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Ground-based gamma-rays
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Observational Panorama 
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� Cherenkov Atmospheric 
Telescopes 
o  20% duty-cycle 
o  Pointing (few degrees FoV) 
o  Energy threshold down to 10s GeV 
o  Good energy and angular resolution 

� Particle Detector Arrays 
→ 100% duty-cycle 
→ Wide-field of View (~ steradian) 
→ Energy range 100s GeV up to 100s TeV 
→ Continual view and accurate 

background determination 
LHAASO


HESS


MAGIC


VERITAS
1. Air-Cherenkov telescopes 

2. Altitude particle arrays

Two techniques High Duty Cycle
Wide-Field of View
UHE Performance

Low Duty Cycle
Pointing instruments

Precision Astronomy at VHE
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Ground-based Gamma-ray 
Astronomy Network

HAWC

VERITAS
MAGIC

HESS
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© LHAASO Collab.

@ HAWC Collab.
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LHAASO
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For 0.4º sources

HAWC Coll. Preliminary
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HAWC

5
For 0.4º sources

HAWC Coll. Preliminary
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HAWC

A new window for the UHE sky
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HAWC

MILAGRO
HAWC

LHAASO

MILAGRO
HAWC

LHAASOW. Hofmann

5
For 0.4º sources

HAWC Coll. Preliminary
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HAWC Major observational 
technique > 10s TeV

1.0 Crab

0.01 Crab
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!  SWGO partners 
→14 countries, 66 institutes*  
→+ supporting scientists 

Argentina 
Brazil 
Chile 
China 
Croatia 
Czech Republic 
Germany

Italy 
Mexico 
Peru 
Portugal 
South Korea 
United Kingdom 
United States

Member Institutes

Supporting Scientists

SWGO Collaboration

Welcome Croatia!

!University of Rijeka SoI signed
!Marina Manganaro has joined the Steering

Committee representative for Croatia
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8Argentina 4.8 k Peru 4.9 k

A Wide-field Gamma-ray 
Observatory in the South

Cerro Vecar, Argentina - 4800 m

Sibinacocha, Peru - 4900 m

Yanque, Peru - 4800 m

13º S

24º S

Pampa La Bola, Chile - 4770 m



9Argentina 4.8 k Peru 4.9 k

A Wide-field Gamma-ray 
Observatory in the South

Pampa La Bola, Chile - 4770 m

Cerro Vecar, Argentina - 4800 m

Sibinacocha, Peru - 4900 m

Yanque, Peru - 4800 m

13º S

24º S

2020-21: Site Candidates 
2022-23: Visits and Characterisation 
2024: Site Selection 

Pampa La Bola, Chile - 4770 m
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The baseline 
detector concept

Fig.1.Left:ReferenceConfigurationlayout.Right:zoomoftheboundarybetweencorearrayandoutriggers.

2.2.Outriggers

Anoutriggerarray(seee.g.[4])providesaneffectivewaytoprovidehighenergysensitivity,providedthecostof
theoutriggersremainssmallincomparisontothetotalcost.Theunitsareidenticaltothecorearraybutwitha
gridspacingfourtimeslargeror16.12m,resultingin882unitsbetween160mand300mfromthearraycentre.

3.DetectorUnitConfiguration

Tab.2summarisesthedetectorunit(tank)configurationfortheRC,PBSelementsaretakenfrom[5].More
detailsaregivenbelow.

Thedetectorunitcontainsanopticallyisolatedcylindricalwatervolumeofdiameter3.8mandheight3.0m.The
watervolumesareenclosedinatankofthickness⇡2gcm�2(materialTBD).Thewatervolumeisdividedinto
twocylindricalopticallyisolatedvolumes.Theuppervolumehasadepthof2.5mandthelowervolume0.5m.

Thelowervolumeisintendedforuseinmuontaggingforbackgrounrejection–see,e.g.[6].Theuppervolume
providestimeandparticleenergydensityinformation.Theinteriorsurfacepropertiesofthelowervolumeand
thesidewallsoftheuppervolumearesettothatofthehighlyreflectivematerialTyvek.Thetopandbottomof
theuppervolumeareblack,withpropertiesofpolypropanol.Thehybridnatureoftheuppervolumeintermsof
surfacepropertiesisacompromisebetweenlightcollectionefficiencyandnoiserate/timeresponse.

Bothvolumescontainasinglephotosensor,theHamamatsuR5912-1008"PMT.ThePMTsareplacedadjacent
toeachotheratthedividingsurface-facinginoppositedirections.ThePMTsareequippedwithwater-proof
housingsprovidedbythemanufacturerandarenotequippedwithmagneticshieldsorlightguides,forsimplicity
ofcostandperformanceestimation.

3.1.ElectronicsChain

HighvoltageforthePMTisgeneratedlocally,withlowvoltagepower,digitalcommunications,andactiveshaping
withdifferentialsignaltransmissiontoaNodeatadistanceof.30m.Theanaloguesignalisdigitisedatthe
nodewitha250MSs�112-bitADC.

AbsolutetimesynchronisationisprovidedviaaGPSreceiveranddistributionusingtheWhiteRabbit(WR)

V1.0Page2of4

16 m4 m

Core: 

Outer: 

Altitude:

Ø 320 m, FF = 80% 
5,700 WCD units

Ø 600 m, FF = 5% 
880 WCD units

4,700 m a.s.l.

✧ muon counting
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Analysis and Simulations
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Simulation studies with different WCD concepts and array 
configurations to select most promising candidates
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Simulation of 
extensive air showers

Detector 
simulation

Shower 
reconstruction

High-level  
reconstructions (IRFs)
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Effective area inner zone: A5
TanksArrays

NOTE: Need to run with new thresholds from Martin.
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Exploring different WCD concepts
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([SHULPHQWDO�9HULğFDWLRQ

Ɣ &RPSDUH�VLQJOH�XQLW�VLPXODWLRQV�ZLWK�H[SHULPHQWDO�UHVXOWV�
Ɣ ��IROG�FRLQFLGHQFH�PHDVXUHPHQWV�ĺ�'RQH�

ż 5DWHV�IURP�VLPXODWLRQV�DUH�ZLWKLQ�H[SHULPHQWDO�UHVXOWV�

Ɣ ��IROG�FRLQFLGHQFH�PHDVXUHPHQWV�ĺ�$TXDPDWH�EODGGHU���
PDWU\RVKND

��

�
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EODGGHUV�DW�6LELQDFRFKD�ODNH�������PDVO��

SWGO tank construction: 3.6m x 4.3m

Michael Schneider, UMD for SWGO/Prague 2
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Detector options and prototyping
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A next-generation observatory
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New gamma/hadron 
discrimination 
approaches

Development of new concepts and approaches

Novel surface 
detector concepts

Alternative 
array layout 

configurations

shower footprint 
azimuthal 

fluctuations 
multi-PMT signal 

time trace for 
muon tag

Outer array 
configurations

Double-layered bladders 
and thermally-insulated 

tanks
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Novel WCD 
engineering 

solutions

10
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Decision phase has started!
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A series of steps to decide on detector elements by end 2024
Observational Panorama 
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Simulations & 
Prototype testing

Coupled 
Site-Detector 

Technology 
Choice
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SWGO foreseen sensitivity
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SWGO strawman 1 year
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SWGO Performance Goal 
Angular Resolution
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o

CTA

Current IACTs

HAWC

LHAASO KM2A

SWGO 
Inner  
Array
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Towards M6

!Huge simulation effort
!Great progress on algorithms
!Priority now: get everything integrated à

baseline analysis for M6
→And working for *all* candidate configurations

19

©Jim Hinton
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Science
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6 core benchmark science cases 
First IRFs in production for 

performance expectationsObservational Panorama 
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UHE Synergies
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→Nearby transients/flares

!SWGO+LHAASO 
→Full sky map of TeV-PeV γ emission 

!Strongly complements new 
generation of neutrino instruments 
→Mapping out diffuse emission / 

separating IC from pion decay emission, 
Dark Matter search +++

Observational Panorama 
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Transients with SWGO 
!  Short-timescale sensitivity of ground-particle detectors is much 

worse than IACTs at low E! But room for improvement < 1 TeV 

!  And a number of other advantages… 
→100% duty cycle ! higher rate and monitoring capability of transients 
! bridging the gap with satellite facilities 

→Serendipitous view - observation of onset / prompt emission of GRBs 
→A trigger instrument! 

✓ Blind searches and offline checks for afterglow triggers 

• Critical synergy with IACTs and other MWL + MM instruments 

20

✧  SWGO can bring the 10s deg2 error boxes (GBM, GW) down to ~  deg2 
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Transients with SWGO 
!  Short-timescale sensitivity of ground-particle detectors is much 

worse than IACTs at low E! But room for improvement < 1 TeV

21

Low-E Target 
SWGO, E = 250 GeV 

5

Visibility of LAT detected GRBs

GRB, F = 5x10-7 erg cm-2 s-1, 
for 0.0 < z < 0.8 compared 
to SWGO and straw-man 
sensitivity in 1000s

Binning: 100-250 GeV; 250-
500 GeV; 0.5-1 TeV

SED and light-curve are 
needed to calculate 
instrument response time

1/3 brighest LAT GRBs 
T0+1 ks integration time

GOAL ! 
unprecedented  
TIME SENSITIVITY 
for a wide field 
VHE instrument

Observational Panorama 
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1 GRB detection per year 
1/3 with spectrum < 1 ks

Cf. La Mura et al. 21



Transients with SWGO 
!  Energy threshold is crucial for variability studies, 

in particular short-transient events such as GRBs

22
8

Energy threshold and detection time

The amount of available 
VHE 9ux depends on the 
low energy threshold

Many GRBs are high z 
sources, subject to severe 
EBL opacity eGects

A low-energy threshold is 
the only way to react within 
tens of seconds.

Critical: IACTs cannot get 
the onset phase

Time to reach a 5σ detection  
In function of energy 
(model spectrum representative of 
  1/3 brightest LAT GRBs)

5 min

15 s

G. La Mura et al. 2021
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Cosmic rays
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!Charged cosmic ray physics at the knee 
→Mass-resolved anisotropy studies 

!Measuring μ-content with WCDs 
→Tagging of single muons at detector unit
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Status & Plan
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✓
✓
✓

✓

!R&D Phase 
→Kick off meeting Oct 2019 
→Expected completion 2024 

✓ Site and Design Choices made 
→Then: 

!Preparatory Phase 
→Detailed construction planning 
→Engineering Array 

! (Full) Construction Phase 
→From 2027

!Roadmaps 
→ US Decadal Review 
→  SNOWMASS, APPEC, Astronet 20M$

✓

— Astroparticle Physics | Inst. Pascal, November 2023 —  



Ruben Conceição

Outreach and Communication

 

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


Summary

!  SWGO is deep into the R&D phase: decision phase has started!  

!  Engineering array at few-% scale planned after CDR, in 2026+  

!  Science and performance goals 
→New window for PeVatron astronomy in the southern hemisphere 
→Wide-energy range coverage 100 GeV - 1 PeV 
→Sensitivity for transient phenomena below 1 TeV 
→Crucial mass-resolved CR data at the knee region 

!  A key instrument for MM astrophysics for the next decades!

26

Observational Panorama 

3 

� Cherenkov Atmospheric 
Telescopes 
o  20% duty-cycle 
o  Pointing (few degrees FoV) 
o  Energy threshold down to 10s GeV 
o  Good energy and angular resolution 

� Particle Detector Arrays 
→ 100% duty-cycle 
→ Wide-field of View (~ steradian) 
→ Energy range 100s GeV up to 100s TeV 
→ Continual view and accurate 

background determination 
LHAASO


HESS


MAGIC


VERITAS


— Astroparticle Physics | Inst. Pascal, November 2023 —  



Thank you!

27

SWGO acknowledgements

9th SWGO Collaboration Meeting (3rd in person!) 
1-4 October 2023 — Czech Academy of Sciences

— Astroparticle Physics | Inst. Pascal, November 2023 —  


