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CATCHING RAYS

China’s new observatory will
intercept ultra-high-energy y-ray

=25:000 01—y
particles and cosmic rays.

LHAASO Physics

'a'rged CRs "
New Physics Frontier "

~

18 wide-field-of-view .-
air Cherenkov a
telescopes
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1188 underground
water Cherenkov tanks




LHAASO bird view on August 2021

> Location: Haizi Moutaln Daochen Slchuan Chma

~« Altitude: 4410 m a.s.l. =
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i KM2A: 1.36 (km)?
>»5195 EDs Scintillator Detectors (ED)
e A:l m2 / - Steel Case
e S 15m J{ ui/ e* %V Lead (0.5 cm)
>1188 MDs . SC Tiles (2 cm)
A: 36 m?2 ‘[ 7 ( ( /Steel Case

S:30m

MD Bladder Inner View of Scintillator Detector
Muon detector (MD)

/electronics

" ultrapure water




m Wide Field of View Cherenkov Telescope (WFCTA)

& Telescopes:
* ~5 m? spherical mirror
 Camera: 32 X32 SiPMs array
« FOV: 16° X 16°
* Pixel size: 0.5°
>30% duty cycle in winter



Operation of LHAASO

% KM2A is operated with >99.4% duty cycle and event rate 2x108 /day
<+ WCDA is operated with 98.4% and event rate 3x10° /day
< Data acquisition time of WFCTA >1400 hrs and number of matched events ~70 million
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Event rate: 0.4Hz
Energy threshold: 100 TeV
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Observational

Phases
> Phase I: 6 telescopes

2019/10 - 2021/4

X nax [9/CM7]

|O||B TTTT ill T TTITIT T lll!ll'l’,'l TTIm

800 — 3

I % CACTI ‘p‘f'f A1

750 __—O—BIGE L '}%'5 3

700 |- ¢ FysEye L /@W |
L _*_HaverahPark _ v _ _ _ LT - (g d—

650 - T // * g‘#o¥ ‘06536‘ |

7

o

Zenith angle:
Proton, H+He knees
100 TeV - 10 PeV

180

09¢/0

> Phase II: 18 telescopes
Operation: 2021/5
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Measurements using KM2A+WFCTA

Dk K F

Large High Altitude Air Shower Observatory
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4. KM2A footprint:
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2. The number of scintillator detector >20
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O LHAASO experiment

0 Pure Proton Sample

0 Light Component (H + He) Sample

[0 All Particle Spectrum and Composition



LHAASO-KM2A

Selection of y—rays out of CR background

Active Area for Muons vs. Array Area: 4%

>,

very few muons

~ 1 PeV y-ray event
from the Crab

many muons

~1 PeV CR event
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Muon Content in Showers

Y\
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Large High Altitude Air Shower Observatory
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- Shower Maximum Depth

Xmax Measurement by WFCTA

)

» Xmax is reconstructed by Dist

» Resolution
* 45 g/cm? @ 1PeV for proton
* 34g/cm? @ 1PeV for iron

O.vs. X
at a given R, range

o
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S . — ]
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- CNO
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RecXmax-Xmax(g/cm?)

[ The angular distance
between the arrival direction

and the image center

log10(E/GeV)
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Shower Maximum Depth
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Selection Efficiency versus Purity of the Proton Sample A | BT M

L ; Large High Altitude Air Shower Observatory

Selection (%)
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i ) ) 1. More events selected: better statistics
Systematic uncertainty Estimates
2. but contamination from Helium hurts the

1. Loosened criteria for proton selection _ _
energy resolution at low energies
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Efficiency versus Purity (30%) AN i F AL gk

LHAASO X “ Large High Altitude Air Shower Observatory
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2. Difference between Composition Assumptions

B s F R AL

"7 Large High Altitude Air Shower Observatory
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Selection efficiency 30% vs. 20% P | bbb

“% Large High Altitude Air Shower Observatory
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Shower Energy Reconstruction

using WFCTA measured total number

Cherenkov photons N ,, and
MD measured N,

N3O = N
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Systematic biases due to the primary composition N | s F L

LHAASO Large High Altitude Air Shower Observatory

Bias is minimized for Proton sample, i.e. <1%
The energy is clearly underestimated for showers
induced by heavier species

Note: This has advantages in proton selection due
to steep spectra of heavier species
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Energy Resolution (%)

The resolution is slightly worse than other species
due to the shower-to-shower fluctuations,
quite stable between 10% and 12% above 300 TeV

Note: This is a good feature for identifying any
spectral structure like the knee
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O Light Component (H + He) Sample



Muon Content in Showers O\ BAKT G R
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O All Particle Spectrum and Composition



All particle spectrum by LHAASO
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<InA> reconstructed by muon in KM2A
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Discussion
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* The composition is getting
lighter towards the knee

E

* [ron may bump up around
400 TeV (hinted by the proton
at 13 TeV and Helium at 34 TeV)
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* LHAASO is trying hard to
measure the Iron spectrum
around 400 TeV by lowering
the threshold energy
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@ Summary

 LHAASO is designed to dedicate on the measurements of knees of CR species
* The knee of pure proton spectrum
— Criteria for selection are developed
— Systematic uncertainty analysis
* H + He mixed sample is also ready
— Helium spectrum will be resolved
* All-particle spectrum
— The knee has been confirmed

— CR Composition is measured by using <InA> showing correlation with the
spectrum

* Theiron spectrum around 400 TeV is crucial and will be measured

* The knee of the iron spectrum is the goal for many years



