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Gamma-ray Photons
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Why Gamma-ray Astronomy?

3Source pictures  provided by NASA and DESY



Supernova Remnants (SNRs)

● Composed of a shockwave and ejected material from a 

supernova. The shockwave and material interact with the 

interstellar medium to produce gamma rays

● Sometimes centered around a pulsar if one was created.

● The Crab Nebula is the most popular source due to its steady 

brightness and history in astronomy.

Above: The Crab Nebula

4



Gamma-ray Bursts (GRBs)

● Categorized as either short or long bursts that last a 

matter of seconds.

● Happen during a supernova or binary neutron star 

merger.

● A jet is formed of light and matter along the axis of 

rotation

Above: an artists depiction of a GRB 
source
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Active Galactic Nuclei (AGN)

● Unusually bright galactic centers. The brightness cannot be 

explained due to stars alone.

● The brightness of AGN is believed to be due to the 

supermassive blackhole at its center interacting with the 

surrounding dusty torus.

● An important subset of AGN are known as blazars.

Above: Centaurus A
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The Instrumentation of Gamma-ray Astronomy

Above: VERITAS in Arizona. Right: The Fermi Space Telescope
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Imaging Atmospheric Cherenkov Telescopes (IACTs)

● Ground-based gamma-ray observatories detect 
gamma rays indirectly by watching the products of 
their interactions with the atmosphere.

● These interactions create an air shower of charged 
relativistic particles, which then emit a flash of light 
nanoseconds long.

● Telescopes image the shower from different 
viewpoints. Reconstructing the shower informs us 
of the gamma-ray’s characteristics.

Above: H.E.S.S. is  located in Namibia
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The Cherenkov Telescope Array (CTA)

Above and right respectively: The southern and northern hemisphere site.
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CTA at a Glance

● More than 100 IACTs in its final configuration; this compares to about a dozen IACTs in operation 
today.

● The CTA will feature telescopes of three sides: Small Size Telescopes (SSTs), Medium Size 
Telescopes (MSTs), Large Size Telescopes (LSTs)

● The southern site near the European Southern Observatory be sensitive to energies from 20 GeV 
to 300 TeV (SSTs, MSTs, and LSTs).

● The northern site will be at the same site that MAGIC inhabits. It observe energies between 20 
GeV to 20 TeV (LSTs and MSTs).

● 10x sensitivity, 10x higher detection rate, 10x collection area vs contemporary observatories.
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The Schwarzschild-Couder Telescope (SCT)

● Dual-mirror design was first proposed by Karl 

Schwarzschild in 1905 as a way to correct for comatic 

aberrations (which interferes with recording  

accurate signals). 

● The design is proposed to integrate and complement 

the DC MSTs in the southern array.

● The prototype Schwarzschild-Couder Telescope 

(pSCT) was built on the same site that VERITAS is 

located at.
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The SCT Camera 

● Will feature new high-speed, high density  silicon photomultiplier (SiPM) sensors providing an 8° 
field of view (compared to 3.5° at VERITAS).

● 11,328 image pixels (compared to 499 pixels in  the VERITAS camera)

● Increased maximum possible resolution from a reduced plate scale.
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The SCT Focal Plane

Massimo Capasso - SPIE2021

https://arxiv.org/pdf/1910.00133.pdf 

 

FBK-INFN modules Hamamatsu modules
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Gammapy

● CTA adopted the Python-based package Gammapy in June 2021, for use as the official analysis tool 

of the observatory.

● Built on other established packages like Astropy, Numpy, and Scipy.

● Usable by multiple observatories. 

● Can analyze observations or simulate new ones. 

14



Motivation

● The construction of a massive new observatory with new technology will require rigorous testing 

of its performance.

● The CTA first data challenge in 2017/18 provided Instrument Response Functions  (IRFs) and  

simulated data for researchers to work with.

● Simulated observations  using CTA IRFs and Gammapy can help understand CTA capabilities.
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Gamma-ray Analysis Crash Course

1. Observations include not just the recorded signal on target, but also the background signal. The 

background is subtracted from the total signal to determine the excess. 

2. Models are fit to the excess and background signal.

3. Determine spatial distribution (sky map) and spectral parameters. 
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Source Model

● Composed of a spectral model 
(describes the signal) and a spatial 
model (describes the position and 
shape of the source).

● For example a Power Law Model 
is used to model spectra and is 
described  as: dN/dE = I

0
(E/E_0)Γ

Left: The available 
spectral model in 
Gammapy

Right The spatial 
models.
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Simulation setup

1. Define which IRFs and spectral and spatial models  are to be used.

2. Define the simulated source’s photon index and flux normalization (in the case of a simple power 

law model).

3. Create dataset for each simulated telescope pointing and produce a Sky Map of each simulation. 

4. Plot and fit the spectrum of the source.
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Simulate Crab Nebula

● The Crab Nebula is one of the most studied sources in gamma-ray astronomy due to it high, steady 

brightness.

● Γ = 2.5, I
0

= 4.5 x 10-11 cm-1 s-1 TeV-1 (Values estimated from H.E.S.S. analysis performed using 

Gammapy).

● Point source model and Power Law spectral model used to define source.

●  IRF from CTA South used as IRF for these simulations.

● Crab simulated at galactic center using pointings based on actual pointings CTA used.
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Simulated Sky Maps and Spectrum
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Injected Parameters vs Fitted Parameters
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INJECTED FITTED

PHOTON INDEX 2.5 2.4798 +/- 0.0133

FLUX NORMALIZATION 
(cm-1 s-1 TeV-1)

4.5 x 10-11 4.5355 x 10-11  +/-0.08439 x 
10-13



Possible Extensions

●  pSCT specific IRFs can be used to generate simulations to understand the new telescopes 

capabilities.

● Might be worthwhile to see what a galactic plane survey would look like using the CTA.

● Personally interested in teaching others how to use Gammapy.
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Thank you!
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