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VHE transients with SWGO

The Southern Wide-1eld-of-view 
Gamma-Ray Observatory (SWGO) is 
a collaboration aiming to design and 
construct a VHE EAS array of Water 
Cherenkov Detectors (WCD) in the 

Southern Hemisphere.

SWGO will use air-shower tracking to 
provide continuous monitoring of a 

large ?eld of view at energies above 
100 GeV. It is designed as a monitoring 

instrument and an alert system for 
IACTs. It will cover unaccessible sky 

regions for HAWC and LHAASO.

Website: https://www.swgo.org
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The Southern Wide-field-of-view Gamma-Ray 
Observatory (SWGO) is a collaboration aiming to 
design and construct a VHE EAS array of Water 
Cherenkov Detectors (WCD) in the Southern 
Hemisphere.

SWGO will use air-shower tracking to 
provide continuous monitoring of a large 
field of view at energies above 100 GeV. 

It is designed as a monitoring instrument 
and an alert system for IACTs. 

It will cover unaccessible sky regions for 
HAWC and LHAASO. 

Website: https://www.swgo.org
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SWGO:  a water Cherenkov based array
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Limiti del presente progetto SWGO
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• Necessita’ di procurarsi enormi quantitativi di acqua: in zone desertiche ad 
altissima quota cosa non banale!

• Energia di soglia non troppo bassa: 500 - 700 GeV. Necessario almeno 100 GeV per 
fenomeni flaring (GRB)

• Energia massima non troppo alta: circa 100 TeV. Dopo gli spettacolari risultati di 
LHAASO necessario arrivare a 10 PeV

• Discriminazione del fondo non semplice su un grande intervallo di energia, 
soprattutto oltre 50 TeV

Un rivelatore ibrido fatto con RPC + water Cherenkov potrebbe 
migliorare la sensitività’

Una vecchia idea di noi a Roma Tor Vergata…
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Particle arrays vs water Cherenkov
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Detecting gamma-rays with moderate resolution and large field
of view: Particle detector arrays and water Cherenkov
technique

Michael DuVernois and Giuseppe Di Sciascio

Abstract
The Earth is continuously bombarded by cosmic rays and gamma rays extending over an immense range

of energies. Discovered in 1912 by Victor Hess, the cosmic radiation has been studied from balloons, from
space, from the ground, and from underground. The resulting fields of cosmic ray astrophysics (focused on
the charged particles), gamma ray astrophysics, and neutrino astrophysics have diverged somewhat. But for
the air showers in the GeV and TeV energy ranges, the ground-based detector techniques have considerable
overlaps.

Very high energy (VHE) gamma ray astronomy is the observational study measuring the directions, flux,
energy spectra, and time variability of the sources of these gamma rays. These measurements constrain the
theoretical models of the sources and their interactions between the sources and detection at Earth. With the
low flux of gamma rays, and the background of charged particle cosmic rays, the distinguishing characteristic
of gamma ray air shower detectors is large size and significant photon to charge particle discrimination.

Air shower telescopes for gamma ray astronomy consist of an array of detectors capable of measuring
the passage of particles through the array elements. To maximize signal at energies of a TeV or so, the array
needs to be built at high altitude as the maximum number of shower particles is high in the atmosphere.
These detectors have included sparse arrays of shower counters, dense arrays of scintillators or resistive plate
counters (RPC), buried muon detectors in concert with surface detectors, or many-interaction-deep Water
Cherenkov Detectors (WCD).

In general these detectors are sensitive over a large view of view, the whole of the sky is a typical sensitivity
and perhaps 2/3 of the sky selected for clean analysis, but with only moderate resolution in energy, typically
due to shower-to-shower fluctuations and the intrinsic sampling of the detector. These telescopes though,
operate continuously, despite weather, moonlight, day or night, and without needing to be pointed to a specific
target for essentially a 100% duty cycle. In this chapter we will examine the performance and characteristics
of such detectors. These are contrasted with the Imaging Air Cherenkov Telescopes which also operate in
this energy range, and both current and future proposed experiments are described.

Michael A. DuVernois
Wisconsin IceCube Particle Astrophysics Center (WIPAC) & Department of Physics, University of Wisconsin–Madison,
e-mail: duvernois@icecube.wisc.edu

Giuseppe Di Sciascio
Istituto Nazionale di Fisica Nucleare (INFN), Sezione di Roma Tor Vergata,
e-mail: giuseppe.disciascio@roma2.infn.it
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Un capitolo in un’opera Springer in 4 volumi 
su tutto lo scibile dell’astrofisica 

From an experimental point of view, the sampling of secondary particles at ground can be 
realized with two different approaches 

(1) Particle Counting. A measurement is carried out with thin (≪ 1 radiation length) 
counters providing a signal proportional to the number of charged particles (as an example, 
plastic scintillators or RPCs). The typical detection threshold is in the keV energy range. 

(2) Calorimetry. A signal proportional to the total incident energy of electromagnetic particles is 
collected by a thick (many radiation lengths) detector. An example is a detector 
constituted by many radiation lengths of water to exploit the Cherenkov emission of 
secondary shower particles. The Cherenkov threshold for electrons in water is 0.8 MeV 
and the light yield ≈320 photons/cm or ≈160 photons/MeV emitted at 41◦. 



G. Di Sciascio - INFN SGSO 2018, Heidelberg Oct. 08-09,  2018

The STACEX proposal
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Southern TeV Astrophysics and Cosmic rays Experiment 

A Wide FoV Detector for Gamma-Ray Astrophysics in the Range

100 GeV - 10 TeV in the Southern Hemisphere

G. Di Sciascio, R. Santonico, M. Tavani

March 9, 2015

Abstract

We present the concept of a new wide-FoV high-altitude detector in the Southern hemisphere dedicated

to gamma-ray astronomy in the range 100 GeV - 10 TeV. The new instrument is based on large-area

particle detectors (Resistive Plate Chambers, RPCs) already tested and implemented in the ARGO shower

array experiment. The new experiment will have a sensitivity better than 10% Crab Nebula flux per year

at 100 GeV with a very good angular resolution. It will be unique and complementary to CTA-South

and other TeV detectors planned to be active during the next decade. We consider here a possible site in

Argentina at the 4800 m asl of the Alto Chorrillos region, currently hosting also the Long Latin American

Millimeter Array (LLAMA).

1 Motivation for a sub-TeV/TeV wide field-of-view �-ray detector

in the Southern emisphere

High-energy gamma-rays can be observed from the ground by either imaging the Cherenkov light produced by

the secondary particles when �-rays interact in the upper atmosphere (with Imaging Atmospheric Cherenkov

Telescopes, IACTs) or, using Extensive Air Showers (EAS) arrays, that directly sample the shower particles

reaching the ground (electrons, muons and eventually photons).

Gamma rays at energies above 100 GeV are of great relevance for a variety of astrophysical sources. In

recent years, progress in the detection of TeV sources have been driven especially by IACT ground-based

detectors such as HESS, MAGIC, and VERITAS. On the other hand, wide field-of-view detectors such as

MILAGRO and ARGO-YBJ have provided a very large coverage of the Northern sky at energies 1-100 TeV.

The new generation of wide Field of View (wFoV) EAS instruments (HAWC and LHAASO) aim at reaching

improved sensitivities with respect to the previous generation in the range 10-100 TeV. Both HAWC and

LHAASO are in the Northern hemisphere, and have access to a limited portion of the Galactic plane.

There is today a great interest in developing a wFoV EAS instrument in the Southern hemisphere for

several reasons:

• the Southern sky including the Galactic Center and the inner part of the Galaxy was never explored

by a wFoV instrument in the sub-TeV/TeV range;

1
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Figure 1: Sensitivity of wide field of view �-ray detectors to a Crab-like point source. The blue line shows a

very conservative estimation of the sensitivity of a RPC carpet described in the text.
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unpublished note

updated ARGO carpet operated at 5000 m asl 
Instrumented area 150 x 150 m2 

hypothesis: Qf = 2 below TeV

Very preliminary calculation made with 
ARGO simulation and reconstruction codes 

and with ARGO trigger logic
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STACEX Workshop 2016
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http://www.iaps.inaf.it/stacex/index.html
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STACEX
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RPC carpet

2.4 m soil

Water Cherenkov pond

1.2 m water
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37th International 
Cosmic Ray Conference

12–23 July 2021

STACEX: RPC-based detector for a multi-messenger

observatory in the Southern Hemisphere
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Recent findings by the LHAASO experiment are opening a new window, that of the PeV sky, to the

observation of the electromagnetic spectrum. Several astronomical objects emitting gamma-rays

at energies well above 100 TeV have been observed with the LHAASO-KM2 array of scintillators

and muon detectors, clearly demonstrating the feasibility of gamma-ray astronomy up to PeV

energies. An all-sky gamma-ray detector in the Southern Hemisphere, operating in the GeV-PeV

range, could complement LHAASO observations, monitor the Inner Galaxy and the Galactic

Center looking for PeVatrons. As shown by LHAASO, a water-Cherenkov based detector is not

well suited to measure the energy spectrum up to the PeV range, nor to reach the advisable 100 GeV

threshold. The ARGO-YBJ experiment, operated for many years at 4300 m a.s.l. with an energy

threshold of about 300 GeV, demonstrated, on the contrary, the capability of a carpet of Resistive

Plate Chambers (RPCs) to fully reconstruct showers starting from the GeV range up to about 10

PeV. In this contribution we propose a hybrid detector made of a layer of RPCs on top of a water

Cherenkov facility devoted to the detection of muons for the selection of gamma-induced showers

by the muon-poor technique. We present the layout and discuss the expected performance.

37th International Cosmic Ray Conference (ICRC 2021)
July 12th – 23rd, 2021
Online – Berlin, Germany

⇤Presenter

© Copyright owned by the author(s) under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0). https://pos.sissa.it/

Few muons at low energy →  full coverage  pond to 
increase the bkg rejection capability at lower energies.

22,000 m2

A water Cherenkov pond
water Cherenkov detector LHAASO-like

1.2 m of water + 8’’ PMT downward
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Sensitivity of the “core” detector
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Preliminary!

Bkg-free regime starts at 50 TeV≈
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CTA+/INFRA project for CTA-S enhancement
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PNRR call (introduzione)

• Call dedicata alle ESFRI (PNIR 2021-27)
• IR di categoria globale e di categoria A (alta priorità): CTA(INAF), ET(INFN), 

KM3-NET(INFN)
• Total budget (Physycal Science&Engineering) 400M€/1080€ (linea 

intervento 3.1.1), target minimo proposta 15M€ (IVA incl.), target 20 
proposte selezionate (art.2 c3 dell’avviso) per raggiungere uno dei target del 
PNRR (mediamente quindi 50M€ a progetto)
• 40% iniziativa SUD
• Parità genere 40% nuovi reclutamenti (t.d.) e dottorandi di genere 

femminile
• Durata progetto 30 mesi➢ Spese rendicontabili comunque entro 2025

N.Giglietto - CSN2 -15/2/2022 2

CTA+

CTA al momento ha un finanziamento incompleto, la configurazione 
minima finanziata è:
CTA-N: 4 LST + 9 MST
CTA-S: 0 LST + 14MST +37 SST

Il sito Nord con questa configurazione è già vicina l’ottimale,
Mentre quello SUD è in configurazione ridotta rispetto l’ottimale ma sufficiente a 
raggiungere i target scientifici.
Azione proposta:
• Migliorare sito Sud (aggiungendo LST, SST) e le facilities connesse facilities 

(optical and radio telescopes) 
• Potenziamento dei quartieri generali di CTA
• R&D tematiche connesse a CTA N.Giglietto - CSN2 -15/2/2022 3

Proposta a trazione INAF

N. Giglietto, CSN2 15/02/2022
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SWGO in CTA+ come R&D
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WP 1520 R&D:
Partecipazione a SWGO per attività di R&D
Coordinamento: INFN-TO/UNITO (A. Chiavassa)
• (INFN) Sviluppo tecnologico per osservazioni a largo campo di vista e 

alte energie (i.e. simili a SWGO) INAF, INFN (INFN-RM2,  INFN-PD, 
INFN TO, INFN NA) sensori SiPM, per implementare water Cherenkov 
tanks (allerte veloci a transienti alte energie) 
• (INAF) RPC per estendere il range dinamico di SWGO verso le basse 

energie (G. Di Sciascio sez INFN–RM2 ma associato INAF)

N.Giglietto - CSN2 -15/2/2022 16

N. Giglietto, CSN2 15/02/2022

Un R&D per studiare le potenzialità’ di un rivelatore ibrido RPC+water Cherenkov
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Costi, ripartizioni e compiti
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Costi Ripartizioni e compiti
U.O. compiti Costi (Infra+Instr) (k€) Personale t.d.+phd (k€) Totale (k€)

Totale All wps 81000 8000 89000

INAF 3LST, 9SST, varie 64500 5700 70200

INFN* Camere LST, SiPM R&D, 
SWGO-Water Cherenkov 13300 1400 14700

UNI* 2800 1200 4000

CTAO infrastructure 2300 € 0,00 2300

INFN-BA Camere LST + SiPM R&D
6400 100

6500

INFN-CT Infras+WPs, R&D 400 100 500

INFN-NA Infras, outreach, swgo,r&D
500 200

700

INFN-PI Camere FEE LST 4600 200 4800

INFN-PD Specchi LST, SWGO 400 100 500

INFN-RM2 SWGO-RPC 600 100 700

INFN-TO SWGO 300 100 400

N.Giglietto - CSN2 -15/2/2022
21

Percentuale Sud (INFN)=60%
Richieste CTA+ tagliate del 20%, ma del 50% per i WP di R&D, dopo negoziazione al ministero
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SWGO-INFN a Roma Tor Vergata
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Per formalizzare la presenza di Roma Tor Vergata anche come sezione INFN, 
che riceverà i fondi PNRR… Senza sigla

Camarri Paolo: 20%
Cardillo Martina: 20% non ancora associato
Feroci Marco: 10%
Liberti Barbara: 20%
Miozzi Silvia: 30%
Morselli Aldo: 10%
Muleri Fabio: 30%
Piano Giovanni: 20% non ancora associato
Rodriguez Fernandez Gonzalo: 10%
Tavani Marco: 10% non ancora associato
Vittorini Valerio: 10% non ancora associato


