
Status and Latest Results from 
LHAASO on ϒ-ray and Cosmic 

Ray Physics

Siming Liu
Southwest Jiaotong University

On behalf of the 
LHAASO Collaboration

2023/8/10
Windows on the Universe, Quy Nhon, 

Vietnam



Scientific Goals 
 γ-ray astronomy 

Survey for sources (above 500 GeV)

PeVatrons (above 100 TeV)

All kind of sources: SNR, PWN, MYC, binary, 

pulsar

AGN, GRB etc.

Cosmic Ray Physics

The knees 

Compositions : individual species H, He and Fe 

Anisotropy: (1 TeV to 10 PeV)
New Physics Front: DM, LIV, etc.

Large High Altitude Air 
Shower Observatory

Electromagnetic Detectors (EDs)
Muon Detectors (MDs)
Water Cherenkov Detector Array (WCDA)
Wide Field of view Cherenkov Telescope Arrays (WFCTA)

WFCTA

MDs WCDA EDs



相距~10KM

Bird’s eye view of LHAASO，2021-08
• Location：29o21’ 27.6” N , 100o08’19.6” E
• Altitude: 4410 m
• Funded at the end of 2015
• Construction started in 2017
• First Science Results Released in May 2021
• Completed in July 2021

Daocheng, Sichuan，China
On the east edge of Tibet plateau

Location
And

Construction



Large High Altitude Air Shower Observatory
Multi-Messenger 

Collaboration Network
ANTARES (NT)

LST/CTA-
N (CT)

GVD (NT) VERITAS (CT)

IceCube(NT)

LHAASO Coll.：
6 countries
31 institution
275 members

MAGIC(CT)

KM3Net (NT)

eROSITA(X-ray)

DAMPE(γ-ray, CR)

Space borne Exp.
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LHAASO Detectors

7m

1.2m

   20”

   3”

300m 5m

MD

ED

WCDA

WFCTA
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Eds+MDs=LHAASO-KM2A
Kilometer Square Array

Selection of γ–rays out of CR background

~1 PeV from the Crab
 Area：
         1.3 km2

 Detectors：
          5216   EDs
          1188   MDs
 Energy Range：
      0.01-10 PeV

~ 1 PeV γ–ray event ：
very few muons

Active Area for Muons vs. Array Area: 
4%  ~ 50,000m2

ED 10% ~ 100,000m2

~1 PeV CR event: many muons
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CR background Rejection in 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)
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LHAASO-WCDA 
Water Cherenkov Detector Array

300 m 

 Area：
          78,000 m2

 Detector units：
          3120 
 Energy Range：
           0.1-10 TeV
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CR Background rejection in 
WCDA

10-3
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WFCTA: 18 IACTs
    Mirror：5 m2

    SiPM camera
    FOV：16×16°
    Pixel size：0.5°
    Energy: 0.1-100 PeV

LHAASO-WFCTA
Wide Field of view Cherenkov Telescope Arrays

Separate of individual CR species & measure the knees

~0.1 PeV 
CR event
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CR Composition Separation

• Multi-parameter analyses for pure H,H+He,Fe samples

μ20

Sel. eff. 60%

Xmax
H+He

Purity > 90%

ProtonsXmax

Fcore

μ20

μ16 Sel. eff. 23% Purity > 85%
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Supper 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 
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Field of view for GRB/TOO

LHAASO HAWC

VERITAS

MAGIC

H.E.S.S.

1/7 of the sky at any time



LHAASO sensitivity 

With large FOV and high sensitivity, LHAASO is an ideal 
detector for sky survey to search VHE and UHE sources! 



LHAASO J0534+2202

GRB-1, Science accepted Crab, Science, 373, 425 (2021)

Cygnus Bubble, submitted

PeVatrons, Nature 594:33-36 (2021)

GRB-II, to be 
submitted

Discovery Highlights
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Crab Nebula
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0.88PeV
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Gamma-ray detectors

EAS arrays:
Milagro, ARGO-YBJ
Tibet Asγ,  HAWC，

LHAASO

Space-based 
EGRET, AGILE, 
Fermi, DAMPE

IACTs:
H.E.S.S., MAGIC, VERITAS, 

CTA

HE: >0.1 GeV 
Large FOV

80% duty cycle
0.1º ~ 5º 

resolution
1 m2 area

VHE:>0.1 TeV 
3º~5º FOV

15% duty cycle
0.06º~ 0.17º 

resolution
105 m2 area

VHE：>0.1 TeV
UHE：>0.1 PeV 

Large FOV
100% duty cycle

0.1º ~ 1º resolution
103-6 m2 area



Impressive Gamma-ray Source Catalogs

Fermi-LAT 
12ys data 

6658 sources
50 MeV to 1 TeV

HAWC 
5ys data 

65 sources
1~100 TeV

H.E.S.S. 
10ys data 

78 sources
0.2-100 TeV



Current status of Very High Energy 
gamma-ray sources

252

6658

Great progresses are achieved in ground-based VHE 
gamma-ray astronomy! 

High energy高

Very high-energy甚高

Ultra-high energy超高







Ø Survey discovered 30+ new sources,  40+ PeVatrons and diffuse γ-ray emission  

Ultra-High-Energy γ-ray Astronomy
arXiv:2305.17030v1

地
球

大 型 超 高 能 伽 马 源 立 体 跟 踪 观 测 设 备 （ L A C T ） 25 

HESS

LHAASO-WCDAFermi-LAT

LHAASO-KM2A LHAASO-KM2A
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n WCDA detected 69 sources at >5σ (TS>37) and extension <2º

n KM2A detected 75 sources at >5σ (TS>37) and extension <2º

Properties of WCDA and 
KM2A sources 

Source extension Spectral index



WCDA&KM2A

n Separation Angle

n Position error 

n Source extension

Construction of the 1st LHAASO 
sources

WCDA 
69

KM2A 
75

WCDA&KM2A 
54

90 1st LHAASO sources



n The position and extension 

achieved by KM2A at >25 TeV 

are used.

n Sources with significance >4σ 

at >100 TeV are labeled as 

UHE sources

UHE gamma-ray sources

>25 TeV 
75

>100 TeV 
43



1st LHAASO source catalog
arXiv:2305.17030v1



82 sources with the Galactic 
latitude |b|<12º

AGN(z=0.04
4)



8 sources with the Galactic 
latitude |b|>12º

1ES 1727+502
z=0.055

Mrk 421
z=0.031

Mrk 501
z=0.034

NGC 4278
z=0.002

4 AGNs



n 58 sources with TeVCat+3HAWC association

n 32 new sources（25+7）

Association with known TeV 
Sources 

32 90



n 65 1LHAASO sources with pulsar 

nearby <0.5º.

n 35 associations with chance 

coincide probability <1%. (13 

labeled as PWN or Halo in 

TeVCat)

n 22 new possible PWN/TeV Halo

Association with ATNF 
pulsars



n 51% (35/69) 1-25TeV sources are UHE sources.

n 57% (43/75) >25TeV sources are UHE sources.

n 19% (8/43) UHE sources are not detected at 1-25TeV (new class?).

 PeVatrons

Milky Way is full of UHE sources!



n 90 in 1st LHAASO sources.

n 32 new discoveries

n 43 UHE

LHAASO catalog

69

75 43



LHAASO J0534+2202

GRB-1, Science accepted Crab, Science, 373, 425 (2021)

Cygnus Bubble, submitted

PeVatrons, Nature 594:33-36 (2021)

GRB-II,  submitted

Discovery Highlights



TeV afterglow
l Smooth decaying of 
   TeV emission
l Low redshift

GRB190114C

GRB190114C

GRB1908129A
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n Triggered on a weak precursor

n Fluence: >5e-2 erg/cm^2，low 
redshift (z=0.151)

n  deriving an enormous energy 
Eγ,iso~1055 erg

n  brightest-of-all-time (BOAT GRB)

GRB 221009A: brightest-
of-all-time (BOAT) GRB

Fermi/GBM

Many detectors 
are saturated

Fermi

R_GRB≤ 6.1 × 10−4 Gpc−3 yr−1

z=0.151 volume ~ 1 Gpc^3

R<10-3 yr



Even much less chance for 
it in the middle of FoV of 

LHAASO
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

Prelim
inary
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GECAM/Konus-Wind 
Observations of GRB 

221009A

E_iso∼  1.5 × 10^55 erg

E_iso∼  1.5 × 10^55 erg

Main peak 1 lasts ~10 s



n LHAASO detection of GRB 
221009A: first GRB seen by a 
extensive air shower detector

n High statistics: >60,000 photons 
above 0.2TeV (LHAASO-WCDA)

n TeV count rate light curve: 
Smooth temporal profile 
–external shock origin

LHAASO GRB221009A

GRB 221009A

First time detection of the TeV 
afterglow  onset !



MeV vs TeV light curves: external shock origin



n EBL model: A. Saldana-
Lopez et al. (2021)

SED from WCDA

Intrinsic spectrum

Observed spectrum



 Fast decay phase

Revealing a jet break at the 
earliest time.



Summary
n Construction of LHAASO finished in September 2021. LHAASO  operates 

with almost 100% duty cicle. It’s one year sensitivity is better compared to 50 
hours for present Cherenkov telescopes above few TeV.  Above 20 TeV it is 
better compared to future CTA.  

n LHAASO presented first catalog of 90 sources from about 2 first years of 
observation. 32 are new sources.  Number of UHE gamma-ray sources 
above 100 TeV increased from 4 to 43 by LHAASO observations
¨ 35 sources are PWN. Crab, Geminga, milisecond pulsar
¨ 7 SNR, gamma-Cygni can not be explained by leptons
¨ Star clusters Cygnus, w43

n GRB 221009A: detailed properties of GRB afterglow from 60000 photons in 
LHAASO WCDA

2023/8/10
Windows on the Universe, Quy Nhon, 

Vietnam

Welcome to Join the LHAASO collaboration!


