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LHAASO:

AN INTERNATIONAL COLLABORATION
AND AN INSTRUMENT



Bird’s eye view of LHAASO, 2021-08
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ﬂ\\ Enter the atmosphere, cascade interaction generates a
X QS(BOWGI' of particles” which last few nanoseconds




20210511/131236/0.554788807: nTrig=-1, 0=37.81=0.02%, $=103.29+£0.02°

[ o | IS i Area:
i - | * 78,000 m?
: | Detector units:
e o = ' 3120
o« 2 » Energy Range:
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KMZ2A

Selection of y—rays out of CR background
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Active Area for Muons vs. Array Area: 4%

very few muons

~ 1 PeV y-ray event

many muons

~1 PeV CR event

~1 PeV from the Crab
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CR background Rejection Power

» Counting number of measured muons in a shower

o Cutting on ratio N,/N,<1/230

o BG-free (N,>10Ncg) Photon Counting
for showers E>100 TeV from the Crab
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2\ .. Wide FoV CTelescope Array (WFCTA)

Cross-checking inside Collaboration
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computing room
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© DAQ time: 8725 hr (99.6% duty cycle)

daily duty cycle (%) [99.6% overall]
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Reconstruction and Analysis
* Data procession

# of events: 1 trillion LE, 70 billion HE\ 70 million hybrid
Amount :

11 PB

e Simulation

# of events: 1 billion LE. 0.7 billion HE, 150 million hybrid
Amount :

 # of jobs: 10M for data, 50M for simulation
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ACHIEVEMENTS IN GAMMA ASTRONOMY

[. GRB221009A

[I. The Crab

[II. PeVatrons

[V. New TeV Catalog

V. New Physics Exploring: LIV, DM...
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NEUTRON STARS |

s

FORMATION OF A GAMMA-RAY BURST could begin
either with the merger of two neutron stars or
with the collapse of a massive star. Both these z

events create a black hole with a disk of material
around it, The hole-disk system, in turn, urnfs

out a jet of material at close to the speed of light.
Shock waves within this material give off radiation. | JET COLLIDES WITH

BLACKHOLE © pisK
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STAR N4
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. GRB221009A

Declination [ degree ]

LHAASO observed the brightest GRB in last 60 years°

1. >64,000 photons recorded above 200 GeV

2. Significance >300 o
3. Photon energy: E . ~ 18 TeV

0.5 TeV

290 2895 289 2885 288 2875 287 286.5

Photon energy E: 1 TeV

250

N
(*2]

The Crab for 508 days

Dec. [ degree ]

200

no
S

150

: .

20

Dec [ degree ]
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RA [ degree ]
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RA [ degree ]

GCN 32677 on Oct. 10", 2022

8 TeV
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201
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i What we’ve learnt from the GRB 221009A

[LITAASO — |

wserenacs - Many things we could learn
from the enormous flux of photons

4. Precision measurement of the light curve of the afterglow
» In both rising and decaying phases

5. Time sliding spectra of GRB photons up to 7 TeV by LHAASO-WCDA
« The shape of spectra may tell something about the evolution of the jet

6. |C peak observed ?

« Combined analysis with HXMT and LAT (available only in a very limited
time window)

7. Fast variability of flux at a scale of 107 cm (~ the external shock)?
» Should be highly unexpected !

8. The highest energy photons measured by LHAASO-KM2A
« New physics frontier exploring



The pulsar
from NASA
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& SED of the Crab: “standard Candle” & PeVatron

ILLHAASO -

B i T F AW 3 LHAASO, Science, Science, 373, 425 (2021)
o LHAASO: ol -~ 5
~ Covering 3.5 decades of energy o "y
- Agreeing with other experiments ?\*l,,‘

below 100 TeV = 0 |
> %\}[fzc;oss-checking between WCDA & :%, :z e
» LHAASO-KM2A: ] - o
. Unique UHE SED R & o S KM2A
. A PeVatron without ambiguity e —a— Lol -
o Clear origin: a well-known PWN o e 0 TeV ]
» An extreme e-accelerator: o 2
. 2.3 PeV electrons 5 . R
~ in ~0.025 pc core region = b
- accelerating efficiency of 15% BT % e ey 10°

(1000 X better than SNR
shock waves)



e Extreme Electron Accelerator

& % F FE AN 2

Chandra has observed many 534 B 5 EaE
knots in between the pulsar

and the inner ring
They rently in the
regio 1

M.C.Weisskopf, et al.,

Ap] 536 L81 (2000)
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MHD PIC Simulation

Yingchao Lu et al., Ap] 908, 2, 147 (2021)
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/;\\ Extreme Electron PeVatron

B B T FEA 2
» One-zone Leptonic Model: non-negligible fact, however...

» Itis hardly to be recognized as a “reasonably good fitting”
i ?
¢ Too simple: L. Nie et al, Ap], 924 42 (2022), arXiv:2201.03796
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https://arxiv.org/abs/2201.03796

AL

maasoe - SED of the Crab:

» Perfect interpretation of one-zone electronic

origin up to 50TeV

» Reasonable extension up to 1 PeV, with a

deviation of 4 o

» Can not rule out proton origin of photons ~1.1

PeV, yet

» Accelerator boosting protons to few PeV to 30

PeV nearly perfectly explain the LHAASO data
o BRFEREXRIET ‘B’ gtBNFHER, &7
HETRINZEA, HELTRZSNR, TMZPWN!
o 2-3fFZ N EREE !

EEA or Super-PeVatron

LHAASO, Science, DOII0.1126/science.abg5137, 2021
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https://arxiv.org/abs/2201.03796

/e Discovery in KM2A Survey
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Our Galaxy is full of PeVatrons

LHAASO, Nature, 594’ p_33-36, 2021 7 Table 1| UHE y-ray sources

Source name RA(9) dec. (%) Significance above 100 TeV (xo) Epnax (PeV) Fluxat100TeV (CU)

LHAASO J0534+2202 83.55 22.05 178 0.88+01 1.00(0.14)

g g LHAASO J1825-1326 276.45 -13.45 6.4 0.42+0.16 3.57(0.52)
Py LHAASO J1839-0545 279.95 -575 77 0.21:0.05 0.70(0.18)
é 2 LHAASO J1843-0338 28075 -365 85 0.26 —0.107016 073(0.17)
?_3 LHAASO J1849-0003 282.35 -0.05 104 0.35+0.07 0.74(0.15)
% LHAASO J1908+0621 28705 6.35 17.2 0.44+0.05 1.36(0.18)

2 LHAASO 11929+1745 29225 1775 74 0.71-0.07°16 0.38(0.09)
S 186 185 184 183 LHAASO J1956+2845 299.05 2875 74 042+0.03 0.41(0.09)
Galactic longitude (deg) LHAASO J2018+3651 304.75 36.85 10.4 0.27+0.02 0.50(0.10)

LHAASO J2032+4102 308.05 41.05 10.5 142+013 0.54(010)

LHAASO J2108+5157 31715 51.95 83 0.43+0.05 0.38(0.09)
LHAASO J2226+6057 336.75 60.95 136 0.57+0.19 1.05(0.16)

12 PeVatrons are discovered
€ High Standard: significance >7¢

€ BG-free: Cosmic Ray background
rejection rate <10+

€ High Statistics: 530 UHE photons

€ Multiple Type of Sources
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A y-ray sky map
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Ver-1 LHAASO Catalog is
ready to be published

e 100+ sources have been

1 GeV

o 1GeV

Ferml LAT i

1 TeV

detected with tens of

o 1 TeV

new sources discovered

 Diffuse y-rays in our
« 25 TeV galaxy is mapped

* Sky maps of the entire

northern hemisphere are
available up to 100 TeV

/ \and above /
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—oasor 0 Exploring Lorentz Invariance Violation
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In the superluminal LIV New CLs method
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/'/A\ Massive DM Search
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» Diffuse y-ray flux from high galactic latitudes are observed
using 2 KM2A with negative signal, thus sets limits on DM
decay rate: the most strict limits above m,,>1 PeV
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COSMIC RAY PHYSICS

[. Expectation of Spectra measurements
[I. Morphological Details
[II. Multi-messenger Astronomy
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Measuring AS front by

Measuring E-flux near core by

-~ Charged Cosmic Rays

or ED array (0.2°)
(2m)

Measuring p—content by MD array (1-10* each)

Measuring X, ., by WFCTA (40 g/cm?)

Measuring AS Energy by WFCTA (15%)
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«— First interaction (usual

//‘ \ Air shower evolves (pa

and most of them later

Calibrate E-scale using moon 7

shadow by at 6 <E<30 TeV |

AE/E Currently 30% domlnated by WECT | < Some of the particle
Statistics and <10% in 4 yrs A rech e groun

Propagating the E-scale to WFCTA \ /

by using commonly triggered CRs .‘ 4




.o~ The knee of Proton spectrum ...
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. Coincident events by WCDA and (Ep~0.7 PeV)  /fis s,
6 telescopes (phase I)

 Shower cores in WCDA-1

» Selecting pure proton showers by 4
parameters: aperture of 1000 m? sr

« H+He showers: aperture of 1800 m? sr
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s The knee of Fe spectrum
%%Ig:\?;(f;;ﬁu@:l 2% (Eb~24 or SOPEV)

» Coincident events by both WFCTA and full KM2A (phase-Il)
» Shower cores are in 1 km?
> Incline shower with depth of 840 g/cm?
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—
& ik 2 F f N " Ly /ndf 63.67/54
1}? T Ime I ag B Constant 2012 + 009605 OMIN| 41
I Mean 2657 £ 0.07523 ! xmmm;;**
6L Sigma 1652 +0.0766 _~  FR3%
Result: DCF vs. time li | ~
L 4-
N 2 ndf 8 i
VS Comemnt 1052 + o.0uses - !
LT miees ok i i
- sl A L ) Ijli .
.g)u 55— L I IIII;'., ] |
- il P;:"!n" ( L Lo '
S s i S B B S
Before 07/01 AfterO7/Ol_Jé| | |_|6| | |_|4|||_| EEE RN |II|4|.I NEEEEE
Time Lag(day)

Sun shadow’s displacement is observed 2.7 + 0.1 days prior to the OMNI-B,
Time lag is stable during two periods for Test & Prediction



?f%§§" (3) Corrington Rotation Period
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1. IMF-By at 1AU from OMNI
2. Switching between 2-sector to 4-sector on July 1st
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LOOKING OUT FOR FUTURE

[. UHE y-Astro.: identifying CR-sources
[I. Multi-messenger Astro.: v-Astronomy
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Existing/planned projects

Multi-Messenger Astronomy Must be Coordinated

Missing capabilities

Endorsed projects 5020 . — E@, FEEQ;E—H@
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Gamma Rays e —
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e | SWGORBEARN: BAIEEETUINA,
HfrE 4 X LHAASO in Peru/Chili

VHE
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Cosmic Rays

HE: MeV-GeV, VHE: TeV-PeV, UHE: EeV-ZeV
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A Conclusion
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» LHAASO's operation has been super stable since July 2021

» Open-up “UHE (>0.1 PeV) Astronomy”

o The brightest GRB detected with 64Kk photons: many records are set
The Crab: extreme e-PeVatron emitting 1.1 PeV y posing challenges
12 PeVatrons are discovered in our galaxy as Ver-0 LHAASO Catalog
Cygnus X is the first candidate of CR origin
Catalog Ver-1 is ready to publish with tens of new sources discovered

» Fundamental physics frontier exploring: e.g. LIV, DM, ALP ...

@
®
@
®

» Lookout for future:
v PSF~0.05" for identifying CR origins by LACT
» v-telescope with the sensitivity for single-PeVatron: 30 km? in LB or SCS
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May 29-June 1 2023

Tianfu New Area,Chengdu,China
Host: The Institute of High Energy Physics of the Chinese Academy of Sciences a n S
TIANFU Cosmic Ray Research Center,Chengdu,Sichuan,China
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e Gamma Ray Burst =~ =« Neutrinos

e Gamma Ray Astronomy _ e Grayvitational Waves

e Cosmic Ray Physics - - . « Multi-messenger
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