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Detection techniques in VHE astronomy
• VHE astronomy requires large effective areas (>105 m2), 

mostly limited to ground-based options. 

• Particle detection technique 

• Wide field of view (~ 2 sr) 

• High duty cycle (~100%) 

• Imaging Atmospheric Cherenkov technique 

• Good angular resolution (0.1° or better) 

• Good energy resolution O(10%) 

• Low energy threshold (> 20 GeV)
Adapted from R. White
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Current VHE instruments 

Equator

WCD (or particle detection)

IACT

VERITAS
MAGIC

H.E.S.S.

HAWC

LHAASO



M. Santander - SWGO - Vulcano Workshop (Ischia, Italy - May/Jun 2024) 4

Equator
HAWC

LHAASO

LHAASO 
(Sichuan province, China) 
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Recent highlights from HAWC and LHAASO
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Figure 1: Count-rate Light Curve of GRB 221009A Observed by LHAASO-WCDA. The energy range of
photons observed is around 0.2–7 TeV. The inset panel shows a zoomed-in view of the light curve during 220–
320 s (shaded zone in light yellow) after the GBM trigger (T0), with the arrow indicating the reference time
T ⇤ = T0 + 226 s for our light curve analysis (see text). Blue histograms are the data and black histograms are the
estimated background.
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Figure 1: The light curve and significance map of GRB 221009A obtained by KM2A. (A) The gamma-ray-
count light curve obtained by KM2A with each time-bin of 10s. The black curve indicates the events from the
angular cone centered on the GRB, and the blue curve indicates the number of events due to cosmic ray background
estimated from 20 similar angular cones at off-source directions with the same zenith angle. The gray dashed lines
indicate the peak times of the multi-pulsed emission observed by GECAM-C (10) in the MeV band. The green
dashed lines indicate the times of T0+230s, T0+300s, and T0+900s. The pink points indicate the energy marked
by the right label and the arrival time of each event. The energies of each event were reconstructed assuming the
spectra shown in panel B of Figure 2. (B) The significance map around GRB 221009A as observed by KM2A. The
plus sign and corresponding length denote the position and error determined by KM2A. The black circle denotes
the position of the GRB reported by Fermi-LAT. The white circle shows the size of the PSF that contains 68% of
the events.
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Figure 2: Observed VHE spectra of GRB 221009A by LHAASO for the two intervals. Interval 1 is from
T0+230s to T0+300s (red points) and interval 2 is from T0+300s to T0+900s (blue points). The solid lines indicate
the best-fitting results, and the shaded regions indicate the 1-sigma error region. (A) The log-parabola function
is used to fit the observational data. (B) The power-law with exponential cutoff function is adopted to fit the
observational data.
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Detection of GRB 221009A 
up to 13 TeV (LHAASO)

Photons with 0.2 < E (TeV) < 7 (WCDA)

Photons with KM2A

Observations of gamma-ray 
sources > 100 TeV

HAWC UHE Patrick Harding

Figure 3: Left: The point source map above 56 TeV, showing the Crab Nebula emitting to very high
significance. Right: The same region, but slightly zoomed out and smoothed by 1.5 degrees. A second
source is clearly seen. This is believed to be the high-energy extension of a previously-reported TeV halo
candidate.

Figure 4: The Galactic plane above 100 TeV, assuming a 0.5 degree disk as the morphology. Black circles
denote the locations of sources emitting above 100 TeV in reconstructed energy.

Figure 5: The Galactic plane above 177 TeV, assuming a 0.5 degree disk as the morphology. Black circles
denote the locations of sources emitting above 177 TeV in reconstructed energy.
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GDE measurement by HAWC Data 15

Figure 8. Latitudinal profile for the energy flux between 300 GeV and 100 TeV, red line and blue refer to the total flux measured

by HAWC, and the GDE respectively. DRAGON estimation for ⇡0-decay and IC production mechanism are also presented.

3.3. Comparison with other observations of the GDE

The observations of TeV Galactic di↵use gamma-ray emission, performed by di↵erent experiments such as Milagro

(Abdo et al. 2008), LHAASO-KM2A (Cao et al. 2023), HEGRA-IACT (Aharonian et al. 2001) and ARGO-YBJ

(Bartoli et al. 2015) are shown in Figure 9. The Milagro points for longitudes 30� < l < 65� and 65� < l < 85�

are obtained at 15 TeV (Abdo et al. 2008) energies. An upper limit was set by HEGRA-IACT at 1 TeV with 99%

confidence level (C.L.) (Aharonian et al. 2001).

When compared with the results obtained with Milagro, the findings of this study reveal a smaller level of the GDE

as measured by HAWC data. This disparity can be attributed to the utilization of a model (see section 2.4) that more

e↵ectively accounts for source emissions, leading to a better fit of the data and improved estimation of the true level

of GDE. As a consequence, the HAWC study reaches a lower threshold for the true GDE compared to the previous

work by Milagro. LHAASO reported the energy spectrum of the GDE within the energy range of 10 TeV to 1 PeV.

The observed spectrum, found in the inner region (15� < l < 125�, |b| < 5�), follows a power-law function with an

index of -2.99 ± 0.04.

HEGRA-IACT (Figure 9) reported an upper limit for GDE above 1 TeV (99% C.L.) with a presumed spectral index

of -2.6 (Aharonian et al. 2001). As shown in Figure 9, the HAWC measurement is below HEGRA’s upper limit; this
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FIG. 3. Galactic longitude and latitude profiles of the di↵use emission for energy bands 10 � 63 TeV (top three panels) and 63 � 1000 TeV
(bottom three panels), respectively. The solid line in each panel is the best-fit gas distribution according to the PLANCK dust opacity map.

distribution. The fitting gives �2/do f = 157.3/21 and 67.4/21
for 10�63 TeV and 63�1000 TeV energy bands, correspond-
ing to p-values of about 7 ⇥ 10�23 and 10�6, respectively. The
results indicate that the gas distribution may not well trace the
di↵use �-ray emission at very high energies. We calculate the
angular power spectrum of the relative �-ray flux map with
E > 25 TeV, and find that it is consistent with the angular
power spectrum of the gas distribution for multipole l > 10
but shows slightly higher power for smaller l, which may in-
dicate that the data are more clumpy than the gas distribu-
tion. See Fig. S3 of the Supplemental Material. We also
fit the latitude profiles by adding a Gaussian latitude distri-
bution centered at b = 0 to the gas template but find only
slight improvements in the goodness-of-fit (see Fig. S4 of the
Supplemental Material).

Systematic uncertainties. — The event rate varies during
the operation due to the variation of temperature and humid-
ity of the atmosphere, a↵ecting the detection e�ciency for
�-rays. This e↵ect results in about 7% systematic uncertainty
for the flux (�0) and 0.02 for the spectral index (↵) for point-
like sources [36]. For the di↵use emission in this work, we ex-
pect that the variation of atmospheric conditions contributes to
similar systematic uncertainties since its main impact is on the
detection e�ciency. The array layout changed slightly for de-
bugging purposes during the operation, which results in about
1% variation for �0 and 0.02 change for ↵, estimated from
simulations with two layouts. To account for the systematic
uncertainties from the background estimate method, we vary
the time window for background estimate from ±5 hours to
±2, ±6, and ±12 hours, vary the mask maps for the back-

ground estimate (e.g., |b|  5� for declination �  60� which
enables shorter time windows), and test di↵erent large-scale
e�ciency correction parameters, and obtain the impacts on �0
of about 5% (10%) and on ↵ of about 0.05 (0.10), for the inner
(outer) region.

The �-ray survival fraction as a function of the �/CR dis-
crimination parameter Rµe is obtained by Monte Carlo (MC)
simulations. The di↵erence in the survival fraction between
MC and experimental data may lead to systematic uncertain-
ties. We compared the spectra using di↵erent groups of Rµe,
and estimated the systematic uncertainties to be about 2%
(5%) for �0 and 0.04 (0.06) for ↵ for the inner (outer) Galaxy
region. By combining all these systematic uncertainties in
quadrature, the overall systematic uncertainties are 9% (12%)
for �0 and 0.07 (0.12) for ↵, for the inner (outer) region. The
systematic uncertainties of the flux in each energy bin are
given in Tables S2 and S3 of the Supplemental Material.

Discussion. — We compare the LHAASO measurements
of di↵use emission with the predictions of hadronic interac-
tions between CRs and the ISM. While the CR spectra were
directly measured with relatively small uncertainties below
⇠ 100 TeV [21, 22, 43, 44], the uncertainties at higher en-
ergies are large, particularly for individual elements [45, 46].
We use the sum of two power-law functions with an expo-
nential cuto↵,

P
i=1,2 AiE�Bi exp(�E/Ci), to describe the local

spectra of both protons and helium nuclei, and adjust the pa-
rameters Ai, Bi, Ci to give low and high fittings to the data
(see Fig. S5 and Table S4 of the Supplemental Material).
Assuming the CR intensity is uniform in the Galaxy as a zero-
order approximation, we obtain the expected di↵use �-ray
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be realized in a scenario in which the accelerated particles have left 
their acceleration site (for example, a supernova remnant) and have 
entered nearby high-density clouds15. The energy spectrum of protons 
approaching the clouds depends not only on the initial (acceleration) 
spectrum but also on the propagation (energy-dependent) timescales 
of CRs and on the distances to the clouds. Therefore, one may indeed 
expect unusual energy distributions of CRs inside the clouds16. In this 
scenario, the middle-aged supernova remnant SNR G40.5-0.5, over-
lapping with the image of LHAASO J1908+0621, could play the role 
of the particle accelerator. It is too old to be a multi-teraelectronvolt 
γ-ray emitter itself, but CR protons and nuclei accelerated at the early 
epochs of this supernova remnant can initiate high-energy emis-
sion in the surrounding clouds. If confirmed, this would be the first 
strong evidence of acceleration of petaelectronvolt protons by an 
supernova remnant.

Although supernova remnants remain prime candidates as sup-
pliers of Galactic CRs, massive stars with powerful winds have been 
proposed as a viable alternative to supernova remnants17,18, primarily as 
contributors to the ‘knee’ region around 1 PeV. A preference for young 
massive star clusters as proton PeVatrons over supernova remnants 
has recently been argued in the context of the 1/r-type (where r is the 
distance from the cluster) spatial distributions of parent protons, 
derived from the observations of extended teraelectronvolt γ-ray 
sources associated with luminous stellar clusters, in particular with 
Cygnus OB219. The positional coincidence of LHAASO J2032+4102 
with the Cygnus Cocoon that surrounds Cygnus OB2, and with pho-
tons exceeding 1 PeV emitted from it, can be treated as evidence of 
the operation of massive stars as hadronic PeVatrons. The leptonic 
(inverse Compton) origin of radiation can be excluded because of the 
lack of brightening of the γ-ray image towards Cygnus OB2. A decisive 
test for the acceleration of protons, presumably via collisions of the 
stellar winds, and continuous injection into the circumstellar medium 
over million-year timescales, would be the derivation of hard injec-
tion spectra and a radial dependence of the density of UHE protons. 
Adequate photon statistics provided by LHAASO for spectrometric 

and morphological studies of this object, which is located in a rather 
complex region crowded by several competing sources, is foreseen 
for the coming 1–2 years.

Regardless of the nature of objects associated with the UHE sources, 
the photons detected by LHAASO far beyond 100 TeV prove the exist-
ence of Galactic PeVatrons. Moreover, it is likely that the Milky Way is 
full of these perfectly designed particle accelerators. The acceleration 
of protons to petaelectronvolt energies requires extreme physical 
conditions, representing a challenge for any Galactic source popula-
tion, including supernova remnants and young massive star clusters, 
as suspected major contributors to Galactic CRs. Pulsar wind nebu-
lae as potential (in fact, the only feasible) electron PeVatrons in our 
Galaxy require even more extreme theoretical speculations. The 12 
UHE sources reported here, detected at about 1 CU, reveal only the 
tip of the iceberg. In the coming years, observations with LHAASO will 
reduce the flux detection threshold by at least an order of magnitude. 
This will dramatically increase the number of UHE sources and, at the 
same time, provide high-quality energy spectra and the morphology of 
UHE sources in the flux range of 1 CU. Extension of the spectra without 
an indication of a cutoff beyond several petaelectronvolts would not 
only robustly identify the hadronic origin of the UHE γ radiation but, 
more importantly, would reveal the sites of super-PeVatrons, the CR 
factories in the Milky Way responsible for the locally observed flux of 
CRs well above the ‘knee’.

Online content
Any methods, additional references, Nature Research reporting sum-
maries, source data, extended data, supplementary information, 
acknowledgements, peer review information; details of author contri-
butions and competing interests; and statements of data and code avail-
ability are available at https://doi.org/10.1038/s41586-021-03498-z.
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Fig. 1 | Spectral energy distributions and significance maps. a–c, Data are 
shown for LHAASO J2226+6057 (a), LHAASO J1908+0621 (b), and LHAASO 
J1825-1326 (c). Spectral fits with a log-parabola function (solid lines) in the form 
of [E/(10 TeV)]−a − blog[E/(10 TeV)] are compared with the power-law fits E−Γ for: a = 1.56, 
b = 0.88 and Γ = 3.01 (a); a = 2.27, b = 0.46 and Γ = 2.89 (b); and a = 0.92, b = 1.19 
and Γ = 3.36 (c). The dotted curves correspond to the log-parabola fits 
corrected for the interstellar γ−γ absorption (see Methods for the radiation 
fields and Extended Data Fig. 6 for the opacity curves). The comparison of the 
power-law (PL) model and the log-parabola (LOG) model with the Akaike 
Information Criterion20 (AIC) gives: AICLOG = 12.3 and AICPL = 24.4 for LHAASO 
J2226+6057; AICLOG = 15.1 and AICPL = 30.1 for LHAASO J1908+0621; and 

AICLOG = 11.6 and AICPL = 14.8 for LHAASO J1825-1326. The insets show the 
significance maps of the three sources, obtained for γ-rays above 25 TeV. The 
colour bars show the square root of test statistics (TS), which is equivalent to 
the significance. The significance ( TS) maps are smoothed with the 
Gaussian-type point spread function (PSF) of each source. The size of PSFs (68% 
contamination regions) are shown at the bottom right of each map. We note 
that the PSFs of the three sources are slightly different owing to different 
inclination angles. Namely, the 68% contamination angles are 0.49° for 
LHAASO J2226+6057, 0.45° for LHAASO J1908+0621 and 0.62° for LHAASO 
J1825-1326. Error bars represent one standard deviation.

Article

Extended Data Fig. 4 | LHAASO sky map at energies above 100 TeV. The circles indicate the positions of known very-high-energy γ-ray sources.
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FIG. 1. Results for the example of bin B3. Left: Significance maps in Sun-centered coordinates for 6.1 years of data, smoothed
with a 1� top-hat function for visual clarity. The green circle illustrates the true point spread function. Right: Angular profiles
(steps of 0.15� from the Sun) of the fractional deviation from background. The black dashed line shows the projection of the
best-fit 2D Gaussian model fitted to the shadow, with the shaded band indicating the total uncertainty in the model. The top
row shows the cosmic-ray dominated data. The middle row shows the events that survive the gamma-hadron separation cuts.
The bottom row is after subtracting the measured cosmic-ray shadow (see top-row data) from the middle-row data, leaving a
gamma-ray excess at the position of the Sun (marked by a cross).
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The need for a southern wide-field instrument
• Advantages of a southern detector 

• Visibility of the inner Galaxy (including the Galactic Center) 

• Full-sky coverage for multimessenger and 
multiwavelength transients. 

• Cosmic-ray anisotropy studies.
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Galactic Center

HAWC

Southern sky

1−25 TeV and 3.0 for KM2A data at energies E> 25 TeV as
initial conditions. This leaves only one free parameter for the
likelihood calculation. According to Wilks’s theorem, the TS is
distributed as χ2 with one degree of freedom (dof), and the
significance can be estimated with S= TS . Figure 1 shows the
significance maps obtained in the energy bands 1 TeV< E
< 25 TeV and E> 25 TeV in Galactic coordinates. The signals
are clearly visible. However, most sources in the Galactic plane
are nearby and overlapping. Hence, further analysis is needed to
derive each source separately.

3. Construction of the Catalog

The identification of pointlike gamma-ray sources and their
corresponding significance can be roughly derived from
Figure 1. However, it is important to note that the significance
may be overestimated due to the overlap with nearby sources.
Conversely, in the search for point sources, a significant
portion of the sources may actually be extended, resulting in an
underestimation of their significance. To improve source
detection, the significance of a given source is reassessed by
coupling the fitting of localization, extension, and spectrum.
New potential sources are also explored. In the first step, the
WCDA and KM2A data are analyzed separately to achieve two
source component catalogs, one for energies ranging from 1 to

25 TeV and another for energies above 25 TeV. These two
source component catalogs are merged into the final source
catalog following a specific procedure. The sources with clear
E> 100 TeV emission will also be identified in the final
catalog.

3.1. All Sky Fitting and Source Component Detection

The WCDA data and KM2A data are analyzed following the
same strategy to fit the entire sky region and yield the source
components with the characteristics of localization, extension,
and spectrum.

3.1.1. Determination of Seeds and Regions of Interests

The signals shown in Figure 1 are potential point sources,
denoted as “seeds.” To identify these seeds in the maps, all
local maxima within a 0°.5 region centered around the
candidate, with a significant above 4σ, are selected. Most of
the seeds are concentrated in the inner Galactic plane, while in
the outer Galactic plane, the seeds are clustered in the region
near Geminga. In other areas of the sky region, a few individual
seeds stand out.
To facilitate the fitting process, all sky data are split into

different regions of interest (ROIs) based on the seeds and their
clustering characteristics. For the inner Galactic plane region, a

Figure 1. Significance maps of the region monitored by LHAASO. A point test source with a spectral index of 2.6 for WCDA data and 3.0 for KM2A data is used.
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Galactic Center

Southern sky

Galactic coordinates
LHAASO • A wish list 

• High elevation (>4400 m) for low energy threshold.  

• 10° - 30° S latitude for good GC visibility, overlap with North) 

• Large area (up to km2 or above) for UHE performance 

• Good angular resolution, O(0.1°) 
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Synergistic opportunities for SWGO

7

Figure 1: The plane of the Milky Way galaxy in photons and neutrinos. Each panel is in
Galactic coordinates, with the origin being at the Galactic Center, extending ±15

� in latitude
and ±180

� in longitude. (A) Optical color image (39), which is partly obscured by clouds
of gas and dust that absorb optical photons. Credit A. Mellinger, used with permission. (B)
The integrated flux in gamma rays from the Fermi Large Area Telescope (Fermi-LAT) 12 year
survey (40) at energies greater than 1 GeV, obtained from the Fermi Science Support Center
and processed with the Fermi-LAT ScienceTools. (C) The emission template calculated for the
expected neutrino flux, derived from the ⇡0 template that matches the Fermi-LAT observations
of the diffuse gamma-ray emission (1). (D) The emission template from panel (C) including
the detector sensitivity to cascade-like neutrino events and the angular uncertainty of a typical
signal event (7�, indicated by the dotted white circle). Contours indicate the central regions
that contain 20% and 50% of the predicted diffuse neutrino emission signal. (E) The pre-trial
significance of the IceCube neutrino observations, calculated from all-sky scan for point-like
sources using the cascade neutrino event sample. Contours are the same as panel (D). Grey
lines in (C) - (E) indicate the Northern-Southern sky horizon line at the IceCube detector.

13

• Current and future neutrino telescopes (Galactic neutrino emission detected). 
• Strong synergy with CTAO. 

IceCube

arXiv/2307.04427

https://arxiv.org/abs/2307.04427
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Current and future

Equator

WCD (or particle detection)

IACT

VERITAS
MAGIC

CTA-N

H.E.S.S.

HAWC

LHAASO

CTA-S
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SWGO Collaboration

• 15 countries. 90+ institutes. 
• Partner countries: Argentina, Brazil, Chile, China, Croatia, Czech Republic, France, Germany, Italy, Mexico, 

Peru, Portugal, South Korea, United Kingdom, United States.

9

Partner country

Supporting scientists



SWGO Collaboration meeting  
(April 2024) 
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7/20/23, 3:59 PM Google Earth

https://earth.google.com/web/@-19.34572412,-68.82566126,4046.61136123a,3369100.28116822d,30.00089786y,0h,0t,0r 1/1

Camera: 3,373 km  19°20'44"S 68°49'32"W

Google Landsat / Copernicus Data SIO, NOAA, U.S. Navy, NGA, GEBCO

200 km

Chile

Peru

Argentina

Lake Sibinacocha

Imata
Yanque

Pampa La Bola
Pajonales

Alto Tocomar

Cerro Vecar

Site search
• Candidate sites identified in Argentina, Chile 

and Peru at latitudes between 14° and 24° S 
and elevations between 4,400 and 4,850 
m.a.s.l. 

• All sites should be able to host a ~1 km2 array. 

• Candidate sites were originally defined as best 
suited for WCD tanks, or for deployment in an 
artificial pond, or a natural lake.  

• All primary candidate visited in Oct-Nov 2022 
by an SWGO team. Findings here.

11

14° S

24° S

Sites visited 
in 2022

https://arxiv.org/abs/2309.03053
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Site search

• A shortlist of sites is being further evaluated for performance, costs, risks and 
environmental/societal impacts towards a site decision expected in Q3 of this year.  

• We aim to maintain a close engagement with the local community at these 
sites during our site selection process. 

12

Imata, Peru 
4,450 m.a.s.l.
Imata, Peru 
4,450 m.a.s.l.

Pampa La Bola, Chile 
4,750 m.a.s.l.

Cerro Vecar, Argentina 
4,800 m.a.s.l.

Sites under evaluation as primary candidates for a tank array
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Array optimization studies

13

Ruben Conceição (ICRC 2023)

4.1 m

Reference

Double chamber for muon tagging
Evaluation of candidate configuration performance 

completed this month (major R&D milestone)

https://arxiv.org/abs/2309.04577
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Try the 3D visualizer!

14

https://wminho.lip.pt/swgo/ 

https://wminho.lip.pt/swgo/
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A next-generation instrument

15

Ruben Conceição (ICRC 2023)

https://arxiv.org/abs/2309.04577
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Expected SWGO sensitivity

16

The Southern Wide-field Gamma-ray Observatory Ruben Conceição

crucial information on detector technologies and candidate site conditions. Notably, the develop-
ment of a simulation framework has played a pivotal role in exploring the available phase space,
allowing for investigations into different detector concepts and array layout configurations. As a
result, SWGO has entered a particularly exciting phase, where the collaboration is actively com-
paring diverse ideas and approaches to identify the best cost-effective solution for constructing the
next-generation gamma-ray observatory.

The collaboration has currently completed a significant number of simulations for the detector
and array configurations, known as Milestone 5. Figure 2 showcases several examples of the 14
detector and array layout configurations being assessed. These configurations have been chosen
to investigate key design elements and array configurations while maintaining a consistent cost
framework. Parameters such as station dimensions, number and size of the photo-sensors, and
the balance between compact (for lower energies) and sparse array (for higher energies) are being
thoroughly examined. This ongoing exercise, set to be completed by the fall of this year, will
provide valuable insights into identifying the most favourable options to be considered.

While a definitive answer is not yet available, the ongoing research provides insights into the
potential sensitivity achievable by SWGO, as indicated by the shaded area in Figure 3.

Figure 3: Differential point source sensitivity of several experiments (see labels) and phase-space exploration
for SWGO. The orange bracketed phase-space is compared to the differential point-source sensitivity of
various experiments. The baseline curve represents the reference configuration. The lower limit of the orange
band corresponds to a 30% improvement in the point spread function (PSF) and a 10-fold enhancement in
background rejection efficiency. The size of the outer array is the primary parameter driving the high-energy
enhancement.

In conclusion, SWGO is making steady progress despite challenges and demonstrates its
potential as a powerful instrument in various domains, including very extended emission, transient
phenomena, and beyond standard model physics searches. Collaborative efforts with CTA-South and
LHAASO further enhances the scientific capabilities of SWGO, promising significant advancements
in multi-messenger astronomy and full-sky coverage.

7

Conceição et al. (SWGO) - ICRC 2023
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Expected SWGO sensitivity

17

Recent progress: perfomance example for one configuration (A4)



M. Santander - SWGO - Vulcano Workshop (Ischia, Italy - May/Jun 2024)

Angular resolution goal

18

Resolution?

12

o

CTA

Current IACTs

Current WCDs

LHAASO KM2A

SWGO
Inner 
Array

Goal à
unprecedented 
resolu-on for a 
wide field VHE-
UHE instrument

(Credit: Jim Hinton)
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Science benchmarks

19

Core Science Case Design Drivers Benchmark Description

Transient Sources: 
Gamma-ray Bursts

Low-energy Site 
altitude Min. time for 5𝜎 detection F(100 GeV)= 10-8 erg cm-2 s-1

Galactic 
Accelerators: 

PeVatron Sources

High-energy 
sensitivity Energy 

resolution

Maximum exp-cutoff energy detectable 95% CL in 5 years 
for: F(1 TeV)= 5 mCrab, index= −2.3

Galactic 
Accelerators: PWNe 

and TeV Halos

Extended source 
sensitivity Angular 

resolution

Max. angular extension detected at 5𝜎 in 5-yr integration 
for: F(>1 TeV)= 5 × 10-13 TeV cm-2 s-1

Diffuse Emission: 
Fermi Bubbles

Background 
rejection

Minimum diffuse cosmic-ray residual background level. 
Threshold: < 10-4 level at 1 TeV. 

Fundamental 
Physics: Dark Matter 

from GC Halo

Mid-range energy 
sensitivity Site 

latitude

Max. energy for 𝑏𝑏 ̄ thermal relic cross-section at 95% CL 
in 5-yr, for Einasto profile. 

Cosmic-rays: Mass-
resolved dipole 

Multipole anisotropy

Muon counting 
capability

Max. dipole energy at 10-3 level. Log-mass resolution at 1 
PeV − goal is A = 1, 4, 14, 56; Maximum multipole scale > 

0.1 PeV.
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Detector options and prototyping 

• Strong push for consolidation of detector options.
20



M. Santander - SWGO - Vulcano Workshop (Ischia, Italy - May/Jun 2024)

Different WCD designs under consideration

• Options evaluated so far include 
plastic and metal tanks, and R&D 
work for lake or pond-based WCDs. 

• Evaluated for performance and cost. 

21
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Timeline

22

M1 R&D Phase Plan Established
M2 Science Benchmarks Defined
M3 Reference Configuration and Options Defined
M4 Site Shortlist Complete
M5 Candidate Configurations Defined
M6 Performance of Candidate Configurations Evaluated
M7 Preferred Site Identified
M8 Design Finalized
M9 Construction and Operations Proposal Complete

SWGO R&D Phase Milestones • R&D phase completion in early 
2025. 

• Preparatory phase 

• Detailed construction planning 

• Engineering Array 

• Full construction phase (2027+)
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Summary
• SWGO currently in an advanced R&D phase. 

• Unique science opportunities and strong synergies with current and future instruments: 

• Capabilities for joint MMA studies, follow-up of transients (high duty cycle, wide field 
of view).  

• Gamma-ray observations spanning four orders of magnitude in energy (0.1 - 1 PeV). 

• Capable of setting strong DM constraints up to the unitarity bound and enable other 
BSM searches (e.g. axion, LIV) 

• Critical energy range for CR anisotropy, composition and spectrum studies.  

• Set to become a critical component of the MMA / MWL landscape in the near future. 

23


