHAASO collaborations

• 274 Scientists

• 32 institutions 

• from 5 countries 



LHAASO site
• Haizi Mountain, Sichuan province, China


• Location：29o21’ 27.6” N, 100o08’19.6” E


• Altitude：4410 m a.s.l.  

• 10 km from  Yading Airport

LHAASO



LHAASO layout

• 5195 EDs

– 1 m2 each

– 15 m spacing

• 1188 MDs

– 36 m2 each

– 30 m spacing

• 3120 WCDs

– 25 m2 each

• 18 WFCTs
1.3 km2

KM2A

WCDA

WFCTA

All detectors are in DAQ since 2021-7-19



LHAASO layout



LHAASO sub-arrays

l WCDA (100 GeV-30 TeV)
l VHE (>0.1TeV) γ-ray astronomy

l KM2A (10 TeV-10 PeV)
l UHE (>0.1PeV) γ-ray astronomy

l WFCTA (10TeV to 1 EeV)
l Combined with WCDA, and KM2A 
l Individual nuclei spectra 
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LHAASO FOV

• High duty cycle: ~100% running time

• Large FOV:

• 1/7 of the sky at any time

• 60% of the sky in a diurnal observation

LHAASO HAWC

VERITAS

MAGIC

H.E.S.S.



Extensive air shower



γ-ray/cosmic ray discrimination 

Chinese Physics C 45�085002 (2021) 

WCDA γ/P separation



γ-ray/cosmic ray discrimination 

ED array
Reconstruct the direction, 

core, energy of events

MD array
Discriminate gamma-

ray/cosmic ray

hadronic 
cosmic ray

1.17 
PeV 

KM2A γ/P separation



γ-ray/cosmic ray discrimination 

• Large effective area

• efficient background rejection 


(gamma-proton separation)



γ-ray/cosmic ray discrimination 

Cosmic ray 
rate before cut

Cosmic ray rate 
after cut
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LHAASO Sensitivities

Unprecedented sensitivities above 20 TeV

LHAASO-WCDA LHAASO-KM2A



Angular resolution (KM2A)

l The angular resolution measured using 
standard candle Crab Nebula is consistent 
with MC prediction.

Chinese Physics C 45�025002 (2021) 



Energy resolution (KM2A)

l θ<20�:   24% @ 20 TeV,  13% @ 100 TeV

Chinese Physics C 45�025002 (2021) 



Operation of LHAASO



Highlights on recent results



Scientific objective: PeVatron hunting

https://www.physics.utah.edu/~whanlon/spectrum.html

Knee: GCR at least to PeV

Searching for 

(proton) PeVatron

https://www.physics.utah.edu/~whanlon/spectrum.html


PeVatron identification

• Hard gamma-ray 
spectrum without cutoff 
can hardly be addressed 
in leptonic model 
(cooling and KN effects).


• no-cutoff in the gamma-
ray spectrum up to 25 
TeV  => no-cutoff in the 
parent    proton spectrum 
up to ~ PeV.

   Hess J1641-463

(H.E.S.S collaboration 2016)



Galactic plane survey
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LHAASO J1825-1326

12 UHE sources detected （Cao et.al Nature 594, 33） 

11 Months data of Half KM2A-array

Definitely PeVatrons (hadronic or leptonic)

The Galaxy full of powerful accelerators



Update:1.1PeV

Cygnus region



Highest energy photon

l 1.42±0.13 PeV from the Cygnus region

l Chance probility due to cosmic ray 
background  0.028%.

Nature 594:33-36 (2021)

2.7x10-7 according 
to muon-content



Three brightest sources
distance age power
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• spectral softening above 100 TeV


• No significant cutoff


• extended sources



Three brightest sources

Ge et al. 2021 

J2226+6057 J1908+0621 J1825-1326

Li et al. 2021
By H.M. Zhang

Complex regions



Two New sources

LHAASO J0341+5258 (ApJL 917, L4)

LHAASO J2108+5157 (ApJL 919, L22)



Pulsar related sources 

Rotational energy → electromagnetic energy

Credit: NASA's Goddard Space Flight Center

• Pulsar can produce GeV emission 
through curvature radiation 


• Pulsed emission also found up to 1 TeV, 
possible IC emission of cold wind 
(Aharonian 2012)



Pulsar related sources 

Credit: NASA's Goddard Space Flight Center

• Pulsar wind nebular (PWN) and Pulsar halo


Giacinti et al 2020



Crab as electron PeVatron

E-2.5

E-3.7
LHAASO collaboration 
Science 373, 425



Crab as electron PeVatron

Science 373:425-430 (2021)

lAn extreme e-accelerator:

n2.3 PeV electrons 

nIn 0.025—0.1 pc core region

naccelerating efficiency of 

15% ( 1000×SNR shock)

lPerfect interpretation of one-

zone model up to 50 TeV, while a 

deviation of 4σ at higher energy.

l1~ 2 PeV photon per year.



Crab as electron PeVatron

2 Leptonic components Leptonic+Hadronic component



New pulsar halo

LHAASO J0622 + 3749 (PRL 126, 241103)



Indirect search for DM

Phys. Rev. Lett. 129, 261103




Prospect



PeVatron hunting: Cygnus region

Radio continuum (ACTA 9GHz) • One promising site: SNR shock 
colliding with wind termination


• Can accelerate to PeV

Bykov et.al 2014



PeVatron hunting: Cygnus region

• 1.4 PeV photons from Cygnus 
region, most promising Proton 
PeVatron!


• Spectrum extended from GeV 
to PeV


Aharonian et.al 2019



PeVatron hunting: Cygnus region

Prelim
inary 

A huge bubble extends more than 100 pc


Gamma-ray spectrum extends to more than 1 PeV: hint for super PeVatron




GRB 221009A

LHAASO detected the brightest 
GRB in last 60 years

>50,000 photons recorded 
above 300 GeV

Significance >131σ

Photon energy: Emax> 18 TeV

E=0.5 TeV E=3 TeV E=8 TeV
Prelim

inary 



Other on-going work

• KM2A and WCDA source catalog


• Charged CR spectrum and mass composition 


• Diffuse gamma-ray emission from TeV to PeV


• detailed data analysis for other PeVatrons……




future of LHAASO  

Data accumulation of LHAASO 
and Multi-wavelength 
observations


Unprecedented above 20 TeV


ideal  PeVatron hunter


But limited angular resolution



IACTs

(Imaging Air Cherenkov telescope arrays) IACTs can provide angular 
resolutions as good as 0.05 degree


Important in crowded environment

Intrinsic distributions Observation by LHAASO Observation of IACTs



IACTs in LHAASO site

6m telescope                                   8 X 4 arrays in LHAASO site


First light soon! 



Predicted sensitivities

Synergy with LHAASO

Use MD to improve the gamma/p separation

Detailed morphology study of PeVatrons, TeV halo, PWN…


target Exposure 
per year

Photon 
number 
above 50 TeV

Photon number 
above 100TeV




Conclusion

• LHAASO already show great power in gamma-ray astronomy, 
especially in PeVatron study and time domain astronomy


• A lot of future tasks for LHAASO:  GRB light curve, Cygnus region, 
diffuse gamma-ray, high energy transients,  direct measurement of 
CRs, indirect dark matter search…….


• Further  project: Imaging Air Cherenkov array in LHAASO site




Thanks!



Crab as electron pevatron

Standard One-Zone Model
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Extreme acceleration efficiency

!! = 2.15 (!"/1PeV)#.%% Inverse Compton scattering on CMB

!̇! = .ℇ0 = 1.20 1 = ℇ/2 acceleration efficiency
!̇!,'() = 3* !!/4!0+ +2+0/66 Synchrotron loss rate

7̇!,,-. = 2×10/0 2/100µG +erg/s



LHAASO J1825
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• BPL for protons :  index 2.0 and 
3.4 below and above 120 TeV


• PLEC for electrons: injection 

index of 2.07 cutoff ~ 600 TeV 
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Need to understand the discrepancy 
between IACT and EAS


