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Outline 

•  Overview of the Fermi Large AreaTelescope 
§  How it works 
§  LAT data  
§  LAT performance  

•  Fermi Science Tools 
§  General Introduction 
 

•  Maximum Likelihood Overview 
§  Source modeling  

•    One study case: 
§  3c454.3: Fermipy analysis tutorial 
 

§  gtburst Analysis of GRBs 



Organization  

•  Yesterday  
•  Introduc)on	  to	  the	  LAT	  data	  analysis	  	  
•  LAT	  data	  introduc)on	  	  
•  LAT	  data	  explora)on	  &	  prepara)on	  
•  Likelihood	  analysis	  of	  LAT	  data	  	  
•  Descrip)on	  of	  Sky	  models	  
•  Introduc)on	  to	  Fermipy	  
•  Trouble	  shoo)ng	  on	  SW	  installa)on	  	  

•  Today 
•  gtburst	  fast	  analysis	  of	  GRB	  	  
•  fermipy	  Hands-‐on	  on	  an	  Extragalac)c	  source	  

•  SED	  &	  Light	  Curves	  	  
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The observatory 
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Operating Mode 
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The Fermi Sky 



10 years of Fermi ! 
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How to access LAT Data 

http://fermi.gsfc.nasa.gov/ssc/data/analysis/ 
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LAT Data 

 
• LAT data products can be downloaded by the FSSC website 
– LAT Data server http://fermi.gsfc.nasa.gov/cgi-bin/ssc/LAT/LATDataQuery.cgi 
– Archive of weekly files 
– https://heasarc.gsfc.nasa.gov/FTP/fermi/data/lat/weekly/photon/ 

• Two main data products (stored in FITS format) 
– Events file (FT1) 
– i. e. “what the LAT sees”  

–  (photons, their energy, coordinates, time, event classes etc..) 

– Spacecraft files (FT2) 
– i. e. “where the LAT is” 

–  (position, angles..) 



LAT catalogs 

hIps://fermi.gsfc.nasa.gov/ssc/data/access/	  



Event classes 



Event classes 



Recommendations  



Recommendations  
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Explore LAT data 
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Overview of Fermi Science Tools 
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Blazar one of … 3c454.3's record flares! 
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How to download data 

http://fermi.gsfc.nasa.gov/cgi-bin/ssc/LAT/LATDataQuery.cgi 

The week of the giant outburst!! 
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gtselect (select data) 

[/home/]$ gtselect evclass=128 evtype=3 
Input FT1 file[photon.fits] 
Output FT1 file[filtered.fits] 
RA for new search center (degrees) (0:360) [343.494812] 
Dec for new search center (degrees) (-90:90) [16.1495] 
radius of new search region (degrees) (0:180) [10] 
start time (MET in s) (0:) [281318400] 
end time (MET in s) (0:) [281923200] 
lower energy limit (MeV) (0:) [100] 
upper energy limit (MeV) (0:) [500000] 
maximum zenith angle value (degrees) (0:180) [90] 
 
> gtselect evclass=128 evtype=3  infile=ph.fits outfile=filtered.fits \ 
ra=343.49  dec=16.15 rad=15 tmin=281318400 tmax=281923200  \ 
emin=100 emax=500000 zmax=90 
Note: all analysis steps are scriptable via explicit assign parameters on command-line. Look at 
the manual for details. 
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gtmktime (cut the bad time intervals) 

 
 
[/home/]$ gtmktime 
Spacecraft data file[spacecraft.fits] 
Filter expression[(DATA_QUAL>0)&&(LAT_CONFIG==1)] 
Apply ROI-based zenith angle cut[no] 
Event data file[filtered.fits] 
Output event file name[filtered_gti.fits] 
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gtbin (Counts Map) 

[/home]$ gtbin 
Type of output file (CCUBE|CMAP|LC|PHA1|PHA2|HEALPIX) [CMAP] 
Event data file name[filtered_gti.fits] 
Output file name[cmap.fits] 
Spacecraft data file name[spacecraft.fits] 
Size of the X axis in pixels[120] 
Size of the Y axis in pixels[120] 
Image scale (in degrees/pixel)[0.25] 
Coordinate system (CEL - celestial, GAL -galactic) (CEL|GAL) [CEL] 
First coordinate of image center in degrees (RA or galactic l)
[343.494812] 
Second coordinate of image center in degrees (DEC or galactic b)
[16.1495] 
Rotation angle of image axis, in degrees[0] 
Projection method e.g. AIT|ARC|CAR|GLS|MER|NCP|SIN|STG|TAN:
[AIT] 
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Look at the counts map 

Use DS9 to look at the counts map of your ROI and check for close-by sources 
> ds9 CMAP.fits & 
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Analysis Tutorial  
likelihood analysis with gtburst  



Check the “Navigation” plot 



Likelihood with gtburst 



Select event class 



See count map and list of photons 



Create XML model 



Select the parameters of the model 



Fit plots 



Fit results 



Fit results 
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Where to find info? 



Analysis Threads 

hIps://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/	  
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New Tools 



3ML fitting tool 

hIps://threeml.readthedocs.io/en/latest/	  



10 years of Fermi ! 


