
Qiang Yuan
on behalf of the LHAASO collaboration

Purple Mountain Observatory
Oct. 14, 2021

Opening the PeV window of the cosmos 
with LHAASO 

Cosmology Frontier in Particle Physics: Astroparticle Physics and Early 
Universe / International Joint Workshop on the SM and Beyond



2

The LHAASO collaboration

274 members, 32 institutes from 5 countries
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Outline

Ø LHAASO science
Ø LHAASO detector and performance

• Kilometer Square Array (KM2A)
• Water Cherenkov Detector Array (WCDA)
• Wide FoV Cherenkov Telescope Array (WFCTA)

Ø LHAASO physical results
Ø Summary
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Energy frontier of the universe
Ø How cosmic rays 

are accelerated?

Ø Where are they 
originated from?

Ø How do they 
propagate in the 
space?

Ø How to form 
complicated 
spectral structures 
and abundance?
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Probing CR acceleration and propagation 
with gamma rays

p,α + gas → 0 → 2
e+/- + gas →  (bremsstrahlung)
e+/- + ISRF →  (inverse Compton 
scattering)

Fermi-LAT

HAWC



Large High Altitude Air Shower 
Observatory (LHAASO)

6

Detecting air showers produced by cosmic rays (and gamma 
rays) with ~km2 area and hybrid techniques



LHAASO site
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Ø Haizi mountain, Sichuan, China
Ø 4410 m above the sea level



Air shower detection
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LHAASO detector - KM2A
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Ø Electromagnetic particles to reconstruct energy and direction
Ø Muons to distinguish different particles (especially γ rays)
Ø Covering energies from 10 TeV to 10 PeV 

5155 EDs

1188 MDs
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LHAASO detector - KM2A

Chin. Phys. C, 45, 025002 (2021)
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LHAASO detector - KM2A

1/2: 20191217->20201130     3/4: 20201201->20210719     Full: 20210720->

Chin. Phys. C, 45, 025002 (2021)
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LHAASO detector - KM2A

Chin. Phys. C, 45, 025002 (2021)

Energy resolution Angular resolution

Core resolution Pointing accuracy
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LHAASO detector - WCDA

Ø Area: 78,000 m2

Ø Covering energies from 0.3 TeV to ~PeV 
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LHAASO detector - WCDA
Gamma-ray event                                         Cosmic ray event

Chin. Phys. C, 45, 085002 (2021)
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LHAASO detector - WCDA
Chin. Phys. C, 45, 085002 (2021)

0.29°                                  0.21°                                  0.20°
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LHAASO detector - WFCTA
Ø 18 Telescopes since 

2021-05
Ø Area: 4.7 m2 each
Ø FoV: 16°×16°each
Ø Measuring the shower 

development to 
identify particle species

Ø Cross-calibrating the 
absolute energy scale

Ø Together with WCDA, 
KM2A to measure 
cosmic rays in the 
widest energy band 
(1012 eV - 1017 eV)

SiPM and Winstone cone

SiPM camera
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LHAASO survey of the UHE sky
Nature, 594, 33 (2021)
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LHAASO survey of the UHE sky
Nature, 594, 33 (2021)



19

Crab nebula: Electron PeVatron

E>1 GeV (Fermi-LAT)

E>100 TeV (ASγ)
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Crab nebula: Electron PeVatron
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Crab nebula: Electron PeVatron

Science, 373, 425 (2021)
KM2A: 0.88+/-0.11 PeV
WFCTA: 0.92+0.28

-0.20 PeV
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Crab nebula: Electron PeVatron

Science, 373, 425 (2021)
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Crab nebula: Electron PeVatron

Science, 373, 425 (2021)

Possible new feature?
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Extended pulsar halo: slow diffusion of e+/-

PRL, 126, 241103 (2021)

D(160 TeV)~1028 cm2 s-1
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New ultra-high-energy sources

ApJL, 917, L4 (2021)                         ApJL, in press (2021)
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Most stringent constraints on the Lorentz 
invariance violation (LIV)

arXiv:2106.12350

The fundamental symmetry of Lorentz invariance might be broken at the 
Planck energy scale

An effective description of the LIV is the modification of dispersion 
relation,                               resulting in many interesting phenomena,
such as decay and splitting of photons in vaccum (γ→e+e-, γ→Nγ)

The highest energy photons observed by 
LHAASO can give the most stringent 
constraints on the LIV model parameters:
We exclude the first-order LIV, and constrain 
the second-order LIV scale to be > 10-3 Mpl
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Ø LHAASO is a km2  scale cosmic ray and gamma-ray 
observatory which is dedicated to surveying the ultra-high-
energy sky with unprecedented sensitivity

Ø LHAASO starts its full operation since July 2021
Ø Its first data with partial array opens successfully the PeV 

window of the gamma-ray Universe, reveals a dozen of 
PeVatrons in the Milky Way

Ø LHAASO offers the most sensitive probe of the Lorentz 
invariance violation models

Thank You!

Summary


