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LHAASO: Large High Altitude Air Shower 
Observatory

3

2008年4月开始R&D
2015年12月approved 

2017年5月 start construction

2018年3月33个ED running

2019年1月开始71ED+10MD运行

2019年1/4 array completed

2021年full array completed



Where is LHAASO?
Haizi Mountain, Sichuan province, China

Altitude 4410 m a.s.l. 

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

LHAASO



LHAASO  aerial image，2021/12
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Gamma-ray/cosmic ray discrimination

Before cut: 
CR rate

After cut: CR rate
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R_GRB≤ 6.1 × 10−4 Gpc−3 yr−1
Fluence: >5 × 10 -2 erg/cm2

z=0.151 volume ~ 1 Gpc^3

R<10^-3 yr

GRB 221009A: A very rare event

Buns et al. 2023



GRB221009 at LHAASO-WCDA

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

• The whole process of onset and 
fade of TeV afterglow is recorded. 
The onset of TeV afterglow is 
observed for the first time. 

• It is also the first time that a GRB is 
seen by an extensive air shower 
detector

高海拔宇宙线观测站（LHAASO）
四川稻城 海拔4400m

GRB 221009A















Implications of the LHAASO observation

• Constrain the EBL models

• Possible new physics scenarios
• axion
• LIV





Axion and axion-like particles

• Axion is introduced to solve the strong CP problems of the SM. It 
is an ideal cold dark matter candidate

• Axion couples with two photons

• In external magnetic field axion-gamma oscillates into each other



gamma-axion oscillation

• Oscillation between axion-gamma evade the absorption by EBL

• The gamma ray spectrum is modified

EBL



Best fit of axion is not significant



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



In comparison with other constraints

Gao, BXJ, Yao, Yin, 
JCAP01(2024)026 



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 an interaction. The threshold of 

γγ -> e+e- improve    is improved; more transparent for y gamma

• Energy dependent speed of light at LIV; v(E) =

c (1± ), it leads to time delay for different E from z, 

• … others 

pk  /E/

≈



LIV by GRB 221009A

• The intrinsic gamma spectrum shows a bump 
at the highest energy. It stimulates a lot of 
interests. LIV is a possible solution which leads 
to more transparent EBL.

• As the significance is not high. Constraint on 
LIV is set finally  ELIV > 1.5 MPl. 



Constraint on LIV by time lag 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).



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.

Cao, Z. et al., PRL 2024



Combining the KM2A and WCDA 
data to give a strict limit on LIV

Yang, BXJ, Yin,  JCAP 04 (2024) 060



Yang, BXJ, Yin,  JCAP 04 (2024) 060





Summary 

• LHAASO has large coverage of muon detector. It has large FOV, wide 
energy range, high sensitivity and achieves impressive success. Dozens 
of UHE gamma sources have been observed.

• Complete light curve of GRB 221009A for TeV afterglow was observed 
by LHAASO. The spectrum was measured from ~200GeV – ~10TeV.

• Implications of the measurements on EBL and new physics scenarios 
are studied. Strong constraints on EBL at large wave length, axion
coupling and LIV energy scales are derived.


