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Special thanks to K.Feijen, F. Acero, A. Sinha, D. Morcuende, 
B. Khélifi… from whom we stole borrowed some slides
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Gamma-ray astronomy

, LST-1, ASTRI

AGILE
Fermi

, LHAASO
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Gamma-ray astronomy
AGILE
Fermi

Surface/Volume Detectors: surveys
Moderate angular resolution (10’)
Large field of view (partial/all-sky)
Continuous monitoring

, LST-1, ASTRI , LHAASO
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Gamma-ray astronomy

IACTs: pointed observations
Excellent angular resolution (5’)
Small field of view (3-5 degrees),
~15% uptime

, LST-1, ASTRI

AGILE
Fermi

, LHAASO
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Gammapy Overview
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Workflow

7

• Analysis procedure 

• Data reduction (DL3 => 
DL4) 

• Data modeling/fitting 
(DL4 => DL5)
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• These lists are 
prepared for each 
instrument and 
represent “science-
readyˮ data or “Data 
level 3ˮ

8

What is DL3-level data?
Gamma-like (≠ gamma-rays) event list
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Data reduction DL3→DL4

• Select and retrieve 
relevant 
observations from 
the data store 

• Define dataset 
geometry 

• Loop over selected 
observations 

• Bin events (and 
IRFs) into n-dim 
sky maps
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Data fitting DL4→DL5

• Fitting on pre-computed 
datasets 

- eg: From HAWC, 
Fermi-LAT, OGIP 
files, etc 

- Forward folding with 
maximum likelihood 
estimation
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End products DL5→DL6

• DL5: Flux points, light curves and flux/TS maps 

• Possible to fit DL5 data 
• Eg: published flux points, lightcurves 
• Chi-squared statistics used 

• DL6: catalogs 
• Support provide for common catalogs: Fermi 4FGL, H.E.S.S. galactic 

plane survey, HAWC catalog, etc 
• Create your own catalogs…
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• IRFs are an important concept to understand – specific to each instrument 

• Describe the combined detection abilities and precision of an 
instrument data-taking and reconstruction procedure 

• Effective area, Point Spread Function (PSF), Energy dispersion, 
Background

12

Instrument Response Functions (IRFs)
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Effective/collection area
• It gives the number of expected (true) gamma-like events per unit area 
• Varies with offset from pointing position and true energy 
• Estimated from "Monte Carlo" simulations 
• Required to measure flux/brightness of gamma-ray sources 
• Typically combined with observation time to derive the effective exposure
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Energy dispersion/migration
• For each true gamma-ray energy, what is the probability that the event 

gets assigned a certain reconstructed energy? 
- Accuracy and precision to reconstruct the energy of an event 

• Varies with offset from pointing position and true energy 
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Point Spread Function
• PSF: angular resolution of the instrument, precision to reconstruct the 

arrival direction of an event 
• Estimated from "Monte Carlo" simulations and by binning events into offset 

and true energy 
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Background
• Represents the expected remaining hadronic background after gamma-

hadron separation due to misclassified events 
• Depends on the reconstructed energy and the offset from the pointing 

position
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Data analysis
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Source detection
• Likelihood ratio test: compare the likelihood of two hypotheses to see 

which one is supported by the data 
• The two unknown parameters: 

- Expected number of source photons: 
- Expected number of background events: 

• A model or excess of counts (H1) is tested against the null hypothesis (H0) 
where no source is present 

-  Null hypothesis: 
- Alternative hypothesis: 

• Use difference in test statistic *TS) through the likelihood ratio: 
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Source detection: Theta2

• Squared angular distance between the reconstructed event position and the 
source position 
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• Squared angular distance between the reconstructed event position and the 
source position 

Source detection: Theta2
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Source detection
Background region
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Source detection
Background region
Signal region
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Source detection
Background region
Signal region

Significance: 
Likelihood ratio method Li&Ma (1983)
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Source detection
Background region
Signal region
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Analysis types
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Analysis types
In this school
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1D Spectral Analysis
• Use the reflected regions method 
• Along with the forward folding method → maximum likelihood 
• Use simulated CTAO data – likelihood per energy bin is shown by the blue 

colored band
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2D Spectral Analysis
• Ring background method: 
• Take a ring region for each pixel in 

the FoV where counts inside the 
ring estimate the background 

• As this is performed for every point 
within the FoV it can be utilised to 
create a map 

• Note: this relies on a background 
model
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• “Ring background” method 
• Select OFF events from an annulus about the ON region 
• Requires good knowledge of 2D acceptance!

2D Spectral Analysis
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3D analysis technique
• FoV background method: 

- Advanced method to estimate the background is 
through a 3D model 

• Construct a model of acceptance, and then predict 
the background over the field of view (FoV) as a 
function of energy 

• Runwise FoV background is adjusted to the 
counts measured outside the exclusion regions, 
implement a specific spectra model 

- Corrects for effects that are not taken into account 
during the FoV background model construction 

• Use the FoV background method which allows for 
a 3D analysis 

• In one analysis chain we can fit both the spectra 
and the morphology of a source

Initial model guess

Residuals
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3D analysis technique
• Disentangling the contribution from overlapping sources

ResidualsSignificance map
Contribution of each 
source model to the 
signal region 
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HANDS ON!

• Perform a 1D spectral analysis of the RX J1713.7-3946 
• Get your hands dirty: Real Data! 

- Data analysis of DL3 observations of the Crab Nebula with the  LST-1 of CTAO
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Backup



Collection area

• It indicates up to which distance your array effectively work 
• Calculated using the number of simulated events, those that survive 

the reconstruction cuts and the simulated area



Energy resolution

• Defined as the sigma of the gaussian of the relative error between 
the reconstructed and the true energy 

• A lower energy resolution implies a better spectral reconstruction



Angular resolution

• Usually defined as the 68% containment radius of well reconstructed 
events in an energy bin 

• It evaluates the ability of your instrument to resolve a source



Angular resolution comparison

Lower is 
better

• Significant improvement 
with respect to the 
currently existing 
facilities 

• CTA will be able to 
resolve most of the 
known galactic sources



Differential Sensitivity

Lower is 
better

• One of the most important 
figures of merit that you will 
see 

• It represents the lower 
differential flux an instrument 
is able to measure with 5σ 
significance 

• The improvement of CTA with 
respect to the currently 
existing facilities is around 
one order of magnitude


