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LHAASO: Large High Altitude Air Shower Observatory
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Haizi mountain, Sichuan, China, 4410 m above 

the sea level

 LHAASO uses hybrid detector arrays: the 

square kilometer array (KM2A), the water 

Cherenkov detector array (WCDA), and the 

wide field-of-view Cherenkov telescope array 

(WFCTA)

 Full operation since July 2021
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 Probe the origin of CRs, via precise measurements of spectra and anisotropies

 Study the ultra-high-energy gamma-ray sky with unprecedented sensitivity

 Search for new physics



Key problem of CR physics：origin and acceleration

Earth

Magnetic 

field

 Cosmic rays are HE charged particle from space

 P、He、C、O 、 … Fe

 Highest energy is over 1020eV

 10^7 times the energy of LHC

 Origin of HE CRs is unknown：

《Science》125 key scientific questions

 Mthods：gamma rays、neutrinos

 Gamma ray astronomy is the active area in 

recent years

日内瓦：大型强子对撞机（LHC）
地球最大人造加速器，周长27公里
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Direct searches of CR sources by γ observation
and implications of precise CR measurements for the origin of CRs 7
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Open a new window above 100TeV for gamma astronomy--

1st LHAASO catalog of VHE-UHE sources

 90 sources as of Sep. 2022, 32

newly reported, 43 with >100 

TeV emission (only 2 before 

LHAASO)

 77% by WCDA, 83% by KM2A, 61% 

by both

Astrophys.J.S
uppl. 271 (20
24) 1, 25
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Supernova remnants

G150.3+4.7

Gamma 
Cygni

Cas A

W51C W44
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Young massive clusters/star-forming regions:

Cygnus bubble – a super PeVatron

LHAASO (2024, Sci. Bull.) 8 PeV events, highest energy of 2.5 PeV
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Summary of gamma ray observation

• For SNR, complicated morphologies and spectra 
are measured with cutoff of hundred TeV. SNR 
may NOT be the PeVatrons.

• For PWN, >PeV γs are detected implying very high 
acceleration efficiency.

• UHE emission detected from 6 microquasars 
showing BH+jet systems provide promising sites 
for extreme multi-PeV acceleration.

• Diffuse gamma ray emission by LHAASO is 2-3 
times higher than prediciton (CR + gas).
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Precise measurement of CR knee 
spectrum and mass by LHAASO

• The new measurement improves precision greatly

• First time detect a decrease of <lnA> before knee, 
means the heavy component decreases

• We decode the data to uncover the bkg CR model 

• Key: decrease of <lnA> may be from the cutoff of 
Fe spectrum of the local source
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LHAASO, 
Phys.Rev.Lett. 132 (20
24) 13, 131002
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Large-scale anisotropy of all particles

 Energy coverage: 1.9 TeV - 2.7 PeV

 Amplitude peaks at ~10 TeV, reaches a dip at ~100 TeV; phase change smoothly from 

~30o to 270o (Galactic center) 
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Cosmic ray precise measurements 
• AMS02 started a new era of precision cosmic rays –

fine features in CRs were  detected
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Latest result of DAMPE

A universal spectral softening at ~13TV of primary 
species has been observed; the observaton favors 
a local source contributing to the bump
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Nature 653 (2026)
8113, 52-55



prediction：coevolution of anisotropy and 
spectra  (Guo et al，2019，JCAP)

1. Large anisotropy from 
the nearby source

2. spectra/anisotropy 
correlated closely；

3. Data strongly support 
the assumption.
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3 components of Galactic CRs

• AMS02 spectra determine 
bkg; however, they are too 
soft to account for the knee

• A ‘hard’ high energy 
component is needed to 
account for knee
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CR Origin：AMS02-DAMPE-HAWC-LHAASO-TUNKA-Auger 
energies are calibrated and rescaled to AMS02. very impressively that 
most rescale less than 5%.

Cutoff of nearby 
Fe spec

Cutoff of GA Fe

LE，SNR?

Geminga?

PaVatrons，
YMSC? MQ？
PWN？

AGN?

ankle

knee

2nd knee
LE ank

GZK

Old models

Lv, XJB et al., 

APJ 979 (2025) 2, 225

rise by HE

23



Implications of CR origin
• The observed CRs are contributed by at least 2 kinds of GA 

sources plus a local source.
• LE CR may come from SNRs according to the energy budget
• ’Hard’ HE component may come from YMSC /MQ; 6 

microquars were observed by LHAASO as Pevatrons.

• The above model perspective is consistent with the γ
observation of LHAASO. 

• Perspective: abundance of different CR species implies the 
nature of the sources.

• HERD will give more precise measurement of spectra of all 
species and connet the space-based and ground-based 
spectra
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HERD (CSS-based, 2029) capability 
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I -Superheavy DM decay from the Galactic halo

• The signal region is chosen 
– Away from Galactic plane and Fermi bubble
– As close to the GC as possible

• 4 control regions                    by shifting ROI0 along the 
RA direction by 90°, 135°, 240°, 285°
respectively
– Same declination and same detector performance
– For accurate estimate the bkg and eliminate systematics



Constraints on Heavy Decaying Dark Matter 
from 570 Days of LHAASO Observations

Phys.Rev.Lett. 129 (2022) 26, 261103



II -Dark matter annihilation signals 
from the dwarf galaxies



Density profile of DM 
in the dwarf galaxies



Most stringent constraint on heavy 
DM annihilation by LHAASO

• With 756 dates WCDA and 794 dates KM2A 
data and by combining the 16 dwarfs the 
most stringent constraint on DM 
annihilation is derived.  

Phys.Rev.Lett. 133 
(2024) 6, 061001



Kinetics with LIV E2 = p2 c2 *(1 + a1(pc/ Mpl c2)+ a2(pc/ Mpl c2) 2

+ …)

• A free photon in vacuum is stable in LI; For LIV，if the effective 
mass of a photon                      is greater than a pair of e+e-, the 
photon decay γ -> e+e- very  fast and leads to a sharp cutoff at the 
SED

• Change the threshold of interaction. The threshold of
γγ -> e+e- improve    is improved; more transparent of EBL

• Energy dependent speed of light at LIV; v(E) =
c (1± ), it leads to time delay for different E from z, 

• … others 

pk  /E/

≈



Photon decay or splitting induced by LIV

• LIV also leads to a photon decay or splitting to 3 photons

• LIV decay or splitting leads to sharp cutoff the 
high energy end of the spectrum
• We analyze the LHAASO data of gamma ray SED 
to look for the LIV cutoff 

Decay：γ-> e+e- Splitting:



The result

Phys.Rev.Lett. 128 (2022) 5, 051102

more than 1 order of 
magnitude



Time lag by LIV of different energy photons from 
GRB 221009A 

• Cross correlation function (CCF). Light curves 
of different energy bands are given by the 
WCDA data. CCF method is adopted to derive 
the time lags of the different light curves. 

• Maximal likelihood method. The probability 
density function (PDF) of a photon at time t
and Nhit is given. λ(t) is the intrinsic light curve 
with possible time lag ΔtLIV(E). Light curves of different 

energy bins by WCDA



The stringent LIV constraint by time of flight

• For the 2nd LIV the LHAASO constraint is the 
best one with 6-8 times improvement to 
Fermi-LAT result.

LHAASO Coll, PRL 
133 (2024) 7, 071501
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Constraints on PBH burst rate

• We perform a search for individual local PBH burst events using 
the LHAASO-WCDA data

• With time windows of 1s, 10s, and 100s, no significant gamma-ray 
burst events are observed, except for GRB 221009A.

• The upper limit of the local PBH burst rate density is set to be 
as low as 200 pc−3yr−1 at 99% confidence level, representing 
the strongest limit achieved to date



LHAASO observation of 
GRB 221009A (BOAT)

• Direct observation of the 
extragalactic background light 
(EBL) absorption of gamma flux

• The highest energy photon is 
about ~13TeV, depending on the spectrum

• The 13 TeV event is out of 
expectation for a source at 
z=0.151. Flux is about 1 order of 
magnitude higher than 
expectation.

LHAASO coll. 2023 (Science adv. 9, 2778)



gamma-axion oscillation

• Oscillation between axion-gamma evade the 
absorption by EBL

• The gamma ray spectrum is modified

EBL



A stringent constraint is set on axion coupling

• Axion significance < 2sigma, we give 
constraints on axion coupling

LHAASO coll. 2023 (Science adv. 9, 2778)

ARGO



Summary 

• LHAASO is successful in UHE gamma ray 
astronomy, CR measurement and new physcis 
searches.

• Combining results from AMS02, DAMPE and 
LHAASO implies a multiple-source origin of CRs.

• Stringent constrants on DM decay/annihilation, 
LIV, axion coupling, PBH burst rate have been 
derived.
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