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A good facility to do sky survey and monitor transient phenomena
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LHAASO Extragalactic Sky Map @ 1180 days observation
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Mrk 421 @ LHAASO-WCDA
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modelling @ one zone .vs. multi-zone
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Perseus Galaxy Cluster

NGG/1265
R f12

) ICSO

NGC 1275

Fig.3. Image of Perseus galaxy cluster in radio band from WENSS sky survey (left), in the X-ray band from the ROSAT all sky
survey (middle) and the Fermi image in the 100-300 GeV energy band (right). The green contours on the right panel correspond to
the radio image from the left panel.



NGC 1275 @ Dec. 2022 - Jan. 2023
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very soft spectrum to several TeV.

‘rheg lack of any noticeable diffuse gamma-ray structure within the cluster.
LHAASO Coll. MNRAS (2025)



IC 310 flaring during March - May in 2024
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¢ Flare 1@ 75 ¢
¢ Flare2 @15 ¢
¢ Flare3 @ 22 ¢
¢ Flare4 @ 13 o
¢ Flare 5 @ 23 o



Flaring SEDs and time revolution
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Long-term observation
# A “quiescent” state @ VHE
band with more than 9000

hours data;

" IC 310 Low State WCDA/MAGIC
o E — MAGIC low state 2009/2010 ‘ MAGIC 35 ° 3h around flare
] — MAGIC low state 2012/2013
' — WCDA low state 2012 and 38.8h around flare
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A real-time monitoring @ selected AGN

Category

number

TS Threshold

Mkn 421,Mkn501

2

18.79

TeVCat Extragalactic sources

Nearby 3FHL Extragalactic sources(z < 0.2)

65
85

26.37
27.03

Total

152

~ 800G/day

4

"4

False Alarm Rate for one sourcelyear 1)

- Real-time full sky monitoring in debuging
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LHAASO detects TeV Gamma-ray Activity from 1ES

19594650

LHAASO detects rapid variability in TeV Gamma-rays
from the galaxy IC 310

LHAASO detection of renewed TeV activity from the
radio galaxy IC 310

LHAASOQ detects TeV Gamma-ray Activity from
Markarian 501

LHAASO detects rapid variability of the TeV Gamma-ray
Activity of BL Lacertae

LHAASO detects variability in VHE gamma-ray emission
from the blazar 1ES 1727+502

ATel #16881; Guangman Xiang (SHAO, IHEP), Min Zha (IHEP), Zhiguo Yao (IHEP),
Jianeng Zhou (SHAO) and Yi Xing (SHAO) report on behalf of the LHAASO
Collaboration
on 29 Oct 2024; 13:47 UT
Credential Centification: Jianang Zhou (zjn@shao.ac.cn)

4 Subjects: Gamma Ray, VHE, AGN, Blazar, Transient
X Post

Based on the LHAASQ-WCDA real-time alert system, here we report the detection of a
TeV gamma-ray flare of 1ES 1727+502. LHAASO-WCDA observed a gamma-ray flux

d enhancement from the blazar 1ES 1727+502 , commencing at MJD 60610.18. By MJD

4 60610.35, the accumulated significance reached 8.3 standard deviations, with a flux of

d approximately 1.2 Crab Unit above 1 TeV. We strongly encourage multi-wavelength
abservation. LHAASQ is a multi-purpose Extensive Air Shower (EAS) array designed to
detect air showers induced by gamma-rays and cosmic rays across a wide energy range,
spanning from sub-TeV to beyond 1 PeV.




GRB follow-up observation @
trigger data

® Trange: -64sec 2 64 sec

width: 27,272, .., 2°
sec, half sliding

® Trange: To 2 outof FOV
* Tuian: 2% 27, ..., 2% sec,

half sliding
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GRB follow-up observation @ triggerless data

== GCN alert inside LHAASO FOV

¢ rate: 2.5/week

Save (T0-0.5 h, TO+ 2 h) data

* (Npe, T) of 3120 detector units
e Big data size > 7 TB/alert
e Touching low energy band

mm Analysis pipeline

e Hits-to-Events re-trigger

e Time & window selection

e Twin=1000 ns + half overlap
e Background estimation
e Searching excess

Arrivel time

Counts

Significance Distribution During 0-6000s

= s B e e I s %/ ndf 81.22/71

N Prob 0.7897

i Constant 220 + 3.5

102 Mean  —0.002347 * 0.013859
E Sigma 1.051 + 0.010
10E =
1 ” =
a P . -

—6 2 4 6
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Multi-messenger astrophysics

J IceCube Gold event. The position
1139315_50057906 24/04/24 01:49:26.00 327.0799 i X 1.9235e+02 5.0816e-01 1.2243  |error is statistical only, there is no

y ic added.
IceCube Gold event. The position
139315 _50057906 24/04/2401:49:26.00 3265299  +3.1619 1 1.9235e+02 5.0816e-01 1.2243  |error s statistical only, there is no
systematic added.
IceCube Bronze event. The position
139303 27647445 24/04/19 23:25:41.04 BRONZE +1.6399 . 1.2084e+02 3.1477e-01 lerror is statistical only, there is no
isystematic added.
IceCube Bronze event. The position
1139303 27647445 24/04/1923:25:41.04  BRONZE +1.0796 K 1.2084e+02 3.1477e-01 lerror is statistical only, there is no

y ic added.

IceCube Bronze event. The position
139279 10803235 24/04/12 05:33:46.89 BRONZE 1024399 +6.3499 . 1.2126e+02 3.0910e-01 lerror is statistical only, there is no
isystematic added.

IceCube Bronze event. The position
24/04/12 05:33:46.89 BRONZE 1037861 |+5.8716 . 1.2126e+02 3.0910e-01 lerror s statistical only, there is no
isystematic added.

IceCube Gold event. The position
24/03/27/11:04:4992  GOLD 253999 +7.7800 . 1.9966e+02 5.3864e-01 lerror is statistical only, there is no
isystematic added.

IceCube Bronze event. The position
139205 9784024 24/03/27 16:12:30.47 BRONZE  89.2099  +0.9300 . .. 1.5269e+02 3.7111e-01 lerror is statistical only, there is no
isystematic added.

IceCube Gold event. The position
1139204 39158985 24/03/27 13:44:38.00 253999 +7.7800 X 1.9966e +02 5.3864e-01 lerror is statistical only, there is no

ic added.

' GCN - CirCU|arS - 38443 - LlGO/VirgOIKAGRA 5241125n: gamma'rav 112412 112418 11-2500 11-2506 lfgt:l!gm) 112518 11-26 00 11-26 06 112612 e

L s L s s . L

upper limits from joint observations by the LST-1 and MAGIC i a0
M . B \ 11:25 /2:22 \ 11:21

» GCN - Circulars - 38308 - LIGO/Virgo/KAGRA S241125n: Swift/BAT- ) \ / \
GUANO candidate counterpart

* GCN - Circulars - 38305 - LIGO/Virgo/KAGRA S241125n: Identification
of a GW compact binary merger candidate

rate [Hz]
Flux @ 10.0TeV [1/(TeV cm ™2 £1]

* RA=58.079, DEC=69.689 degree from SWIFT

Bx107H




Summary and prospects

WCDA will continue to survey northern sky:
A real-time AGN flaring monitoring system has been operated since July of 2023;
Mrk421 / NGC 1275 / 1ES 1959+60 / IC310/ BL Lac/ 1ES 1727 + 502 ...
Two independent GRB analysis packages of triggerless and trigger data have been operated:;
No signifiant excess were detected besides GRB221009A.
Mutli-topics follow-up observation has been operated since July of 2024;
Neutrino alert + L/V/K alert + FRB alert + Novae + TDE alert + ....
To-do-list
Further analysis of the variablity;
Full sky searching + sub-threshold @ real-time flaring monitoring;
further improvement to minimize process time;
Further optimization on LHAASO data performance.
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Significance Distribution During 0-6000s
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