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With high duty cycle and wide aperture, the Large High Altitude Air Shower Observatory
- Water Cherenkov Detector Array (LHAASO-WCDA) can conduct an unbiased gamma-
ray sky survey in the energy range from a few hundred GeV to 100 TeV. The sensitivity
of WCDA is as high as a few percent of Crab units, which allow us to monitor the VHE
variability of blazars. Once a flare exceeding the threshold is detected, an alert will be
generated and follow-up analysis could be carried out. In this paper the candidate sources,
the methods and current status of the monitors as well as some prospects of alert issues
in the future will be presented.
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1. Introduction

At present more than 60 Very High Energy(VHE) extra-galactic sources have been
detected. Most of these sources belong to the blazar class of Active Galactic Nuclei (AGNs),
mainly as BL Lac objetcs. The emission from blazar is highly variable and is characterized
by a flaring behavior, in which the flux increased dramatically on various time scales, even
down to the hour time scale. Many interesting studies in physics can be done on the flaring
phenomenon or variability studies. For instance, spectral variations of gamma rays from
the sources are used as a tool to understand the physics of the source and the acceleration
model of emitted gamma rays [1, 2]. Therefore, studying or monitoring their variability
with sufficiently low exposure time is necessary. And detecting and monitoring gamma ray
emissions form flaring sources in the very high energy region is a very important topic in
gamma-ray astronomy.

On the base of its large field of view, high duty cycle and low threshold energy,
LHAASO-WCDA is a good candidate to detect and monitor the flaring phenomena. Based
on reconstruction and analysis, a real-time monitoring and alerting system for selected
VHE extra-galactic sources has been implemented. Data of any candidate source can be
analyzed within short time after it ends the transit in the local sky. Due to the importance
of studying flare, many instruments have implemented automatic pro- gram to monitoring
flare, such as ARGO-YBJ [3], HAWC [4]. In this paper, we report how the flare monitor
of LHAASO-WCDA works and the future plans of our monitor program.

2. The LHAASO-WCDA

The Large High Altitude Air Shower Observatory (LHAASO) is located at Haizi moun-
tain, Daochen with altitude of 4410 m a.s.l., and 29◦21’27.6" N, 100◦08’19.6" E, Sichuan
province P.R.China. The whole array is mainly composed of three sub-arrays, KiloMeter
squre Array(KM2A), Water Cherenkov Detector Array (WCDA) and Wide Field of View
Cherenkov Telescope Array (WFCTA). LHAASO is designed for detection of air showers
induced by all kinds of cosmic-ray particles with energy ranging from a few tens of GeV
to a few EeV. Therefore LHAASO is a multi-purpose facility for gamma ray astronomical
observation, cosmic-ray energy spectrum measurements for individual species and other
wide-ranging topics associated with the cosmic-rays or air-shower phenomena. For the
gamma-ray source survey, the designed sensitivity is about 0.01 CU (Crab Unit). Its wide
FoV allows LHAASO to survey 1/7 of the northern sky at any moment for gamma-ray
sources. With the operation in full duty cycle, LHAASO scans the entire northern hemi-
sphere every 24 hours. The spectra of all sources in its FoV will be measured with high
precision over a wide energy range from 1011 eV to 1015 eV.

WCDA consists of 3 separate pools with a total area of about 78,000 m2. The area
of each small pools (No.1 and No.2) is 150 × 150 m2 with 900 detection units (5×5 m2),
and the area of the third pool (No.3) is 300 × 110 m2 with 1320 detection units. Each
detection unit is separated by black plastic curtains to block the scattered light from other
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Figure 1: A example event recorded byWCDA on 28th June 2023, right panel shows the magnitude
of the Npe received by each detector cell, the green line means reconstructed direction, the green
cycle is reconstructed shower core position.
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Figure 2: The sky map including all selected sources.

units. With high duty cycle and wide aperture, the WCDA’s detection threshold can reach
a few percent of Crab units at 300 GeV to 100 TeV energies in one year survey.

3. Monitoring scheme

3.1 Source selection

At this moment only targets with the declination between −20◦ and 80◦ are selected.
The source is mainly from TeVCat [5], 68 VHE blazars listed in TeVCat is included; Besides
the Crab Nebula is selected to supervise the operating status of this program. Fig.2 shows
the the sky map of selected VHE sources in galactic coordinates.

3.2 Search for excess

After reconstruction, the arrival direction of events that pass the quality cuts ( details
in [6]) are binned in equatorial coordinates for a event map. In order to obtain the excess
of gamma-ray induced showers, the "direct integration method" is used to estimate the
number of background events. This method[7] uses events with the same direction in
local coordinates but different arrival times to estimate the backgound. In this work, the
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Figure 3: Significance distribution of all sky cells for 1 days data.

integrated time is 2 hours, and the events within the regions of galactic plane (latitude less
than 3 deg.) and some gamma-ray sources are excluded from the background estimation.

Both event and background maps are generated using a HEALPIX [8]. For the present
analysis, maps were subdivided into a grid of 1024 × 1024, mean spacing between pixel
centers is less than 0.06◦ which is small compared to the typical Point Spread Function
(PSF) of this work, around 0.6◦. Then the Li-Ma prescription [9] is adopted to calculate
the significance. Fig.3 shows the significance distribution of all sky cells for data within
one day in the year of 2023. On can find that it can be well fitted to a normal distribution,
indicating that the method produced excellent background estimation.

3.3 Space and Duration search

In order to avoid source positioning problems, the maximum searching distance between
the source and grid center is set as 0.1◦, i.e. it is 23 searching around the selected target
within 0.1◦ in space is employed. And there is no well-established theoretical model to
understand the duration of the flaring phenomenon. In this work, each source is monitored
until it leaves from the field of view of the WCDA (zenith angle less than 60 deg.). On its
disappearance, the excess significance of 0.5, 1, 2, 4 transits are calculated.

3.4 Alarm threshold

The flare monitor select maximum significance in space and duration bins. Due to cor-
relations between spatial and duration searches, there is no simple distribution to describe
this distribution. A Monte Carlo simulation of search mechanism is applied to calculate
the relation between false alarm rate and significance threshold. The relationship between
false alarm rate for a single source, or all 66 (except Mrk 421, Mrk501) sources, and the
significance threshold, named as Sthreshold, is shown in Fig.4. The threshold of 4.20 and
5.00 is relative to a chance probability of once per year for a single source and all 66 sources
respectively. Here the chance probability of once per year indicate that false alarms due
to background fluctuations would happen once in every year. In addition, for the extra-

4



P
o
S
(
I
C
R
C
2
0
2
3
)
6
7
8

P
o
S
(
I
C
R
C
2
0
2
3
)
6
7
8

A real-time monitor on LHAASO-WCDA M. Zha

2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0
Sthreshold

10 4

10 3

10 2

10 1

100

101

102

103

Fa
lse

 A
la

rm
 R

at
e 

fo
r o

ne
 so

ur
ce

(y
ea

r
1 )

10 2

10 1

100

101

102

103

104

Fa
lse

 A
la

rm
 R

at
e 

fo
r 6

6 
so

ur
ce

s(
ye

ar
1 )

Figure 4: The false alarm rate as a function of the threshold value

galactic sources with stable strong emission, such as Mrk 421, Mrk 501, we add additional
corrections to the thresholds, at least 3 factor average flux is needed to send an alert.

The above monitoring procedure has been preliminary established in the end of 2019
as just WCDA-1 data-taking. Now it is running for WCDA full array configuation. Fig.5
is the monitoring history of Mrk421 from April 2023 to June 2023. the yellow line in the
figure indicates 3 factor average flux which is estimated from long-term observation. It is
obvious that Mrk421 is in active status again. There are 4 flares around mjd=60055, 60075,
60090 and 60120 detected which all of them were coincident with MAXI-GSC [10]. In the
other side, if there is nothing specially happen, a daily monitor summary report would be
sent by Email within the working group as shown in Fig.6

4. Summary and Outlook

In this work, a real-time monitor by using LHAASO-WCDA for TeV transietns of
extra-galactic sources has been presented. Based on current monitor scheme, VHE flare
events can be detected and monitored. Our next step works will mainly focus on two
aspects. Firstly it is about new candidated sources, the Third Catalog of Hard Fermi-LAT
Sources (3FHL) [11], containing 1556 objects characterized in the 10 GeV-2 TeV energy
range. A majority of detected sources(79%) are associated with extra-galactic counterparts
in multi-wavelength. 3FHL sources have the potential to generate VHE radiation. We are
planing to pick out extragalactic sources with z < 0.2 as new candidated sources. Secondly
it is about follow-up analysis once an alert is produced, a corresponding cross-check and
multi-wavelength and global analysis could be implemented. To keep the analysis time as
short as possible and to spread and to share alert and its subsequent news are important
factor to be considerred.
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Figure 5: Monitoring history of Mrk421 from April to June in the year of 2023, the flux for 0.5, 1,
2, 4 transits are shown from top to bottom panel. The yellow line represents 3 factor average flux.
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