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Reality Observation Data

Noise/ba-
ckground

Instrument response

Convolution

De-convolution

Images …
or

Events

𝐹𝑙𝑢𝑥 𝐸, Ԧ𝑟, 𝑡 Θ)
or

Photons De-convolution

The observation process

+/-
background

+/-
background

➢Data

➢Response

➢Method
• Analysis
• Background 

estimation
• Gamma/Proton
• Reconstruction
• Calibration
• ...
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 Data and detector response

 Analysis Method

 Software: LA-Gamma
– Core function
– Available models
– Software frame

 User guide
– User-defined config files
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Data and detector response

• Incident direction: (α, δ)
• Time: t / MJD
• Primary energy

Gamma/Proton

Core position

Q

Core position

➢Event information
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Data and detector response

➢Gamma/Proton
➢ S/B ratio for Crab-like sources

• 1/100  -> ~1 @ <1TeV to >10@10TeV
• Sensitivity: 1% Crab

↓

➢ Background estimation
• Direct integral method



 Energy binning

⚫ WCDA

– Covered energy range: 0.8-20 TeV

– 𝑁hit (energy estimator) intervals
30-60-100-200-300-500-800-2000

– Primary energy/TeV (Crab-like) 
     0.58,  0.88,  1.43,  2.36,  3.80,  7.11, 14.36

⚫ KM2A

– Covered energy range: 10-2500 TeV

– log10(𝐸rec/TeV) intervals
0.6-3.4, step 0.2

– Primary energy/TeV (Crab-like)
5 - 2000 
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Data and detector response

➢Data binning

➢ Event information
-> Primary energy
• Time: t / MJD
• Incident direction: (α, δ)



2024/8/11 Yunnan University, Kunming 7

Data and detector response

➢Data binning

➢ Event information
• Primary energy
• -> Incident direction: (α, δ)
• Time: t / MJD

 Space binning →Counts map and background map

– Pixel size: 0.1 deg. × 0.1 deg.
– R.A.  range: 0 – 360 degree
– Zenith angle < 50 deg.
– Dec. range: -20 – 80 degree

➢ Event selection
• Zenith angle < 50°
• Pincness

• 𝑁hit segments
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Data and detector response

➢Data binning

➢ Event information
• Primary energy
• Incident direction: (α, δ)
-> Time: t / MJD

 Time interval

⚫ WCDA
– 202103-202209 (1LHAASO catalog)
– 202103-202307
– 202103-202401

⚫ KM2A
– 202107-202209 (1LHAASO catalog)
– 202107-202307
– 202107-202401
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Data and detector response

➢Detector response

 Detection efficiency: 𝜂(𝐸𝑖 , 𝜃𝑗)

– Energy and zenith angle

– 𝜂 𝐸𝑖 , 𝜃𝑗 =
𝑁left(𝐸𝑖,𝜃𝑗)

𝑁all(𝐸𝑖,𝜃𝑗)

 Point spread function (PSF)
⚫ WCDA

– PSF(𝑁hit
𝑖 )

⚫ KM2A
– PSF(𝐸rec

𝑖 , 𝛿𝑗)

WCDA KM2A

• Simulation: Corsika+Geant4
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Analysis method

 Binned maximum likelihood

For jth pixel in regions of interest (ROI)

𝑃 𝑵𝒋; 𝜆𝑗 =
𝜆
𝑗

𝑁𝑗
𝑒−𝜆𝑗

𝑁𝑗!
, 𝜆𝑗 = 𝒃𝒋 +෍

𝑘

𝛾𝑗𝑘

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 = 𝛩M, 𝛩S

 Forward-folding

Assuming spectrum model of source 𝐼𝑘 𝐸 , expected excess is

𝛾𝑘 =෍

𝑛

෍

𝑚

න
Δ𝐸𝑗

𝐼𝑘 𝐸 d𝐸 × 𝜼(𝑬𝒎, 𝜽𝒏)S0cos(𝜃𝑛)Tobs𝑓(𝜃𝑛)

𝛾𝑗𝑘 = 𝛾𝑘 ⊗𝑷𝑺𝑭

• Data: 𝑁𝑗  & 𝑏𝑗

• Response: 𝜂 𝐸𝑚, 𝜃𝑛 & PSF
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Analysis method

➢Significance

• 𝑆 follows standard normal distribution
• 𝑆 ≥ 5𝜎, 𝑝 < 2.86 × 10−7 Discovery
• 𝑆 ≥ 3𝜎, 𝑝 < 1.35 × 10−3 Indication

𝑆 =
𝑁s

𝑁b
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Q & A



Pulsar
Micro quasar AGNGRB PWN

SNR

Fermi Bubble

Galactic 
center

Solar

➢ LHAASO gamma-ray sources analysis
• Morphology
• Spectrum
• Temporal analysis

• Light curve
• QPO
• Orbital phase
• …

• Others
• Monitoring & search
• Pulse emission
• …

↓

➢ Multi-messenger analysis
• GeV, X-ray, Radio, molecular cloud, 

neutrino …

Flux
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Software: LA-Gamma

➢Core function
– Joint analysis: WCDA+KM2A
– Multiple sources or DGE components
– Results

✓ Optimum values of SED and spatial parameters
✓ Flux points or Flux upper limits
✓ Morphology map
✓ ……

WCDA, Mkn 421

Fermi, LS I +61303

LHAASO, cygnus bubble

LHAASO, Crab
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Software: LA-Gamma

➢ Available models

 Spectrum
✓ Log-parabola
✓ Smoothly broken power-law
✓ ……
✓ 6 models in total available currently

 Spatial
✓ Disk extension
✓ Diffuse model
✓ ……
✓ 10 models in total available currently

✓ Users can add their own models 
– add models in the format in the config file

Morphology model

Spectrum model
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Software: LA-Gamma

➢ Software frame
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Software: LA-Gamma

➢Fit.yaml
 Change the name of Data config to select 

DataMap of a period

• A example of Data config: Data_20210305_20220930.yaml Available data sample

⚫ WCDA
– 20210305-20220930 (1LHAASO catalog)
– 20210305-20230731
– 20210305-20240131

⚫ KM2A
– 20210720-20220930 (1LHAASO catalog)
– 20210720-20230731
– 20210720-20240131
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Software: LA-Gamma

➢Fit.yaml

 Selection of energy range
⚫ WCDA

– Active: use or not use WCDA data
– NbinUsed: select 𝑁hit intervals to use
– id of 𝑁hit segments: 0 - 6

⚫ KM2A
− log10(Erec): 0.6 - 3.2
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Software: LA-Gamma

➢Fit.yaml

 Region of interest
⚫ Include

1  Coordinate option
2  Shape option: round or square
3,4  Center of round region
5  Radius of round region 

⚫ Exclude
1  Shape option: round or square
2,3  Center of round region
4  Radius of round region 
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Software: LA-Gamma

➢Fit.yaml

 Fitting options
⚫ Fitting: fit optimum values of SED and 

morphology parameters
⚫ FluxPoint
⚫ TS_Src: fit TS of each component
⚫ TS_Bin: fit TS of each bin for each source
⚫ FluxUL: fit upper limits of flux
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Software: LA-Gamma

➢Fit.yaml

 Output options
⚫ Draw morphology map of each source
⚫ fParResu: output the optimum values of the 

parameters to the specified file
⚫ fConExcess: output expected excess map to 

the specified file
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Software: LA-Gamma

➢ParInit.yaml

 Definition of DGE component
⚫ Active: add or not add DGE component
⚫ Template0: the first DGE component

• Epiv: pivot energy, E0 in spectrum 
formula

• SEDModel
– Type: tag of SED model in model 

config file
– F0: initial value, limit range, fix 

option and order
⚫ Template1
⚫ ...
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Software: LA-Gamma

➢ParInit.yaml

 Global definition of sources
⚫ Epiv: if >0, then Epiv of all sources will be set 

to this value
⚫ ParStatus

• Fix corresponding parameters of all 
sources
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Software: LA-Gamma

➢ParInit.yaml

 Definition of sources
⚫ Src0: the first source component

• Epiv: used if global Epiv<0
• MorModel

– Type: tag of morphology model in 
model config file

– F0: initial value, limit range, fix 
option and order

⚫ Src1
⚫ …
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➢Analysis of diffuse galactic emission (DGE)

➢Different Origins of Gamma-Ray
• Point Sources

• Large-scale extended sources

• Isotropic Background

• DGE

➢ Free DGE

➢ Using published LHAASO results
• KM2A DGE

• 1LHAASO catalog

 2, 0 →→+ ISMp

→+ ISMe

→+ ISRFe

bremsstrahlung

Inverse Compton scattering

Analysis method: Part2

Uncertainty 
from DGE
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➢Test
• Number of sources
• Spectrum model
• Morphology model

➢ Nested model
• a regression model that contains a subset of 

the predictor variables in another regression 
model

• TS asymptotically follows Chi2 distribution

➢ AIC = −2lnℒs+b + 2𝑘
• ΔAIC

➢Test
• Number of sources

• 1LHAASO catalog
• Iteration process
• ΔTS>25

• Spectrum model & Morphology model
• ΔTS or ΔAIC

Analysis method: Part2
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➢Online user guide document ➢Contact
• Email: hushicong@ihep.ac.cn
• WeChat

https://jupyter.ihep.ac.cn/8FA_i0KoQ5qqHcidpEA19A

mailto:hushicong@ihep.ac.cn


2024/8/11 Yunnan University, Kunming 28

Q & A


