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Abstract: Gamma-ray astrophysics in the very-high-energy range (VHE, E>100 GeV) is mainly con-
ducted from the ground using imaging atmospheric Cherenkov telescopes (IACTs) and ground-level air-
shower arrays of water Cherenkov detectors (WCDs). These detectors can also deliver measurements of
cosmic-ray composition, spectrum, and anisotropy. The IACT and WCD techniques have intrinsic com-
plementary advantages that can be exploited to improve our coverage of the VHE gamma-ray sky. The
continued discoveries enabled by current WCD and IACT arrays will be boosted by the construction of
next-generation facilities of both classes, such as the Cherenkov Telescope Array (CTA) and the proposed
Southern Wide-field Gamma-ray Observatory (SWGO). Both instrument classes stand poised, ready to rev-
olutionize the field with their supporting science goals. We present herein the highlights of these interrelated
studies and how the interplay of both techniques serves the furthering of astroparticle physics research.

∗This Letter contains excerpts and material from White Papers submitted for the Astro2020 Decadal Survey 1;2
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The Current Generation of VHE Gamma-Ray Instruments
Ground-based instruments dedicated to observations in the very-high-energy (VHE) gamma-ray band in-
clude the imaging atmospheric Cherenkov telescope (IACT) arrays H.E.S.S.3 (located in Namibia), MAGIC4

(La Palma, Spain), and VERITAS5 (Arizona, USA), and the High-Altitude Water Cherenkov (HAWC) Ob-
servatory6, a WCD array located in Mexico. Their distinct geographic locations enable observations of the
entire VHE gamma-ray sky with complementary capabilities as detailed in Table 1. This complementarity
has been demonstrated in recent years by the joint study of new sources and new source classes discovered
by HAWC, which surveys the northern gamma-ray sky with nearly 100% duty cycle and an instantaneous
field-of-view of ∼ 2 sr 7–23. Detailed follow-up studies of these new sources have been performed with
VERITAS24;25 and MAGIC26, combining the HAWC sensitivity to extended and hard-spectrum sources
with the superior angular and energy resolution of IACTs.

The large field-of-view of HAWC also enables multi-messenger searches for electromagnetic counterparts
to gravitational wave and neutrino events, which can then be used to trigger deep target-of-opportunity
observations of promising candidates with IACTs. The high duty cycle of the instrument provides a unique
opportunity to build long-term light curves for known active VHE emitters, such as Markarian 421 and
5018, and to alert IACTs if bright TeV flares are detected14. Beyond their unique capabilities, WCD arrays
such as HAWC can therefore act as surveying and high-cadence monitoring instruments for IACTs. This
monitoring capability extends that provided by GeV space telescopes, like Fermi-LAT27, to the TeV range.

Table 1: Comparison of typical performance of current and planned IACT arrays and ground particle arrays
for gamma-ray astronomy. See Ref. 1 for details.

IACT Arrays Ground-particle Arrays
Field-of-view 3◦–10◦ 90◦

Duty cycle 10%–30% >95%
Energy range 30 GeV – >100 TeV ∼500 GeV – >100 TeV
Angular resolution 0.05◦–0.02◦ 0.4◦–0.1◦

Energy resolution ∼7% 60%–20%
Background rejection >95% 90%–99.8%

The success of the water-Cherenkov technology, (also implemented by HAWC) has inspired an ambitious
Chinese-lead effort, LHAASO, in the Northern Hemisphere, which uses a similar approach28. HAWC,
and soon LHAASO, will provide wide-field coverage of the Northern VHE gamma-ray sky in the coming
years, but no wide-field detector yet exists to cover the Southern sky. We propose the Southern Wide-field
Gamma-ray Observatory1 (SWGO) as a next-generation, WCD instrument that will provide this observa-
tional coverage of the Southern sky at energies from & 100 GeV to hundreds of TeV from a site in the
Andes mountains of South America. The excellent sensitivity expected from LHAASO at the highest en-
ergies29, and the lessons learned from both HAWC and LHAASO, will inform the SWGO design, opening
new opportunities for searches of gamma-ray sources in the southern sky up to the PeV energy range.

SWGO and Future VHE Gamma-Ray Instruments
We expect SWGO to be in simultaneous operation with the Cherenkov Telescope Array (CTA)30, the next-
generation IACT gamma-ray observatory with sensitivity in the 20 GeV to 300 TeV energy range. CTA
will consist of two IACT arrays: one in the Northern Hemisphere (La Palma, Spain), and the other in
the Southern Hemisphere (Atacama desert, Chile). SWGO will be complementary to the southern CTA
site, therefore enabling full-sky coverage in VHE gamma rays with both IACTs and WCDs. The expected
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point-source sensitivity of SWGO is shown in Fig. 1 in comparison with other instruments in the Southern
Hemisphere and HAWC.

Figure 1: Differential point-source sensitivity as a function of energy for the proposed SWGO detector
compared to other existing or proposed instruments. The SWGO and HAWC sensitivities apply to all points
in their sky coverage, whereas the curves for H.E.S.S. and CTA-South apply to a 50-hour observation of a
single source. SWGO will therefore provide important complementary observations with CTA.

SWGO and CTA share a wide variety of key science goals, such as the search for Galactic objects capable
of acceleration particles to PeV energies (i.e. PeVatrons), the study of Pulsar Wind Nebulae (PWNe) and
supernova remnants, the observation of active galaxies, and the follow-up of multi-wavelength and multi-
messenger transients (such as gamma-ray bursts, gravitational waves, and neutrino events), among other
topics. This is complemented by a wide program of searches for physics beyond the Standard Model such
as dark-matter annihilation signatures in the Galactic Center, Lorentz Invariance Violation tests, and searches
for Axion-Like Particles and primordial black holes.

SWGO will provide sensitive observations of very extended objects (> 8◦) and diffuse emission fea-
tures that will still be challenging to cover with CTA-South, such as TeV halos around nearby PWNe16 or
the Fermi bubbles10. TeV halos, in particular, are of critical importance to dark-matter interpretations of
cosmic-ray data as they can provide a nearby source of positrons. With a lower energy threshold and higher
sensitivity when compared to HAWC, SWGO will provide continuous, long-term monitoring of variable
extragalactic sources in the Southern sky such as PKS 2155-30431. CTA observations could be triggered
by the observation of a new fast flare from this object which will enable sensitive searches for Lorentz In-
variance Violation effects that manifest themselves as an energy-dependent dispersion in the arrival time of
photons at Earth32. This approach has the added advantage that it reduces the pressure on CTA to provide
constant monitoring for some of the brighter extragalactic sources that will be observable by SWGO. The
follow up of transient events with poor angular localization, such as gravitational waves, neutrino cascade
events, and some gamma-ray bursts, will also benefit from the wide field-of-view of SWGO— providing
CTA with potential VHE gamma-ray candidate localizations for nearby or bright counterparts.

In summary, we expect that the operation of SWGO will not only deliver unique observations of the
gamma-ray sky, but also provide opportunities for sensitive joint studies with other instruments coming
online in the next decade— in particular with the Southern CTA array. SWGO will monitor the sky at
energies above & 100 GeV, complementing and extending the GeV monitoring currently provided by the
Fermi-LAT to higher energies and into the coming decade.
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F. Longo, M. López, R. López-Coto, A. López-Oramas, A. Lorca, E. Lorenz, I. Lozano, M. Makariev,
K. Mallot, G. Maneva, N. Mankuzhiyil, K. Mannheim, L. Maraschi, B. Marcote, M. Mariotti,
M. Martı́nez, D. Mazin, U. Menzel, J. M. Miranda, R. Mirzoyan, A. Moralejo, P. Munar-Adrover,
D. Nakajima, M. Negrello, V. Neustroev, A. Niedzwiecki, K. Nilsson, K. Nishijima, K. Noda, R. Orito,
A. Overkemping, S. Paiano, M. Palatiello, D. Paneque, R. Paoletti, J. M. Paredes, X. Paredes-Fortuny,
M. Persic, J. Poutanen, P. G. Prada Moroni, E. Prandini, I. Puljak, R. Reinthal, W. Rhode, M. Ribó,
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H. A. Ayala Solares, A. S. Barber, N. Bautista-Elivar, A. Becerril, E. Belmont-Moreno, S. Y. BenZvi,
D. Berley, J. Braun, C. Brisbois, K. S. Caballero-Mora, T. Capistrán, A. Carramiñana, S. Casanova,
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