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• Part0: Brief review of gamma-ray sources
detected by LHAASO 
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TeV Gamma-ray Sources

～300 TeVCat sources and its identification

1. pulsar+SNR+PWN

2. Star Cluster/SFR

3. Binary（HMX）

4. Cloud+CRs？

5. …

1. AGN(Blazars,radio
galaxy)

2. Starburst

3. GRB

Extragalactic: 



90 1st LHAASO sources

WCDA 
69

KM2A 
75

WCDA&KM2A 
54

69 WCDA sources,75 KM2A sources, 43 UHE sources

>25 TeV
75

>100 TeV
43



8 Sources
1ES 1727+502

z=0.055
Mrk 421
z=0.031

Mrk 501
z=0.034

NGC 4278
z=0.002



82 sources 
with the 
Galactic 
latitude 
|b|<12º AGN(z=0.044)



Associations
• 58 sources with TeVCat+3HAWC association

• 32 new sources（25+7）

32 90

Preliminary



For example: Data analysis for LHAAO J2108+5157

2021ApJ...919L..22C，Pirola et al 2023

Dedicated Analysis:

1. Sky map (significance map)
2. Spectrum 
3. Multi-wavelength 

association
(Molecular Cloud? Gas?  

Radio, X-ray?)



• Part1: basis of LHAASO gamma-ray data 
analysis



Large High Altitude Air Shower Observatory

Cosmic RayPhoton

Basis of LHAASO Observation
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Experiment data

path: /eos/lhaaso/rec/km2a/

RAW Data



Gamma-like Rec Data and Sky Cube 

重建方位角

重建的时角

J2000坐标值

银道坐标值

光子离月球和太阳的距离

重建的能量
Gamma/p鉴别参数
到达时间

/home/lhaaso/xishaoqiang/lhaaso/
data/pass3_full/data.fits



HESS

LHAASO-WCDA

LHAASO Sky Map (Counts Maps)

LHAASO-KM2A

…
…

Obs.(on map)

…
…

CR bg map



Questions?

• Is there a source?
• If there is, what is its location?
• What is its morphology?
• What is its flux?
• What is its spectrum(flux in each 

bin)?
• …
How can I  answer?

…
…

Obs.(on map)



Maximum likelihood Analysis and Hypothesis Test



…
…

Obs.(on map)



…
…

…
…

…
…

Obs.(on map) CR bg map GDE bg map

H0: CR+GDE

like0=?



…
…

…
…

…
…

Obs.(on map) CR bg map GDE bg map (Ra=83.633 Dec=22.015)

…
…

H1:CR+GDE+Src like1=?



…
…

…
…

…
…

Obs.(on map) CR bg map GDE bg map (Ra=83.633 Dec=22.015)

…
…

1. How to get these maps?
2. How to calculate the likelihood values?
3. How to search for maximum likelihood 

value and estimate the corresponding 
parameters?



• Part2: gamma tool (gt) introduction

• gtselect
• gtsrcmap
• gtlike



…
…

…
…

…
…

Obs.(on map) CR bg map GDE bg map (Ra=83.633 Dec=22.015)

…
…

TS(Ra=83.633,Dec=22.015) =？

Illustration of Data Analysis

like0, like1

gtselect

gtsrcmap

gtlike



1. gtselect 
• Configuration file： bg.yaml

0.0-1.0: represent WCDA data；1.0-3.4 represent KM2A data；

• Run: gtselect bg.yaml



2. gtsrcmap (CR BG) 
• Run : gtsrcmap bg.yaml



• Run: gtsrcmap bg.yamlgtsrcmap bg.yaml

2. gtsrcmap (GDE BG) 

l: 5 to 235 deg;
b: -20 to 20 deg;



H0: CR BG+ GDE BG   (bg.yaml)

• Run: gtlike bg.yaml bg.yaml   

3. Gtlike  



• Run: gtsrcmap src.yaml

2. gtsrcmap (Crab map) cp bg.yaml src.yaml



• H1: CR BG+ GDE BG+crab (src.yaml)

3. gtlike  • Run: gtlike src.yaml src.yaml   



Summary configuration file

CR BG GDE BG Point source

Selection data

Output likelihood



Summary tool
• gtselect: selection the data.
• gtsrcmap: get the map expected by source 

model (such as: CR BG, GDE, point source,…)
• gtlike: estimate the model parameter, 

calculate the likelihood value.

Tool is easy! Let’s go to design our script.



How to get spectral point?

gtselect
gtsrcmap
gtlike



How to get spectral point?(gtsed)
Set src.yaml :

gtsed src.yaml J0534+2200

Power-Law spectrum can not 
describe crab SED well!



How to Change the SED model?



Change Power-Law to Log-parabola model

Power-Law spectrum can not 
describe crab SED well!

Log-parabola SED model



How to get significance map(TS map)?

gtselect
gtsrcmap
gtlike

Create a grid of position, calculate the likelihood for a source in each position 

TS Map :



How to get significance map ?(gttsmap)
TS Map: in each position, we assume a source and calculated its TS value. 

Set bg.yaml :

gttsmap bg.yaml  

Set src.yaml :

gttsmap src.yaml  



How can I get its morphology?

Eight Spatial Model



How to get the Light curve?(gtlc)

In the future:  just change the path of all_sky_map.

Sky map for every day is in preparing!

Connect with me or Pro. Chen. 



Other tools

Tool + ***.yaml or (key) 



Make available the tools

1. You need to a IHEP serve account.

2. You just need to 
source /afs/ihep.ac.cn/users/x/xishaoqiang/.bashrc_everyone 

You don‘t need to install it, but 

3. A guide for analysis：
https://jupyter.ihep.ac.cn/y_BDDe77RYuEL1jAW5kVBA/publish



Thank You!

PPT模板下载：www.1ppt.com/moban/     行业PPT模板：www.1ppt.com/hangye/ 
节日PPT模板：www.1ppt.com/jieri/           PPT素材下载：www.1ppt.com/sucai/
PPT背景图片：www.1ppt.com/beijing/      PPT图表下载：www.1ppt.com/tubiao/      

优秀PPT下载：www.1ppt.com/xiazai/        PPT教程： www.1ppt.com/powerpoint/      
Word教程： www.1ppt.com/word/              Excel教程：www.1ppt.com/excel/  
资料下载：www.1ppt.com/ziliao/                PPT课件下载：www.1ppt.com/kejian/ 
范文下载：www.1ppt.com/fanwen/             试卷下载：www.1ppt.com/shiti/  
教案下载：www.1ppt.com/jiaoan/        PPT论坛：www.1ppt.cn



Maximum likelihood Estimation (MLE)



For the Event Counting experiment



LHAASO Performance

• The Best 100 TeV (UHE) 
Gamma-ray Observatory！

BG refusion+ Area：sensitivity

Range resolution

Spatial FoV： 2 Sr
Dec.:   -20o to 80o

0.2o（100 TeV ，
Crab-like）

Time Data from 2019/12
（Duty Cycle：～95%）

ns

Energy 0.5 TeV – a few PeV 14%（100 TeV, 
Crab-like）

LHAASO UHE Era!



LHAASO J0534+2202

GRB 221009A, Science，380，1396
Crab, Science, 373, 425 (2021)

Cygnus Bubble

PeVatrons, Nature 594:33-36 (2021)

LHAASO Highlight For Gamma-ray Source


