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Outline 

•  Overview of the Fermi Large Area Telescope 
§  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  

•  Today  
•  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	
  	
  

•  Tomorrow  
•  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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How the LAT works 

Atwood	
  et	
  al.	
  2009	
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Operating Mode 
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The Fermi Sky 



10 years of Fermi ! 



10 years of Fermi ! 



Have Fun ! 

hNps://fermi.gsfc.nasa.gov/science/constella)ons/	
  



What do you need for the analysis 

•  Data ...of course! 
– LAT	
  detected	
  events	
  
– SpacecraQ	
  related	
  stuff	
  
– Extras	
  (Backgrounds	
  ,	
  catalog	
  sources,	
  )ming..	
  )	
  

•  Fermi Science Tools 
– 	
  hNp://fermi.gsfc.nasa.gov/ssc/data/analysis/soQware/	
  

•  Other ancillary tools 
–  Qools,	
  HEASOFT,	
  DS9	
  etc..	
  
– 	
  hNp://heasarc.gsfc.nasa.gov/docs/soQware.html	
  

•  Lots and lots of scripts! 
–  Fermi	
  tools	
  are	
  already	
  scriptable	
  
– 	
  You	
  can	
  also	
  use	
  your	
  favourite	
  scrip)ng	
  language	
  ...	
  but	
  ..	
  
– 	
  Science	
  Tools	
  can	
  be	
  imported	
  as	
  Python	
  modules!	
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LAT DATA ARE PUBLIC!! 



LAT data analysis references 
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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..) 
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Extras - IRFs 

• LAT Instrument Response Functions (IRFs) 
– Point Spread Function (PSF) 
– Effective Area 
– Energy Resolution 

•  Highly dependent on energy  
  and arrival direction of incident  
  photon 

•  Fundamental for analysis!! 

• http://www.slac.stanford.edu/exp/glast/groups/canda/lat_Performance.htm 
•  https://fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/Cicerone/Cicerone_LAT_IRFs/IRF_overview.html 



18 

Extras 

• Diffuse models (.txt & FITS files) 
– To correctly take into accounts the galactic and extagalactic 
backgrounds 
– http://fermi.gsfc.nasa.gov/ssc/data/access/lat/BackgroundModels.html 

•  Source Catalogs (4FGL, 3FHL, PSRs, GRB, SNR …) 

•  Region of Interest model definition (stored in XML files) 
•  More	
  on	
  this	
  later	
  …	
  

• Choose the proper combination of  
•  event	
  classes	
  based	
  on	
  the	
  probability	
  of	
  being	
  a	
  photon	
  and	
  
background	
  level	
  	
  

•  TRANSIENT	
  (for	
  very	
  short	
  events)	
  	
  
•  SOURCE	
  (suggested	
  for	
  source	
  analysis)	
  	
  
•  CLEAN	
  and	
  ULTRACLEAN	
  (lowest	
  par)cle	
  contamina)on	
  –	
  for	
  
diffuse	
  sources	
  analysis)	
  

•  Event	
  types	
  based	
  on	
  conversion	
  point	
  or	
  PSF	
  or	
  Energy	
  
reconstruc)on	
  



LAT background models 



LAT background models 

hNps://fermi.gsfc.nasa.gov/ssc/data/access/lat/BackgroundModels.html	
  



LAT catalogs 

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



Pass8 data 



New Pass8 data 

hNp://fermi.gsfc.nasa.gov/ssc/data/analysis/documenta)on/Pass8_usage.html	
  



Pass 8 introduction 



Pass8 introduction 



Pass8 Introduction 



Event classes 



Event classes 



Event types 



Recommendations  



Recommendations  



Caveats 

hNp://fermi.gsfc.nasa.gov/ssc/data/analysis/LAT_caveats.html	
  



Pass8 performance 
 

hNp://www.slac.stanford.edu/exp/glast/groups/canda/lat_Performance.htm	
  



Effective Area 



Pass8 Effective Area 



Effective Area 



Effective Area 



Acceptance 



Acceptance 



Acceptance 



Point Spread Function 



Point Spread Function 



Point Spread Function 



Energy resolution 



Energy resolution 



Energy resolution 



New! IRFs at Low Energy 



New! IRFs at Low Energy 



New! IRFs at Low Energy 



LAT sky 



LAT 4FGL catalog 



LAT – Low Energy (30 – 100 MeV) sky  



LAT – 1FLE catalog 
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Maximum Likelihood Overview 
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Perform the fit: the likelihood approach 
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Describing the Source Model: the XML model 

• Typical source entry for an assumed powerlaw 
spectrum 
<!-- Point Sources --> 
 
<source name="3c454.3" type="PointSource"> 
<spectrum type="PowerLaw2"> 
<!-- Source is in ROI center --> 
<parameter error="0.00" free="1" max="1000" min="1e-06" name="Integral" scale="1e-04" 
value="1.000"/> 
 <parameter error="0.00" free="1" max="0" min="-5" name="Index" scale="1" value="-2.000"/> 
   <parameter free="0" max="3e6" min="20" name="LowerLimit" scale="1" 
value="100."/> 
   <parameter free="0" max="3e6" min="20" name="UpperLimit" scale="1" value="300000."/> 
     </spectrum> 
<spatialModel type="SkyDirFunction"> 
<parameter free="0" max="360.0" min="-360.0" name="RA" scale="1.0" value="343.494812"/> 
<parameter free="0" max="90" min="-90" name="DEC" scale="1.0" value="16.149500"/> 
</spatialModel> 
</source> 
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XML model 

Test different models... power law * HE exponential cut-off 
<source name="3c454.3" type="PointSource"> 
<spectrum type="PLSuperExpCutoff"> 
<parameter free="1" max="1000" min="1e-05" name="Prefactor" scale="1e-07" 
value="1"/> 
<parameter free="1" max="0" min="-5" name="Index1" scale="1" value="-1.7"/> 
<parameter free="0" max="1000" min="50" name="Scale" scale="1" value="200"/> 
<parameter free="1" max="30000" min="500" name="Cutoff" scale="1" value="3000"/> 
<parameter free="0" max="5" min="0" name="Index2" scale="1" value="1"/> 
</spectrum> 
 
 
• Look here for source model definition and XML model definitions: 
http://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/xml_model_defs.html 
http://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/source_models.html 
 
• Useful python script to load 4FGL sources that belongs to your ROI in 
your XML file model ( make4FGLxml.py ) 
http://fermi.gsfc.nasa.gov/ssc/data/analysis/user/ 
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Describing the Source Model: the XML model 

• Backgrounds 
<!-- Diffuse Sources --> 
<source name="galactic_background"   type="DiffuseSource"> 
<spectrum type="PowerLaw"> 
<parameter free="1" max="10" min="0" name="Prefactor" scale="1" value="1"/> 
<parameter free="0" max="1" min="-1" name="Index" scale="1.0" value="0"/> 
<parameter free="0" max="2e2" min="5e1" name="Scale" scale="1.0" value="1e2"/> 
</spectrum> 
<spatialModel file=”gll_iem_v07.fits" type="MapCubeFunction"> 
<parameter free="0" max="1e3" min="1e-3" name="Normalization" scale="1.0" value="1.0"/> 
</spatialModel> 
</source> 
<source name="extragalactic_background" type="DiffuseSource"> 
<spectrum file=”���iso_P8R3_SOURCE_V3_v1.txt" type="FileFunction"> 
<parameter free="1" max="10" min="1e-2" name="Normalization" scale="1" value="1"/> 
</spectrum> 
<spatialModel type="ConstantValue"> 
<parameter free="0" max="10.0" min="0.0" name="Value" scale="1.0" value="1.0"/> 
</spatialModel> 
</source> 
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Describing the Source Model: the XML model 

• Backgrounds 
<!-- Diffuse Sources --> 
<source name="galactic_background"   type="DiffuseSource"> 
<spectrum type="PowerLaw"> 
<parameter free="1" max="10" min="0" name="Prefactor" scale="1" value="1"/> 
<parameter free="0" max="1" min="-1" name="Index" scale="1.0" value="0"/> 
<parameter free="0" max="2e2" min="5e1" name="Scale" scale="1.0" value="1e2"/> 
</spectrum> 
<spatialModel file=”gll_iem_v07.fits" type="MapCubeFunction"> 
<parameter free="0" max="1e3" min="1e-3" name="Normalization" scale="1.0" value="1.0"/> 
</spatialModel> 
</source> 
<source name="extragalactic_background" type="DiffuseSource"> 
<spectrum file=”���iso_P8R3_SOURCE_V3_v1.txt" type="FileFunction"> 
<parameter free="1" max="10" min="1e-2" name="Normalization" scale="1" value="1"/> 
</spectrum> 
<spatialModel type="ConstantValue"> 
<parameter free="0" max="10.0" min="0.0" name="Value" scale="1.0" value="1.0"/> 
</spatialModel> 
</source> 
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Write L as a function of the source model 
 
 

- Smal l number of 
counts in each bin --> 
Poisson distribuiton 
- Bin size infinitesimally 
small 
- Assume only steady 
source for standard 
analysis 
 
 

- The source model is folded with the IRFs in 
order to obtain the predicted number of 
counts 
 
- The IRFs can be decomposed into three 
funtions: Effective Area (proj area of the 
detector * efficency), Energy Dispesion, Point 
Spread Function 
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Perform the fit: the likelihood approach 



The Livetime cube 

•  The LAT instrument response functions are a function of the 
inclination angle, the angle between the direction to a source and 
the LAT normal.  

•  The number of counts that a source should produce should 
therefore depend on the amount of time that the source spent at a 
given inclination angle during an observation.  

•  This livetime quantity, the time that the LAT observed a given 
position on the sky at a given inclination angle, depends only on the 
history of the LAT's orientation during the observation and not on 
the source model. 

hNps://fermi.gsfc.nasa.gov/ssc/data/analysis/documenta)on/Cicerone/
Cicerone_Likelihood/Exposure.html	
  



The Exposure Map 

•  The likelihood consists of two factors: the first is dependent on the 
detected counts; and the second is equal to the exponential of the 
negative of the predicted total number of counts for the source 
model.  

•  The exposure map is the total exposure (effective area multiplied by 
live time) for a given position on the sky producing counts in the 
Region of Interest. Since the effective area is a function of the 
photon energy, the exposure map is also a function of this energy. 
Thus the counts produced by a source at a given position on the 
sky is the integral of the source flux and the exposure map (a 
function of energy) at that position.  

•  The exposure map should be computed over a Source Region that 
is larger than the Region of Interest by ~50%. This is necessary to 
ensure that all source photons are included due to the size of the 
LAT instrument PSF at low energies. 

hNps://fermi.gsfc.nasa.gov/ssc/data/analysis/documenta)on/Cicerone/
Cicerone_Likelihood/Exposure.html	
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Fermipy 

hNps://fermipy.readthedocs.io/en/latest/	
  


