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of SWGO, which include unveiling Galactic particle accelerators [2–10], exploring the dynamic universe [11–21], and probing physics beyond the Standard Model [22–25], are highlighted in red boldface.
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Introduction
This white paper presents our vision and plans for the Southern Wide-field Gamma-ray Observatory
(SWGO, www.swgo.org). SWGO is a next-generation, ground-based survey instrument that will
provide a unique view on gamma-ray and cosmic-ray emission from tens of GeV to hundreds of TeV. The
facility will improve upon the success of the HAWC Gamma-ray Observatory in Mexico that is surveying
the Northern gamma-ray sky with nearly 100% duty cycle and an instantaneous field of view of ∼ 2 sr.
Since 2015, HAWC has discovered new TeV sources and source classes, set new world-leading limits
on dark matter decay and annihilation, and played a crucial role in multi-messenger observations [26–42].
The success of the water Cherenkov technology implemented by HAWC has inspired an ambitious
Chinese-lead effort, LHAASO, in the Northern Hemisphere, which uses a similar design [43].
Recent years have seen a wealth of paradigm-shifting discoveries including a kilonova associated
with merging neutron stars [34], a gamma-ray burst (GRB) with photons detected above 300 GeV [44],
and a detection of a sub-PeV neutrino from a flaring active galactic nucleus (AGN) [39]. The global
multi-messenger astrophysics community recognizes the importance of facilities in both hemispheres that
continuously survey the gamma-ray sky in the space and time domain. Wide-field-of-view observatories
can not only provide prompt alerts of transient events to the astrophysics community, but they also retain
archival information about gamma-ray emission covering large regions in the sky.
Our international collaboration is committed to the ideals of open science. All gamma-ray data will be
made publicly available after a brief proprietary period. We envision an approach similar to those practiced
by existing NASA missions such as Fermi, Swift, and NuSTAR, or the planned next-generation imaging
atmospheric Cherenkov Telescope Array, CTA [45], which provide a data archive and science tools for
the astrophysics and astronomy community. In addition, we will explore ways in which communities
beyond astrophysics, e.g. cosmology and particle physics, may use data at all levels from the observatory.
We propose, for the first time, to provide a formal guest investigator program for a TeV all-sky instrument.
While the team members have experience in and are working on a number of methods to make data from
their respective observatories public, this represents an even more ambitious and sweeping plan for data
dissemination that is not restricted only to high-level data products. The goal is for observatory data to
be prepared in a way that will make it straightforward for a diverse science community to access and
combine them – a necessity for any astrophysics experiment in the multi-messenger era.

Key Science Goals and Objectives
The key science objectives of SWGO appear in Table 1, along with the design requirements necessary
to achieve them. The anticipated sensitivity of SWGO is shown in the left panel of Figure 1, in comparison with the existing High Energy Stereoscopic System (HESS) instrument, and CTA-South, which
is currently under construction. SWGO will have a total sky coverage of ∼8 sr, as shown in the right
panel of Figure 1. In contrast to the imaging atmospheric Cherenkov Telescope (IACT) sensitivities,
which apply to the observation of a single source, the SWGO sensitivity applies to a large number
of sources throughout its sky coverage simultaneously. Figure 1 also applies strictly to point sources.
Sources with moderate angular extents will reduce the sensitivity for IACTs more severely than for
SWGO.
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Objective
Measure TeV halos around nearby PWNs
Identify sources of PeV Galactic cosmic rays
Measure the Galactic Center morphology
Study the nature of the Fermi bubbles
Measure the Galactic diffuse emission
Measure the local cosmic-ray anisotropy
Measure solar cosmic-ray interactions
Search for new Galactic VHE emitters
Detect AGN flares and issue alerts
Search for periodicity in AGNs
Measure long-term emission from AGNs
Search for neutrino VHE counterparts
Search for counterparts to GW events
Measure nearby bright GRBs
Search for dark matter annihilation/decay
Probe Lorentz invariance violation
Search for PBHs and ALPs

Major Requirements
wide field of view
sensitivity to highest energies
wide field of view, sensitivity to highest energies
wide field of view
wide field of view
wide field of view
large unbiased duty cycle
wide field of view, large unbiased duty cycle
large unbiased duty cycle, sensitivity .1 TeV
large unbiased duty cycle
large unbiased duty cycle
large unbiased duty cycle
wide field of view, large unbiased duty cycle
wide field of view, sensitivity .1 TeV
wide field of view, sensitivity to highest energies
sensitivity to highest energies
wide field of view

Table 1: Key objectives for SWGO and the most important requirements for achieving them.

Figure 1: Left: Differential point-source sensitivity as a function of energy for the proposed SWGO
detector compared to other existing or proposed instruments. Right: Sky coverage of SWGO in Galactic
coordinates overlaid on HAWC significance map containing over 50 sources.
Unveiling Galactic particle accelerators – Sensitivity to astrophysical particle accelerators in the local
Galactic neighborhood is one of the greatest strengths of SWGO. The detection of Geminga and PSR
B0656+14 with HAWC suggests that nearby pulsars strongly influence their surroundings [35], leading
to a new understanding of particle propagation in the vicinity of PWNs [46]. The large angular extents
of these TeV halos allow us to study the propagation of particles within them in unprecedented detail [2].
Locating SWGO in the southern hemisphere will place within reach ∼12 Geminga-like middle-aged
pulsars within 1 kpc of Earth for study, along with many older and/or more distant pulsars likely to have
similar TeV halos. A thorough understanding of these local accelerators is necessary for interpreting the
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unexpected excess of positrons observed at Earth [47], either as being due to a local source or some more
exotic mechanism [3, 4].
Sources of cosmic rays with energies in excess of 1 PeV are expected to produce VHE gamma rays
above 100 TeV [5, 6]. With its sensitivity to the highest energies, SWGO is uniquely suited to detect
these sources and measure any cutoffs in their spectra that indicate the maximum energy to which they
are able to accelerate particles. Strong evidence exists that such a source exists in the Galactic Center [48].
Measurements of the Galactic Center will take advantage of SWGO’s wide field of view to provide
energy-dependent morphology measurements for characterizing the propagation of particles in its vicinity.
A combined study with VHE gamma rays and neutrinos also has the potential to reveal the processes
responsible for these high-energy particles.
SWGO will play an important role in exploring the nature of extended structures, including the Fermi
bubbles [29, 49, 50]. SWGO measurements of the Galactic diffuse emission will reveal spatial differences,
like those seen at lower energies [51] that are important for understanding the distribution of particle
accelerators throughout the Galaxy and the details of how they accelerate cosmic rays [7]. The accelerated
particles themselves will also be accessible to SWGO via precise measurements of Galactic cosmic rays
in the PeV region [8]. The combination of HAWC and/or LHAASO data with cosmic-ray observations
from SWGO will permit a nearly all-sky observation of the cosmic-ray anisotropy [9], connecting the
propagation of cosmic rays to the structure of the local heliospheric and interstellar magnetic fields [52].
In the immediate solar neighborhood, SWGO will play a primary role in investigating the production
of VHE gamma rays produced in cosmic-ray interactions with the solar atmosphere [10], since few
existing and planned TeV gamma-ray detectors can monitor the Sun. Observations of the Sun by SWGO
will constrain the production mechanism of these gamma rays and its relationship to the solar cycle,
which are currently unknown [53–58]. Combining the observations with searches for solar atmospheric
neutrinos will provide even better constraints [59–63]. Finally, measurements of the “shadow” in the flux
of Galactic cosmic rays created by the Sun will provide independent probe of the magnetic fields near
the Sun and in the interplanetary environment [64–66].
We also anticipate unexpected detections similar to the recent HAWC detection of VHE emission
coincident with the lobes of the compact binary SS 433 [41]. This unexpected result, achieved due to
the excellent sensitivity of HAWC above 10 TeV, revealed leptonic particle acceleration in astrophysical
jets for the first time. The Galaxy may well harbor several other VHE sources with spectra peaking at
these energies; a surface array in the southern hemisphere with even greater sensitivity will be uniquely
suited to observe them. If the sources are transient, then SWGO’s large unbiased duty cycle, in addition
to its wide field of view, will be important for these efforts.
Exploring the dynamic universe – Blazars—active galactic nuclei (AGNs) with a relativistic jet oriented
along the line of sight to Earth—dominate the extragalactic VHE sky. Because blazars are highly variable,
the monitoring capabilities of SWGO will be ideal for detecting strong flares, such as that from PKS 2155304 in 2006 [67], which can constrain the VHE production mechanisms of these highly luminous, extreme
objects [11–14]. Monitoring at a regular cadence will also enable efforts to detect periodic components
unambiguously in select VHE blazar spectra, for which evidence has been presented [68, 69] and which
may be indicative of binary black hole systems at the center of some active galaxies [70]. The past decade
has seen the emergence of a population of extreme blazars with relatively little variability [71] whose stability may result from cosmic-ray interactions along the line of sight [72, 73]. Monitoring extreme blazars
on years-long time scales would help to test these models, and it would provide important information
for constraints on the intergalactic magnetic field [74]. The large unbiased duty cycle of SWGO is crucial
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for monitoring AGNs in general and blazars in particular, and the wide field of view will enable many
AGNs not yet detected in the VHE band to be monitored as well. Sensitivity to gamma rays below 1 TeV
is essential due to attenuation on the extragalactic background light [75]. Plans for achieving the requisite
low-energy sensitivity as shown in Table 2 are outlined in the Technical Overview section of this paper.
AGNs are favored candidates for the acceleration sites of the highest energy cosmic rays, which are
broadly understood to be extragalactic in origin [76, 77]. Recent support for this hypothesis has come
from the IceCube detection of a high-energy neutrino in coincidence with a VHE flare from the blazar
TXS 0506+056 [39], with additional support from a search of archival IceCube data that revealed a
neutrino flare [78]. Due to its all-sky monitoring capability, HAWC was able to follow up the results
of this search and place a constraining limit on the VHE gamma-ray emission during this flare (paper
in preparation), which is not possible for the IACTs. The unbiased monitoring capabilities of SWGO
will play an important role in searching for the VHE counterparts of neutrinos detected by the upcoming
advanced instruments IceCube-Gen2 and Km3NeT [11, 15–17].
The association of GRB 170817A with the detection of a compact merger event in gravitational
waves [34], coupled with the discovery that GRB 190114C spectra can extend to energies beyond 300
GeV [44], has begun to illuminate the nature of these brief but highly luminous events. Due to the
limited fields of view and typical duty cycles of ∼15% for the IACTs, there is a pressing need for a
wide-field instrument with sufficient sensitivity in the 0.1–1 TeV energy range to monitor the sky for
both isolated GRBs and those coincident with GW detections, ultimately leading to a population of
VHE-detected GRBs for understanding their production mechanisms [16–21]. Searches for FRBs [79]
or other unexpected VHE transient phenomena will also rely on the unique monitoring capabilities of
SWGO. Sub-threshold events that are not significant on their own will be made available for joint analysis
via the Astrophysical Multi-messenger Observatory Network [80], where their combination with data
from other instruments is likely to lead to new discoveries.
Probing physics beyond the Standard Model – SWGO will scrutinize nearby extended sources of dark
matter for evidence of gamma rays produced in annihilation or decay processes. Weakly interacting massive particles (WIMPs) that were once in thermal equilibrium in the early universe remain one of the most
promising explanations for dark matter. Thermal WIMPs with masses between ∼2 TeV and ∼100 TeV are
largely still viable [81], and only astrophysical experiments similar to SWGO can probe heavy dark matter
(>1 TeV). CTA will probe thermal WIMPs from 100 GeV to 10 TeV, leaving the heaviest of thermal
WIMP masses unconstrained. SWGO, along with current and future gamma-ray experiments, will probe
nearly the full thermal WIMP mass range by extending the sensitivity up to 100 TeV. Also, both SWGO
and CTA will be sensitive to thermal WIMPs for masses from about 1 to 10 TeV. If there is a gamma-ray
signal in that mass range, both experiments should see it, leading to independent confirmation of the signal.
SWGO searches for gamma rays from dark matter interactions will be most sensitive in the inner
Galactic halo [82]. Widely varying models for the distribution of dark matter in the Galactic halo pose little
challenge for an instrument that routinely monitors a large fraction of the entire sky [22]. Due to its wide
field of view and southern latitude, SWGO will have no need to optimize its observing strategy for different
dark matter profiles. Recent deep surveys have identified numerous new ultra-faint dwarf spheroidal galaxies, mostly in the southern hemisphere (see e.g. [83]), that will serve as promising targets for the production
of VHE gamma rays by dark matter [23, 24]. SWGO will also test models in which dark matter trapped
in the sun annihilates into a metastable mediator that decays to gamma rays outside of the sun [40, 84–88].
In addition to dark matter studies, searches for unconventional physics such as primordial black holes
(PBHs) or axion-like particles (ALPs) will leverage the high-energy sensitivity and all-sky monitoring of
4

Specification
Angular resolution
Energy resolution
Background rejection
Effective Area
Field of View
Pointing accuracy

0.3 TeV
1◦
100%
50%
35 000 m2

Performance
3 TeV
30 TeV
0.3◦
0.15◦
50%
25%
99%
99.9%
221 000 m2 221 000 m2
90◦
<0.05◦

Table 2: Observatory specifications as function of gamma-ray energy. The numbers presented correspond
to vertical incoming gamma rays for an observatory at 5 km altitude.
SWGO to place strong constraints on these theories [25]. Lorentz invariance violation, which can cause
the highest energy photons to undergo decay [89], will also be tested [24].

Technical Overview
When a high-energy gamma ray enters the atmosphere, it initiates the production of a particle cascade
commonly known as an extensive air shower (EAS). The particles in these air showers can be recorded
with arrays of particle detectors. Charged cosmic nuclei, commonly known as cosmic rays, also initiate
EASs and are the dominant background contribution for ground-based gamma-ray astronomy.
For a gamma ray of given direction and energy, the amount of energy recorded by the particle detector
array provides the amount of information available for reconstruction and is therefore a key design parameter in the performance optimization of the observatory. The recorded energy scales on average with
the following observatory parameters: elevation, particle detection threshold, detector ground coverage,
and instrumented area. Another key parameter is the ability to discriminate between air showers initiated
by gamma rays and cosmic rays. Gamma rays produce electromagnetic cascades, mainly consisting out
of electrons (and positrons) and gamma rays produced by pair-production and bremsstrahlung processes
respectively. Cosmic rays initiate hadronic cascades. As a consequence of the hadronic interactions,
sub-showers and muons are produced. These lead to features that can be exploited to discriminate them
from pure electromagnetic cascades.
The observatory will continuously record EASs coming from all directions, leading to an instantaneous field of view of roughly 90◦ (±45◦ from zenith). The amplitude and time of the signals recorded
by the individual detection units are combined and used for reconstruction and cascade classification. By
projecting the arrival direction of the gamma-ray candidate events onto the celestial sphere, 2/3 of the sky
is observed on a daily basis and a deep observation is accumulated during the lifetime of the observatory.
The main characteristics of the observatory, estimated by an extrapolation of the HAWC performance
[30], can be found in Table 2.
Particle detection units, array layout, read-out, and triggering – The core functionality of a single
particle detection unit is to provide accurate local measurements of the arrival time and energy density
of the particles in air showers. We proposed a double-layer water Cherenkov detection unit design as
shown in Figure 2. A maximally densely packed array will be constructed from optically isolated units.
Depending on the available infrastructure and the layout of the selected site, these units will either be
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constructed by segmenting a large volume of water (like in LHAASO), or will consist of independent
“tanks” (like HAWC). The proposed detection unit design is an evolution of the HAWC design, made
possible by improvements in technology and cost-reduction of electronics over the last decade. This
makes it feasible for SWGO to detect both direct and reflected Cherenkov photons, and to employ
and read out more photon sensors, allowing for smaller detection units than HAWC. This results in a
significant improvement in sensitivity in the sub-TeV energy domain, as seen in Figure 3. The science
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Figure 2: Left: Illustration of detection unit design. Right: Muon and gamma-ray passing through a
detection unit. Red lines indicate a fraction of the Cherekov photon tracks, while the green, blue, and
yellow lines indicate the tracks of muons, gamma rays and electrons respectively.
objectives require a significantly improved sensitivity in the sub-TeV energy domain. For a detection
unit this means lowering the energy threshold to individual particles, which will be achieved by the top
chamber of the proposed detection unit. The walls of the water volume will be lined with white diffusive
reflective material, like Tyvek as used in the Pierre Auger Observatory [90]. This will significantly
enhance the number of detectable particles per air shower and therefore both aid the triggering and
reconstruction of low-energy showers. On the floor of the upper compartment a large photomultiplier-tube
(PMT) of 8” diameter is installed to measure the Cherenkov light. The PMT faces upwards in order to
be able to measure the arrival time of direct Cherenkov light, which is crucial for accurate timing to be
used for direction reconstruction. As can been seen from the distributions shown in Figure 3, the most
common particles in air showers are gamma rays in the ∼10 MeV domain. Here we picked the average
distributions for 1 TeV protons, but the shapes of the gamma-ray and electron distributions are roughly
independent of primary particle type, energy, and detector elevation. The detection probability, estimated
by a full GEANT4 simulation, shows that the top chamber of the proposed design has more than double
the detection probability for 10 MeV gamma rays compared to HAWC.
The bottom chamber of the detection unit has a two-fold purpose: muon identification and increasing the dynamic range. Muons are much more prevalent in hadronic cascades and the unambiguous
identification of muons in an event will aid in background rejection over the full energy range of the
observatory. The typical muon energy in air showers is on the order of a few GeV (see Figure 3). At these
energies muons travel straight through both top and bottom chambers, depositing a significant amount of
Cherenkov light in both. High-energy gamma rays and and electrons will cascade in the top chamber and
only a small fraction (if any) of this cascade can make it to the bottom chamber. Hence, the light ratio
between the top and bottom chamber can be used to identify muons. Additionally, the bottom chamber
provides a large dynamic range in the shower core, where for the highest energy gamma rays the particle
density is very high. The PMT in the top compartment will saturate, but only a few particles will penetrate
to the bottom compartment which can still be used to provide a good estimate of the particle density.
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Figure 3: Left: Average number density at 5 km above sea level for air showers initiated by 1 TeV protons
(adapted from [91]). Right: Detection threshold probability for secondary gamma rays of the SWGO
unit design. The top compartment is compared to a HAWC detector unit. A 8” PMT R5912 Hamamatsu
PMT has been assumed in this simulation. The vertical dashed line in both panels indicates 10 MeV.
This will aid the high-energy performance of the observatory. As in the top compartment, the walls are
reflective; however, the PMT faces downwards as timing accuracy is not crucial. In this configuration,
the top and bottom PMTs can be fitted in a single module which will ease maintenance and installation.
The size of the PMT in the bottom compartment can be smaller and preliminary results indicate that a
3” diameter PMT should be sufficient to perform muon identification.
The array is foreseen to consist of a densely populated inner part with 4000 detection units, surrounded
by a sparser outer array of 1000 detection units as seen in a sketch of a possible layout in Figure 4. The
inner part will drive the low-energy performance of the observatory and the outer part will extend the
effective area to improve the high-energy reach. The dense inner array will cover roughly four times the
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Figure 4: Left: Array configuration with instrumented areas and ground coverage indicated (and HAWC
equivalent for comparison). Right: SWGO response for two simulated gamma-ray events. The color
coding indicates the time gradient. The 200 GeV example illustrates
the large particle spread even at
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area of the HAWC Observatory’s main array, with higher ground coverage. Besides the obvious increase
in flux sensitivity due to the larger area, the significant increase in size will have additional advantages.
Firstly, the typical spread of particles for air showers below 200 GeV is 75 m (150 m) for gamma
rays (protons) (see [91] for more details). Figure 4 illustrates the low particle density by showing the
response of a simulated detector to a 200 GeV gamma ray. Therefore, to effectively measure gamma rays
below 1 TeV, a dense, large instrumented area is of paramount importance. Secondly, muons typically
have significant transverse momentum due to which they arrive at a larger distance from the shower
core. Increasing the muon-sensitive area will improve the identification of hadronic particle cascades
and reduce the background rate over the full energy range of the observatory.
The sparser outer array is a cost efficient way of boosting the effective area for the highest energy
gamma rays. Particle densities for high energy showers landing in the outer array are high enough that
basic shower parameters can be accurately reconstructed with fewer detectors. The size of this outer array
is such that the observatory will have the highest point source sensitivity in the Southern hemisphere
above tens of TeV.
As in the HAWC observatory, the full array will have a continuous read-out with a global software
trigger that is implemented to reduce the data volume to be archived. Several digitization solutions have
been developed that can be adapted to match the requirements (single photon-electron threshold and
nanosecond timing accuracy). In the R&D phase the options will be investigated (see Section Technology
Drivers). The software trigger will run on a computing farm, where real-time reconstruction will also
be performed. In case of astrophysical transient events, the multi-messenger community can be alerted
on the timescale of a few seconds to a minute.
Site and infrastructure – The performance needed for a wide field of view gamma-ray survey instrument
that accomplishes the science goals presented above places several constraints on the site selection [1].
The main ones are: latitude between 10 and 40 degrees south, altitude higher than 4500 m, average yearly
temperature above freezing, and access to water sources. Existing infrastructure including roads, power,
optical cable, etc. is also highly desirable. Several potentially suitable sites between 4800 and 5000 m
in altitude have been identified. Among these are the Atacama Large Millimeter/submillimeter Array
(ALMA) site in the high plateau of the Atacama Desert in Chile; the Cerro Vecar in Argentina where
QUBIC and LLAMA are being built; the ALPACA site in Bolivia; and Laguna Sibinacocha, the highest
altitude large lake, located in Peru.
The observatory requires a flat area of 80,000 m2 for the main compact array. For the sparse array
an area of 220,000 m2 is needed, which does not need to be flat but is required to be accessible to install
individual detection units. The average power needs for the observatory will be on the order of 50 KVA.
Reliable lower bandwidth internet access is needed for external monitoring and control. The data rate
will be on the order of 100 MBytes/s with the data stored on removable drives that will be transported
to the nearest site with high enough bandwidth to transfer it to data centers worldwide.

Technology Drivers
A strong point of this observatory is that it can be completely built with existing technology. However,
in order to improve signal quality and reduce use of expensive signal and high-voltage cables and
connectors, in the R&D phase the option of digital-optical-modules to be deployed in each detection
unit will be investigated. These modules will host the two photo-multipliers, a high-voltage unit, a
field-programmable-gate-array (for control and signal processing), and an analog-to-digital converter.
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Each module will be connected to a power-cable and two optical fibers, one for the data-output and
control, and another providing a clock signal for time synchronization. For all components, except the
time synchronization, commercial cost-effective solutions are available. The timing synchronization
system needs to be developed, but can be built upon the well-established white rabbit protocol [92].

Organization, Partnerships, and Current Status
By signing a statement of interest (SoI) on July 1st 2019, 41 institutions from nine countries have formed a
collaboration with the intent to pursue research and development towards SWGO (see www.swgo.org for
more information). This new collaboration is a step forward beyond the existing SGSO alliance, LATTES
and STACEX projects, and the initial duration of the R&D program is agreed to be three years. The SoI
foresees that the execution of the R&D program will be overseen by a Steering Committee (SC) consisting
of national representatives of the signees. The SC will elect a Chair, who acts as spokesperson for the program. The following working groups will be founded, with coordinators and deputies appointed by the SC:
1. Science case development, 2. Simulations, analysis and array optimization, 3. Candidate site evaluation,
4. Detector design and development. The working group activities are closely interlinked and coordination
between them is essential. Individual scientists not affiliated with a member institution of the SWGO
collaboration can on request become Supporting Scientists, welcome to join any of the working groups,
with full access to program-internal information. Currently, 11 supporting scientists from 7 countries have
signed up. The institutional and unaffiliated members of the SWGO collaboration agree to contribute to the
R&D program, using their own resources, via the above working groups. They will offer mutual support
towards realization of a detailed proposal for the construction and operation of a southern observatory.

Schedule
2019-2023: The site will be selected and final parts designed and prototyped. A small array of detection
units will be operated at the site.
2023-2026: The site will be leveled and an operations building constructed during the first year. Detection
units and the data acquisition building will be installed in the following 2 years. Operations will begin
with a subset of the full array during the second year.
2026-2031: Operations of the full array with 5000 detection units.
2031-2036: Extended operations period if warranted as determined by external peer review.
2037: Decomissioning will occur.

Cost Estimate
The total construction cost is estimated to be 54M USD as shown in Table 3. This cost estimate was
performed by HAWC collaborators from the Univ. of Maryland, Los Alamos National Lab, and Max
Planck Institute in consultation with Argentinian scientists. Many aspects of the detector design are very
similar to HAWC. All costs are in current US dollars. The highest cost item is for the structural detection
units which hold the water and keep out all light. A currently valid quotation from Aquamate Engineered
Water Tanks which includes shipping to the nearest port is the primary basis of the 25M USD estimate.
The next largest cost is 10M USD for PMTs and their associated hardware. This cost is primarily based
on procurements within the last year from Hamamatsu. 5M USD is budgeted for the electronics which
is based on the HAWC upgrade completed within the last year. These electronics were custom designed
by Max Planck Institute and commercially built. Costs for water include 0.5M USD for a filtration plant
9

Item
Structural detection unit (tank, bladder, roof, shipping)
Photomultiplier-Tubes (8” and 3” per unit, encapsulation, base, high voltage)
Electronics (read-out, trigger, timing, computing, network)
Water (filtration system, purchase and delivery)
Infrastructure (site preparation, OPS building, DAQ building, AC power)
Labor for construction (100 person-years)
Management and Engineering
Total Construction Costs

Cost ($USD)
5k×5000 = 25.0M
2k×5000 = 10.0M
5.0M
3.0M
5.0M
3.0M
3.0M
54M

Table 3: Cost breakdown.
at or near the site and 2.5M USD for procurement and delivery. This is based on the HAWC experience
of trucking water from a well 10 miles away, but will vary depending on the site chosen. The site
infrastructure costs will also depend on the site chosen, but the cost given of 5M USD is consistent with
HAWC experience and Argentinian costs. Laborers will be hired to do the construction and again HAWC
experience of the person-years required is used and an average rate of 15 USD/hour. Management and
engineering costs as estimated from HAWC experience are 1M USD/year for 3 years of construction. No
contingency is included; however, if costs increase, the number of detection units can be reduced. Also,
importation costs are not included. Negotiating waivers of these duties will be part of the site selection.
The operations costs will be minimal at 1.5M USD/year because the detectors, as demonstrated
by HAWC, are very robust with no moving parts. 300k USD/year for infrastructure is required for
items such as road and site maintenance, electrical power, internet, and expendables such as batteries for
Uninterruptible Power Supplies. Due to the quantity of data generated, a large number of computers and
disk arrays is required both at the site and at data centers at universities, and 800k USD/year is budgeted.
Management, engineering, and technical support is required at 400k USD/year.
Science costs are not included as part of the project as is customary for NSF and DOE HEP. Individual
collaborators will propose to their respective funding agencies for scientific support to analyze the data
including low level monitoring and calibration activities. No decommissioning costs are expected because
the recycling of the steel tanks can provide sufficient funds to cover returning the site to its original
condition.
The total cost of 61.5M USD (54M USD for construction plus 7.5M USD for 5 years of operation)
will be funded by an international collaboration as mentioned above. The exact cost sharing has yet to
be determined, but it is anticipated that the US contribution would be about 20M USD.

Summary
In this white paper, we propose a next-generation gamma-ray observatory to be built in South America.
SWGO with its wide field of view and continuous observations will provide the required sensitivity from
below 1 TeV to beyond 100 TeV to constrain the extreme physics of the multi-messenger universe. The
proven design and experience with HAWC ensure that SWGO will be built on time and on budget while
delivering this required sensitivity. A strong international team of scientists is finalizing the design and
site selection in order to make new discoveries with SWGO within the next decade.
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55
University of Alabama, Tuscaloosa, USA
56
DESY Zeuthen, Germany
57
CBPF, Rio de Janeiro, Brazil
58
University of Utah, USA
59
Centro de Investigación y de Estudios Avanzados del IPN, Mexico
44

12

References
[1] A. Albert, et al., Science Case for a Wide Field-of-View Very-High-Energy Gamma-Ray Observatory
in the Southern Hemisphere, arXiv e-prints, arXiv:1902.08429 (2019), 1902.08429
[2] H. Fleischhack, et al., Pulsars in a Bubble? Following Electron Diffusion in the Galaxy with TeV
Gamma Rays, in Astro2020: Decadal Survey on Astronomy and Astrophysics, Bulletin of the AAS,
Bd. 51, 311 (2019), 1903.07647
[3] M. Di Mauro, S. Manconi, & F. Donato, Prospects for the detection of synchrotron halos around
middle-age pulsars, in Astro2020: Decadal Survey on Astronomy and Astrophysics, Bulletin of
the AAS, Bd. 51, 183 (2019), 1903.05699
[4] J. Gelfand, et al., MeV Emission from Pulsar Wind Nebulae: Understanding Extreme Particle
Acceleration in Highly Relativistic Outflows, in Astro2020: Decadal Survey on Astronomy and
Astrophysics, Bulletin of the AAS, Bd. 51, 513 (2019)
[5] P. Cristofari, et al., Where are the pevatrons?, in Astro2020: Decadal Survey on Astronomy and
Astrophysics, Bulletin of the AAS, Bd. 51, 115 (2019)
[6] J. Holder, et al., Understanding the Origin and Impact of Relativistic Cosmic Particles with
Very-High-Energy Gamma-rays, in Astro2020: Decadal Survey on Astronomy and Astrophysics,
Bulletin of the AAS, Bd. 51, 267 (2019)
[7] C. Fryer, et al., Core-Collapse Supernovae and Multi-Messenger Astronomy, in Astro2020: Decadal
Survey on Astronomy and Astrophysics, Bulletin of the AAS, Bd. 51, 122 (2019)
[8] F. Schroeder, et al., High-Energy Galactic Cosmic Rays, in Astro2020: Decadal Survey on
Astronomy and Astrophysics, Bulletin of the AAS, Bd. 51, 131 (2019)
[9] N. Fraija, et al., Cosmic rays in the TeV to PeV primary energy range, Astro2020: Decadal Survey
on Astronomy and Astrophysics, 2020, 459 (2019)
[10] M. Nisa, et al., The Sun at GeV-TeV Energies: A New Laboratory for Astroparticle Physics, in
Astro2020: Decadal Survey on Astronomy and Astrophysics, Bulletin of the AAS, Bd. 51, 194
(2019), 1903.06349
[11] N. Fraija, et al., Surveying TeV gamma-ray emission from active galactic nuclei, Astro2020:
Decadal Survey on Astronomy and Astrophysics, 2020, 444 (2019)
[12] H. Ji, et al., Major Scientific Challenges and Opportunities in Understanding Magnetic Reconnection and Related Explosive Phenomena throughout the Universe, in Astro2020: Decadal Survey
on Astronomy and Astrophysics, Bulletin of the AAS, Bd. 51, 5 (2019)
[13] B. Rani, et al., Multi-Physics of AGN Jets in the Multi-Messenger Era, in Astro2020: Decadal
Survey on Astronomy and Astrophysics, Bulletin of the AAS, Bd. 51, 92 (2019), 1903.04504
[14] D. Williams, Probing Extreme Environments with Very-High-Energy Gamma Rays, in Astro2020:
Decadal Survey on Astronomy and Astrophysics, Bulletin of the AAS, Bd. 51, 265 (2019)
13

[15] A. Vieregg, et al., Astrophysics Uniquely Enabled by Observations of High-Energy Cosmic
Neutrinos, in Astro2020: Decadal Survey on Astronomy and Astrophysics, Bulletin of the AAS,
Bd. 51, 185 (2019)
[16] J. Vandenbroucke & M. Santander, Multi-messenger and transient astrophysics with very-highenergy gamma rays, in Astro2020: Decadal Survey on Astronomy and Astrophysics, Bulletin of
the AAS, Bd. 51, 553 (2019)
[17] M. Santander, et al., A Unique Messenger to Probe Active Galactic Nuclei: High-Energy Neutrinos,
in Astro2020: Decadal Survey on Astronomy and Astrophysics, Bulletin of the AAS, Bd. 51, 228
(2019)
[18] F. Schussler & K. Satalecka, All-Sky time domain astrophysics with Very High Energy Gamma
rays, in Astro2020: Decadal Survey on Astronomy and Astrophysics, Bulletin of the AAS, Bd. 51,
357 (2019)
[19] E. Burns, et al., Gamma Rays and Gravitational Waves, in Astro2020: Decadal Survey on
Astronomy and Astrophysics, Bulletin of the AAS, Bd. 51, 260 (2019), 1903.04472
[20] E. Burns, et al., Opportunities for Multimessenger Astronomy in the 2020s, in Astro2020: Decadal
Survey on Astronomy and Astrophysics, Bulletin of the AAS, Bd. 51, 250 (2019), 1903.04461
[21] C. Reynolds, et al., High-Energy Astrophysics in the 2020s and Beyond, in Astro2020: Decadal
Survey on Astronomy and Astrophysics, Bulletin of the AAS, Bd. 51, 385 (2019), 1903.07760
[22] A. Viana, Searching for TeV Dark Matter in the Milky Way Galactic Center, in Astro2020: Decadal
Survey on Astronomy and Astrophysics, Bulletin of the AAS, Bd. 51, 308 (2019)
[23] A. Albert, et al., Searching for Sources of TeV Particle Dark Matter in the Southern Hemisphere, in
Astro2020: Decadal Survey on Astronomy and Astrophysics, Bulletin of the AAS, Bd. 51, 202 (2019)
[24] R. Mukherjee & A. N. Otte, Exploring Frontiers in Physics with Very-High-Energy Gamma Rays, in
Astro2020: Decadal Survey on Astronomy and Astrophysics, Bulletin of the AAS, Bd. 51, 203 (2019)
[25] J. P. Harding, et al., Exploring Beyond-the-Standard-Model Physics with TeV Gamma-rays, in
Astro2020: Decadal Survey on Astronomy and Astrophysics, Bulletin of the AAS, Bd. 51, 272 (2019)
[26] A. U. Abeysekara, et al. (HAWC Collaboration), Search for Gamma-Rays from the Unusually
Bright GRB 130427A with the HAWC Gamma-Ray Observatory, Astrophys. J., 800, 78 (2015),
1410.1536, URL http://dx.doi.org/10.1088/0004-637X/800/2/78
[27] A. U. Abeysekara, et al. (HAWC Collaboration), Daily Monitoring of TeV Gamma-Ray Emission
from Mrk 421, Mrk 501, and the Crab Nebula with HAWC, Astrophys. J., 841, 100 (2017),
1703.06968, URL http://dx.doi.org/10.3847/1538-4357/aa729e
[28] Icecube Collaboration, et al. (including HAWC Collaboration), Multiwavelength follow-up of a
rare IceCube neutrino multiplet, Astronomy & Astrophysics, 607, A115 (2017), 1702.06131,
URL http://dx.doi.org/10.1051/0004-6361/201730620

14

[29] A. U. Abeysekara, et al. (HAWC Collaboration), Search for Very High-energy Gamma Rays from
the Northern Fermi Bubble Region with HAWC, Astrophys. J., 842, 85 (2017), 1703.01344,
URL http://dx.doi.org/10.3847/1538-4357/aa751a
[30] A. U. Abeysekara, et al. (including HAWC Collaboration), Observation of the Crab Nebula
with the HAWC Gamma-Ray Observatory, Astrophys. J., 843, 39 (2017), 1701.01778, URL
http://dx.doi.org/10.3847/1538-4357/aa7555
[31] A. U. Abeysekara, et al. (HAWC Collaboration), The 2HWC HAWC Observatory Gamma-Ray Catalog, Astrophys. J., 843, 40 (2017), 1702.02992, URL
http://dx.doi.org/10.3847/1538-4357/aa7556
[32] R. Alfaro, et al. (HAWC Collaboration), Search for Very-high-energy Emission
from Gamma-Ray Bursts Using the First 18 Months of Data from the HAWC
Gamma-Ray Observatory, Astrophys. J., 843, 88 (2017), 1705.01551, URL
http://dx.doi.org/10.3847/1538-4357/aa756f
[33] A. U. Abeysekara, et al. (HAWC Collaboration), The HAWC Real-time Flare Monitor for
Rapid Detection of Transient Events, Astrophys. J., 843, 116 (2017), 1704.07411, URL
http://dx.doi.org/10.3847/1538-4357/aa789f
[34] B. P. Abbott, et al. (including HAWC Collaboration), Multi-messenger Observations of a
Binary Neutron Star Merger, Astrophys. J. Lett., 848, L12 (2017), 1710.05833, URL
http://dx.doi.org/10.3847/2041-8213/aa91c9
[35] A. U. Abeysekara, et al. (HAWC Collaboration), Extended gamma-ray sources around pulsars
constrain the origin of the positron flux at Earth, Science, 358, 911 (2017), 1711.06223, URL
http://dx.doi.org/10.1126/science.aan4880
[36] A. Albert, et al. (HAWC Collaboration), Dark Matter Limits from Dwarf Spheroidal Galaxies
with the HAWC Gamma-Ray Observatory, Astrophys. J., 853, 154 (2018), 1706.01277, URL
http://dx.doi.org/10.3847/1538-4357/aaa6d8
[37] A. U. Abeysekara, et al. (HAWC Collaboration), A search for dark matter in the Galactic
halo with HAWC, J. Cosmol. Astropart. Phys., 2018, 049 (2018), 1710.10288, URL
http://dx.doi.org/10.1088/1475-7516/2018/02/049
[38] A. Albert, et al. (HAWC Collaboration), Search for dark matter gamma-ray emission from the Andromeda Galaxy with the High-Altitude Water Cherenkov Observatory, J. Cosmol. Astropart. Phys., 2018, 043 (2018), 1804.00628, URL
http://dx.doi.org/10.1088/1475-7516/2018/06/043
[39] IceCube Collaboration, et al. (including HAWC Collaboration), Multimessenger observations of
a flaring blazar coincident with high-energy neutrino IceCube-170922A, Science, 361, eaat1378
(2018), 1807.08816, URL http://dx.doi.org/10.1126/science.aat1378
[40] A. Albert, et al. (HAWC Collaboration), Constraints on spin-dependent dark matter scattering
with long-lived mediators from TeV observations of the Sun with HAWC, Phys. Rev. D, 98, 123012
(2018), 1808.05624, URL http://dx.doi.org/10.1103/PhysRevD.98.123012
15

[41] A. U. Abeysekara, et al. (HAWC Collaboration), Very-high-energy particle acceleration powered by the jets of the microquasar SS 433, Nature, 562, 82 (2018), URL
http://dx.doi.org/10.1038/s41586-018-0565-5
[42] HAWC Collaboration, et al., Measurement of the Crab Nebula at the Highest Energies with HAWC,
arXiv e-prints (accepted for pub. in Astrophys. J.), arXiv:1905.12518 (2019), 1905.12518
[43] X. Bai, et al., The Large High Altitude Air Shower Observatory (LHAASO) Science White Paper,
arXiv e-prints, arXiv:1905.02773 (2019), 1905.02773
[44] R. Mirzoyan, First time detection of a GRB at sub-TeV energies; MAGIC detects the GRB 190114C,
The Astronomer’s Telegram, 12390 (2019)
[45] Cherenkov Telescope Array Consortium, et al., Science with the Cherenkov Telescope Array, World
Scientific Publishing Co. Pte. Ltd. (2019), URL http://dx.doi.org/10.1142/10986
[46] T. Linden, et al., Using HAWC to discover invisible pulsars, Phys. Rev. D, 96, 103016 (2017),
1703.09704, URL http://dx.doi.org/10.1103/PhysRevD.96.103016
[47] O. Adriani, et al., An anomalous positron abundance in cosmic rays with energies 1.5-100GeV, Nature, 458, 607 (2009), 0810.4995, URL http://dx.doi.org/10.1038/nature07942
[48] HESS Collaboration, et al., Acceleration of petaelectronvolt protons in the Galactic Centre, Nature,
531, 476 (2016), 1603.07730, URL http://dx.doi.org/10.1038/nature17147
[49] M. Ackermann, et al., The Spectrum and Morphology of the Fermi Bubbles, Astrophys. J., 793, 64
(2014), 1407.7905, URL http://dx.doi.org/10.1088/0004-637X/793/1/64
[50] L. Yang & S. Razzaque, Constraints on very high energy gamma-ray emission from the Fermi
bubbles with future ground-based experiments, Phys. Rev. D, 99, 083007 (2019), 1811.10970,
URL http://dx.doi.org/10.1103/PhysRevD.99.083007
[51] F. Acero, et al., Development of the Model of Galactic Interstellar Emission for Standard
Point-source Analysis of Fermi Large Area Telescope Data, Astrophys. J. Suppl., 223, 26 (2016),
1602.07246, URL http://dx.doi.org/10.3847/0067-0049/223/2/26
[52] A. U. Abeysekara, et al. (including HAWC Collaboration), All-sky Measurement of the Anisotropy
of Cosmic Rays at 10 TeV and Mapping of the Local Interstellar Magnetic Field, Astrophys. J., 871,
96 (2019), 1812.05682, URL http://dx.doi.org/10.3847/1538-4357/aaf5cc
[53] D. Seckel, T. Stanev, & T. K. Gaisser, Signatures of Cosmic-Ray Interactions on the Solar Surface,
Astrophys. J., 382, 652 (1991), URL http://dx.doi.org/10.1086/170753
[54] A. A. Abdo, et al., Fermi Large Area Telescope Observations of Two Gamma-Ray Emission
Components from the Quiescent Sun, Astrophys. J., 734, 116 (2011), 1104.2093, URL
http://dx.doi.org/10.1088/0004-637X/734/2/116
[55] K. C. Y. Ng, et al., First observation of time variation in the solar-disk gammaray flux with Fermi, Phys. Rev. D, 94, 023004 (2016), 1508.06276, URL
http://dx.doi.org/10.1103/PhysRevD.94.023004
16

[56] B. Zhou, et al., TeV solar gamma rays from cosmic-ray interactions, Phys. Rev. D, 96, 023015
(2017), 1612.02420, URL http://dx.doi.org/10.1103/PhysRevD.96.023015
[57] T. Linden, et al., Evidence for a New Component of High-Energy Solar GammaRay Production, Phys. Rev. Lett.., 121, 131103 (2018), 1803.05436, URL
http://dx.doi.org/10.1103/PhysRevLett.121.131103
[58] Q.-W. Tang, et al., Unexpected dip in the solar gamma-ray spectrum, Phys. Rev. D, 98, 063019
(2018), 1804.06846, URL http://dx.doi.org/10.1103/PhysRevD.98.063019
[59] G. Ingelman & M. Thunman, High energy neutrino production by cosmic ray interactions in the Sun, Phys. Rev. D, 54, 4385 (1996), hep-ph/9604288, URL
http://dx.doi.org/10.1103/PhysRevD.54.4385
[60] K. C. Y. Ng, et al., Solar atmospheric neutrinos: A new neutrino floor for dark
matter searches, Phys. Rev. D, 96, 103006 (2017), 1703.10280, URL http:
//dx.doi.org/10.1103/PhysRevD.96.103006
[61] C. A. Argüelles, et al., Solar atmospheric neutrinos and the sensitivity floor for solar dark matter
annihilation searches, J. Cosmol. Astropart. Phys., 2017, 024 (2017), 1703.07798, URL
http://dx.doi.org/10.1088/1475-7516/2017/07/024
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