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= Large High Altitude Air Shower Observatory (LHAASO)
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A Location:Mt. Haizj Sichuan, Chin&(29 21, E100 80
A Altitude: 4410ma.s.| (600CTA | )
A Construction period2017-2021 (four years)

A 318researchers from 30institutes of 5 countries

Before construction (2014.1) Under construction (2018.0) After construction (20258)




CATCHING RAYS

China's new observatory will

intercept ultra-high-energy y-ray
particles and cosmic rays.
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Large High Altitude Air Shower Observatory (LHAASO)
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Large High Altitude Air Shower Observatory (LHAASO)

300 m, 60 cells
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For cosmic rays at lower energy
A Total area: 78,000
A Detection unitv vl
A ThresholdhundredsGeV

Measure the arrival time, signal intensity, and
spatial distribution of secondary particles



*-’f Large High Altitude Air Shower Observatory (LHAASO) m
WFCTA K

Cherenkov Image Shower direction

e

Centroid

Long axis ~ to SDP

LHAASONFCTAneasures thdongitudinal development

of the EAS

A Cherenkov photonsire collected by mirrorsonto the camera
A Thelong axis of Cherenkov imagmrresponds ta plane

. : containing the shower axis and the telescope

has ~ A Along the long axiglifferent SiPMsmeasureCherenkov
photons originating frondifferent air depths
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Large High Altitude Air Shower Observatory (LHAASO)

Daily Duty Cycle [ % ]

Full Duty Cycle

Gverall Duty Cycle = 67 98%

000
Days (2021/03/05 - 2025/03/05)

24h O 360 days operation
living time > 98%.

Enables capture of
transient events &
continuous flare
monitoring

Features of LHAASO

Wide Field of View

LHAASO FOV

Equatorial

FoV: 1/6 of the entire sky
3/4 of the sky per day

Studies largescale
astrophysical
phenomena &
disentangles
overlapping sources

Broad Energy Coverage

EdNidE (em® s

Spans four orders of
magnitude

Essential for
unambiguously
revealing the underlying
particle interaction
mechanisms

Hybrid Detection

Scintillators

Muon detectors
Water Cherenkov
Air Cherenkov

Strong background
rejection and particle
classification power



Results from LHAASO

Cosmic ray energy spectraeasuredoy LHAASO




LHAASO results: ghlarticle spectrum
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Challenges in grounttased experiments

A Energyreconstruction mass discriminatiorentangled:
HighE light nuclei vs. los# heavy nuclei produce similar
muons

A Uncertaintiesfrom hadronic interaction models

A Low particle identification powerdifficult to obtain high

purity singlecomposition samples
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LHAASO results: ghlarticle spectrum

A calorimetric energy estimator:
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Weakly depends on interaction models

11



LHAASO results: ghlarticle spectrum
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U Precise results:
A Knee position 8

8

for pure proton/iron assumptions

A Interaction model 2.5%

8 PeV
A Composition:shows a clear

(QGSJETM, EPOSHC and
SIBYL:R.3d)

correlation between the flux and
the composition in the knee region
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S LHAASO results: Proton, Helium spectrum
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From altparticle spectrum to individual spectra
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i LHAASO results: Proton, Helium spectrum

Compositionsensitive parameter oy
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s LHAASO results: Proton, Helium spectrum

FCE R LR A

Compositionsensitive parameter

PR ——

Smenphe o ot shost 30 hm b ight

X
Q
=
=
%)

Cherenkov Image

Shower direction

Longitudinal development: At the same energy,
proton showers develop deeper

SDP. Centroid
A ™
" Fe 1 PeV
(L) i
'
A
150<Rp<155
—— Proton
%3-5_— —— Helium -
8 |'7CNO
a 3f o~ MgAISi
W wg“”j Iron 3 0.04—
25F o8 = L
C wd'ﬁr ]
of 2 e
o F ,&D?,.J' Q
S [ ¢ X1 ﬁ
v 15 A3
| €0.02
o O
1 z L
0.55—
TN T TP T T TP T — ! :
0 350 400 450 500 550 600 650 700 D 0 o
Xmax(g/cmz) 7 v 3
v —hY O

15



e LHAASO results: Proton, Helium spectrum
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Proton selection
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Combined and0 to select proton events:

A Selection efficiency — —x 25%
Main pollution: Helium events

A Proton purity T —  ——x 90%>500TeV)
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e ) LHAASO results: Proton, Helium spectrum
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Light component selection
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Helium lies between protons and heavy events, difficult to select-pigity helium sample
Calculation of the helium spectrum: Highpurity light component sample:
'O O O A Selection efficiency —*x 60%
'O: spectrumof light component A Light component purity f  80%
O: proton spectrum A After selection, the protorio-helium

Based on the fact that the proteto-helium ratio does

. ratio remains unchanged: x
not change before and after selection ged:x p
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e LHAASO results: Proton, Helium spectrum
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LHAASO results: Proton, Helium spectrum
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LHAASO results: Proton, Helium spectrum
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Multiple components in energy spectra
A Spectral structurehardeningthen-
softeningstructure both below and near
the knee regior{two bump structure)

Complex source characteristics and

propagation features
A Herich~0.1PeV
A Protonrich~3PeV
A The alparticle knee (3.6PeV) is very close
to the proton knee
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=» LHAASO results: Energy calibration using Moon shadow

Spectral Results from Space Experiments and LHAASO
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A DiscrepancyPossible flux difference between different
experiments
A Main factor: Difference in absolute energy scale
A Unify the energy scales of different experiments:
A Measure spectra over the same energy range
A Perform absolute energgalibration independently
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~’ LHAASO results: Energy calibration using Moon shadow

Spectral Results from Space Experiments and LHAASEnergy calibratiorusing Moon shadow

Cosmic Ray
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A DiscrepancyPossible flux difference between different A Moon shadow: Cosmic raplocked by the Moon

experiments A Shift of the Moon shadow:Deflect ofthe cosmic rays
A Main factor: Difference in absolute energy scale by the GeomagneticHeld (GMF)
A Unify the energy scales of different experiments: A Absolute energy calibrationtowerenergylblarger
A Measure spectra over the same energy range shift o 8 * LrdmT

A Perform absolute energy calibratiéndependently
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= LHAASO results: Energy calibration using Moon shadow
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LHAASO results: Energy calibration using Moon shadow
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LHAASO results: Energy calibration using Moon shadow
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U Systematic uncertainties:

A Geomagnetic field modek1%
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Calibrated energy is in good agreement
with the simulation
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LHAASO results: Energy calibration using Moon shadow
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,, LHAASO results: Solar physics

TransientTeV anisotropydue to ICME
Transient largescale cosmicay anisotropy

Sheath region with

strong magnetic associated with an Interplanetafyoronal Mass

\ fluctuations

Ejection (ICME)Nn November 4, 2021

A Energy0.6~ 2.8TeV

ABp aAIYATFTAOLFIYOS | yA

A Corresponding dipole anisotropy amplitude >
0.87% @ TeV

The enhanced anisotropy is likely due to strong
turbulent magnetic fields in the ICME sheath,
which leads to stronger scattering ®¢Vcosmic
rays from specific directions
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,, LHAASO results: Solar physics

TransientTeV anisotropydue to ICME
Transient largescale cosmicay anisotropy

Sheath region with

strong magnetic associated with an Interplanetafyoronal Mass

\ fluctuations

Ejection (ICMEQNn Novembe#, 2021

A Energy0.6~ 2.8TeV

A>S aAIYAFTAOLIYOS | yAa

A Corresponding dipole anisotropy amplitude >
0.8%0 @1 TeV

The enhanced anisotropy is likely due to strong
turbulent magnetic fields in the ICME sheath,
which leads to stronger scattering ®¢Vcosmic
rays from specific directions

Revealed the transient modulation from solar effect offeV cosmic rays
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LHAASO results: Solar physics

Calculation of the anisotropy gradient magnitude

U Skymap binning

A Fov[ 1t uhdhdr o ¢'m

A Division:128 equaisolidangle bins, 8[() 16 () bins
U Background subtraction:

A Time windowAverage of 2 days

A Temporal matching day: 1 2 3 4 5
A Spatial matching off | off ﬂ off | off

U Anisotropy gradientH
A Relative intensity’Q;, ‘G, 7O,
[ ]

A Leastsquares fitting... B
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Significance of gx Significance of gy
hvex0

29



i "
R /4

@

H4 B4R ER ALK

LHAASO results: Solar physics

|

Hourly anisotropygradientduring the ICMER20211104Event
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LHAASO results: Solar physics

Hourly anisotropygradientduring the ICMER20211104Event

During the ICME, the cosmic ray flux is higher in the sunward observational directior
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s ) LHAASO results: Solar physics

TR RS AR BR AL A

Energy dependence of the anisotrogyadient

shock shock

Time: 10:0Q; 11:00

(e7h

Time evolution of gradientand significance  Powerlaw fit at 10:00¢11:00UT:

A Consistent gradient direction near 12:00 UT A Red: direct fit (first 4 points)
A Highsignificance 10:00¢11:00UT A Blue forwardfolding fit (with energy response)

A Bestfit] =0.87%. I bt n®pn
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