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Extragalactic Transients at Gamma-Rays

Active galactic nucleus
Gamma-ray burst



The Unified Model of Active Galactic Nuclei



Variabilities of AGN in Gamma-Rays

VHE details in the huge flare in 2006

Fermi-LAT

HE and VHE light curve of PKS 2155-304: 
—— dramatic variability 

A M P L I T U D E：  
l a r g e  t o  a  f e w  

o r d e r s  o f  
m a g n i t u d e  

T I M E S C A L E :  
m i n u t e s  t o  y e a r s

T O  P R O B E :  
A c c e l e r a t i o n  m e c h a n i s m  i n  j e t s  

L o r e n t z  i n v a r i a n c e  v i o l a t i o n s  
…



GeV Sky — dominated by Active Galactic Nuclei

Fermi-LAT 4FGL distribution —— AGNs are the majority of variable LAT sources



TeV Sky

TeVCat from http://tevcat.uchicago.edu



Why LHAASO-WCDA ?
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Why LHAASO-WCDA ?

W C D A F e r m i - L AT M A G I C
E n e rg y  r a n g e  

F i e l d  o f  v i e w  

D u t y  c y c l e  

E f f e c t i v e  a re a

 >  1 0 0  G e V  

 2  S r  

 >  9 5 %  

 7 8 0 0 0  m 2

 2 0 M e V- 2 Te V  

 2 . 4 S r  

 ~  

 1  m 2

3 0 G e V ~ 1 0 0 Te V  

3 . 5  d e g  

1 8 % ~ 4 0 %  

2 3 6  m 2



S O U R C E  S E L E C T I O N :  

- D e c l i n a t i o n : [ - 1 6 , 7 4 ] [ 1 ]  

- 6 5  V H E  b l a z a r s  i n  Te V C a t [ 2 ]  

- 8 5  n e a r b y  3 F H L  s o u r c e s [ 3 ]  

- M r k  4 2 1  &  M r k  5 0 1

Sketch map of  monitored source distribution in equatorial coordinate system

[1]. Zenith angle < 45 
[2]. TeVCat: http://tevcat.uchicago.edu/ 
[3]. With redshift z < 0.2

Monitor the TeV Sky — Source Selection

http://tevcat.uchicago.edu/


Search for excess
• “Direct integration method” for 2 hrs to determine the 

background.

• likelihood estimation to determine the excess.  
（TSmax on 0.5, 1, 2, 4 transits）

• If  , then TRIGGER. 

                       for each  segment. 

•  used to determine the flase alarm rate.

TStot =
k

∑
i=0

TSi > TSthreshold

TSi = 2ln
Ls+b,i

Lb,i
Nhit

TSthreshold

24.4

33.6



Status
• The monitoring procedure has been preliminary established in the end of 2019 as just WCDA-1 data-taking. 

• A more mature version is running for WCDA full array configuration in the end of 2023. 

• Continuous flares from two AGN sources, 1ES 1959+650 and IC 310, were triggered shortly after that… 

• If nothing specially happen, a daily monitor summary report would be sent by Email within the working group.



Alerts



Follow up studies at multi-wavelength

IC 3101ES 1959+650

• 1ES 1959+650: TeV orphan flare by Whipple and two spatially and temporally coincident 
neutrinos by AMANDA suggests a potential hadronic site. 

• IceCube searched for neutrinos from 1ES 1959+650 during 2016 flare. 
• MoU with MAGIC telescope collaboration for Joint observation.



Outlook

• Follow-up astrophysical studies based on multi-wavelength & multi-messager 

• Optimize the monitoring system  

• Expanding to all-sky variability monitoring 

• More effective alerts to wider community

T H A N K S !


