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 Pure Proton Sample 

 Light Component (H + He) Sample 

 All Particle Spectrum and Composition 

LHAASO Collaboration
275 members from 
31 institutions in 
5 countries
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Hybrid Detection of EASs by LHAASO

LHAASO Physics Topics
 Gamma Ray Astronomy
 Charged CRs
 New Physics Frontier

78,000
1188



LHAASO bird view on August 2021
 Location：Haizi Moutain, Daochen, Sichuan, China 

• Altitude：4410 m a.s.l.
• 2021-07: The full array was complete and in operation

KM2A: 1.36 (km)2

• ¼ array operation: 2019/09
• ½ array operation: 2020/01 
• ¾ array operation: 2020/12
• Full array operation: 2021/7



Scintillator Detectors （ED）

Inner View of Scintillator Detector
Muon detector（MD）

5195 EDs
• A: 1 m2

• S: 15 m
1188 MDs

• A: 36 m2

• S: 30 m

KM2A: 1.36 (km)2

μ±
MD Bladder 



Wide Field of View Cherenkov Telescope (WFCTA)

• ~5 m2 spherical mirror
• Camera: 32×32  SiPMs array 
• FOV: 
• Pixel size:
• >30% duty cycle in winter 

SiPM camera

SiPM and Winston cone

Mirror18 Telescopes

 Telescopes:



Operation of LHAASO
 KM2A is operated with >99.4% duty cycle and event rate 2x108 /day
 WCDA is operated with 98.4% and event rate 3x109 /day
 Data acquisition time of WFCTA >1400 hrs and number of matched events ~70 million 
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Telescope observation with the full moon 

2021/01/27-28（农历15）

Space angle between moon and telescope
MJD

Event rate：0.4Hz
Energy threshold：100 TeV

SiPM camera: LHAASO Coll., Eur. Phys. J. C (2021) 81:657  
81:657 (2021) No. 11

15°

No. 10
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Observational 
Phases 

 Phase I: 6 telescopes 
• 2019/10 – 2021/4
• Zenith angle: 30°
• Proton, H+He knees
• 100 TeV – 10 PeV

 Phase II: 18 telescopes
• Operation: 2021/5
• Zenith angle: 45°
• Iron knee, proton
• 1 PeV – 200 PeV

6 Tele’s were moved 
in 2021/5 to form a 

full ring 
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1. WFCTA image has >10 pixels 
and  the centroid must be in 
the central window 10° ×10°

2. The  angle between long axis and STP <15°

3. From shower axis to the Telescope, 100 m<Rp<300 m  

4. KM2A footprint:
1. The core must be inside the array but not in WCDA 

(the edge of  ~60 m  is excluded)

2. The number of scintillator detector >20 

centroid



 LHAASO experiment 

 Pure Proton Sample 

 Light Component (H + He) Sample 

 All Particle Spectrum and Composition 



国家重大科技基础设施建设项目性能工艺验收

中国科学院成都分院 中国科学院高能物理研究所

LHAASO-KM2A
Selection of γ–rays out of CR background

from the Crab

 Area：
1.3 km2

 Detectors：
5216 ED
1188   MD

 Energy Range：
0.01-10 PeV

~ 1 PeV γ–ray event ：very few muons

Active Area for Muons vs. Array Area: 4% 

~1 PeV CR event: many muons
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𝑃ஜ = logଵ଴

𝜌ఓ

𝜌௘
଴.଼ଷ

𝜌ఓ: 𝑚𝑢𝑜𝑛 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑖𝑛 𝑡ℎ𝑒 𝑟𝑖𝑛𝑔 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 40𝑚 𝑎𝑛𝑑 200𝑚 from the core
𝜌௘: 𝐸𝑀 − 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑖𝑛 𝑡ℎ𝑒 𝑟𝑖𝑛𝑔 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 40𝑚 𝑎𝑛𝑑 200𝑚



国家重大科技基础设施建设项目性能工艺验收

中国科学院成都分院 中国科学院高能物理研究所

Xmax Measurement by WFCTA

Θc vs. Xmax

at a given Rp range

Dist
The angular distance 
between the arrival direction 
and the image center. 

Xmax is reconstructed by Dist
Resolution

• 45 g/cm2 @ 1PeV for proton
• 34 g/cm2 @ 1PeV for iron

θc
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P0 = θc/ cos 𝜃 − 1.322 × 10ିଶ𝑅𝑝

𝑃୶ = P0 + 0.1376 × lg 𝐸ୣୱ୲ − 2.271 × (lg 𝐸௘௦௧)2
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1.  More events selected: better statistics

2.  but contamination from Helium hurts the

energy resolution at low energies
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Proton selection efficiency 

Proton purity

Total contamination 
from other species 

Contaminations from species
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Gaisser Horandel GSF

BXJ
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Proton

Helium CNO



using WFCTA measured total number 
Cherenkov photons Npe and  
MD measured Nμ

21

𝑁௣௘
ଵସ଴ = 𝑁௣௘ − 𝑎 × 𝑅𝑝 − 140𝑚 ଶ

−𝑏 × (𝑅𝑝 − 140𝑚)

                  𝑁஼ఓ= 𝑁௣௘
ଵସ଴ + 10𝑁ఓ

            lg 𝐸௥௘௖ = 𝐴 × lgଶ 𝑁஼ఓ + 𝐵 × lg 𝑁஼ఓ + 𝐶
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Bias is minimized for Proton sample, i.e. <1%
The energy is clearly underestimated for showers 
induced by heavier species 

Note: This has advantages in proton selection due 
to steep spectra of heavier species

The resolution is slightly worse than other species
due to the shower-to-shower fluctuations,

quite stable between 10% and 12% above 300 TeV

Note: This is a good feature for identifying any 
spectral structure like the knee



 LHAASO experiment 

 Pure Proton Sample 

 Light Component (H + He) Sample 

 All Particle Spectrum and Composition 
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𝑃ஜ = logଵ଴

𝜌ఓ

𝜌௘
଴.଼ଷ

𝜌ఓ: 𝑚𝑢𝑜𝑛 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑖𝑛 𝑡ℎ𝑒 𝑟𝑖𝑛𝑔 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 40𝑚 𝑎𝑛𝑑 200𝑚 from the core
𝜌௘: 𝐸𝑀 − 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑖𝑛 𝑡ℎ𝑒 𝑟𝑖𝑛𝑔 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 40𝑚 𝑎𝑛𝑑 200𝑚

90% vs. 90%



Energy Reconstruction
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GSF

Gaisser

Horandel

BXJ

Invisible difference between 
composition assumptions

Bias: <±1%
resolution: 13% to 9%



 LHAASO experiment 

 Pure Proton Sample 

 Light Component (H + He) Sample 

 All Particle Spectrum and Composition 



All particle spectrum by LHAASO

log10(E)=a+b ȉ log10(𝑵𝒆𝒎)
𝑵𝒆𝒎 = 𝑵𝒆 + 𝟐. 𝟓 ȉ 𝑵𝝁

𝑬𝟎 = 𝑬𝒆 + 𝑬𝒉
Energy reconstruction 

independent of primary CRs 
components

0.25 PeV

20 PeV



Matthews-Heitler model

A is the mass of the cosmic ray, εc is the critical
energy where charge pions blow it then are all assumed 
to decay (yielding muons), and β ≈ 0.9 varying with the 
primary energy.

<lnA> reconstructed by muon in KM2A



All-particle energy spectrum & 
composition by LHAASO
(from 0.3 to 30 PeV)

Knee: 3.72 PeV
γ1 = -2.743±0.005
γ2 = -3.13±0.005
S = 4.1±0.1 

• Systematic 
uncertainties 
are sufficiently 
small

• This unveils a 
clear 
correlation 
between the 
flux and the 
composition at 
the knee



Discussion 

• The composition is getting 
lighter towards the knee

• Iron may bump up around 
400 TeV (hinted by the proton 

at 13 TeV and Helium at 34 TeV)

• LHAASO is trying hard to 
measure the Iron spectrum 
around 400 TeV by lowering 
the threshold energy

Expected purity of iron 
sample above 100 TeV

Expectation of the iron 
spectrum above  100 TeV
in one year



• LHAASO is designed to dedicate on the measurements of knees of CR species
• The knee of pure proton spectrum

– Criteria for selection are developed
– Systematic uncertainty analysis

• H + He mixed sample is also ready 
– Helium spectrum will be resolved  

• All-particle spectrum 
– The knee has been confirmed 
– CR Composition is measured by using <lnA> showing correlation with the 

spectrum  
• The iron spectrum around 400 TeV is crucial and will be measured
• The knee of the iron spectrum is the goal for many years

Summary


