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LHAASO collaboration

298 researchers from 30 institutes of 5 countries.

International cooperation(as of June 2024)
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Large High Altitude Air Shower Observatory

The partial arrays since 2019
The full arrays since July 2021

WCDA KM2A WEFCTA : cvza+wepa

VHE y-ray detector UHE y-ray detector Cosmic ray detector
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LHAASO detectors
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Status of LHAASO

1.2 PeV event Crab Nebula Moon shadow
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LHAASO recent highlight results
on Gamma-ray astronomy




LHAASO for y-ray astronomy

Good for
Sky survey, Extended sources,

Large FOV
High sensitivity

Every moment One day
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Wide energy range
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The 1st LHAASO catalog

90 VHE sources with 32 new discoveries.

— 32 :7 dark sources, 8 only with Fermi-LAT sources
43 UHE (>100 TeV) sources
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TeV Halo, 4
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Highlight 1: Cygnus Cocoon

A freshly accelerated cosmic rays source revealed in GeV-TeV
with extension radius ~2°.
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LHAASO identify a super PeVatron

LHAASO: 1-2500 TeV
Large UHE y-ray bubble with a >100 TeV o
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Highlight 2: SNR as cosmic ray sources

SNRs are very important CR accelerators!
What is the maximum energy that SNR can accelerate?
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LHAASO reveal SNR approaching PeV

SNR W51C: An interaction region between the cosmic rays and the dense

molecular clouds.

: _ aqr+65
Underline cutoff energy of proton up to  Lpcut = 385755 TeV
W51C:~30k yr
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Highlight 3: New phenomena from PWNs

Flux (ergem?s™)

Chandra

"

10°
Energy (eV)

= 1k yr, 1.1 PeV
| photon from Crab
Y Nebula

0 w0 -

Science,373:425 (2021)

476M yr, UHE MS
pulsar wind nebula?

25

40

35 30
ApJS, 271:25 (2024)
.

114k yr,UHE
from bow show
pulsar tail?

LHAASO sources

Dec./deg

PSF diameter

266.0° 265.5° 265.0°

RA./deg

264.5°

FS R 0%
i T | I ATNF Pulsars RN
pulsar / = \ / B L pe « All o
velocity / / \ ~ SNR -\ 10" . 1 . P <0.01 \\
— [ ) \ s "l "‘ ) 3@2 '#_-'-- - . c< .0 N
) \ A/ \J £ 'gPWN \ WE . Coa i * "w N
ISM d / E .
o) N A | I :
(in all 3 panels) \\iﬂ// ISM ISM ! . g 10" é
= 4 S 3 i_ i
~ " =y SUpemova giage 3 (t > 100 kyr) w0 E
~ ~ _~remnant L
. inia ~ halo wu“§
O pulsar wind /B, 107
term. shock ree.. N E
pulsar wind P SNR 10"
nebula = 5/ o5 F
 st0Teve- [ . - / ISM m?ﬂ?
trajecton I R PRI EETERETTT EETETTTT EEFETT T RPN TI ERTITETT RN BT
>1JTevy , / > 1026107 u‘ﬁ er;' 10° 1:‘15 1(‘)7 ulna ulf 1;‘0
gamma-rays| — / - Age (year)
T , New UHE hal
Giacinti et al.(2020) ApJS, 271:25 (2024) e U
N ~ ° . ° ° ° - --" _ 25_
342k yr, Geminga: Asymmetric diffusion 7 -
- — Diffusion mode
w
' — o — _ 5
i Preliminary g 3
g @
E a 2
i: f g
s o :
o T
E . F | | I I
°k Kt 0 05 1 15 2
5; 975 97.0 965 96.0 F:T[d:;jﬂ 945 040 935 Distance from Source [degree]
F
E 1 1 Il Il L _LJ
50 100 150 ‘w}zm 250 300 350 PRL 126' 241 103 (2021)




Highlight 4: GP diffuse y-ray

KM2A (E > 25 TeV) Significance Map

Little contamination from known sources

The inner GP flux is 3 times of the expected
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Highlight 5: AGN NGC 4278

First evidence for the Low-luminosity AGN with VHE y-ray!
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Highlight 6: The BOAT GRB 221009A

>60,000 photons
TeV emission is afterglow!
First time detect onset of
the TeV afterglow!
The most strict limit on the
prompt TeV emission:
R=F v/ Fyey < 2 X 1073

A large yy absorption optical depth ?

OR

A magnetized jet?
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Precise Light Curve analysis

The LHAASO TeV light curve provides us with a unique opportunity
to study the early afterglow physics!

Peak time : The bulk Lorentz Slow decay: Electron SED
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WCDA+KM2A SED

Observed SED EBL corrected SED

SED function: SED function: EBL model:
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Number of events /10s

16

14

12

10

The highest energy photons

The maximum energy photons from GRB:

— 17.8TeV for LP SED model
— 12.2TeV for PLEC model
— 12.5TeV for LP+EBL model
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Challenge to GRB afterglow model

More complicated
processes during
the early afterglow
phase?

An additional hard
spectral

component
emerges at the
highest energy end?
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Constraints on EBL distribution
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LHAASO recent highlight results
on Charged Cosmic rays




Highlight 1: All particle cosmic ray SED
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Highlight 2: Monitor the daily IMF using CR

Daily Sun shadow achieved for the first
time

The Sun's shadow provide 3.3-day
earlier predictions for the IMF.

The timing advance significantly

deviated from the predictions of
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LHAASO recent highlight results
on New Physics Frontier




LHAASO constraints on dark matter

ﬁe strongest constraints R
heavy dark matter decay
lifetime
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LHAASO Constraints on LIV

/ Using decay of PeV R
ray
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Summary

LHAASO is operated very stable with LHAASO: 0.3TeV-10000TeV
full duty cycle since July 2021. (2019-2021-now)

LHAASO open-up a new UHE era with
many new discoveries about Massive
star, SNR, PWN, AGN, GRB and so on.

LHAASO also throw light on the
cosmic ray related physics and new
physics frontier.

There are still much more new
interesting phenomena ahead!




Outlook: LHAASO upgrade plan LACT

LACT improve the angular resolution <0.05°
LACT + KM2A muon detectors

-> Better gamma-ray selection

Construction: 2024.10 — 2028.9
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Future plans

Outlook
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