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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: 
§  Crab Nebula: PSR and Nebula analysis 
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The observatory 
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How the LAT works 

Atwood	  et	  al.	  2009	  
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Operating Mode 



What do you need for the analysis 

• Data ...of course! 
– LAT	  detected	  events	  
– Spacecra7	  related	  stuff	  
– Extras	  (Backgrounds	  ,	  catalog	  sources,	  Aming..	  )	  

• Fermi Science Tools 
– 	  hFp://fermi.gsfc.nasa.gov/ssc/data/analysis/so7ware/	  

• Other ancillary tools 
–  7ools,	  HEASOFT,	  DS9	  etc..	  
–  hFp://heasarc.gsfc.nasa.gov/docs/so7ware.html	  

• Lots and lots of scripts! 
–  Fermi	  tools	  are	  already	  scriptable	  
– 	  You	  can	  also	  use	  your	  favourite	  scripAng	  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 
– ftp://legacy.gsfc.nasa.gov/fermi/data/ 

• 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..) 







12 

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 



Pass8 data  



Pass8 data 

hFp://fermi.gsfc.nasa.gov/ssc/data/analysis/documentaAon/Pass8_usage.html	  



Pass 8 introduction 



Pass8 introduction 



Pass8 Introduction 



Pass8 performance 
 

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



Effective Area 



Pass8 Effective Area 



Point Spread Function 



Point Spread Function 



Energy resolution 



Energy resolution 
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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 (3FGL, 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	  parAcle	  contaminaAon	  –	  for	  
diffuse	  sources	  analysis)	  

•  Event	  types	  based	  on	  conversion	  point	  or	  PSF	  or	  Energy	  
reconstrucAon	  



LAT background models 



LAT background models 



LAT catalogs 

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



Event types 



Event classes 



Recommendations  



Caveats 

hFp://fermi.gsfc.nasa.gov/ssc/data/analysis/LAT_caveats.html	  
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Overview of Fermi Science Tools 
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Maximum Likelihood Overview 
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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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