
Bird’s eye view of LHAASO，2021-08

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

• Altitude: 4410 m

• 2021-07 completed built and in operation

Status of LHAASO Experiment

Zhen Cao on behalf of LHAASO Coll.

ASTRI-LHAASO Joint Workshop, on-line, March 7-8, 2023
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 Area：

78,000 m2

 Detector units：

3120

 Energy Range：

0.1-10 TeV

LHAASO-WCDA 
Water Cherenkov 

Detector Array



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

~1 PeV 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



4410
On-site Computing  

• Full functional 
computing room

• # of CPU Cores: 

~10,000

• Temp Storage: 

2.5 PByte

• Data Band Width: 

2.4 Gbit/sec

`trigger-less’
Data Acquisition 

4 GB/s

Zero `dead time’

On-site Facility

IHEP

On-site

Net-
work

Remote 
Control

Data
Center

Cloud
comput

ing



4410

2019-12-12 
Muon

Counter
Scintillator 

Detector
WCDA

operating 594 2514 900

2020-11-30

operating 917 3978 1800
Percentage of 

designed sensitivity 88% 76% 58%

γ-like:  80 TeV

LHAASO 

Phase I

LHAASO Phase-II: Dec,2020—July,2023

1300
m

LHAASO 

Phase I

LHAASO 

Phase II

LHAASO Phase II Operation

2021-07-20 LHAASO Full Operation

LHAASO 

Phase I

LHAASO 

Phase II



Super Stable & Fruitful Operation

2022/01-2022/12

1400 hrs

DAQ time: 8637 hr (98.6% duty cycle)
Calibration and Maintenance time: 315 hr

# of Channels in DAQ: 3100 ( out of 3120)

# of MDs in DAQ: 1184 ( out of 1188)

# of EDs in DAQ: 5164 ( out of 5216)

DAQ time: 8725 hr (99.6% duty cycle)

Reconstruction and Analysis
• Data procession 

• # of events: 1 trillion LE、70 billion HE、70 million hybrid
• Amount：11 PB 

• Simulation
• # of events: 1 billion LE、0.7 billion HE、150 million hybrid
• Amount： 4 PB

• # of jobs：10M for data, 50M for simulation 



Very wide FoV, 

Continuously monitoring

 FoV: ~1/6 of entire sky at any moment, good for very extended structures
 24 hours monitoring all sources for variability, long term variability
 Transient phenomena,  e.g.  GRB221009A

any moment                                                          Northern sky



CR Background rejection in WCDA

10-3



CR background Rejection by KM2A

 Counting number of measured muons in a shower
 Cutting on ratio Nμ/Ne<1/230
 BG-free (Nγ>10NCR) Photon Counting 

for showers with E>100 TeV from the Crab

10-5

10-4

LHAASO Coll., Science, 373, 425 (2021)



GRB221009A and Crab

as calibration targets

 The burst of 64k photons in 270 seconds

versus the exposure of the Crab for 508 days 

The Crab for 508 daysThe GRB for 270 seconds

Pointing accuracy：0.02°



Standard candle 
for γ–ray

Observation 
The pulsar

The Crab Nebula （from NASA）

The coverage of 3.5 orders of magnitudes of energy 

1 - 12 TeV 25-100 TeV 0.1-1.2 PeV

PSF： 0.22° 0.30° 0.15°

PSF
PSF

PSF
PSF



Performances

 Arrival direction: resolution of 
0.26°@100 TeV

 Shower core location: resolution of 
3 m @100 TeV
 Zenith angle effect



γ-ray Energy and the  Resolution

50

 δE/E~14%

(E>100 TeV)

 Linear response

 Lateral distribution

 50 E-estimator



Discovery in KM2A Survey
Our Galaxy is full of PeVatrons

12 PeVatrons are discovered

◆High Standard：significance >7σ

◆BG-free：Cosmic Ray background

rejection rate  <10-4

◆High Statistics：530 UHE photons
many more now

LHAASO J0534+2202

LHAASO, Nature, 594,  p.33-36, 2021



Special attention to PeV Photons: 1.1 PeV

LHAASO, Science, 373, 425-430, 2021

Background-Free measurement 
of the γ–ray Photon：
In total,  64  events that have energy 
>1.1 PeV are measured by KM2A in
0.27°cone respect to the direction of the 

Crab. The criterion of muon-content 
<1/356 cuts 0.22 million non-photon 
events, thus estimates the chance 

probability of 0.03% ！

HE Record from Cygnus Direction at 1.4 PeV，renewed by > 2 PeV

More than 10 photons above 1 PeV have been recorded. 
everyone is well studied by simulating large number of events around them and analyzing for chance probability 



UHE γ–ray 
(0.1-1 PeV)

Sky Map



LHAASO Catalog Ver-0（potential counterparts）



Discovery of New Sources

LHAASO  Catalog Ver-1 
will be published 

soon with many 

new VHE/UHE 

sources 

discovered

CR source

candidates



SED of the Crab: “standard Candle”& PeVatron

LHAASO Coll., Science, 373, 425 (2021)

 LHAASO:
➢ Covering 3.5 decades of energy

➢ Agreeing with other 
experiments below 100 TeV

➢ Self cross-checking between 
WCDA & KM2A

 LHAASO-KM2A: 
➢ Unique UHE SED

➢ A PeVatron without ambiguity  

➢ Clear origin: a well-known 
PWN

KM2AWCDA



Discovery Using KM2A
Onset of UHE γ–ray Astronomy

E > 0.1 PeV
◆ VHE γ–ray astronomic major instrument：

Sensitive below 0.1 PeV

◆ LHAASO：provide a statistically 

significant coverage of the energy range 

above 0.1 PeV

◆ Spectroscopy: 15% resolution

◆ Morphology:   0.3°PSF

◆ Multi-messenger Astronomy: UHE  band



Prospects

 Cygnus region: cosmic ray origin

 Extra galactic sources

 Diffuse γ-ray emission  

 New physics frontier exploring: LIV, DM…

Cyg OB2

Mrk421

Galactic Plane



Exploring Lorentz Invariance Violation

3 orders of 
magnitudes
below the 
Planck-scale



Conclusion

 LHAASO is a survey facility for UHE sources in northern sky

 Fully operation started July 2021 with a rate ~1 B events per day

 Strong separation power between γ-rays and CR background

 Photon arrival direction and energy measurements are calibrated 
using standard candle 

 Number of PeVatrons in our galaxy is updating soon 

 A couple of Pevatrons are analyzed in depth: the Crab and more 

 Exploring for new phys. (see Zhe’s and Sonzhan’s talks)

Few words about the synergy between techniques



Synergy between EAS and IACT

 3rd Generation of the 
survey  device reaches 
the sensitivity of 10-14

TeV/cm2/s, i.e. 12 mCU

 Precise measurements 
for SEDs 

Thanks for your attention!


