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J. Rico - Gamma-ray

Gamma-ray Group
General objectives
★ Goal: understand the most energetic phenomena in 

the Universe as well as to address fundamental 
physics topics through observations with gamma-ray 
telescopes in the ~100 MeV to ~100 TeV band. 

★ Means: participate in/lead the design, construction, 
maintenance, operation and scientific exploitation of 
cutting edge gamma-ray telescopes/detectors and 
auxiliary instrumentation. 

★ Projects: 

✦ The MAGIC telescopes 

✦ The Cherenkov Telescope Array (CTA) 

✦ Space projects (HERD, newAstrogam, FOCUS,…)
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MAGIC
IFAE contributions
★ MAGIC: system of 2 Cherenkov telescopes at ORM (La 

Palma, Spain) 

★ Observes gamma-rays between ~50 GeV and ~100 TeV 

★ Steadily taking data since 2004 (single telescope) / 2009 
(two telescopes) 

★ IFAE leading institution:  

✦ Camera MAGIC-1, Control house, access tower, Data Center, 
Central Control system, DAQ electronics, reco+analysis SW 

✦ About 1/3 of all papers with IFAE main author 

✦ 3 spokespersons, 3 co-spokepersons, Physics, Technical, 
Publications, Outreach, Safety&Operations coordinators, 
Chair of Collaboration Board. Many conveners of all Science 
Working Groups
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MAGIC
Recent scientific highlights: DM searches

★ Combination of DM searches using 20 dwarf galaxies by 5 gamma instruments 

★ Optimized ⟨𝜎v⟩ upper limits in DM mass range 0.005 – 100 TeV 

★ Legacy result and methodology from the current generation of gamma-ray instruments
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Figure 2. Upper limits at 95% confidence level on →ωv↑ as a function of the DM mass for seven
annihilation channels, using the set of J-factors from [53] (GS set in Table 2). The black solid
line represents the observed combined limits obtained for the 20 dSphs included in this work,
the blue dashed line is the median of the null hypothesis (H0) corresponding to the expected
limits with no DM signal (→ωv↑ = 0), while the green and yellow bands show the 68% and 95%
containment bands. Upper limits for each individual instrument are also indicated. The value of
the thermal relic cross section as a function of the DM mass is given as the gray dotted-dashed
line [9]. – 17 –
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VERITAS

S. Abdollahi et al JCAP (2025) in press

4



J. Rico - Gamma-ray

CTA
The CTA Observatory

Up to 10-fold sensitivity and energy range w.r.t current VHE observatories 
Improved angular and spectral resolution 

Small-sized telescopes (SSTs) 
~10 km2 effective area array @ >TeV

Mid-sized telescopes (MSTs) 
Peak sensitivity @ 0.1-10 TeV

Large-sized telescopes (LSTs) 
Energy threshold ~10 GeV

2 sites at Northern and Southern Hemispheres for full sky coverage 
- La Palma, Spain (28º45’ N): 13 telescopes (4 LST + 9 MST) 
- Paranal, Chile (24º 41’ S): 51 telescopes (MST + SST) + 2 LST 
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CTA
IFAE Contribution
★ LSTs main priority for the IFAE group: 

✦ Azimuth moving system 

✦ Cameras 

★ The Raman LIDAR for CTAO Northern site 

★ CTAO Data Centre (PIC) + data management 

★ Reconstruction and analysis software 

★ Management: 

✦ LST technical coordination;  

✦ LST2-4 construction coordination;  

✦ Scientific expert at CTAO ERIC council;  

✦ Analysis & Software coordinator;  

✦ offsite IT coordinator
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AtmoHEAD 2024
Journal of Physics: Conference Series 2985 (2025) 012006

IOP Publishing
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done in 2019 [11]. To avoid direct exposure to sunlight, four steerable petals were added to open and close
the mirror. The backscattered light is fed into a liquid core light fibre mounted in the focal point of the
mirror and led to the spectroscopic filter, which separates it into four operational channels: two elastic
at 355 nm and 532 nm, and two Raman at 387 nm and 607 nm. Successively, the 607 nm channel was put
on hold until the final configuration is completed. Light in all channels is converted to electric signals
using photomultiplier tubes (PMT). These were amplified and digitized using Licel transient recorders.
The LIDAR data were stored in Licel format for further processing. The entire LIDAR structure fits into
a 20 ft standard Maritime container, which has been modified to open into two halves that lay flat on
the ground, ensuring that they do not obstruct the field of view of the LIDAR within its steerable range
(Figure 1).

Figure 1: Left: Schematic drawing of the BRL with marked components. Right: BRL under construction
at UAB, 2017.

3 Performance

BRL performance was assessed on datasets both from its initial tests at UAB in Barcelona and from
ORM during the 2021-2022 commissioning campaign. Data from UAB focus on the determination of
the maximum achievable range of the device while the ORM data demonstrate its performance under
realistic conditions at the future CTAO site, such as clear sky conditions, presence of mineral dust from
the Saharan desert (Calima), presence of clouds, and presence of volcanic ash (the Tajogaite eruption on
La Palma in 2021).

3.1 UAB Data

In order to test whether the BRL design was able to meet the CTAO requirements, we performed a
computational analysis to assess the sensitivity and performance capabilities of our system. We developed
a python code to calculate the expected return power and signal-to-noise ratio (SNR) for single shots at
various altitudes, considering di!erent weather conditions and laser wavelengths. The code computes the
time required for the BRL to achieve an SNR of 10 under various atmospheric scenarios for the di!erent
laser wavelengths. The results indicate that even under the most challenging weather conditions (Saharan
dust intrusions – Worst Case Calima), the time required to attain an SNR of 10 for the 387 nm line was
su”cient to meet the CTAO requirements, see Figure 2.

The test data on the UAB campus were taken during night time from 2017 to 2019. Figure 3 shows
the logarithm of range-corrected signals in the two elastic channels and one Raman channel, using the
fully-powered laser. The analog and photon counting signals have been connected using an adapted
method of [15]. The data were summed over 500 shots, taken at 10Hz, which is less than a minute of
data taking.
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CTA
LST1 scientific highlights (2/3)
★ GRB 221009A  a.k.a. “the BOAT”: by far, 

the brightest GRB ever recorded

★ Took place during full moon week ⟹ 
follow-up observations with LST-1 
performed at T0 + 32 h (the earliest in 
the VHE band) 

★ Challenging operation conditions due to 
scattered moonlight

★ Result: 4.1𝜎  hint of VHE afterglow signal

★ Estimated VHE flux disfavors some of the 
proposed emission models

K. Abe et al ApJL 988 (2025) 2
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Space
Future missions
★ HERD 

✦ Cosmic-ray and gamma-ray detector for the 
China Space Station to start in 2029 

✦ IFAE contribution: low energy (100 MeV) gamma-
ray trigger system + trigger@daq electronics + 
science prospects 

✦ No construction → science exploitation 

★ ASTROGAM 

✦ MeV-GeV gamma-ray new generation mission 
concept submitted to M5, M7 and M8 ESA calls 

★ FOCUS 

✦ Proposal for new small&fast ESA mission concept 
for MeV gamma-rays focused on high resolution 
observations of Galactic Center and Plane. Led by 
IFAE
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1 Scientific Goals of the Mission

The ω-ray sky at MeV and GeV energies provides unique and crucial information on the most energetic
and intriguing phenomena of our Universe. Photons in this range provide fundamental insights into the
physics of nucleosynthesis, accretion, particle acceleration, strong magnetic fields, and extreme-gravity
environments [1] (references are web links only). Observing the sky at these energies with a large field of
view (FoV) and unprecedentedly high sensitivity is of paramount importance in the era of multi-messenger
astronomy, as clearly underlined in the Voyage 2050 program and Astro2020 Decadal Survey report.
newASTROGAM is designed as a unique multi-purpose observatory with scanning and pointing capability,
enabling imaging, polarimetry, line and continuum spectroscopy, sub-millisecond timing, and fast transient
detection in the MeV-GeV energy domain. It will be the first instrument with adequate sensitivity in
the MeV range and simultaneous GeV coverage, thus ensuring the broad-band information needed to
unravel many fundamental physical processes. newASTROGAM is new because a hard-X-ray imager with
arcminute source localization capability has been added to the original design. This addition broadens the
purpose of the mission, which will not only complement data from, but also provide trigger information
to, prominent facilities such as SKA, ALMA, Roman Space Telescope, ELT, newAthena, CTAO, SWGO,
LISA, the Einstein Telescope, IceCube-Gen2, KM3NeT.
While the mission will contribute to many science topics of interest for a broad and diverse community,
newASTROGAM promises major breakthroughs in the following areas:

• physics of extreme cosmic accelerators from within the Galaxy to Cosmic Dawn;
• nucleosynthesis, supernova explosions, chemical evolution of the Interstellar Medium (ISM);
• Cosmic Ray (CR) sources and feedback;
• the extreme Universe in the era of multi-messenger astronomy;
• fundamental physics.

Fig. 1: Point-source (extra-galactic) continuum
sensitivity of di!erent X- and ω-ray instruments.

With its large FoV (→ 1/3 of the sky), all-sky
scanning mode, and arcmin localization capability,
newASTROGAM will study the activity of thou-
sands of cosmic accelerators such as pulsars, stellar
and supermassive black holes (SMBHs), ω-ray bursts
(GRBs), magnetars, supernovae (SNe), and kilonovae.
With its unprecedented sensitivity (see Fig. 1), it will
provide the deepest all-sky mapping of the MeV emis-
sion produced by the radioactive decay of newly syn-
thesized nuclei, CR interactions, e± pairs, and deci-
sively search the MeV–GeV sky for dark-matter (DM)
signatures. Finally, it will help identify electromag-
netic counterparts to gravitational-wave (GW) and
high-energy neutrino sources, expanding the pioneer-
ing role of the Fermi satellite.

1.1 Insights into Extreme Acceleration Processes

MeV-GeV variability studies of relativistic jets can be conducted with newASTROGAM on timescales of
seconds to hours for GRBs and from minutes to years for AGN. For AGN jets they will provide crucial
information on the size and location of the acceleration site, and on the Lorentz factor and any precession
of the jet. The detailed shape of the emission spectrum around the MeV peak places important constraints
on acceleration and radiation mechanisms, and maximum particle energy [2]. newASTROGAM data will
also constrain the lepton/baryon content and magnetization of the jets, whose knowledge is fundamental to
assessing their energetics, the microphysics of particle acceleration, and the impact on their surroundings.
Analogous constraints on the sites and mechanisms of particle acceleration will be placed on black-hole
(BH) and neutron-star (NS) X-ray binaries, recently probed by INTEGRAL and Fermi as high-energy
emitters, with the MeV band providing the missing link [3,4].
ω-ray polarimetry [5] is a young field with a large discovery potential. Polarisation changes between X-rays
and ω-rays can probe the location and evolution of relativistic particle outflows. newASTROGAM will
enable polarimetric measurements for tens of Galactic sources with sensitivity to variations in time. For
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At critical energies around 100 MeV—where the spectral signature of pion decay (“pion bump”) 
becomes dominant—FOCUS will deliver energy-resolved diffuse maps with an angular resolution 
of ~1°. These maps will allow us to determine if the emission is due to hadronic or leptonic 
acceleration mechanisms [6] and will reveal sub-kiloparsec-scale variations in cosmic-ray 
propagation. Combined with HI (neutral hydrogen) and CO (carbon monoxide) surveys and 
radiation field models, this will enable spatially resolved studies of cosmic-ray densities [7]. By 
providing a clearer view of the diffuse gamma-ray background, FOCUS will probe propagation 
models such as GALPROP [6] and DRAGON [8], including the role of magnetic turbulence, 
Galactic winds, and spatially varying diffusion coefficients [9]. 
In addition, thanks to its superior angular resolution and wide field of view, FOCUS will observe the 
low-latitude parts of the Fermi bubbles [10] and help discriminate between formation scenarios and 
the nature of the emission. 

1.4. Galactic Particle Accelerators 

Pulsars and Pulsar-Wind Nebulae. The sub-100 MeV energy range is crucial for understanding 
pulsar emission mechanisms. While Fermi-LAT has identified numerous GeV pulsars, the nature 
and location of their particle acceleration remain uncertain. Current spectral data below 100 MeV 
hint at an origin outside the magnetosphere, possibly in the ultra-relativistic pulsar wind [11]. 
FOCUS will provide precise measurements in this critical energy region, helping distinguish 
between magnetospheric and wind-zone emission origins. 
Beyond the magnetosphere, the pulsar wind generates a pulsar-wind nebula (PWN), where 
electrons and positrons are accelerated at the termination shock to PeV energies, producing MeV 
synchrotron emission [12]. FOCUS’s coverage of the MeV band will allow detailed studies of the 
transition between synchrotron and inverse Compton 
emission, probing maximum particle energies and 
dependencies on pulsar age, magnetic field, and spin-
down power. 
Supernova Remnants (SNRs). The “pion bump” is a 
clear signature of cosmic-ray acceleration in SNRs. It has 
been firmly detected in only a few bright SNRs due to 
Fermi-LAT’s sensitivity limitations at low energies. Many 
dynamically old SNRs, especially those interacting with 
molecular clouds, show soft spectra peaking below 
10 GeV, suggestive of hadronic origin [13]. FOCUS will 
provide the crucial sub-GeV sensitivity needed to detect 
or constrain the pion bump across a broader SNR 
population (Fig. 3). Additionally, FOCUS will enable 
spatially resolved studies of cosmic-ray escape from 
SNRs, such as W28 and W51C, offering direct insight 
into propagation processes. FOCUS measurements will 
also test non-thermal bremsstrahlung signatures, as 
tentatively observed by Fermi-LAT in SNR Cas A, 
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Fig 2. Expected FOCUS sky map of the inner Galactic region (left) compared to those by 
Fermi-LAT (center) and COMPTEL (right).

Fig. 3. Spectral energy distributions of 
selected SNRs compared to the sensitivity of 
FOCUS. Data points for different SNRs are 

color-coded and grouped into different 
regions of interest. Sensitivity curves are 

shown for 1 month observation time (dotted 
lines) and full mission duration (dashed 

lines).

COMPTEL 10-30 MeV
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Space
R&D
★ Fiber tracker (FIT) 

✦ Collaboration with EPFL + UniGe (CH)  

✦ Beam test campaigns (2023,24,25) at 
CERN SPS 

✦ Validation of triggering, tracking and 
Particle ID capabilities 

★ Characterization of sensors and 
electronics for space applications 

✦ Lab calibration, optimization and 
performance characterization 

✦ Irradiation tests of SiPM in UCLouvain 
foreseen July 2026
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Summary

★ MAGIC 
✦ Last years of observations 
✦ Preparing data legacy 

★ CTA 
✦ near future busy with finalizing installation and commissioning of the LST array 
✦ early science operations 
✦ imminent taking over of MAGIC 
✦ LIDAR validated and prepared for final production 

★ Space  
✦ Publish results from last years technical work 
✦ Keep R&D for future gamma-ray space missions
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