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LHAASO site NEBHEEL * 3
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* Haizi Mountain, Sichuan province, China
e Location: 29021°’27.6” N, 100°08°’19.6” E
o Altitude: 4410 m a.s.l.

* 10 km from Yading Airport
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All detectors are in DAQ since 2021-7-19
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LHAASO sub-arrays @ ¢8#2&4x%¢2
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® WCDA (100 GeV-30 TeV)
e VHE (>0.1TeV) y-ray astronomy

® KIM2A (10 TeV-10 PeV)
e UHE (>0.1PeV) y-ray astronomy

® WFCTA (10TeV to 1 EeV)
e Combined with WCDA, and KM2A
e Individual nuclei spectra
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LHAASO FOV RACE AL CEE
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 High duty cycle: ~100% running time
 Large FOV:
1/1 of the sky at any time

60% of the sky in a diurnal observation
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——=e— Data: Background before cut (scaled) =. 10

= Data: Background after cut (scaled) z
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Angular resolution (KM2A)
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® The angular resolution measured using
standard candle Crab Nebula is consistent

with MC prediction.
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Operation of LHAASO @ ¥e#2&4x¢
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< 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

Overall Duty Cycle 98.39

Telescope Cumulative Observation Time

g 100 ‘ I K ‘ . ‘ ‘ I : ' ;
= B | . ” " I I | | I " | I operDoorTime
E- B 1400_7 - ObsTime
S sol— | [ obsTime(CloudStu<-60)
S - 1200 —1{ I ObsTime(ClovdStu<-65)
B 1 l L 1 I 1 L l 1 1 1 I 1 I 1 L I L 1 1 l 1 1 I 1 1 1 l __ .
00 ! ! 20 : 40 : 60 80 — 100 ! 120 140 : 160 180 1000_
Days (2022/01/01 - 2022/07/03) =~
- ] -
- 5z 2 800
= =3 . L . Iy B
% 1 00':‘”"1 = ') r‘ - 1!7 i e — g - £ C
5 ]1 Y " 6001
95 :_ ........ dhlk caccascnsfocncccsnssasgecacsncsheacfecncancsanccacahsinsancacansadsaccccncnnsafjoccsssaccsncsafodectaccacagencansans =
ool W 400}
asll_ ... Wil thunderstorm 2001
aold— - B S SRR S Total(since 2022):.-.......- OO.B35% i i
. i i ... i, This weeks | | . .9P-88% R 20200823 2021116 20220108 20220302 2022004126 202200617

20 20 60 ‘B0 100 120 140 160 180 .., Date



;;;*@ﬂéﬁdi g

rsity of Sci nd Technology of Chin

Highlights on recent results




FRBEZLELXS
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12 UHE sources detected (Cao et.al Nature 594, 33)
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11 Months data of Half KM2A-array
Definitely PeVatrons (hadronic or leptonic)
The Galaxy full of powerful accelerators



Source name RA(°) dec.(?) Significance above 100 TeV (xg) Enax (PeV) Flux at 100 TeV (CU)
LHAASO J0534+2202 83.55 22.05 178 Update:1.1PeV <« os88:o11) 1.00(0.14)
LHAASO J1825-1326 276.45 -13.45 16.4 0421016 3.57(0.52)
LHAASO J1839-0545 279.95 -575 77 0.21:0.05 0.70(018)
LHAASO J1843-0338 280.75 -3.65 8.5 0.26 —0.100-16 073(0.17)
LHAASO J1849-0003 282.35 -0.05 104 0.35+0.07 074(015)
LHAASO J1908+0621 28705 6.35 172 0.44+0.05 1.36(018)
LHAASO J1929+1745 29225 1775 7.4 0.71-0.07+016 0.38(0.09)
LHAASO J1956+2845 299.05 2875 7.4 0.42:0.03 0.41(0.09)
LHAASO J2018+3651 30475 36.85 104 0.27+0.02 0.50(0.10)
LHAASO J2032+4102 308.05 (:vgnus mgion 142+ 013 0.54(0.10)
LHAASO J2108+5157 31715 51.95 8.3 0.4310.05 0.38(0.09)
LHAASO J2226+6057 33675 60.95 136 057+ 019 1.05(0.16)

Celestial coordinates (RA, dec.); statistical significance of detection above 100 TeV (calculated using a point-like template for the Crab Nebula and LHAASO J2108+5157 and 0.3° extension
templates for the other sources); the corresponding differential photon fluxes at 100 TeV; and detected highest photon energies. Errors are estimated as the boundary values of the area that
contains £34.14% of events with respect to the most probable value of the event distribution. In most cases, the distribution is a Gaussian and the erroris 10.

LHAASO Source Possible Origin Type Distance (kpc) Age (kyr)* L, (erg/s)® Potential TeV Counterpart®
LHAASO J0534+2202 PSR J0534+2200 PSR 2.0 1.26 4.5 x 10%  Crab, Crab Nebula
LHAASO J1825-1326 PSR J1826-1334 PSR 3.1+027 21.4 2.8 x 10°%  HESS J1825-137, HESS J1826-130,
PSR J1826-1256 PSR 1.6 14.4 3.6 x 10% 2HWC J1825-134
LHAASO J1839-0545 PSR J1837-0604 PSR 48 33.8 2.0 x 10°  2HWC J1837-065, HESS J1837-069,
PSR J1838-0537 PSR 1.3¢ 49 6.0 x 10%6  HESS J1841-055
LHAASOT1843-0338  SNR G28.6-0.1 SNR 9.6 +0.37 < 2f — HESS J1843-033, HESS J1844-030,
2HWC J1844-032
LHAASO J1849-0003 PSR J1849-0001 PSR 79 43.1 9.8 x 10°  HESS J1849-000, 2HWC J1849+001
W43 YMC 5.5h — —
LHAASO J1908+0621 SNR G40.5-0.5 SNR 3.4 ~ 10 — 207 — MGRO 11908+06, HESS J1908+063,
PSR 1907+0602 PSR 2.4 19.5 2.8 % 10%  ARGO J190740627, VER J1907+062,
PSR 190740631 PSR 3.4 11.3 5.3 x 10°  2HWC 1908+063
LHAASO J1929+1745 PSR J1928+1746 PSR 4.6 82.6 1.6 x 1056 2HWC J1928+177, 2HWC J1930+188,
PSR J1930+1852 PSR 6.2 29 1.2 x 1037  HESS J1930+188, VER J1930+188
SNR G54.140.3 SNR g3iiza 1.8 —3.3% —
LHAASO J1956+2845 PSR J1958+2846 PSR 2.0 21.7 3.4 x 10  2HWC J1955+285
SNR G66.0-0.0 SNR 2.3+0.2¢ — —
LHAASO J2018+3651 PSR J2021+3651 PSR 1.8*H177 17.2 3.4 x 10°® MGRO J2019+37, VER J2019+368,
Sh 2-104 HI/YMC 3.3+ 0.3™/4.0 + 0.5" — — VER J2016+371
LHAASO J2032+4102  Cygnus OB2 YMC 1.40 + 0.08° — — TeV 12032+4130, ARGO 12031+4157,
PSR 2032+4127 PSR 1.40 + 0.08° 201 1.5 x 10%  MGRO J2031+41, 2HWC J2031+415,
SNR G79.8+1.2  SNR candidate — — — VER J2032+414
LHAASO J2108+5157 — — — — — —
LHAASO J222646057 SNR G106.3+2.7 SNR 0.87 ~ 107 — VER J2227+608, Boomerang Nebula
PSR J2229+6114 PSR 0.87 ~ 107 2.2 x 10°7




Highest energy photon (©)¥8#2&4 %2

® 1.4210.13 PeV from the Cygnus region

® Chance probility due to cosmic ray
background 0.028%.

"E :1421.3 TeV, Ne :6258.7, Nu:6.6, 6:12.7°
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(LHAASO collaboration, Science Bulletin 69,449)
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Schematic fitting of observations () ¥ @ # 2 & & % &
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* Slow diffusion near the source (1/100 of fiducial value)

* Harder spectra from Molecular clouds
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* LHAASO detected the brightest GRB ever %
* >64,000 photons recorded above 300 s s
GeV(WCDA), Significance > 1310 g T |||
* >[40 photons above 3TeV(KM2A), 3
Significance > 180 T
* Photon energy: Emax >10 TeV A
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"Excess’ revealed in multi-TeV band
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A new component in GDE? From Pulsar halos?
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Upper limit on SNR Cas A - &) A4 ,
University of Science and Technology of China

Using KM2A upper limit to constrain the total CR injected by Cas A

LHAASO collaboration,ApJL, 961, 43
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 Stringent upper limit was set for the total VHE CRs injected by Cas A since explosion
* hints for other candidates of PeVatrons



CR all particle spectrum ) FEBEZLL % 2

LHAASO collaboration, PRL, 132, 131002
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Prospect
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Other on-going work

V¥R AZHEL*X S

¥/ University of Science and Technology of China

bright sources: J1908, J1825, SNR G106....
Proton/Helium spectrum at knee region
Detection of Microquasars

SS433

Geminga halo

detailed structure of Galactic diffuse emission
Indirect search for DM

Unexpected new sources,.etc.
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Data accumulation of LHAASO
and Multi-wavelength
observations

Unprecedented above 20 TeV

ideal PeVatron hunter

But limited angular resolution
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(Imaging Air Cherenkov telescope arrays) IACTs can provide angular
resolutions as good as 0.05 degree

Important in crowded environment

1

SNR C40.5-0.5
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Intrinsic distributions Observation by LHAASO Observation of IACTs
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|
W 8X4 array at LHAASO site b\ ol
* 6-m telescopes \\\’ \f

* two proto type telescopes

* First light soon!
See also Poster ID-016




Predicted sensitivities ) ¥FEAZLLX S

Synergy with LHAASO
Use MD to improve the gamma/p separation
Detailed morphology study of PeVatrons, TeV halo, PWN...
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Sensitivity of LACT can be

Using KM2A for gamma/p separation significantly improved above 10 TeV
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« LHAASO already show great power in gamma-ray astronomy,
especially in PeVatron study and time domain astronomy

» A lot of future tasks for LHAASO: PeVatron identification, diffuse
gamma-ray, high energy transients, direct measurement of CRs,
indirect dark matter search.......

» Further project: Imaging Air Cherenkov array (LACT) in LHAASO
site
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