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Fermipy is a python package that facilitates analysis of data from the Large Area Telescope (LAT) with the 
Fermi Science Tools.
The Fermipy package is built on the pyLikelihood interface of the Fermi Science Tools and provides a set 
of high-level tools for performing common analysis tasks:
• Data and model preparation with the gt-tools (gtselect, gtmktime, etc.).
• Extracting a spectral energy distribution (SED) of a source.
• Generating TS and residual maps for a region of interest.
• Finding new source candidates.
• Localizing a source or fitting its spatial extension.
• • ……..

Fermipy:
https://fermipy.readthedocs.io/en/latest/

Prerequisite (Unbinned Likelihood analysis):
https://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/likelihood_tutorial.html

Introduction
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https://fermipy.readthedocs.io/en/latest/
https://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/likelihood_tutorial.html


Fermipy Step by Step: Installation
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Creation of a setup file (setup_fermipy.sh)



The data section contains the path to the 
ft1, ft2 and ltcube

The binning part specifies the pixel size, 
energy bins and ROI width

The selection part report the energy range, 
time interval, zmax, center of the ROI and 
cuts for gtmktime.

gtlike part includes the irfs, energy
dispersion and weight map

Model: catalog, IEM and ISO
template

Configuration file
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Configuration file: multiple components

G. Principe –Fermipy Tutorial – 1/2/2021 5

Fermi-LAT performance

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

examples

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


Customize the model
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Customize the model
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Customize the model during the analysis process
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Preliminary steps of the analysis
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• gta.setup() runs the gt-tools (gtselect, gtmktime, gtbin, gtcountsmap, gtexposure,..) for 
selecting the data, creating counts and exposure maps, etc..

• Then gta.print_model(): 

• gta.free_sources(), gta.free_shape(), gta.set_norm() ….
• gta.write_roi() print different control plots: count spectrum, count map,….



Performing a preliminary fit: gta.optimize()
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gta.optimize(): Iteratively optimize the ROI model. The optimization is performed in three sequential steps:
• Free the normalization of the N largest components that contain a fraction npred_frac and perform
a simultaneous fit of the normalization parameters of these components.
• Individually fit the normalizations of all sources that were not included in the first step in order of 
their npred values. Skip any sources that have NPred < npred_threshold.
• Individually fit the shape and normalization parameters of all sources with TS > shape_ts_threshold
where TS is determined from the first two steps of the ROI optimization.

From my experience running multiple time gta.optimize() gives already a model that is practically the same
of a complete fit.
https://fermipy.readthedocs.io/en/latest/fitting.html

https://fermipy.readthedocs.io/en/latest/fitting.html
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Performing a preliminary fit: gta.optimize()
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Performing a preliminary fit: gta.optimize()

• The advantage of using this tool is that it is much faster than a fit and running it a few times gives
already a model close to the best fit.
• The disadvantage is that it does not return the covariance matrix and the correlation coefficients so you
can not make checks for the parameters. Also errors on the SED params are not given.
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Performing a fit: gta.fit()

• gta.fit() is a wrapper on the pyLikelihood fit.
• By default gta.fit() will repeat the fit until a fit quality of 3 is obtained. After the fit returns all sources

with free parameters will have their properties (flux, TS, NPred, etc.) updated in the ROIModel
instance. The return value of the method is a dictionary containing the following diagnostic
information about the fit:
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Output of a gta.fit()
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Fit to HESS1825-137 3-10 GeV. Tried to do the fit with all the sources as in the 4FGL:

Then I changed all the curved SEDs into power-law:

Examples of gta.fit()
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Customizing the model for the fit

The minmax_ts and minmax_npred arguments to free_sources() can be used to free or fixed sources on 
the basis of their current TS or Npred values:

By default all models parameters are initially fixed. The free_source() and free_sources() methods can be 
use to free or fix parameters of the model.

https://fermipy.readthedocs.io/en/latest/fermipy.html
https://fermipy.readthedocs.io/en/latest/fermipy.html
https://fermipy.readthedocs.io/en/latest/fermipy.html
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Performing a fit: printing or saving the output model

After the fitting is complete we can write the current state of the model with write_roi():

We can check the results of the optimization step by calling print_roi():
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Performing a fit: gta.sed()

The sed() method computes a spectral energy distribution (SED) by performing independent fits for the 
flux normalization of a source in bins of energy. The normalization in each bin is fit using a power-law 
spectral parameterization with a fixed index.
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gta.sed(): examples

PreliminaryPreliminary



Lightcurve analysis
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lightcurve() fits the charateristics of a source in a sequence of time bins.

By default the lightcurve method will run an end-to-end analysis in each time bin using the same
processing steps as the baseline analysis.

There are several options which cacn be used to reduce the lightcurve computation time.
• The multithread option splits the analysis of time bins across multiple cores
• The use_scaled_srcmap option generates an approximate source map for each time bin by scaling
the source map of the baseline analysis by the relative exposure.

lightcurve() makes the analysis using different iterations.
• Leave free all the SED parameters of the sources in the model (normalization and shape).
• In the fit is not successful fix the shape.
• Then fixes the SED of the sources with increasingly higher TS.
• Then fix the sources beyond one degree from the center of the ROI.



Lightcurve analysis
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Flux 12 years (2008-2020):
F = (7.12 ± 0.03) x10-7 ph cm-2 s-1

TS=232890

Flux 1 month (25/3 – 25/4 2017):
F = (20.4 ± 0.6) x10-7 ph cm-2 s-1

TS=9254

Flux 1 month (8/4 –8/5, 2018):
F = (63.2 ± 0.8) x10-7 ph cm-2 s-1

TS=51815

2 months bin
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Lightcurve analysis: examples – 3C279
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Credit: NASA
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Extension analysis
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The extension() method executes a source extension analysis for a given source by computing a likelihood
ratio test with respect to the no-extension (point-source) hypothesis and a best-fit model for extension. 
The best-fit extension is found by performing a likelihood profile scan over the source width (68% 
containment) and fitting for the extension that maximizes the model likelihood.
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HAWC Coll. (2020)

• First detected in the H.E.S.S. Galactic Plane Survey (2005)
• XMM-Newton/Suzaku: reveal diffuse x-ray emission size~0.1°
• Recent H.E.S.S. results  (2019): 

o with a size >100 pc is the largest PWN currently known
o TeV energy dependent morphology

• HESS J1825-137 is one of the three sources detected above 100 TeV by HAWC  
(2020), making it a promising Pevatron candidate.

Powered by the pulsar 
PSR J1826-1334 (PSR B1823-13):
• Characteristic age = 21 kyr
• Period = 101 ms
• Distance = 4kpc

A&A proofs: manuscript no. HESSJ1825_EdB1

5. Changing Extent - Implications for Particle

Transport440

Given the known energy dependent morphology of the nebula,
it is instructive to attempt to quantify this change in extent more
rigorously. To this end, we apply the extent measuring approach
outlined in section 4.4 to radial profiles of the nebula emis-
sion extracted from independent energy bands. Due to the high445
brightness and long exposure on the nebula, it is possible to split
the data into 9 statistically significant energy bands, for both
analyses A and B, with the energy boundary doubling after each
range. The long exposure of analysis A enables a measurement
at energies above 32 TeV to be included, whereas for the smaller450
exposure analysis B including CT5, this was found not to be
significant and the highest energy band is kept at E > 16 TeV.
Nevertheless, the lower energy threshold of analysis B, provided
by CT5, enables the lowest energy band to be split into 125 < E
< 250 GeV and E < 125 GeV, whereas for analysis A the lowest455
energy band is set at E < 250 GeV.

We make extent measurements in each energy range as listed
in table 3, interpreting the extent-energy relation in terms of par-
ticle transport mechanisms within an energy range where trans-
port mechanisms could plausibly dominate this dependence.460

If energy dependent di↵usion is the dominating transport
mechanism and no cooling losses occur (which may be assumed
for young PWNe), then the nebula would be expected to increase
in size with energy if all particles were injected at a single in-
stance in time. However, where cooling losses play a role, the465
nebula would become more compact towards higher energies.
Advective transport mechanisms can be expected to dominate
the evolution in the inner regions of the nebula, where the ram
pressure of the particle wind still exceeds that of the surround-
ing interstellar medium (ISM). A maximum extent of the nebula470
may be expected to occur at the �-ray energy corresponding to
the energy at which the cooling time of the parent particle popu-
lation becomes equal to the age of the nebula.

This variation, plotted in figure 7, may be described by a sim-
ple power law relation within the transport dominated regime.475
The energies at which the lower and upper bounds of this regime
should occur were determined as follows.

The lower bound on the fitted range was determined from the
timescale for cooling losses due to inverse Compton scattering,
⌧IC , which is given by (in cgs units):

⌧IC =
3
4 m2

e

�T c"Ee
, (2)

where " is the ambient energy density, including contributions
from the CMB, dust and ambient starlight, m2

e the electron mass
in units of MeV/c2, �T the Thomson cross-section and c the480
speed of light. Rearranging for the electron energy Ee in TeV,
and setting the cooling timescale equal to the characteristic age
of the pulsar,3 i.e. the plausible time over which electrons have
cooled, an electron energy of ⇠ 11 erg (or ⇠ 7 TeV) is obtained.
Electrons with energies Ee > 7 TeV are mostly traced by pho-485
tons with energies E� > 700 GeV, due to the average energy
distribution of Inverse Compton scattered photons (Blumenthal
& Gould 1970). Hence a value of 700 GeV is taken for the lower
bound.

The upper bound on the fit range can be estimated as cor-
responding to the transition from the Thomson into the Klein-
Nishina regime. Within the Thomson regime, the average en-
ergy of scattered photons scales with the square of the electron
3 taken as 21 kyr assuming a braking index of n = 3
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Fig. 7. Variation of radial extent with energy. Shaded regions indicate
compatible transport scenarios, under the assumption of steady-state
flow with constant density. The vertical dotted lines indicate the lower
bound of the fit (at ⇠ 700 GeV) and a plausible location for the transi-
tion into the Klein-Nishina regime at ⇠ 20 TeV.

energy, yet in the Klein-Nishina regime the electron loses a sig-
nificant proportion of its energy on each scattering interaction
(Blumenthal & Gould 1970). The parameter � determines the
transition into the Inverse Compton scattering regime as:

� =
4ECMBEe

(mec2)2 , (3)

where ECMB ⇡ 2.7kT is the energy of the CMB photons. The 490
Thomson regime is relevant where � ⌧ 1, whilst � � 1 corre-
sponds to the Klein-Nishina regime. The transition is therefore
determined to take place at � = 1, which corresponds to an elec-
tron energy of Ee ⇡ 100 TeV, or E� ⇡ 10 TeV for scattering
o↵ CMB photons. However, as Klein-Nishina e↵ects first begin 495
to dominate for � � 1, and the exact transition point varies for
di↵erent ambient photon fields, the maximum energy appropri-
ate for the linear fit in figure 7 was set to be comfortably beyond
this transition, at ⇠ 30 TeV. This energy for the upper bound was
also chosen to be less than the energy of the final H.E.S.S. data 500
point, given the comparatively large uncertainty associated with
the highest energies and the lack of a corresponding data point
from analysis B.

A linear fit to the data is made as shown in figure 7 be-
tween these two bounds, a lower bound at 700 GeV (deter- 505
mined by Inverse Compton cooling losses) and an upper bound
at 30 TeV (set approximately by the transition into the Klein-
Nishina regime). The regions of the extent against energy plot
that would be compatible with di↵usion or advection are indi-
cated in figure 7 by shaded areas. Both scenarios are discussed 510
in the following sections.

5.1. Diffusion

Di↵usive processes may be expected to dominate the particle
transport once the pressure within the nebula has reduced to that

Article number, page 8 of 16

H.E.S.S. Coll. (2019)H.E.S.S. Coll. (2006)

Extension analysis: example – The Pulsar Wind Nebula HESS J1825-137
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Data Selection Values

IRFs P8R3v2

Time Interval 11.6 years

Energy Range 1 GeV – 1 TeV

Energy Bins 8 per decade (for spectra)

Zenith angle 105°

ROI (pixel) size 15° (0.1°)

We performed the first energy dependent extension and spectral analysis of HESS J1825-137 in the GeV domain
using 11.6 years of Fermi-LAT data.
Analysis procedure:
1) General analysis (on the entire energy range 1 GeV - 1 TeV):
• Optimization, localization, and spectral analysis

2) Energy-resolved morphological study (2DGaussian, Radial profile) 
Extension analysis in 5 energy bins (4 bins in 1-100 GeV, 1 bin in 100 GeV – 1TeV)

The initial model taken from the FGES paper (Ackermann et
al. 2018):
Spatial Model: 2DGaussian
• Sigma = 0.79°
• RA = 276.296°
• DEC = -13.992°
Spectrum Type: LogParabola
Models: 4FGL, standard LAT diffuse model, and optimized
model for the Galactic plane (Ackermann et al. 2017)

Extension analysis: example – The Pulsar Wind Nebula HESS J1825-137
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Principe et al. 2020, A&A, 640, 13
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RA, DEC: (276.11, -13.80)
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(TSext=1040, ~30𝜎)

Fermi-LAT previous studies. Grondin+(2011): 20 months 1 – 100 GeV.  
FGES (2017): 6 years, 10 GeV – 1 TeV

LogParabola
Alpha:  2.15±0.05, Beta: 0.075±0.02, E0: 154 GeV, N0: 6.0 x10-11 erg cm-2 s-1

Broken PL 
Γ1 : 1.69±0.03, Γ2: 2.51±0.01,  E0: 114 GeV, N0: 8.37 x10-11 erg cm-2 s-1

Extension analysis: example – The Pulsar Wind Nebula HESS J1825-137
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Principe et al. 2020, A&A, 640, 13



Radial profile method: radial distance at which the 
emission drops to 1/e relative to the maximum 
starting from the PSR position (only in one 
hemisphere due to the asymmetry of the PWN). 

Principe et al. (2020)

Extension analysis: example – The Pulsar Wind Nebula HESS J1825-137
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Principe et al. 2020, A&A, 640, 13



Source finding
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find_sources() is an iterative source-finding algorithm that uses peak detection on a TS map to find new 
source candidates.



Checks on the fit
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Fit quality: A "good" fit corresponds to a value of "fit quality= 3"; if you get alower value it is likely that
there is a problem with the error matrix.

According to the Minuit documentation possible values for "fit quality" are:
0 - Error matrix not calculated at all
1 - Diagonal approximation only, not accurate
2 - Full matrix, but forced positive-definite (i.e. not accurate)
3 - Full accurate covariance matrix (After MIGRAD, this is the indication of normal convergence.)

• TS and residual map: running gta.tsmap and gta.residmap you can make
the TS and residual maps.
• gta.write_roi(): This makes a series of plots such as: count map, count
spectrum



Checklist for your analysis

G. Principe –Fermipy Tutorial – 1/2/2021 32

This is a list of things you should check in your analysis:
• The TS and/or residual map should not have structured or large scale residuals.
• The fit quality should be at least 2.
• Check covariance matrix and correlation coefficients.
• The count spectrum should has residuals of a few % level.

A few suggestions:
• Include sources from the catalog at least a few degrees beyond the edge of the ROI.
• If the fit is not successful (fit quality 0 or 1 and maybe also with 2), run a few times gta.optimize()
• Run the search for new sources gta.find_sources().

• An iterative source-finding algorithm that uses likelihood ratio (TS) maps of the region of 
interest to find new sources. After each iteration a new TS map is generated incorporating
sources found in the previous iteration. The method stops when the number of iterations
exceeds max_iter or no sources exceeding sqrt_ts_threshold are found.
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TS map – HESS J1825

3-10 GeV 10-30 GeV 30-100 GeV 100-1000 GeV
Excess maps: Data – model excluding the studied source 

Residual maps: Data – model excluding the studied source 



If the fit is not successful
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If the fit is not successful there are a few things you may try.
• Run a few time gta.optimize() and then gta.fit()
• See if there are SED parameters of some source that take crazy values (gta.get_params).
• If you are running an analysis in a small energy range (1-10 GeV, 1-100 GeV, above 10 GeV,…) 
substitute the SED of the sources from PLEC or LP to PL.
• Run the fit to each source leaving free to vary only the sources within a few degree.
• ………


