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Very-High Energy Gamma-ray Astronomy
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GeV …PeV

109 - 1015 eV 

Connection photon astronomy, cosmic-ray physics, astrophysical neutrinos, gravitational waves

Fermi 2FHL

Ajello et al (2017); arxiv:1702.00664

Sky > 10 GeV



Transients & Variables
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Detection of gamma-rays 20 GeV to > PeV
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Mitchell 2021 (arxiv:2109.13753)



Cherenkov 

Telescope Array (CTA)

• next generation ground-based observatory for gamma-ray 
astronomy at very high energies  

• 55 telescope (alpha configuration) on two sites in the Northern 
and Southern hemispheres (La Palma, Spain; Paranal, Chile)  

• designed and built by a large international collaboration with 
CTAO as central organisation 

• DESY Zeuthen Science Data Management Centre of CTAO 

• entering construction phase now
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• large energy range (20 GeV to > 300 TeV)

• large field of view (>8 deg) for surveys

• all sky coverage (two sites)

• precision in direction (‘) and energy

• rapid slewing (30 s) for transients

• x10 sensitivity

Alpha Configuration: 

14 mid-sized + 37 small-sized telescopes

Beta: +2-3 large-size + 5 small-sized telescopes

Alpha Configuration: 

4 large-sized telescopes

9 mid-sized telescopes
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Paranal, Chile

La Palma



Transient Sensitivity
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>10,000x more sensitive than 

Fermi LAT in the multi-GeV region

New observatories across all wavelengths and messengers:

gravitational waves, neutrinos, optical transients (Vera Rubin, UltraSat), 

Radio (SKAO), … 
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CTA Observatory
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CTAO

 
~2 PB/ 

year

SCIENCE ALERTS    

30s LATENCY

30
s L

AT
EN

CY

Reduced data prepared for Users

1300 observation hours / year

3 PB / year + 20 PB simulation data

first open access observatory for 
very-high energy astronomy
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CTA and Open Science

• CTA will be an open observatory following FAIR data standards

• community standards for data formats (DL3) developed for CTA


• towards long-term data accessibility of data from current instruments  
(HESS, MAGIC, VERITAS, HAWC, FACT, …)


• e.g., VERITAS data archive 2006-2021:  
500 TB raw data -> 4 GB event lists + instrument response functions  
(MU - ADC-MAPP)


• open software for high-level science: gammapy

| MU Days 2023 | Gernot Maier

N
igro et al 2021
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• first nova detection with 
ground-based 
observatories


• recurrent symbiotic nova

• ~15 years period

• white dwarf embedded in red 

giant wind

• outburst on 2021, Aug 21


• MAGIC, HESS, CTA-LST1 
detections


• modelling seems to favour 
hadronic acceleration 
scenarios 

CTA LST-1 DATA

A. Aguasca-Cabot (Gamma 2022)

Expected significance 

CTA North

C
TA C

onsortium
 2023 (in preparation)

RS Ophiuchi

| MU Days 2023 | Gernot Maier



Crab Pulsar
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• Took many years to detect first pulsar with MAGIC and  
VERITAS at very-high energies


• CTA LST did this during commissioning!

• (only 4 pulsars known at very-high energies)

>50 GeV

CTA LST1 Data!!!
CTA LST Consortium

Abe et al 2023



Gamma-ray bursts 
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First gamma-ray bursts detected at 10s of 
GeV by MAGIC, HESS, LHAASO, …

LALInference map of GW170817 (LIGO-Virgo) 

Fermi Observations of High-Energy
Gamma-Ray Emission from GRB 080916C
The Fermi LAT and Fermi GBM Collaborations*

Gamma-ray bursts (GRBs) are highly energetic explosions signaling the death of massive stars in
distant galaxies. The Gamma-ray Burst Monitor and Large Area Telescope onboard the Fermi
Observatory together record GRBs over a broad energy range spanning about 7 decades of gamma-
ray energy. In September 2008, Fermi observed the exceptionally luminous GRB 080916C, with the
largest apparent energy release yet measured. The high-energy gamma rays are observed to start
later and persist longer than the lower energy photons. A simple spectral form fits the entire GRB
spectrum, providing strong constraints on emission models. The known distance of the burst enables
placing lower limits on the bulk Lorentz factor of the outflow and on the quantum gravity mass.

Gamma-ray bursts (GRBs) are the most
luminous explosions in the universe and
are leading candidates for the origin of

ultrahigh-energy cosmic rays (UHECRs). Prompt
emission from GRBs from ~10 keV to ~1 to

5 MeV has usually been detected, but occa-
sionally photons above 100 MeV have been
detected by the Energetic Gamma-Ray Experi-
ment Telescope (EGRET) (1) and more recently
by Astro-rivelatore Gamma a Immagini LEggero
(AGILE) (2). Observations of gamma rays with
energies >100 MeV are particularly prescriptive
because they constrain the source environment

and help understand the underlying energy
source. Although there have been observations
of photons above 100MeV (3–5), it has not been
possible to distinguish competing interpretations
of the emission (6–8). The Fermi Gamma-ray
Space Telescope, launched on 11 June 2008,
provides broad energy coverage and high GRB
sensitivities through the Gamma-ray Burst
Monitor (GBM) and the Large Area Telescope
(LAT) (9). The GBM consists of 12 sodium
iodide (NaI) detectors, which cover the energy
band between 8 keV and 1 MeV, and two bis-
muth germanate (BGO) scintillators, which are
for the energy band between 150 keV and 40
MeV. The LAT is a pair conversion telescope
with the energy coverage from below 20 MeV to
more than 300 GeV (supporting online text). In
this paper, we report detailed measurements of
gamma-ray emission from the GRB 080916C
detected by the GBM and LAT.

Observations. At 00:12:45.613542 UT (T0)
on 16 September 2008 the GBM flight software
triggered on GRB 080916C. The GRB produced
large signals in 9 of the 12 NaI detectors and
in one of the two BGO detectors. Analysis of
the data on the ground localized the burst to a
right ascension (RA) = 08h07m12s, declination

*The full list of authors and affiliations is presented at the
end of this paper.

Fig. 1. Light curves for GRB 080916C
observed with the GBM and the LAT,
from lowest to highest energies. The
energy ranges for the top two graphs
are chosen to avoid overlap. The top
three graphs represent the background-
subtracted light curves for the NaI, the
BGO, and the LAT. The top graph shows
the sum of the counts, in the 8- to 260-
keV energy band, of two NaI detectors
(3 and 4). The second is the corre-
sponding plot for BGO detector 0,
between 260 keV and 5MeV. The third
shows all LAT events passing the
onboard event filter for gamma-rays.
(Insets) Views of the first 15 s from
the trigger time. In all cases, the bin
width is 0.5 s; the per-second counting
rate is reported on the right for
convenience.

RESEARCHARTICLES

27 MARCH 2009 VOL 323 SCIENCE www.sciencemag.org1688

z=4.3, E>30GeV, 0.1 sec time bin
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CTAO and Variable / transient sources

• CTA opens new phase space for transient and variable source 
program - expect several new source classes! 
(especially in coordination with other instruments) 

• The construction phase will start with final legal entity:  
CTAO European Research Infrastructure Consortium (ERIC)


• ERIC operative in the coming 6 months

• construction last about 5 years 

• Early transient / variable source science operations during construction 
phase.


• LST-1 Prototype on La Palma with first science results.

• MST Pathfinder project in Paranal

| MU Days 2023 | Gernot Maier





Gamma-ray Binaries
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Mirabel 

Mirabel 2012

Microquasar

Pulsar wind - stellar wind

clumpy winds, transient accretion disks, disk/jet 
precession, quiescence/flaring periods, …

goal to understand acceleration processes, environment,  
pulsar wind and jet properties, dynamical changes

Szostec & Dubus (2011)



Gamma-ray Binaries
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Gamma-rays 
 > 350 GeV

orbital period: 317.3 days

• Large data set of 440 h obtained from 2004-2019 


• VERITAS, H.E.S.S., MAGIC: arXiv:2109.11894

Flaring Binaries - Cyg X3

C
TA C

onsortium
 2023 (in preparation)

LS 5039

Pareded et al 2013
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5 sigma detection per flux bin (five bins per logarithmic decade)
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Cherenkov Telescope Array
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Large-size telescope

23 m diameter

>20 GeV

rapid slewing (<50s)

Mid-size telescope

12 m diameter

90 GeV to 10 TeV

large field of view

precision instrument

Small-size telescope

4-5 m diameter

>5 TeV

large field of view

large collection area


