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Cosmic ray 2\

L

High-energy particles from outer space

-10

: Ball d . .
" Sotellite experiments A Charged nuclei such as proton, helium, ... ;
" — A gamma rays, electrons, and neutrinos.
) —EAS experiments

Energy Spectrum

A Powerlaw with index of2.7

A Sanning 10 orders of magnitude in energy and 30 orders
of magnitude in flux

A There are fine structures, which are closely related to
their origin, acceleration, and propagatiomechanisms.

log(FLUX m2s'sr'ev™)

Detection Techniques

A Direct measurement in space using balloons, satellites,

etc.
A Indirect measurement on the ground through Extensive

Air Showers (EAS).

log(ENERGY eV)

/ km?2




Extensive Air Shower

E&\TCHINGEAYS “

ina’s new observatory wi = R

e S il A Primary cosmic rays interact with air
nuclei, creating secondary particle
showers.

A Use different particle detectors to

P icic-ofview measure the arrival times & quantities.
air Cherenkov
teles‘copes . © 80,000-m? surfaCe_
5,195 scintillator ter Cherenkov 1171 und d i i ;
_ il oy ooVt L1T e e A Rgcon_struct th@rimary cosmic ray info
[ (direction, energy, component).




square kilometer array Water Cherenkov Wide FOV Cherenkov

KM2A
Electromagnegic Partic):le Muon Detectors Detector Array Telescope Array
Detectors (ED) (WCDA) (WECTA)




Images of shower events
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LHAASO Scienerigin of Cosmic Rays /A\

LHAASO N ¥

E VHE / UHE Gamma -Ray Sky Survey (100 GeV -1 PeV):
b Galactic sources
b Extragalactic sources and flares
b VHEadiation from gammaay bursts
b Diffuse gamma rays

E Energy Spectrum (TeV-EeV):
b All particle spectrum & component spectra; e
b Anisotropy;
b Cosmic electron energy spectrum. :

£ Others: T e EBLland GammaRay
b dark matter:; Component energy Horizon

t
b Solar storms; spectra
b The interplanetary magnetic fieldMP).

1.0015




LHAASO Results (1) JA

LHAASO N ¥

5A402QSNE Pavatrod K$ y&ANER E K &
Energy Photons

A OpenUHE Gammdray Sky

A Revealedth& A RS a4 LINB | R FeYakrangivwithyin0S 2
the Milky Way.

A Challenged previous understandiraf particle acceleration
limits for celestial objects in our Galaxy.

A Nature 594, 33 (2021)
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LHAASO Yo ¥

LHAASO Results

-] LHAASO &
the “BOAT” GRB 221009A

> LHA»\GOm casure dth firsta ll rglow onsct o of high-energy ph otons- -

TeVGRB Full Recor@cience, 2023)

A Firstcomplete documentation of ZeVGRB from
massive star death

A Precisely measureentire high-energy photon burst. P

A Firstdetection of rapid flux enhancement. s rigne -

A Recordbreaking brightnesxplained. . e e

lEl ncement of the ph t flux by.m:
.~ ‘than 100 times in less than 2 secon ds

R : .Tﬁ brightest and n est. .
7 gamma-ray bur: t]t d't tql

Brightest GRB Spectruscience Advances,

2023)

A First10 TeVGRB observation window opened.

A Spectrum extends t@3 TeV, challenging afterglow
models. BOAT GRB:

A Less absorptiof 10 TeVgamma rays by infrared 221009A
background light.

@




LHAASO Results (3) 2\

Precise Measurement of Cosmic Ray-Rdrticle ARG :";:;f*”ﬁ "
Spectrum and Average Mass Numb@&n@d) ; °*°’°*°°°°°°”*’%m*}*§*+¥i
A Most precise measuremensf the cosmic ray aparticle ﬁ% oo oo g
spectrum in the energy rang@00TeV¢ 3 PeV. u . m((‘,)’ A ncumtentoatio stz
A Most precise measurementf dnAdin the energy rang&00 T 'm,;'rl*};gy(lee\;)' e
TeVq 3 PeV. Qo Fe
A Theconsistent trendsof both measurements indicate 3_% """ e R e e
anunknown change in cosmic ray compositiovithin this 2 2,%___ """""""""""""
energy range. S et \—\;
A Highlighted PublicationPhysical Reviewetters132, 131002 1_ :AE”E::::’ m—t—in
(2024) o;--.-..:f?:??g?:ﬂfi'?x'?:’...é5:.:.931-.....;....................;_rsu

log, (E/GeV)



= | HAASO Scientific Data Statdanual Data Volume/Z2\l

| Scientific Data
Categories

WFCTA

Total ‘

LHAASO Yo ¥
| events | storage
(billion) (TB) / /416 Gbps—> 2.4 Gbps—>

trigger 1000 2000 1.2 Gbps
non -trigger | 100000 (hit) 1500 / % s e o Gbps7/ /

imulati 2 1 : : :
simutation 0 000 WCDA On -site Real -time Processing Flow for

trigger 145 800 Triggered Data: ©
simulation 0.1 300 Trigger x 15%

_ Compression x 50%
Observation 0.1 150 Noise Filtering X 37%
simulation 0.005 1500 Total Reduction Ratio ¢ 2.8%
7250 WCDA On-site Real -time Processing Flow

for Non -Triggered Data o

Receives GCN signals, ~2.5 per week

Each event retains 0.5 + 2.0 hours of data




FILE FORMATS

EXPLAI NED

P e e D P
Data Formats:

Raw, simulated, and
various generated data:

ROOTe ParticlePhysics field

The Astronomical

§ = ‘N N § @ mageandTatk Fomat

Some data products
(planned):

FITS Astronomyfield(

HDF5¢ For various types of
complex big datéa

Standard Data Format: HDF5 storing ROOT, or ROOT
storing HDF5, or integrated interface programs

Data Storage

Storage Methods:

Raw data o
Disk (majority)) + Tape (all)

Reconstructed Data o
Disk (majority)) + Tape (non)

Simulation Data o©

Disk (majority)) + Tape (non)




i = DAQ -

Detector —
(~10000 channel)

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

A

(~15000 CPU Corest ~60 PB
Disksi ~80 PB tapes)

I'hﬂ
= Dongguan Data Cetnerg 18000
User - = ARM cores, 8000 x86 cores
(~200) Login Nodes

Data Throughput ¢ 22 PB/Month




Computing Resources 2\

A Large scale, numerous users, complex systems, high service requirements, rapid data
growth
A Hardware:314 blade servers; 69 disk arrays; Largscale tape library; Network & security infrastructure
A Locations/Resources3 primary data centers:HaizishanObservation BasePaochengMonitoring & Control Base,
Beijing IHEP; plus resources like the Dongguan Big Science Data Center
A Capacity S '
A 60 PB Disk
A 51 PB Tape
A 3 Gbps Network \
A 20,000 CPU cores B
A 18000 ARM cores, 8000 x86 corelsom Dongguan Data Cetner

A Systems

A Computing system, Storage system, Tape library system, Network system, Data transfer, and Data center
infrastructure

A Annual New Data: ~11 PB
A Platform Data Throughput Capacity: 22 PB/month
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Data Processing Software

Collaboration Software

reconstruction, simulation, and analysis software:
€ ~350k lines of custom code (

Data analysis and processing control software: €

python & ~50k lines of custom code, plus numerous
external libraries; gradually expanding (

Data processing control software
€ ~50k lines of custom code (

o Shell script

External Libraries (ANYSW) O G++/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 OPENJPEGTIFF 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

AL
LHAASO'!

‘_ _’ Centos mon-dv Wi@ % @ '?;ES:Archlve
£5» AlmalLinux

gasorm T y.stre

OS Software

OSo
CENTOS7 AlmaLinux9

Job Control o

condor slurm Grid

File Systems, Tape Management:

EOS luster CTA

User Management, Computer Management,
etc.o



LHAASO Simulation Data Next A,
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. ; s o o 0 ol o o3 %
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- _ o o 3 .
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Parallel Optimization of G4KM2A on Tianhe Supercomputer /\/A\

LHAASO N

‘ MPI Buffer Balance ‘ 94
l 84 By Shun Xu (CNIQ

» 74

2
Buffer o thread freen Buffer 5 64
- ) - 8 54
items i  filter i g 44
take I : oo - o 34
__: I__ Photon E 24

read acceleration
worker threads worker threads 14
4
- . Node (rank) 0 Node (rank) n
I+ 143 47 1415
[ ]' ] [ I ] CPU cores
L ! Performance Comparison:

A Original G4KM2A (Singore Serial Version): 122.78 s
A GADMTKM2A (16Core Parallel Version): 9.2 s

A The parallel program is under optimization; A Speedup: 13.34
A Plan to run on Tianhe supercomputer. A Parallel Efficiency: 83.3%

| Merge & HitDigitizer |

Significantly enhances the simulation efficiency of cosmic rays abovePéN)




LHAASO Intelligent Upgrading Project  /A\..

LH

>
B3l Simulation e Analysis
o

c
E O  Detector Sim > Operation control 2 Noise filter 2 core Background estimation=>
3 ::5 Layout optimization Event trigger = position < direction Multi-source aanalysis 2

calibration -)energy'-) backgrou physical analysis
nd exclusion
>
c
u v Detector Sim 2> Operation control 2 Noise filter= image Component and
g i Layout optimization Event trigger = = event merge 2 spectrum = Anisotropy
(e Q= calibration component=> energy
U Q
'L 0622adGa [1!'!'{hQa LISNF2NXYIyOS |
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1

ParticleNeftor particle identification

By YongfengZhu, ShicongHu, et.al(IHEP)

180~280 hits
5.0
---- Pincness 2o Pl
454 —$— 100~180 hits, PN (vx, vy, vq, vt) A
—+— 100~180 hits, PN (vx, Vw)-/“ 8x10-! A
4.0 1 /‘/,’}I
> Tx 1 ,// !
3.5 1 § e /+ !
O — A a /” i
3 “/r’_,,,—t——*_ % + .“I
01 ! 6x 107!
Y -4~ BBT-neutron from bbbar
2.5 /-4 - BBT-neutron from scratch
5% 107! +»-' —+— PN
200+—t+—7--—o4—F—t L —$— unsupervised
0 200 400 600 800 1000 1200 1400 - théoirolume gJ; 'craininugiyoiiataset?S
the volume of training datasets (k)
A PNN method Method Comparison:
A Model Impact: Significantly improve A Supervised Learning

A Unsupervised Learning
A Large Language Models (Transfer Learning)

discrimination performance.
A Validation RequiremenDatasimulation
validationstudies are essential
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= Upcoming/Planned New Facilities HARSONE ¥
Large Array of imaging atmospheric Cherenkov High-energy Underwater Neutrino Telescope
Telescope LACPB o HUNB

A Context Building on LHAASO's discovery of numerous
UHEgammaray sources, HUNT aims to achieve the
first hadronic confirmation of higlenergy neutrino

A Objective Enhance cosmi@y accelerator
identification by mapping fine structures of spatially
extended gammaay sources.

A Location Within LHAASO site. sources. - _ _ ,
A Configuration 32 Cherenkov telescopes (6m diameter A Expected Sites_ake Baikal, Russia / South China Sea.
each). A Scale ~40,000 optical modules distributed across 36

km3 volume.

460m

860m
240M

30m T




«& Summary and Prospects 2\

LHAASO N7

E LHAASO has been in{aitay operation since July 2021. Over the next 20
years, it will measure gamma rays and cosmic rays frorehaglyy celestial
bodies in the northern sky.

E LHAASO offers broad potential for mdlgiciplinary research, not only in
particle astrophysics but also in computational sciences.

E Aiming at the original of cosmic ray, LHAASO, LACT and HUNT are expected to
make significantontributions and discoveries in the future!



KMZ2A:
5216 ED/1Im?2 + 1188 MD/36m?
Area: 1.3 km?

UHE gamma ray astronomy

WCDA:
3 pools, 3120 cells/25m?
area: 78,000 m?

VHE gamma ray astronomy

WEFCTA:
18 telescopes

CRindividual spectrum...

Planed neutron
detectors + IACT

-

/I‘H ‘
hiE:
;‘xc, nb
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Molasses
Overburden

PMT 8" S:\' D Tank shell

Side View Top view
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top of atmosphere

primary particle

fiest interaction with nucle of
atmosphere at about 20 km height

Cherenkoy ligth emission

(under characteribtic sage: 8§ )

camers image

Time: 2023-01-14 21:12:54, Npix: 142, Ig(Size): 4.96

Centroid: (Zen:45.67 °,Azi:245.98 °), Length&Width: (2.06 °,0.42°)

90

09€/0

10

Time: 2023-01-14 21:12:54, Npix: 142, Ig(Size): 4.96

Centroid: (Zen:45.67 °,Azi:245.98°), Length&Width: (2.06 °,0.42°)
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« DAQ raw data
— 1T /day Welcome to LHAASO-WCDA DQM

«  Now working version: Mk ey

You can search by run number er the ranges of datetime.

Plzase choose the status:
ALL  UNKNOWMN BAD GOOD GOOD2

* 4 data products

"Zha Min" <wcdarec@lhmtloginO1.lhaaso.ihep.ac

- REdUCGSjUTCl-/ Run Mumber = Date and times = 2@23 @7 17
* noise filter data 5 e Select th catetimes: 0712 20230712 raw file: 3190
T/day . 0712 20230712 reduced file: 3190
0712 20230712 rec file: 3189
. 0713 20230713 raw file: 2976
R . 0713 20230713 reduced file: 2976
- ReCdaTu/ !UnS.LES[\"I’BEIk.L:S[ f::::::g:l;h::::m 3?13 2323B713 I"EC fi-l.e: 2976
' Month, or Monthy the WCDA dats quality. 0714 20230714 raw file: 3328
L | Archives.
5%%%5/TJUCT AL dCl‘l'C 0714 20230714 reduced file: 3328
ay 0714 20230714 rec file: 3327
@715 20230715 raw file: 3294
- 0715 20230715 reduced file: 3294
Recgdata/ , 0715 20230715 rec file: 3294
« potential gamma 0716 20230716 raw file: 3284
events 1.4 G/day 0716 20230716 reduced file: 3284
. _£ilo_l; 0716 20230716 rec file: 3284
A 9°°d f'.le list can be 0717 20230717 raw file: 948
— Sampdata/ collected:; 0717 20230717 reduced file: 385
. specific data sample . Some detailed 0717 20230717 rec file: 385
around the parameters informaiton

sources(crab) 200

- G/day -

can be checked.




WFCTAY WCDA KM2A*" A& R ‘o f

A p1x QQ z ¢ >3TB1 ~4000 A &

T /" ¢ 1 h g LHAASOA YAQTT Index (]
AMAI wpuw@s V OA @
b. "M 2z2n eosZi M
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Index CHJTE])
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Merge Index
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