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Outline

ü Introduction to LHAASO

üSome Results from LHAASO:

ÅCR spectra: All-particle, Proton, Helium spectrum

ÅEnergy calibration of cosmic ray using the Moon shadow

ÅSolar physics

üSummary and outlook 



3

ÅLocation:Mt. Haizi, Sichuan, China (N 29 21, E 100 8Ω)

ÅAltitude: 4410 m a.s.l. (600 ÇȾÃÍ)

ÅConstruction period: 2017-2021 (four years)

Å318 researchers from >30 institutes of 5 countries

Under construction (2018-10) After construction (2025-8)Before construction (2016-11)

LHAASO

Large High Altitude Air Shower Observatory (LHAASO)
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KM2A: (ρȢσËÍ)
EDs: 5216 MDs: 1188

WCDA: (χψπππÍ )

WFCTA: 18 Telescopes

EAS

Å Cherenkov photons

Å Gamma rays, ὩȟὩ

Å Hadrons, muons

Å Longitudinal development

Å Lateral distribution

WFCTA

WCDAKM2A

WFCTA

WCDA

KM2A

Hybrid Detection of EAS

Large High Altitude Air Shower Observatory (LHAASO)
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Lateral distribution Ὡȟ‎

Electromagnetic Detector (5216EDs):
Spacing: 15m; Area: 1 Í each

Muon Detector (1188MDs):
Spacing: 30m; Area: 36 Í each

Large High Altitude Air Shower Observatory (LHAASO)

KM2A
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Large High Altitude Air Shower Observatory (LHAASO)

For cosmic rays at lower energy

ÅTotal area: 78,000 Í

ÅDetection unit: υ υÍ

ÅThreshold:hundredsGeV

Measure the arrival time, signal intensity, and 

spatial distribution of secondary particles

WCDA
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Large High Altitude Air Shower Observatory (LHAASO)

LHAASO-WFCTAmeasures the longitudinal development 

of the EAS

Å Cherenkov photons are collected by mirrors onto the camera

Å The long axis of Cherenkov image corresponds to a plane 

containing the shower axis and the telescope

Å Along the long axis, different SiPMsmeasure Cherenkov 

photons originating from different air depths

WFCTA

Mirror

Camera
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Large High Altitude Air Shower Observatory (LHAASO)

Features of LHAASO 

Full Duty Cycle

24h Ó 360 days operation

living time > 98%.

Enables capture of 
transient events & 
continuous flare 
monitoring

FoV: 1/6 of the entire sky

3/4 of the sky per day

Studies large-scale 
astrophysical 
phenomena & 
disentangles 
overlapping sources

Spans four orders of 

magnitude

Essential for 
unambiguously 
revealing the underlying 
particle interaction 
mechanisms

Scintillators

Muon detectors

Water Cherenkov

Air Cherenkov

Strong background 
rejection and particle 
classification power

Wide Field of View Broad Energy C overage Hybrid Detection
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Cosmic ray energy spectrameasuredby LHAASO

Results from LHAASO
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LHAASO results: all-particle spectrum

Challenges in ground-based experiments

ÅEnergy reconstruction mass discrimination entangled: 

High-E light nuclei vs. low-E heavy nuclei produce similar 

muons

ÅUncertainties from hadronic interaction models

ÅLow particle identification power: difficult to obtain high-

purity single-composition samples

Space- born Ground- based
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A calorimetric energy estimator: 

ü Heitler-Matthews model: Ὁ ‚ὔ ‚ὔ Ὣ‚ ὔ ὔ

ü Energy estimator from KM2A: ὔ ὔ ςȢψὔ

Combination of electromagnetic component measured by EDs and hadronic component measured by MDs

Weakly depends on interaction models

Works at shower maximum

LHAASO results: all-particle spectrum
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ü Small uncertainties:
Å Composition assumption: <12% 

for pure proton/iron assumptions

Å Interaction model: 2.5%

(QGSJETII-04, EPOS-LHC and 

SIBYLL-2.3d)

ü Precise results:
Å Knee position: Ȣ Ȣ

Ȣ PeV 

Å Composition: shows a clear 

correlation between the flux and 

the composition in the knee region
<12% @ 0.3 PeV

Energy range: 0.3~30 PeV

LHAASO results: all-particle spectrum



13

LHAASO results: Proton, Helium spectrum

From all-particle spectrum to individual spectra
tǊƻǘƻƴΣ ƘŜƭƛǳƳΣ ΧΣ ƛǊƻƴΣ Χ
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ὖ ÌÏÇ
ὔ

ὔȢ

Å ὔ : number of muons measured by MDs

Å ὔ : number of EM particles measured by EDs

Ὡȟ‎

Composition-sensitive parameter

LHAASO results: Proton, Helium spectrum
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Longitudinal development: At the same energy, 

proton showers develop deeper

ὢ ὢ ὢ

ὖ —ȟὙȟὉ

ὢ

ὢ

ὢ

ὢ

LHAASO results: Proton, Helium spectrum

Composition-sensitive parameter
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Proton selection

Combine ὖ and ὖ to select proton events:

Å Selection efficiency– ͯ25%

Å Proton purity ‭ ͯ90%(>500TeV)

LHAASO results: Proton, Helium spectrum

Main pollution: Helium events
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Light component selection

LHAASO results: Proton, Helium spectrum

Helium lies between protons and heavy events, difficult to select high-purity helium sample

Calculation of the helium spectrum:

Ὂ Ὂ Ὂ

Ὂ: spectrum of light component

Ὂ: proton spectrum

Based on the fact that the proton-to-helium ratio does 

not change before and after selection

High-purity light component sample:

Å Selection efficiency–ͯ60%

Å Light component purity ‭ 80%

ÅAfter selection, the proton-to-helium 

ratio remains unchanged: ‚ ρͯ
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Proton Helium Light

Calibration (pressure, 
humidity, bkglight)

2.5% 4.7% 3%

Composition models 2%@3PeV 5%@6PeV 2%@6PeV

Selection efficiency 2.5% 2% 1%

Hadronic interaction 12%@3PeV 15%@6PeV 3%@6PeV

Systematic uncertainties

Proton

Helium

LHAASO results: Proton, Helium spectrum
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LHAASO results: Proton, Helium spectrum

Multiple components in energy spectra
Å Spectral structure: hardening-then-

softeningstructure both below and near 

the knee region (two bump structure)

Helium spectrum

Proton spectrum ρσTeV σȢσPeV

στ4Å6 χ0Å6
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Multiple components in energy spectra
Å Spectral structure: hardening-then-

softeningstructure both below and near 

the knee region (two bump structure)

Complex source characteristics and 

propagation features
Å He-rich ~0.1PeV

Å Proton-rich ~3PeV

Å The all-particle knee (3.67 PeV) is very close 

to the proton knee

LHAASO results: Proton, Helium spectrum

Helium spectrum

Proton spectrum ρσTeV σȢσPeV

στ4Å6 χ0Å6
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Spectral Results from Space Experiments and LHAASO

LHAASO results: Energy calibration using Moon shadow

Å Discrepancy:Possible flux difference between different 

experiments

Å Main factor:Difference in absolute energy scale

Å Unify the energy scales of different experiments:

Å Measure spectra over the same energy range

Å Perform absolute energy calibration independently
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Spectral Results from Space Experiments and LHAASO

LHAASO results: Energy calibration using Moon shadow

Å Moon shadow: Cosmic ray blocked by the Moon

Å Shift of the Moon shadow: Deflect of the cosmic rays 

by the Geomagnetic Field (GMF)

Å Absolute energy calibration:Lower energy Ҧ larger 

shift    ◕ Ȣ ᶼ ╩Ⱦ╔╣▄╥

Å Discrepancy:Possible flux difference between different 

experiments

Å Main factor:Difference in absolute energy scale

Å Unify the energy scales of different experiments:

Å Measure spectra over the same energy range

Å Perform absolute energy calibration independently

Energy calibrationusing Moon shadow

GMF
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LHAASO results: Energy calibration using Moon shadow

Min. Sig. Min. Sig.¸ From 2021/07 to 2025/01,  3.5 years

¸ Background Estimation: Equi-Zenith 
method

1-on, 10-off (ρπᶼ ρπᶼ)
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ἴἷἯ╝Ἥ : 1.2~1.64

LHAASO results: Energy calibration using Moon shadow

ἴἷἯ╝Ἥ : 1.64~1.82 ἴἷἯ╝Ἥ : 1.82~2.0

ἴἷἯ╝Ἥ : 2.0~2.28 ἴἷἯ╝Ἥ : 2.28~2.56 ἴἷἯ╝Ἥ : 2.56~2.84

Ὁ ρȢυω
ὤ

ɝ

ɝ ρȢυωᶼ
ὤ

Ὁ
4Å6
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LHAASO results: Energy calibration using Moon shadow

ü Energy Calibration

Ὁ ρ ‐Ὁ

‐= 0.015 ± 0.08 

Calibrated energy is in good agreement 

with the simulation

ü Systematic uncertainties:

Å Geomagnetic field model:<1%

Å Estimation of :: 2%~17%

Å Composition models (Gaisser, Horandol, GSF, GST)

Å Interaction models (QGSJETII-04, EPOS-LHC)

Å Ray tracing
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LHAASO results: Energy calibration using Moon shadow

ü Systematic uncertainties:

Å Geomagnetic field model:<1%

Å Estimation of :: 2%~17%

Å Composition models (Gaisser, Horandol, GSF, GST)

Å Interaction models (QGSJETII-04, EPOS-LHC)

Å Ray tracing
Higher statistics Ҧ Better calibration

ü Energy Calibration

Ὁ ρ ‐Ὁ

‐= 0.015 ± 0.08 
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LHAASO results: Solar physics

Transient large-scale cosmic-ray anisotropy 

associated with an InterplanetaryCoronal Mass 

Ejection (ICME)on November 4, 2021

Å Energy: 0.6 ~ 2.8 TeV

Å Ҕрˋ ǎƛƎƴƛŦƛŎŀƴŎŜ ŀƴƛǎƻǘǊƻǇȅ

Å Corresponding dipole anisotropy amplitude > 

0.87% @ 1 TeV

The enhanced anisotropy is likely due to strong 

turbulent magnetic fields in the ICME sheath, 

which leads to stronger scattering of TeVcosmic 

rays from specific directions

Transient TeV anisotropydue to ICME
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LHAASO results: Solar physics

Transient large-scale cosmic-ray anisotropy 

associated with an InterplanetaryCoronal Mass 

Ejection (ICME)on November 4, 2021

Å Energy: 0.6 ~ 2.8 TeV

Å >5ˋ ǎƛƎƴƛŦƛŎŀƴŎŜ ŀƴƛǎƻǘǊƻǇȅ

Å Corresponding dipole anisotropy amplitude > 

0.87% @ 1 TeV

The enhanced anisotropy is likely due to strong 

turbulent magnetic fields in the ICME sheath, 

which leads to stronger scattering of TeVcosmic 

rays from specific directions

Transient TeV anisotropydue to ICME

Revealed the transient modulation from solar effect on TeVcosmic rays
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LHAASO results: Solar physics

●

◐

E

NCalculation of the anisotropy gradient magnitude

üSkymap binning:

ÅFoV:ʃ τυЈȟהȡπͯ σφπᶼ

ÅDivision:128 equal-solid-angle bins, 8 (ʃ) 16 (ה) bins

üBackground subtraction:

Å Time window:Average of 2 days

Å Temporal matching

Å Spatial matching

üAnisotropy gradient Ἧ

Å Relative intensity: Ὅȟ ὍȟȾὍȟ

Å Least-squares fitting: … В

Ἧ
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Hourly anisotropygradientduring the ICME 20211104 Event

LHAASO results: Solar physics

Å ὉƳŜŘƛŀƴ: 0.6 TeV

Å Anisotropy enhancedbeforeICME 

flux rope arrived at Earth (12:00 UT)

Å Peak significance:Ҕт(̀10:00ς11:00 

UT)

Å Max amplitude:1.2%

Å Duration:persisted for several 

hours



31

LHAASO results: Solar physics

During the ICME, the cosmic ray flux is higher in the sunward observational direction

Anti-Sunward

Hourly anisotropygradientduring the ICME 20211104 Event
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LHAASO results: Solar physics

Energy dependence of the anisotropy gradient

Time: 10:00 ς11:00

Time evolution of gradient Ἧand significance

ÅConsistent gradient direction near 12:00 UT

ÅHighsignificance: 10:00ς11:00UT

Power-law fit at 10:00ς11:00UT:

ÅRed: direct fit (first 4 points)

ÅBlue: forward-folding fit (with energy response)

ÅBest fit: ‌= 0.87%, ‎Ґ ҍлΦрл

‌
Ὁ

4Å6

ICME ICME


