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LHAASO Collaboration
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Scientists:	275 Institutions:		31

Institutions	waiting	for	membership:	APS,	France
MoU	of	Collaboration	signed:	VERITAS,	ANTARES,	GVD	
MoU	under	discussion	CTAO,	MAGIC,	IceCube		
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L

B

Bird-eyes’ View of LHAASO，March, 2021

Runway	of	Yading	Airport

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

	a.s.l.

KM2A
WCDA
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The LHAASO concepts
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78’000
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The LHAASO concepts
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78’000

WCDA Water Cherenkov Detector Array

78’000 m2 
3120 cells (5mx5m) 
Energy range: 0.1-10 TeV
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The LHAASO concepts

5

78’000

KM2A
KM-square Array

• 1.3 km2 

• 1171 Muon tanks 
• 5195 ED Units 
• Energy range: 0.01-10 PeV
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The LHAASO concepts
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78’000

WFCTA
Wide FoV Cherenkov Telescope Array

• 18 Telescopes 
• FoV: 16°x 16° 
• Energy: 0.1 100 PeV



Wide FOV !-ray Astronomy
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LHAASO

VERITAS

HESS

MAGIC

!1/7 of the sky at any moment !60% in the sky per day day (24h)
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LHAASO Expected Sensitivity

8

KM2A

WCDA
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WCDA performance
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Performance of LHAASO-WCDA and observation of 
the Crab Nebula as a standard candle

Chinese Physics C 45:085002 (2021) 

!-like event CR-like event

C = Nhit
max(ξi)r>Rc

Q =
εγ

εp
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WCDA performance on Crab
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0.20° @ 12 TeV

0.45° @ 1 TeV

Angular resolution

65 mCU

Chinese Physics C 45:085002 (2021) 
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KM2A Performance
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Energy resolution Pointing accuracy Core resolution

Angular resolution100 TeV < Erec < 1 PeV25 TeV < Erec < 100 TeV10 TeV < Erec < 25 TeV

σs = 0.46∘

S = 19.2 σ

σs = 0.29∘

S = 28.0 σ

σs = 0.16∘

S = 14.7 σ
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Excellent CR background rejection
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10-5

10-4

<latexit sha1_base64="UKpooLrcDuGKwnAuyCXJFO82VFo=">AAAB+HicdVBdSwJBFJ21L7MPt3rsZUiCnnRXzXoJpF56EoM0QZdldpzVwZndZT4CE39JLz0U0Ws/pbf+TaNuYFEHLhzOuZd77wkSRqVynE8rs7K6tr6R3cxtbe/s5u29/baMtcCkhWMWi06AJGE0Ii1FFSOdRBDEA0bugtHVzL+7J0LSOLpV44R4HA0iGlKMlJF8O9/we1yXGj65cEvliuPbBafozAGXyGmt4lRd6KZKAaRo+vZHrx9jzUmkMENSdl0nUd4ECUUxI9NcT0uSIDxCA9I1NEKcSG8yP3wKj43Sh2EsTEUKztXliQniUo55YDo5UkP525uJf3ldrcJzb0KjRCsS4cWiUDOoYjhLAfapIFixsSEIC2puhXiIBMLKZJUzIXx/Cv8n7XLRrRWrN9VC/TKNIwsOwRE4AS44A3VwDZqgBTDQ4BE8gxfrwXqyXq23RWvGSmcOwA9Y71+M25G7</latexit>

Nµ/Ne = 1/230Nμ

Ne
= 230
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LHAASO	J0534+2202

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

KM2A Survey

12 Galactic PeVatrons 
➡ High quality Significantce >7σ

➡ BGK-free：CR rejection rate  <10-4


➡ High Statistics：530 UHE photons

➡ Multiple Type of Sources
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LHAASO	J0534+2202

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

KM2A Survey

None of the three brightest PeVatrons (>1 CU@100 TeV) show an evident of cut-off in SED 
◆ Updates using newer data show continuous extension to higher energies

E>25 TeV E>25 TeV E>25 TeV
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Sky Map for UHE γ–ray (0.1-1 PeV)

Pointing accuracy <1°
Angular resolution <0.25°



New -ray Sourcesγ
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Discovery of LHAASO J0341+5258
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Extended source

0.29∘ ± 0.06∘

stat ± 0.02∘sys

No clear counterpart at 
other wave length. 

Lack of an energetic pulsar or a young SNRr in the vicinity  


⇒ Challenge, both the leptonic and hadronic scenarios. 

LHAASO coll. ApJL 917:L4 (2021)
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Discovery of LHAASO J2108+5157
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No clear counterpart at 
other wavelengths. 

Point-like source with extension <0.26°. 

New VHE and UHE source 
  Emax = 434 ± 49 TeV

Compatible with both electron and proton acceleration 
but Giant MC nearby suggest hadronic origin

LHAASO coll. ApJL 919:L21 (2021) 

https://doi.org/10.3847/2041-8213/ac2579
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Discovery of pulsar halo PSR J0622+3749
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Extended source 0.40∘ ± 0.07∘ Slow diffusion of electron 

 D ≈ 8.9+4.5
−3.9 ⋅ ( d

1.6 kpc )
2

⋅ 1027 cm2 s−1

Name P [s] τ [kyr] d [kpc]

J0622+3749 0.333 2.542 2.7 207.8 1.60

Geminga 0.237 1.098 3.3 342.0 0.25

Monogem 0.385 5.499 3.8 110.0 0.29

·P [1014s ⋅ s−1] Lsd [1034s ⋅ erg−1]

Consistent with scenario of 
particles in the turbulent medium 
around pulsars as inferred from 
the of Geminga and Monogem

LHAASO Coll. PhysRevLett. 126,24 (2021): 241103

⟨Ee⟩ ∼ 160 TeV

http://.%20doi:10.1103/PhysRevLett.126.241103


Crab Nebula in the PeV
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Crab SED

LHAASO  SED Measurement:

• Covering 3.5 decades of energy

• Agreeing with other experiments 

below 100 TeV

• Self cross-checking between WCDA 

& KM2A


A Pevatron: 

• Unique UHE SED

• A PeVatron without ambiguity  

• Clear origin:  a well-known PWN

21
Observation of the Crab Nebula with LHAASO-KM2A − a performance study 

F. Aharonian et al 2021 Chinese Phys. C 45 025002

DOI: 10.1088/1674-1137/abd01b 

Peta–electron volt gamma-ray emission from the Crab Nebula 
Science  23 Jul 2021: 
Vol. 373, Issue 6553, pp. 425-430 
DOI: 10.1126/science.abg5137

Challenge basic theory of 
electron acceleration

530 γ

https://doi.org/10.1088/1674-1137/abd01b
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Highest energy photons from Crab (1.1 PeV)
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Science  23 Jul 2021: 
Vol. 373, Issue 6553, pp. 425-430 
DOI: 10.1126/science.abg5137

<latexit sha1_base64="BTGZ6ksXwlNYOSNkaidvOfyhpTo="></latexit>

Ee = 2.15 ·
✓

E�

PeV

◆0.77

PeV

<latexit sha1_base64="UgNiVbWxWX/p66YNEnl+hWRn57w=">AAACAXicbVA9SwNBEN2LXzF+nQoi2CwGwSrcqailRATLBEwiJCHsbSbJkr0Pd+fEcCSNf8XGIiK2tv4COxt/i5vEQqMPBh7vzTAzz4uk0Og4H1ZqZnZufiG9mFlaXllds9c3yjqMFYcSD2Worj2mQYoASihQwnWkgPmehIrXPR/5lVtQWoTBFfYiqPusHYiW4AyN1LC3LxpQ08KHG3qQOxzUEO4wKUC537CzTs4Zg/4l7jfJnm0VP8Uw/1Zo2O+1ZshjHwLkkmlddZ0I6wlTKLiEfqYWa4gY77I2VA0NmA+6now/6NM9ozRpK1SmAqRj9edEwnyte75nOn2GHT3tjcT/vGqMrdN6IoIoRgj4ZFErlhRDOoqDNoUCjrJnCONKmFsp7zDFOJrQMiYEd/rlv6R8kHOPc0dFk0aeTJAmO2SX7BOXnJAzckkKpEQ4GZAHMiRP1r31aD1bL5PWlPU9s0l+wXr9Aqk/mho=</latexit>

Ee ' 2.3 PeV
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Leptonic

23

Nie, L et al ApJ 924:42, (2022)

η = 0.265+0.0034
−0.0032

BPWN = 129.42+1.8
−1.78 μG

Ecut = 154+5.9
−6.1 GeV

https://doi.org/10.3847/1538-4357/ac348d
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Leptonic

23

Nie, L et al ApJ 924:42, (2022)

α1 = 1.533+0.0056
−0.0065

η = 0.265+0.0034
−0.0032

BPWN = 129.42+1.8
−1.78 μG

Ecut = 154+5.9
−6.1 GeV

Acceleration in Pulsar 
magnetosphere

https://doi.org/10.3847/1538-4357/ac348d
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Leptonic

23

Nie, L et al ApJ 924:42, (2022)

α1 = 1.533+0.0056
−0.0065

α2 = 2.510+0.0031
−0.0035

η = 0.265+0.0034
−0.0032

BPWN = 129.42+1.8
−1.78 μG

Ecut = 154+5.9
−6.1 GeV

Acceleration in Pulsar 
magnetosphere

Acceleration in 
termination Shock

https://doi.org/10.3847/1538-4357/ac348d
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Leptonic+Hadronic?

24

Nie, L et al ApJ 924:42, (2022)

https://doi.org/10.3847/1538-4357/ac348d
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Leptonic+Hadronic?

24

Nie, L et al ApJ 924:42, (2022)

https://doi.org/10.3847/1538-4357/ac348d
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Leptonic+Hadronic?

24

Nie, L et al ApJ 924:42, (2022)

α2 = 2.53+0.13
−0.09

α1 = 1.49+0.13
−0.18

https://doi.org/10.3847/1538-4357/ac348d
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Leptonic+Hadronic?

24

Nie, L et al ApJ 924:42, (2022)

η = 0.259+0.02
−0.015

BPWN = 102.33+23.36
−6.83 μG

Ecut = 204+71
−75 GeV

α2 = 2.53+0.13
−0.09

α1 = 1.49+0.13
−0.18

https://doi.org/10.3847/1538-4357/ac348d
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Leptonic+Hadronic?

24

Nie, L et al ApJ 924:42, (2022)

dN
dE

= ApE−αp
p exp [ E

Ecp
]

η = 0.259+0.02
−0.015
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−6.83 μG

Ecut = 204+71
−75 GeV

α2 = 2.53+0.13
−0.09

α1 = 1.49+0.13
−0.18

https://doi.org/10.3847/1538-4357/ac348d
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Leptonic+Hadronic?

24
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Lorentz Invariant Violation
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Superluminal LIV effects
• Astrophysical sources are ideal targets to search 

for the LIV effects because 

• extremely high-energy processes + the long 

distance to Earth 

➡ Accumulation of the tiny effect. 


• What can (is being) studied

• energy-dependent time delay from pulsars

• γ-ray bursts (GRBs)

• flaring active galactic nuclei (AGN) 

• the vacuum Cherenkov emission 

• the vacuum birefringence

• the decay or splitting of photons

26

• LIV interaction in SM lagrangian alters standard 
on-shell condition of a particle energy-
momentum relation in special relativity. 


Modified dispersion relation

E2
γ − p2

γ ± |αn |pn+2
γ = m2

Superluminal

Subluminal nth LIV order  

E(n)
LIV = α−1/n

n LIV energy scale
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Highest ever recorded gamma from Cygnus region
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Excellent CR background Rejection Power

• Simultaneous detection of number of measured muons  and electron in a shower


• Cutting on ratio Nμ/Ne<1/230

• BG-free Photon detection (Nγ >10 NCR) for showers E>100 TeV from the Crab

<latexit sha1_base64="kfEl4C2DhGLdxMV/15xjk0frUV4=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoMQL3FXgnoMevEUIpgHJOsyO5lNhsxjmZlVwpL/8OJBEa/+izf/xkmyB00saCiquunuCmNGtXHdbye3srq2vpHfLGxt7+zuFfcPWlomCpMmlkyqTog0YVSQpqGGkU6sCOIhI+1wdDP1249EaSrFvRnHxOdoIGhEMTJWemByUK4HPZ6c1QNyGhRLbsWdAS4TLyMlkKERFL96fYkTToTBDGnd9dzY+ClShmJGJoVeokmM8AgNSNdSgTjRfjq7egJPrNKHkVS2hIEz9fdEirjWYx7aTo7MUC96U/E/r5uY6MpPqYgTQwSeL4oSBo2E0whgnyqCDRtbgrCi9laIh0ghbGxQBRuCt/jyMmmdV7yLSvWuWqpdZ3HkwRE4BmXggUtQA7egAZoAAwWewSt4c56cF+fd+Zi35pxs5hD8gfP5A2YBkc4=</latexit>

log(Nµ/Ne)

In total, 1044 events with E >1.4 PeV measured 
by KM2A in 1°cone of the direction of the source  
in Cygnus constellation.  

<latexit sha1_base64="W/UbZR5HwCXhAySQth950gWk/cI=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCqzbRWHUhFN24KhXsA9oQJtNJO3TyYB5CDf0SNy4UceunuPNvnLYRquiBC4dz7uXee/yEUSEt69PILS2vrK7l1wsbm1vbRXNntyVixTFp4pjFvOMjQRiNSFNSyUgn4QSFPiNtf3Q99dv3hAsaR3dynBA3RIOIBhQjqSXPLNa9XqgqdY9c2pULx/bMklW2ZoAL5LR6Yjk2tDOlBDI0PPOj14+xCkkkMUNCdG0rkW6KuKSYkUmhpwRJEB6hAelqGqGQCDedHT6Bh1rpwyDmuiIJZ+riRIpCIcahrztDJIfitzcV//K6SgbnbkqjREkS4fmiQDEoYzhNAfYpJ1iysSYIc6pvhXiIOMJSZ1XQIXx/Cv8nreOyXS07t06pdpXFkQf74AAcARucgRq4AQ3QBBgo8AiewYvxYDwZr8bbvDVnZDN74AeM9y+ajpHE</latexit>

Nµ/Ne = 1/941

<latexit sha1_base64="sneKmvnz187pmi7/wCdQiS6AWbA=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCqzSp1dqFUHTjqlSwD2hDmEyn7dCZJMxMhBr6JW5cKOLWT3Hn3zhtg2j1wIXDOfdy7z1+xKhUtv1pZFZW19Y3spu5re2d3by5t9+SYSwwaeKQhaLjI0kYDUhTUcVIJxIEcZ+Rtj++nvnteyIkDYM7NYmIy9EwoAOKkdKSZ+brXo/HxbpHLp1i6dT2zIJt2XNA2zqrVksVB34rTkoKIEXDMz96/RDHnAQKMyRl17Ej5SZIKIoZmeZ6sSQRwmM0JF1NA8SJdJP54VN4rJU+HIRCV6DgXP05kSAu5YT7upMjNZLL3kz8z+vGanDhJjSIYkUCvFg0iBlUIZylAPtUEKzYRBOEBdW3QjxCAmGls8rpEJzll/+SVslyzq3ybblQu0rjyIJDcAROgAMqoAZuQAM0AQYxeATP4MV4MJ6MV+Nt0Zox0pkD8AvG+xehy5HJ</latexit>

Nµ/Ne = 1/230

Chance probability  = 0.03% ！
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LIV limits from LHAASO

28

 

γ → 3γ

105 MPl

10−3 MPl

1 order of magnitude improvement on current limits

f(E) = ϕ0 ( E
E) )

−α−β ln(E/E0)

H(E − Ecut)
LHAASO coll. 2022 (PRL 128:051102 ) 

HAWC - PRL 124, 131101 (2020)

α0 ≤ 4m2
e

E2γ − 4m2e
 

Astapov -  JCAP04(2019)054γ → e−e+

https://doi.org/10.1103/PhysRevLett.128.051102
https://doi.org/10.1103/PhysRevLett.124.131101
https://doi.org/10.1088/1475-7516/2019/04/054


Cosmic Rays 
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Absolute energy scale propagates from WCDA to 

30

It is impossible for  WFCTA to measure Moon shadow shifts directly buy..

The absolute energy scale obtained by WCDA-1 can be propagated to WFCTA by using common-triggered 
events.

Data Set of WCDA-1+WFCTA:

• Telescope FoV: 22°<Zenith angles <38°

• Nhit>200  (Energy Proxy for WCDA)

• 20k<Npe<60k Energy Proxy for WFCTA)

• shower cores fall inside WCDA-1: 

|corex|<55 m, |corey|<55 m
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Absolute energy scale of WFCTA
• And then the absolute energy scale obtained by WCDA is 

propagated to WFCTA by using the common trigger events.

• The energy reconstructed by WFCTA is 21.9 ±0.1 TeV;

•  23.4±0.1±1.3 TeV by the formula of the absolute energy scale.

•  The two energies are consistent with each other within uncertainties. 


•  It is the first time that the Cherenkov telescopes have the absolute 
energy scale. 

31

WCDA Calibration result  (8 months, 
one pool)： 

✓21.0 ±6.5 TeV for all events 
✓16.2 ±6.2 TeV for shower core 

falling inside WCDA. 
✓The uncertainty largely 

dominated by the low statistics.  
After 4 years, the uncertainty 
will be < 10%. 

 LHAASO Collaboration,  
Phys. Rev. D 104, 062007 (2021)
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H and H+He spectra expectation by LHAASO

32

Cloud monitorH + He

ARGO/WFCTA prototype

PHYSICAL REVIEW D 92, 092005 (2015) 

by six telescopes of LHAASO (zenith	60   
during period of 2020.11 ~ 2021.04

°)

T=~750 hours T=~220 hours

ARGO-YBJ + a Cherenkov prototype 
The knee of H&He spectrum at  

(700±230) TeV is measured
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Iron knee expectation by LHAASO 
• Iron knee energy spectra observation：


• 18 telescopes point to zenith 45, cover azimuth 0-360 

• WFCTA + KM2A (full array is used)    

• Energy range：several PeV - 200 PeV


• H and H+He can also be measured in this mode.

33

6 years expectation

3 years expectation

~1100 hours good data 
already collected

Start operation:  
2021/10, 
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Conclusion 
• The results published so far can be considered as the tip of the iceberg, 

being achieved with a partial array, 


• In the coming years, we expect many breakthrough discoveries by 
LHAASO that could dramatically change the current understanding of the 
most energetic and extreme phenomena of the non-thermal Universe.

34

Unexplored land

LHAASO Science Book  (2021) 

1: LHAASO Instruments 
2: Galactic !-ray sources 
3: Extragalactic !-ray sources 
4: Cosmic-rays Physics 
5: Dark Matter & New Physics　 
6: Multimessenger Physics 
7: Solar & Heliosphere Physics 

Stay Tuned …… and join LHAASO

http://cpc.ihep.ac.cn/fileZGWLC/cms/news/info/LHAASO.pdf
https://iopscience.iop.org/article/10.1088/1674-1137/ac3fa6
https://iopscience.iop.org/article/10.1088/1674-1137/ac3fa8
https://iopscience.iop.org/article/10.1088/1674-1137/ac3fa9
https://iopscience.iop.org/article/10.1088/1674-1137/ac3faa
https://iopscience.iop.org/article/10.1088/1674-1137/ac3fab
https://iopscience.iop.org/article/10.1088/1674-1137/ac3fac
https://iopscience.iop.org/article/10.1088/1674-1137/ac3fae
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Thank you!


