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II.  Method – Part 1

Background estimation

IV. ResultsIII. Method – Part 2

Strategy for searching

LHAASO-WCDA

WCDA-1

WCDA-2WCDA-3

WCDA-1 WCDA-2

WCDA-3

 Layout of detector array

 Ground-based 

detector array

• ~100GeV - ~100TeV gamma-

ray astronomy

• Large area : 78000 𝑚2

• Angular resolution：
~0.2°@10TeV

• Gamma/Proton discrimination

：Q > 10

→ high sensitivity

• Wide field of view : ~2 sr

• Duty cycle: >95%

 Differential sensitivity

LHAASO

[1]

 Direct integration method[2][3] : Background 𝐵(𝛼, 𝛿) is the direct 

convolution of the efficiency map 𝜀(ℎ, 𝛿) with the event rate 𝑅(𝛼 − ℎ)

• 𝐵 𝛼, 𝛿 = ׬ 𝜀(ℎ, 𝛿)𝑅(𝛼 − ℎ) dℎ

• Mask some sources to eliminate the influence of signal on 

background estimation

Masked region

 Example of 𝜺(𝒉, 𝜹)  Dis. of significance 𝑺~𝐍(𝟎, 𝟏)

 Iteration based on maximum likelihood method[4]

• Skymap divided into pixels based on HEALPIX[5]

• Model of signal distribution: 2D gaussian model 𝑓(𝛾; 𝛼, 𝛿, 𝜎)

• Source spectrum : single power-law 𝐹 = 𝐼0 𝐸/𝐸0
−𝛽

Observed signal distribution 𝑓′(𝛾′; 𝛼, 𝛿, 𝜎) is the convolution of 𝐹 and

𝑓(𝛾; 𝛼, 𝛿, 𝜎) with the detector response including Point Spread Function

(PSF) and detection efficiency. CORSIKA and based on GEANT4

software are used to simulate response of detector array to air showers.

• Likelihood function

For jth pixel in one of regions of interest (ROIs)

𝑃 𝑁𝑗; 𝜆𝑗 =
𝜆
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in which 𝑏𝑗 is the background events, 𝛾𝑗𝑘
′ is the expected gamma ray

events from the kth sources, the log likelihood is

lnℒ 𝜣 𝑵 = ෍

𝑗

𝑁𝑗ln𝜆𝑗 − 𝜆𝑗 , 𝜣 = 𝛼, 𝛿, 𝜎, 𝐼0, 𝐸0 (𝛽 fixed to − 2.6)

• Iteration

The likelihood ratio of K+1 sources model compared to K sources model

is defined by

Δ𝑇𝑆𝐾 = −2 lnℒ𝐾 − lnℒ𝐾+1 , (𝐾 = 0,1,2… )

The iteration process is as follows

Crab
Geminga

Δ𝑇𝑆𝐾 computed Δ𝑇𝑆𝐾 > 25

Add one source, K=K+1

Yes

End iteration
No

 Data

• Full array data, 20210305-0516 + 20210701-0911

• 122.5 Crab transits

Event selection

• nhit>120 (median energy ~ 2TeV)

• Zenith angle < 50o

 Results

• Only results of partial sky region are shown

• After applying the iteration method to all ROIs :

Here ‘new’ means that there are no known TeV sources within 1 degree

around the source.

TS Number of sources Number of new TeV sources

>36 37 3

>49 34 3

Observation

Model


