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Outline   

>  Current analysis frameworks for Fermi and IACTs 

>  Common analysis framework – motivation and realization  

>  First examples of combined analyses  
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Current analysis frameworks 

Fermi raw data H.E.S.S. raw data 

Event list [FITS] Event list [ROOT] 

High-level output [FITS] 
Spectrum, skymap, … 

Calibration 
Reconstruction 

Calibration 
Reconstruction 

High level output [ROOT] 
Spectrum, skymap, … 
 

H.E.S.S. Analysis Framework  Fermi Science Tools 
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Fermi analysis philosophy  

>  Create model describing the emission 

Fermi count map 3 years, http://fermi.gsfc.nasa.gov  
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Fermi analysis philosophy – model components  

>  Galactic diffuse  

>  Isotropic diffuse  

>  Catalogue of known sources 

>  Additional source  

      Combined likelihood fit  

Galactic diffuse Isotropic diffuse 

8 A.A. Abdo et al.

FIG. 4.— Counts maps (arbitrary units) presenting the pulsed (top row) and nebular (bottom row) emission, in three energy bands. Each panel spans 15◦ ×

15◦ in equatorial coordinates and is centered on the pulsar radio position. Left: 100 MeV < E< 300 MeV;Middle: 300 MeV< E< 1 GeV; Right: E> 1 GeV.

TABLE 1
DETAILED PARAMETERS OF THE CRAB PULSAR LIGHT CURVE.

Energy interval φ1 HWa
1

HWb
1

φ2 HWa
2

HWb
2

P1/P2 ratio
(GeV) (×10−2) (×10−2) (×10−2) (×10−2) (×10−2) (×10−2)
0.1 – 300 99.2 ± 0.1c 4.5± 0.2c 2.3± 0.1c 38.9 ± 0.2c 11.5 ± 1.5c 4.5± 0.7c 1.60± 0.06
0.1 – 0.3 99.2 ± 0.1 6.0± 0.4 2.3± 0.2 38.3 ± 0.8 8.4± 2.2 8.1± 3.7 1.73± 0.12
0.3 – 1.0 99.1 ± 0.1 4.3± 0.2 2.7± 0.2 39.3 ± 0.3 13.6 ± 1.7 3.6± 0.9 1.60± 0.08
1.0 – 3.0 99.2 ± 0.1 3.5± 0.3 2.3± 0.3 38.2 ± 0.5 8.5± 2.8 6.0± 1.9 1.49± 0.12
3.0 – 10.0 99.5 ± 0.2 2.6± 0.5 1.6± 0.6 38.9 ± 0.6 5.3± 1.9 2.0± 1.4 0.95± 0.20

a, b: These half-width (HW) parameters were obtained considering two half-Lorentzian distributions, for the rising and
falling edges of the peaks respectively.
c: These parameters were derived from a light curve binned to 0.002 of pulsar phase.

in either the synchrotron or inverse Compton components in
our more limited data span on time scales of one, two, or
four months. As shown in Figure 5, a difference in flux
is observed between EGRET and Fermi-LAT in the en-
ergy band dominated by synchrotron radiation as well as
at higher energies (above 1 GeV). Even if variability in
the synchrotron tail could be expected between EGRET
and LAT, the lifetimes of the electrons producing gamma-
rays via inverse Compton scattering are comparable to the
remnant age, implying that the IC component should be
steady in time. For these reasons, the flux change seen in
the synchrotron component between EGRET and Fermi-
LAT cannot be considered as significant.
The photon counts at high energy are too few for a signifi-

cant cut-off or break to be seen in the flux distribution of the

IC component. No cut-off or break energy can be determined
at low energy for the synchrotron component using the LAT
data only.

4.3. Spectral analysis of the pulsed emission
Photons from both on- and off-pulse intervals are now con-

sidered to analyze the pulsed emission. The spectral param-
eters of the Crab Nebula mentioned in the previous section
have been renormalized to match the total phase interval and
fixed to perform the spectral analysis of the Crab Pulsar.
After testing different functional forms to describe the spec-

trum of the pulsar, we found the best fit to be given by an
exponential cut-off power-law shape:

dN

dE
= No(EGeV )−Γe−E/Ec cm−2 s−1MeV−1 (3)

Source 

Fermi-LAT Observations of the Crab Pulsar and Nebula 13
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FIG. 5.— Spectral energy distribution of the Crab Nebula renormalized to the total phase interval. The fit of the synchrotron (purple dashed line) and IC
(blue dashed-dotted line) are represented separately with two power-laws. The black curve is the best fit obtained with the sum of these two power-laws.
The LAT spectral points are obtained using the model-independent maximum likelihood method described in Section 4.2. The statistical errors are shown
in black, while the red lines take into account both the statistical and systematic errors. Horizontal bars delimit the energy intervals. EGRET data points
(Kuiper et al. 2001) are shown for comparison (green stars).
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FIG. 6.— Spectral energy distribution of the Crab Pulsar averaged over the whole pulse period. The black curve represents the best fit model, obtained
with a power-law with an exponential cut-off. The LAT spectral points (cf. Figure 5 for the description of the conventions) are obtained using the
model-independent maximum likelihood method described in Section 4.2. EGRET data points (Kuiper et al. 2001) are shown for comparison (green
stars).

For all components 
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Fermi analysis philosophy  

Picture credit: http://fermi.gsfc.nasa.gov  

              Model map Residual map Count map 

Model  
parameters 
 

Fit 
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Fermi analysis philosophy  

Picture credit: http://fermi.gsfc.nasa.gov  

              Model map Residual map Count map 

Model  
parameters 
 

Fit Calculate 
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Current analysis frameworks 

Fermi raw data H.E.S.S. raw data 

Event list [FITS] Event list [ROOT] 

High-level output [FITS] 
Spectrum, skymap, … 

Calibration 
Reconstruction 

Calibration 
Reconstruction 

High level output [ROOT] 
Spectrum, skymap, … 
 

H.E.S.S. Analysis Framework  Fermi Science Tools 
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IACT analysis philosophy – reflected region background  

>  Pointed observations 

>  Exclude regions of known sources 

>  Background spectrum: 

    No all sky model    

    from “OFF regions” 

Pointing 

Count map of one crab nebula run 
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Common analysis framework 

Fermi raw data H.E.S.S. raw data 

Event list [FITS] Event list [FITS] 

High-level output [FITS] 
Spectrum, skymap, … 

Calibration 
Reconstruction 

Calibration 
Reconstruction 

   
 
 

Common analysis framework 
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FITS – Flexible Image Transport System 

The FITS format digital preservation between manuscripts and stars

The market for storage in digital environments conventionally uses the TIFF standard, the file generated in 

this format has a size limited to 4.2 gigabytes, and even if new solutions are applied to solve this problem 

the  "GRAND LARGE TIFF"  hasn't  had  success  and is  not free.   Furthermore,  TIFF does  not  allow 3 

dimensional visualization. It is a proprietary format belonging to the ADOBE company, created in 1992, and 

last  updated in  1998.  The FITS  format is  presented to the world  of  conservation with  very  advanced 

technology and  at  least  45  years of experience  in  digital  preservation. Its  design originated  in  NASA 

laboratories for the conservation of images from lunar missions, dates back to the seventies even though it 

was officially presented in 1981. The updating is done at least every six months and is the fruit of the entire 

global scientific community,  involving American,  Japanese and European working groups.  The product is 

"open source" which makes it practically one of a kind and, considering the masses of enormous amounts 

of data that are normally handled during long term digital preservation projects, it is essential that the data 

is at least in an open source format and not subject to any constraint of a commercial nature. So the format 

that preserves the galaxies, planets and stars is now also used for the conservation of the cultural heritage 

of the Vatican Library, and having grasped the concept that the source code of FITS is in the public domain 

and  that it  can  be  worked  on  with implementations for  improvement shared by  the scientific and 

astronomical worlds that  already use it,  one immediately realizes how the versatility of this format can 

follow step by step the  evolution of issues relevant to the improvement of all phases of the digitization 

process. In practice, the FITS is a dynamic format that supports the curator satisfying every aspect 

5
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Common analysis framework 

Fermi raw data H.E.S.S. raw data 

Event list [FITS] Event list [FITS] 

High-level output [FITS] 
Spectrum, skymap, … 

Calibration 
Reconstruction 

Calibration 
Reconstruction 

   
 
 

Common analysis framework 
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Motivation for common analysis framework 

>  Study of spectral energy distribution over large energy range    

>  Cross-calibration of the instruments 

>  Development of analysis framework for CTA  

Abdo et al. 2009 

Crab Nebula spectrum 



Anneli Schulz  |  Towards a common analysis framework for gamma-ray astronomy   |  05.03.2013  |  Page 14 

Realization for common analysis framework - ctools 

>  Development for CTA lead by J.Knödlseder, IRAP Toulouse 

>  Based on Gammalib, toolsbox for gamma-ray data   

>  Similar to ftools / Fermi Science tools 

>  Implemented in C++, scriptable in Python 

 

Advantages: 

>  Fermi analysis implemented 

>  Simultaneous analysis of data from different instruments  
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Example: Crab nebula  

H.E.S.S. data (30 min) in ctools  
 
But with “Fermi-style background 
modelling” 

MAGIC data (30 min) in ctools 
 
But with “Fermi-style background 
modelling” 
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Crab nebula spectrum, H.E.S.S. and MAGIC combined 

Preliminary!  
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Crab nebula spectrum, Fermi and H.E.S.S. combined 

>  Use one model over five decades in energy, data: 1 year Fermi, 30 min H.E.S.S. 

Preliminary!  

Preliminary!  
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Crab nebula spectrum, Fermi and H.E.S.S. combined 

>  Use one model over five decades in energy, data: 1 year Fermi, 30 min H.E.S.S. 

Preliminary!  

Preliminary!  
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Crab nebula spectrum, Fermi and H.E.S.S. combined 

>  Use one model over five decades in energy, data: 1 year Fermi, 30 min H.E.S.S. 

Preliminary!  

Preliminary!  
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Summary and outlook   

>  Combined analysis framework well on track 

>  Ctools provide framework to do combined fit of data from various instruments 

>  Background determination (reflected regions) for IACT not yet implemented 
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Backup 
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Ctools – Crab (H.E.S.S.)  
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Ctools – Crab (MAGIC)  
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Ctools – Crab (H.E.S.S. and MAGIC combined)  


