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Detection techniques in VHE astronomy

* VHE astronomy requires large effective areas (>105 m2),
mostly limited to ground-based options.

Wide field of view (~ 2 sr)

High duty cycle (~100%)

Good angular resolution (0.1° or better)
Good energy resolution O(10%)

Low energy threshold (> 20 GeV)
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(Sichuan province, China)

4.410 m.a.s.l.

HAWC

Equator

HAWC

icO)

Mex

(near Puebla

S

a

100 m.

4

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



5 Recent highlights from HAWC and LHAASG

Observations of gamma-ray

sources > 100 TeV

LHAASO J2226+6057
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https://arxiv.org/abs/2306.06372
https://arxiv.org/abs/2310.08845
https://arxiv.org/abs/2310.09117
https://arxiv.org/abs/2305.05372
https://arxiv.org/abs/2212.00815
https://arxiv.org/abs/2311.00861
https://www.nature.com/articles/s41586-021-03498-z

5 The need for a southern wide-field instrument

» Advantages of a southern detector
* Visibility of the inner Galaxy (including the Galactic Center)

e Full-sky coverage for multimessenger and
Galactic Center Y 9 9

multiwavelength transients.

* Cosmic-ray anisotropy studies.

Galactic coordinates

KM2A (E > 25 TeV) Significance Map

A wish list

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

il ~._.l:- * 10°-30°S latitude for good GC visibility, overlap with North)
i =

* Large area (up to km2or above) for UHE performance

* Good angular resolution, O(0.1°)
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5 Synergistic opportunities for SWG0
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e Current and future neutrino telescopes (Galactic neutrino emission detected).

e Strong synergy with CTAO.
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https://arxiv.org/abs/2307.04427
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Partner country

5 SWGO Collaboration

e 15 countries. 90+ institutes.

* Partner countries: Argentina, Brazil, Chile, China, Croatia, Czech Republic, France, Germany, Mexico,
Peru, Portugal, South Korea, United Kingdom, United States.

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



SWGO Collaboration meeting

(April 2024)




Site search

e Candidate sites identitied in Argentina, Chile
and Peru at latitudes between 14° and 24° S
and elevations between 4,400 and 4,850

m.a.s.l.

-'_..r-.
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j + i

[}
o
T.

 All sites should be able to hosta ~1 km2 array.

Sites visited
in 2022

« Candidate sites were originally defined as best
suited for WCD tanks, or for deployment in an
artificial pond, or a natural lake.
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LR primary candidate visited in Oct-Nov 2022

24° S b .
,_ w ., ®»  byanSWGO team. Findings here.
Google Earth | S5 R dnon i Camera: 3,373 km ;é°d20'42:?68°::?3w-

Google Landsat/ Copernicus Data SIO, NOAA, U.S. Navy, NGA, GEBCO
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https://arxiv.org/abs/2309.03053

swh Site search

Sites under evaluation as primary candidates for a tank array

* A shortlist of sites is being further evaluated for pertormance, 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.
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swO Array optimization studies

3.42m

Simulation studies with different WCD concepts and array
configurations to select most promising candidates

250 m

1.7m

4.00 m

0.68 m

520m

80% FF, 80,000 m?

Al
@ ( :T

Double chamber for muon tagging
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HAWC

A7

2.5% FF

0.6% FF

LHAASC

Ruben Conceicao (ICRC 2023)

Simulation of
extensive air showers

CORSIKA

Detector simulation

Shower reconstruction

SWGO-RECO

High-level
reconstructions (IRFs)

PYSWGO

1071 10° 10! 102

Etrue [TeV]
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https://arxiv.org/abs/2309.04577

LVENL IV, VU0

Simulated Event
Energy: 1235.66 GeV
Number of Stations: 856
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SWEO A next-generation instrument

Novel shower Improved data . . .
S Alternative Novel engineering
observables for analysis with . . . .
| | configurations for solutions to build
gamma/hadron integrate machine
L | . the array layout double-layered WCD
discrimination learning algorithms
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https://arxiv.org/abs/2309.04577

5 Expected SWGO sensitivity

HAWC - 507 days

CTA South 50 NN

LHAASO 1y

10! 10° 10°
E |TeV]

Conceicao et al. (SWGO) - ICRC 2023
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5 Expected SWGO sensitivity

Point-like source differential sensitivity,
5 bins per decade, 5 sigma each

LHAASO 1y

10° 10° 107 10°
E [TeV]

Recent progress: perfomance example for one configuration (A4)
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swO Angular resolution goal

Current IACTs

Angular Resolutionf, (deg.)
3

Goal =2
unprecedented

resolution for a
wide field VHE-

(Credit: Jim Hinton)

10 1

UHE instrument
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swGO Science benchmarks

Core Science Case @ Design Drivers Benchmark Description
Transient Sources: Low-energy Site L . 108 P
Gamma-ray Bursts Altitude Min. time for 50 detection F(100 GeV)= 108 ergcm=2 s
Galactic H'.g.h ~enerdy Maximum exp-cutoff energy detectable 95% CL in 5 years
Accelerators: sensitivity Energy for: F(1 TeV)= 5 mCrab, index= —2.3
PeVatron Sources resolution ' B ! I
Galactic Extqugd SOUrCe 1 Max. angular extension detected at 5o in 5-yr integration
Accelerators: PWNe sensitivity Angular for 13 e
and TeV Halos resolution or: F(>1TeV)= 5 x 1015 TeV cm=2 s
Diffuse Emission: Background Minimum diffuse cosmic-ray residual background level.
Fermi Bubbles rejection Threshold: < 104 level at 1 TeV.
Fundamental Mid-range energy M - : .
ax. energy for bb thermal relic cross-sect t 95% CL
Physics: Dark Matter  sensitivity Site . 9y , , | , on 4 °
from GC Halo latitude in 5-yr, for Einasto profile.
Cosmic-rays: Mass- Muon countin Max. dipole energy at 10-3 level. Log-mass resolution at 1
g resolved dipole capabilit 3 Pev - goalisA =1, 4,14, 56; Maximum multipole scale >
- Multipole anisotropy pabIlity 0.1 PeV.
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swO Detector options and prototyping

~ Large-area PMT
— SiPM array

M Multi-sensor

- Distributed sensor
~ None

= \Winston cone

~— WLS plate or fibres

Active base
L {

Multi-channel HV
— High-rate sampling

M~ -+ Medium-rate sampling + TDC

- Time-over-threshold (ToT)

White Rabbit
\ {
RapCal

 Strong push for consolidation of detector options.

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

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

SWGO R&D Phase Milestones e R&D phase COmp\etion N ear\y

* Preparatory phase

-_ Detal\ed construction p\annlng
M7/

Preferred Site Identified e E : : A
M8  Design Finalized ngineering Array

M9 Construction and Operations Proposal Complete

 Full construction phase (2027+)
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5 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.qg. 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.
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