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Fermitools

- The standard (and official) way of reducing raw Fermi Data, making it science-ready, and 
getting science-outputs from those data 

- What can you get? 
Test-statistic (TS) Maps; energy spectra; light curves of Fermi-observed sources (e.g., 
blazars), … 

- What do you need? 
A Unix (Linux/MacOS) System; conda and/or mamba; knowledge of command-line 
coding. 
root access is helpful but not mandatory. 
Some knowledge of Python is beneficial (if you want to use fermipy). 

https://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/

https://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/
https://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/


Installation (if you haven’t 
already done it)

- Try conda at first. But it may take a 
lot of time.

- Then mamba may also be handy. 

- Installation may be different for the 
Windows Subsystem for Linux 
(WSL). Please try to use 
Linux/MacOS. 

- Do not try pip. 

Install mamba from the official GitHub Bash File. 
$ bash Mambaforge_()_().sh 

Restart your Terminal and mamba will be ready. 
Then: 

$ mamba create -n fermi -c 
conda-forge -c fermi fermitools 
numpy=1.20 

Bingo! Now you have Fermitools on your device.

https://github.com/conda-forge/miniforge#mambaforge
https://github.com/fermi-lat/Fermitools-conda/wiki/Installation-Instructions

https://github.com/conda-forge/miniforge#mambaforge
https://github.com/fermi-lat/Fermitools-conda/wiki/Installation-Instructions


Extracting LAT Data

Event File(s) 
Recorded events that correspond to your source of interest, as well as the area surrounding that 
source 
(also called ‘Photon’ Files; extended files are required only for transients) 

Spacecraft File 
Spacecraft Position & Orientation at 30 s Intervals 

(May be required) Galactic & isotropic diffusion models 
Available here: 
https://fermi.gsfc.nasa.gov/ssc/data/access/lat/BackgroundModels.html

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


This is for the blazar 3C 279.

You can get photon or energy files. We shall use photon files.
Check this box. We need the spacecraft data.

Generally we use MET or MJD systems.



You will get something like 
this.

Files with a PH — photon 
files 

File with a SC — spacecraft 
file

There may be multiple photon 
files, but only 1 spacecraft file.

You can also get them with 
wget.

These are needed only for transients.

(May need to refresh a few times)



Preparing LAT Data
2 steps: 

- gtselect — makes cuts on time, energy, 
position (RA, dec, radius), zenith angle, …

- gtmktime — makes cuts based on good 
time intervals (GTIs) with info from the 
spacecraft file

Good Time Intervals
Time Ranges when the data can be considered valid. 

List of times the LAT was collecting data.

We shall create an events list file, 
events.txt, for our purposes: 
$ ls *_PH* > events.txt

Rename the spacecraft file as: 
spacecraft.fits



RA, Dec for the source you are investigating (3C 279 in this case).
Important — evclass = 128 evtype = 3.



At this point you should check the 
output FITS File: 

$ gtvcut suppress_gtis = no

Trick — 
Using suppress_gtis = yes 
hides the list of GTIs and displays only 
the essential values.



gtmktime

Importance — to make cuts based on GTIs, or, the times that the LAT is actually observing.

e.g., the LAT doesn’t collect data when over the SAA or (more rarely) other spacecraft 
maneuvers. 

The source will probably not be in the FoV in the entire time the LAT was taking data.

DATA_QUAL > 0 — 
Good data 

LAT_CONFIG = 1 — 
Science Configuration



Getting to see your data
- You can use DS9 or fv. 

- Exercise: 
Try making a counts-map in fv. (Hint 
— use the HIST Option.) 
It will look something like this:



Binning the data: gtbin
You can use gtbin to bin 
photon data into: 

● Images (maps) 
● Light curves 
● Energy spectra

We shall see how to make a 
color-map. 

CCUBE produces a set of count-maps over several energy bins. 
Spacecraft file — not needed for the CMap. 



Binning the data: gtbin
- Note that this image is 

flipped along the y-axis. 

- That is because coordinate 
system keywords have been 
added to the header. 

- RA increases right to left, not 
left to right.



The Livetime Cube

To determine the exposure for a source: 
How much the LAT has observed it in 

- Any position on the sky (2 coordinates)
- at any given inclination angle (1 coordinate)

So, total of 3 coordinates — the livetime cube. 

We do this for the entire sky, for the time-range provided by the spacecraft file.



Exposure Maps How long the LAT has observed the source



Unbinned Likelihood Analysis
- Preferred method for time-series analysis of LAT Data 

- No. of events in each time-bin is expected to be small. 

- See — Abdo et al, 2009, ApJS, 183, 46. 

- Needed: 
Event files; spacecraft file; background models 

- We have already obtained count-maps & exposure-maps, which are needed for the 
unbinned analysis.

http://arxiv.org/abs/0902.1340


Unbinned Likelihood Analysis (with 3C 279)
- Recommended: $ pip install LATSourceModel 
- Get the source-model for 3C 279 with wget: 

$ wget 
https://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/data/Likelihoo
d/3C279input_model.xml 

- Computing diffuse source responses: (This step may take a lot of time!)



Unbinned Likelihood Analysis (with 3C 279) — gtlike 
- Now we shall apply gtlike, the main workhorse of the unbinned likelihood analysis. 

- Main philosophy of the maximum likelihood method: 
Mattox J. R. et al., 1996, ApJ, 461, 396 
(This is for EGRET Data, but the same principle applies for Fermi as well.) 

- Likelihood statistic, L = Probability of obtaining obs. data given an input model 

- Input model = Distribution of GeV sources in the sky (+ intensities + spectra) 

- For the detailed math, please see the Cicerone.

https://adsabs.harvard.edu/full/1996ApJ...461..396M7
https://fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/Cicerone/Cicerone_Likelihood/


Unbinned Likelihood Analysis (with 3C 279) — gtlike 

You are prompted for: 

XML & FITS Files; choice of IRF (CALDB); type of statistics to use (binned/unbinned); 
and the optimizer (NEWMINUIT).



Unbinned Likelihood Analysis (with 3C 279) — gtlike 
- For a successful run, NEWMINUIT should 

successfully converge. 
- For each source (within the search-radius), 

you should get: 



Test-statistic (TS) Maps
- Location with max. TS = Best 

fit source position 

- Low value of TS — not good; 
means low probability of the 
location being the source 

- Naturally, we always prefer high 
TS Values.

We fix all pt. source parameters before running the 
map: 
!wget 
https://fermi.gsfc.nasa.gov/ssc/data/a
nalysis/scitools/data/Likelihood/3C279
output_model_resid.xml 



Only diffuse 
sources included

Point sources also 
included



Creating light curves
- Combine multiple photon files (gtselect):

-  Determine Start & End Times of the combined file with fkeypar, fv, or gtvcut. 

- Select the event class: 



Creating light curves
- Use gtbin to create the light curve with the desired time-binning: 

- Determine the exposure for each time-bin: 




