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X-ray and gamma-ray missions

 Fermi Gamma-Ray Space Telescope (Fermi) 

➢ GBM (8 keV – 50 MeV) → prompt emission (236 per

year）
➢ LAT (GeV) → High-energy emission

 The Neil Gehrels Swift Observatory (Swift)

➢ BAT (15 – 350 keV) → prompt emission (92 per year)

➢ XRT (0.3 – 10 keV) → X-ray afterglow

➢ UVOT (Ultraviolet and Optical) → afterglow

 Hard X-ray Modulation Telescope (Insight-HXMT)

➢ HE (20 – 350 keV; 80 per year)

➢ ME (8 – 35 keV)

➢ LE (1 – 12 keV)

 Gravitational wave high-energy Electromagnetic 

Counterpart All-sky Monitor (GECAM)

➢ B + C + D (6 keV – 5 MeV; > 70 per year)

❑ Einstein Probe (EP)

➢ WXT (0.5-4.0 keV) + FXT (0.5-10 keV)
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Part 1: gamma-ray data analysis



Gamma-ray: Fermi/GBM daily data

Gamma-ray data (e.g. Fermi/GBM)



Gamma-ray data (e.g. Fermi/GBM)

Gamma-ray: Fermi/GBM event data



Gamma-ray data analysis (e.g. Fermi/GBM) — light curve



Gamma-ray data analysis (e.g. Fermi/GBM) — background



Gamma-ray data analysis (e.g. Fermi/GBM) — background



Gamma-ray data analysis (e.g. Fermi/GBM) — duration

0% level

100% level

95% level

5% level



Gamma-ray data analysis (e.g. Fermi/GBM) — spectrum

total and background spectrum



Gamma-ray data analysis (e.g. Fermi/GBM) —spectrum
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Part 2: X-ray data analysis



X-ray: EP-WXT

X-ray data (e.g. EP-WXT)



X-ray data (e.g. EP-WXT)

X-ray: EP-WXT clean event data



Use ds9 to set source and background regions

X-ray data (e.g. EP-WXT) — filter region

Source region: 
circle (radius: 67 pix)

Background region:
annulus (radius: 134-268 pix)



> Enter session name > xsel 
xsel:SUZAKU > read events 
> Enter the Event file dir > ./
> Enter Event file list > ep13600003859wxt44po_cl.evt 
Got new mission: EP 
> Reset the mission ? > yes
xsel:EP-WXT-PHOTON > filter region ep13600003859wxt44s2.reg
xsel:EP-WXT-PHOTON > extract events
xsel:EP-WXT-PHOTON > save events src.evt
> Use filtered events as input data file ? > no
xsel:EP-WXT-PHOTON > clear events
xsel:EP-WXT-PHOTON > clear region
xsel:EP-WXT-PHOTON > filter region ep13600003859wxt44s2bk.reg
xsel:EP-WXT-PHOTON > extract events
xsel:EP-WXT-PHOTON > save events bkg.evt
> Use filtered events as input data file ? > no
xsel:EP-WXT-PHOTON > clear events
xsel:EP-WXT-PHOTON > clear region

X-ray data (e.g. EP-WXT) — extract event

Use xselcet software of heasoft



> Enter session name > xsel 
xsel:SUZAKU > read events 
> Enter the Event file dir > ./
> Enter Event file list > ep13600003859wxt44po_cl.evt 
Got new mission: EP 
> Reset the mission ? > yes
xsel:EP-WXT-PHOTON > filter time scc
> Enter list of start and stop times > 130486902.0, 130487062.0
> Enter list of start and stop times > x
xsel:EP-WXT-PHOTON > filter region ep13600003859wxt44s2.reg
xsel:EP-WXT-PHOTON > extract curve
xsel:EP-WXT-PHOTON > save curve src.lc
xsel:EP-WXT-PHOTON > extract spectrum
xsel:EP-WXT-PHOTON > save spectrum src.pi
xsel:EP-WXT-PHOTON > clear region
xsel:EP-WXT-PHOTON > filter region ep13600003859wxt44s2bk.reg
xsel:EP-WXT-PHOTON > extract curve
xsel:EP-WXT-PHOTON > save curve bkg.lc
xsel:EP-WXT-PHOTON > extract spectrum
xsel:EP-WXT-PHOTON > save spectrum bkg.pi
xsel:EP-WXT-PHOTON > clear region

X-ray data (e.g. EP-WXT) — extract curve and spectrum

Use xselcet software of heasoft



X-ray data (e.g. EP-WXT) — extract curve and spectrum
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Part 3: heapy

https://github.com/jyangch/heapy

A unified toolkit for timing and spectral analysis of X-ray 

and gamma-ray transient data

Other options: heasoft, gbm data tools, gamma-ray data tools, threeml

https://github.com/jyangch/heapy


heapy package structure

polybase.py: for the case of Gaussian background (e.g. Fermi/GBM)

bayesian block, SNR calculation, signal identification, background modelling 

ppsignal.py: for the case of Poisson background (e.g. EP-WXT)

bayesian block, SNR calculation, signal identification

Temporal analysis for GRB X-ray and gamma-ray data

duration calculation, lag calculation

Spectral fit <- BaySpec

Retrieve in local Retrieve in ftp server Download

yes
Event / Image

geometry.py: spacecraft location in orbit and detector pointing information (only GBM)

location.py: localizing the real source (only GBM, not public)

Extract light curve, spectrum, and response

batpipe.py: Swift/BAT pipeline implemented through calling heasoft commands

event.py: analysis pipeline for event list data (time+energy, e.g. Fermi/GBM, GECAM)

image.py: analysis pipeline for image data (time+energy+space, e.g. EP-WXT, Swift/XRT)

Some useful functions

time conversion, significance calculation



heapy installation: pip3 install heapyx



heapy example — EP-WXT data analysis



heapy example — EP-WXT data analysis



heapy example — EP-WXT data analysis



heapy example — EP-WXT data analysis



heapy example — Fermi/GBM data analysis



heapy example — Fermi/GBM data analysis



heapy example — Fermi/GBM data analysis



heapy example — Fermi/GBM data analysis



heapy example — Fermi/GBM data analysis



heapy example — Fermi/GBM data analysis



heapy example — joint light curve

ax.plot(gbm_lc_time, gbm_lc_net_rate)
ax.plot(wxt_lc_time, wxt_lc_net_rate)
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Part 4: bayspec

https://github.com/jyangch/bayspec

A Bayesian Inference-based Spectral Fitting Tool for 

High-energy Astrophysical Data

Other options: xspec, sherpa, threeml

https://github.com/jyangch/bayspec
https://github.com/jyangch/bayspec


Source Physical spectrum f(E,t)

f(E,t): photons/s/cm^2/keV

R(I,J): cm^2

D(I,t): counts/s/channel

Detector response R(I,J)

Scatter & Absorption
Observed spectrum D(I,t)

bayspec: source -> observation



bayspec: compare model and data

Statistics

Model Response BackgroundSource

−×

model-predicted count spectrum observed count spectrum

M(E,t,θ) R(I,J)

photons/s/cm^2/keV cm^2

S(E) B(E)

counts/s/keV counts/s/keV

Poisson data with Gaussian background (pgstat): Poisson data with Poisson background (cstat): 



Bayes' theorem

bayspec: bayesian inference 

https://en.wikipedia.org/wiki/Bayes%27_theorem


bayspec package structure



bayspec installation: pip3 install bayspec



bayspec example: LE+ME (tbabs*cpl) 

Data: 

LE (0.5-4 keV, cstat)

ME (8-900 keV, pgstat)

Model: 

tbabs (all free)

cpl (all free)

Sampler:

emcee



Data: 

LE (0.5-4 keV, cstat)

ME (8-900 keV, pgstat)

Model: 

tbabs (all free)

cpl (all free)

Sampler:

emcee

bayspec example: LE+ME (tbabs*cpl) 



Data: 

LE (0.5-4 keV, cstat)

ME (8-900 keV, pgstat)

Model: 

tbabs (all free)

cpl (all free)

Sampler:

emcee

bayspec example: LE+ME (tbabs*cpl) 



Data: 

LE (0.5-4 keV, cstat)

ME (8-900 keV, pgstat)

Model: 

tbabs (all free)

cpl (all free)

Sampler:

emcee

bayspec example: LE+ME (tbabs*cpl) 



bayspec example: LE+ME (tbabs*cpl) 



bayspec example: LE+ME (tbabs*cpl) 



bayspec example: LE+ME (tbabs*cpl) 



Part 5: exercises



针对以下两例EP探测到的快速X射线暂现源：
1，分析EP-WXT数据，生成X射线光变曲线和能谱
2，在GBM数据中检索其是否存在伽马射线对应体
3，若存在伽马射线对应体，则生成伽马射线光变曲线和能谱，并进行联合能谱拟合

EP数据集下载链接：
https://pan.cstcloud.cn/s/bwSsnHrSTNY 

https://pan.cstcloud.cn/s/bwSsnHrSTNY

	Slide 1: X射线和伽马射线数据联合分析
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47

