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Large High Altitude Air Shower Observatory
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ÅLocation σNorth 29 o54ɋ 5:19ɏ / 
East100 o3;ɋ4<19ɏ 

ÅMt.Haizi , in Sichuan province, China.

ÅAltitude σ4410 m a.s.l

ÅAeraσ1.3 km 2

¸2009, first proposed

¸2017, construction began

¸2021, full array was completed



Cosmic ray
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High-energy particles from outer space

Å Charged nuclei such as proton, helium, ... ;
Å gamma rays, electrons, and neutrinos.

Energy Spectrum

Å Power-law with index of -2.7
Å Spanning 10 orders of magnitude in energy and 30 orders 

of magnitude in flux;
Å There are fine structures, which are closely related to 

their origin, acceleration, and propagation mechanisms.

Detection Techniques

Å Direct measurement in space using balloons, satellites, 
etc.

Å Indirect measurement on the ground through Extensive 
Air Showers (EAS).



Extensive Air Shower
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Å Primary cosmic rays interact with air 
nuclei, creating secondary particle 
showers.

Å Use different particle detectors to 
measure the arrival times & quantities.

Å Reconstruct theprimary cosmic ray info 
(direction, energy, component).



LHAASO Detector Arrays
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Muon Detectors

(MD)

Electromagnetic Particle 
Detectors (ED)

Water Cherenkov 
Detector Array

(WCDA)

Wide FOV Cherenkov 
Telescope Array

(WFCTA)

square kilometer array
(KM2A)

5216 EDs

1188 M Ds

3120 cells

18 telescopes

The most sensitive UHE 
gamma- ray detector

The most sensitive VHE 
gamma- ray detector

The highest degree of complexity 
cosmic ray detector with the 
broadest energy coverage



Images of shower events

11/4/2025 7



LHAASO Science -- Origin of Cosmic Rays
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SNR

WIMPs

EBLandGamma-Ray 
Horizon

IMF Anisotropy

Component energy 
spectra

É VHE / UHE Gamma -Ray Sky Survey (100 GeV -1 PeV ):

Ƅ Galactic sources;

Ƅ Extragalactic sources and flares;

Ƅ VHE radiation from gamma-ray bursts;

Ƅ Diffuse gamma rays

É Energy Spectrum (TeV-EeV):

Ƅ All particle spectrum & component spectra;

Ƅ Anisotropy;

Ƅ Cosmic electron energy spectrum.

É Others:

Ƅ dark matter;

Ƅ Solar storms;

Ƅ The interplanetary magnetic field(IMF).



LHAASO Results (1) 
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5ƛǎŎƻǾŜǊȅ ƻŦ ǘƘŜ CƛǊǎǘ άPeVatronέ ŀƴŘ IƛƎƘŜǎǘ-

Energy Photons

Å OpenUHE Gamma-Ray Sky

Å Revealed theǿƛŘŜǎǇǊŜŀŘ ŜȄƛǎǘŜƴŎŜ ƻŦ άPeVatronsέwithin 

the Milky Way.

Å Challenged previous understandingof particle acceleration 

limits for celestial objects in our Galaxy.

Å Nature 594, 33 (2021)



LHAASO Results (2) 
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TeVGRB Full Record (Science, 2023)

Å Firstcomplete documentation of a TeVGRB from 
massive star death.

Å Precisely measuredentire high-energy photon burst.
Å Firstdetection of rapid flux enhancement.
Å Record-breaking brightnessexplained.

Brightest GRB Spectrum (Science Advances, 

2023)
Å First10 TeVGRB observation window opened.
Å Spectrum extends to13 TeV, challenging afterglow 

models.
Å Less absorptionof 10 TeVgamma rays by infrared 

background light.

BOAT GRB: 
221009A



LHAASO Results (3) 
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Precise Measurement of Cosmic Ray All-Particle 

Spectrum and Average Mass Number (ἂlnAἃ)

Å Most precise measurementof the cosmic ray all-particle 

spectrum in the energy range300 TeVς3 PeV.

Å Most precise measurementof ἂlnAἃin the energy range300 

TeVς3 PeV.

Å Theconsistent trendsof both measurements indicate 

anunknown change in cosmic ray compositionwithin this 

energy range.

Å Highlighted Publication: Physical Review Letters132, 131002 

(2024)



LHAASO Scientific Data Status - Annual Data Volume
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Scientific Data 
Categories

events
(billion)

storage 
(TB)

WCDA

trigger 1000 2000

non -trigger 100000 (hit) 1500

simulation 0.2 1000

KM2A
trigger 145 800

simulation 0.1 300

WFCTA
Observation 0.1 150

simulation 0.005 1500

Total 7250

WCDA On -site Real - time Processing Flow for 
Triggered Data: σ

Triggerχ15%

Compression χ50%

Noise Filtering χ37%

Total Reduction Ratio σ2.8%

WCDA On-site Real - time Processing Flow 
for Non -Triggered Data σ

Receives GCN signals, ~2.5 per week

Each event retains 0.5 + 2.0 hours of data



Data Formats & Storage Methods
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Data Formats:

Raw, simulated, and 
various generated data:

ROOTεParticlePhysics fieldζ

Some data products 
(planned):

FITSεAstronomyfieldζ

HDF5εFor various types of 

complex big dataζ

Storage Methods:

Raw dataσ

Disk (majority)) + Tape (all)

Reconstructed Data σ

Disk (majority)) + Tape (non)

Simulation Data σ

Disk (majority)) + Tape (non)
Standard Data Format: HDF5 storing ROOT, or ROOT 
storing HDF5, or integrated interface programs



Data Transfer & Computing Resources
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User
(~200)

Detector
(~10000 channel)

Login Nodes

Haizi Mountain Data Center 
(~5000 CPU coresι~7 PB storage)

Beijing Data Center
(~15000 CPU Coresι~60 PB 
Disksι~80 PB tapes)

Dongguan Data Cetnerε18000 
ARM cores, 8000 x86 cores ζ

DAQ
(~24 Gpbs)

Job submit

Data  Throughput σ22 PB/Month



Computing Resources

ÅLarge scale, numerous users, complex systems, high service requirements, rapid data 
growth
ÅHardware:314 blade servers; 69 disk arrays; Large- scale tape library; Network & security infrastructure

ÅLocations/Resources:3 primary data centers: HaizishanObservation Base, DaochengMonitoring & Control Base, 
Beijing IHEP; plus resources like the Dongguan Big Science Data Center

ÅCapacity
Å60 PB Disk

Å51 PB Tape

Å3 Gbps Network

Å20,000 CPU cores

Å18000 ARM cores, 8000 x86 coresfrom Dongguan Data Cetner

ÅSystems
ÅComputing system, Storage system, Tape library system, Network system, Data transfer, and Data center 

infrastructure

ÅAnnual New Data: ~11 PB

ÅPlatform Data Throughput Capacity: 22 PB/month

15



Data Processing Software
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Collaboration Software

reconstruction, simulation, and analysis software:

ε~350k lines of custom code ζ

Data analysis and processing control software: ε
python ε~50k lines of custom code, plus numerous 

external libraries; gradually expanding ζ

Data processing control software σShell script
ε~50k lines of custom code ζ

External Libraries (ANYSW) σG++/GFORTRAN BOOST MYSQL

POSTGRESQLCERNLIB CLHEP CASTOR COIN3D JAS SLALIB PAL ROOT CORSIKA
GEANT4

BINUTILS CMAKE AUTOCONF AUTOMAKE READLINE ZLIB XZ SZIP LZ4 TAR
OPENSSL SSH2 CURL LIBFFI SQLITE PYTHON2 PYTHON3 OPENJPEG TIFF XMLTO
IMLIB2 XML2 XMLTOMAN GIF PNG FREETYPEAFTERIMAGE EXPAT GRAPHVIZ
CPPUNIT XERCESCFFTW GSL CFITSIO XROOTD LIBAIO ODBC PYTHIA6 PYTHIA8
DAWN VRML PCRE2 PCREMONALISA LIBDAEMON INTLTOOL CAIRO AVAHI GL2PS
VECCORE VECGEOM HDF5 LAPACK HEPRAPP LIBPAPER GS VIM WT ZEROMQ
JSONCPP XSD SPDLOG SOCI REDIS HIREDIS RE2 PROTOBUF LIBEVEN

OS Software

OSσ

CENTOS7 AlmaLinux9 

Job Control σ

condor slurm Grid

File Systems, Tape Management: 

EOS luster CTA

User Management, Computer Management, 
etc.σ

......



LHAASO Simulation Data Next 
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Å Energy@~50PeV, G4KM2A average runtime6ς7 hours;~10% of 
events exceed 48 hours.

Å Energy @~200PeV,G4KM2A average runtime50% of events 

require >100 hoursof computation

Å RequiresҔмлэ ƘƻǳǊǎof total computing time.



Parallel Optimization of G4KM2A on Tianhe Supercomputer
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Significantly enhances the simulation efficiency of cosmic rays above 100 PeV. 

Performance Comparison:
Å Original G4KM2A (Single-Core Serial Version): 122.78 s
Å G4DMT-KM2A (16-Core Parallel Version): 9.2 s
Å Speedup: 13.34×
Å Parallel Efficiency: 83.3%

Å The parallel program is under optimization; 
Å Plan to run on Tianhe supercomputer.

By Shun Xu (CNIC)



LHAASO Intelligent Upgrading Project
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!L ōƻƻǎǘǎ [I!!{hΩǎ ǇŜǊŦƻǊƳŀƴŎŜ ŀŎǊƻǎǎ ŀƭƭ ŦƻǳǊ ƳƻŘǳƭŜǎ



ParticleNetfor particle identification
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Method Comparison: 
Å Supervised Learning
Å Unsupervised Learning
Å Large Language Models (Transfer Learning)

Å PNN method
Å Model Impact: Significantly improveɹκp 

discrimination performance.
Å Validation Requirement:Data-simulation 

validationstudies are essential

By YongfengZhu, ShicongHu, et.al(IHEP)
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Upcoming/Planned New Facilities

Large Array of imaging atmospheric Cherenkov 

TelescopeαLACTβ
Å Objective: Enhance cosmic-ray accelerator 

identification by mapping fine structures of spatially 
extended gamma-ray sources.

Å Location: Within LHAASO site.
Å Configuration: 32 Cherenkov telescopes (6m diameter 

each).

High-energy Underwater Neutrino Telescope 

αHUNTβ
Å Context: Building on LHAASO's discovery of numerous 

UHEgamma-ray sources, HUNT aims to achieve the 
first hadronic confirmation of high-energy neutrino 
sources.

Å Expected Sites: Lake Baikal, Russia / South China Sea.
Å Scale: ~40,000 optical modules distributed across 36 

km³ volume.
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Summary and Prospects

ÉLHAASO has been in full-array operation since July 2021. Over the next 20 

years, it will measure gamma rays and cosmic rays from high-energy celestial 

bodies in the northern sky.

ÉLHAASO offers broad potential for multi-disciplinary research, not only in 

particle astrophysics but also in computational sciences.

ÉAiming at the original of cosmic ray, LHAASO, LACT and HUNT are expected to 

make significantcontributions and discoveries in the future!
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⸗ ḑὒ≡ᵷ
αEDβ

ḑὒ≡ᵷ
αMDβ
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WFCTAᵘWCDA KM2A ҅Ӕ ᴿ ‘ᶂ

Å ♇1χᾭὯ ᶽε>3TBι~4000Ѧᾰ
ҭ/῝ζιћᶈLHAASOấ ѧᾰҭ⁪
Ẫ ᴧּוᴪקψҨᴣ ◊Ά ￼ ֺι
ḅ ᶽṇ eosẔּז

Å ♇2χ LHAASOԅ ֯ấ ιᾭὯ֫
‘ԅ ṝẦιᴿⱶ֫ת‘ јᾸᶊḾᴿḒ
֯ᾭὯ Ҹקᵙ῭ᾺιḅχWFCTA└
ẻ ֫ KM2Aјᵃ‰ḧⱱ ᾭὯ

Éӓⱴ ẫαIndex βᴴҧᴘ ᴿᾩ ᴧᾎὊ ε֞ṆӏѝỨ ԒḔᵘṽḳײַ

É—Ὂ ẫ‭≡KM2A ᵘWCDAַײᴜֳ҅Ӕ♆εֵᾘὒ≡ᵷᾴᵊ₇ẁṩӏ
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Å ῴẽ￼ѧỌӈזַּ ₅ ֯Ὕᵇ ẙχ<0.1 °
Å ￼ῴẽἛṝṑẙεSEDζệֹזַּ ֯ ֫

Å Crab￼ ῼ ╜Ῐ ι ֯￼Ὕᵇ ẙᴣ ֫ ιᶈԅẉ
ῼ ◑ Ὕ‰ ∂ιћῂ῎Ῐᴪק

Ḿƛṃ ấ
￼ ╜

ḾḞḦ εṾּכ Ḓζ
ấ ￼ ╜


