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Ground 𝛾𝛾-ray detection technique:

Introduction: Gamma-ray astrophysics
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Introduction: Current instruments
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Introduction: Current instruments
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• SWGO is a water Cherenkov particle detector to detect gamma-rays of 
100 GeV to tens of PeV. It is under R&D phase. Building phase is expected 
to start in 2026 (inner array).

• Circular array of ~3800 tanks deployed on~1 km2. It is a wide field of 
view, 100% duty cycle instrument. 

• It will be located at 4770 m.a.s.l, at the Astronomical Park, Atacama 
desert, Chile.

SWGO: The status

Image credits: SWGO collaboration.
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• SWGO-A refers to a part of the inner array. It is the initial building stage 
that have already started.  

• 70% FF (GeV-TeV sensitivity). Double-layered detector 5.2 m diameter, 
4.1 m height.

SWGO: The status

Image credits: SWGO collaboration.
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• Focus in three areas

• Array Layout Optimization (SWGO-LO)

• Study on air showers at PeV energy scale.

• SWGO pipeline & Science Case: Lorentz Invariance Violation (LIV) 
signatures

2nd year research 
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• Gradient descent-based algorithm applied on a parametric model of 
the array layout to optimize the tanks configuration. Work lead by T. 
Dorigo in collab. with MODE experiment. 

• We worked to find a well-defined utility function (essential in our 
pipeline) & 2 articles submission.

SWGO-Layout Optimization (SWGO-LO)
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https://mode-collaboration.github.io/


• Study of PeV air showers properties at ground 
level. 

• 𝛾𝛾/ℎ separation feasibility using the 𝑁𝑁𝜇𝜇 of extensive 
air showers. 

• Footprint, energy distribution, radial density, 𝜇𝜇/𝐸𝐸𝐸𝐸
particle ratio.

• Test these observables robustness applying fill 
factors (in particular 1.7% and 4% used in SWGO 
outer zone layouts)

Study on PeV air showers

• We use a big production of CORSIKA simulations at CNAF:
• 30 TeV-10 PeV. Inclination [0,52] deg. Simulated for SWGO site (altitude, 

magn. Field)
• 3.8 × 105gammas, 106 protons.
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Study on PeV air showers

10
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Study on PeV air showers

• From footprints, 𝑁𝑁𝜇𝜇 𝑝𝑝 > 𝑁𝑁𝜇𝜇 𝛾𝛾 .

• Higher energy muons are concentrated close to the 
core 

• Lower energy muons goes

to outer radii.

• Observing the muon/EM

density ratio, we noticed 

we could in principle se-

parate gammas and protons. 
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• Contributed as author to the section on observational prospects for 
Primordial Black Hole evaporation.

• The preprint was uploaded to arxiv https://arxiv.org/abs/2506.01786

• A version for a journal is in elaboration. 

Contribution to SWGO scientific potential paper

Sky observable to SWGO above 45◦ (full color) and 60◦ (color shaded) 12

https://arxiv.org/abs/2506.01786


• Instrument Response Functions (IRFs) v.2 were released

• SWGO reconstruction pipeline Python-based: pyswgo

• pyswgo manages the IRFs to use it with Gammapy (state-of-art 
Python-based package used in gamma-ray astronomy).

SWGO pipeline & Science Case

Preliminary!
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• This work is a collaboration with the SWGO-Croatia group (U. of Rijeka)
• Lorentz Invariance Violation is a phenomenon in many quantum theories of gravity [Colladay, 

Kostelecky; 1998]. Observable is the modified dispersion relation:
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• The process 𝛾𝛾𝑙𝑙𝑙𝑙𝑙𝑙 𝛾𝛾𝑣𝑣𝑣𝑣𝑣 → 𝑒𝑒+ 𝑒𝑒− (low can be EBL, CMB…). In SR, from kinematics 
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+LIV (𝑛𝑛 = 2, 𝑆𝑆2 = −1) the energy threshold
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SWGO pipeline & Science Case: LIV

𝐸𝐸,𝜔𝜔 the energy of the vhe, 
low photon
𝜃𝜃 the angle between both 
photons.
Λ ≡ 𝐸𝐸𝐿𝐿𝐿𝐿𝐿𝐿,2

14

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.58.116002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.58.116002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.58.116002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.58.116002


• For (𝑛𝑛 = 2, 𝑆𝑆2 = −1)  the cross section is computed and introduced 
in the opacity 𝜏𝜏 (survival probability): 𝑃𝑃 𝐸𝐸, 𝑧𝑧 = exp{ − 𝜏𝜏(𝐸𝐸, 𝑧𝑧)}
[Carmona et al. (2024)]

• The flux is Φ𝑜𝑜𝑜𝑜𝑜𝑜 = 𝑃𝑃 𝐸𝐸, 𝑧𝑧 × Φ𝑖𝑖𝑖𝑖𝑖𝑖

SWGO pipeline & Science Case: LIV

− log Λ
𝐸𝐸𝑃𝑃𝑃𝑃

= −8.5,−6 steps of 0.5
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.063035
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.063035


• We try the source PKS 2155-304 (𝑧𝑧 = 0.116) observable by SWGO

• Fermi-Lat catalog 4FGL Extrapolation (LogParabola)

SWGO pipeline & Science Case: LIV
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• Congresses:
• 12th SWGO collaboration meeting, San Pedro de Atacama, Chile. SWGO 

site visit.
• 21ma edizione degli Incontri di Fisica delle Alte Energie, INFN/University 

of Cagliari, Italy. 

• Dissemination activity:
• Collaborator for the exhibition “Sperimentando 2025-H2O una molecola 

per la vita”

Congresses & progress
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• SWGO is a frontier science experiment that certainly will impact in Gamma-ray 
astrophysics and in Multimessenger era. 

• SWGO design is not trivial. A lot of techniques/methods and technologies must be 
developed.

• Muon content in PeV air showers is a relevant study to the validation of hadronic models 
at very high energies.

• An article with the concluded results is in elaboration.

• The first two versions of SWGO IRFs were released together with the reconstruction 
pipeline pyswgo. It is critical for the experiment to test and validate this software. 

• LIV studies demonstrate that SWGO could be sensitive to signatures. The future work 
holds on upper limits computation and test with another spectral models/sources. 

• An article with the concluded results is in elaboration.

• Prepare PBHs evaporation observational prospects with new IRFs to update previous 
works.

Research program: Conclusions
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Thanks for your attention!
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