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Status summary of the field
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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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© LHAASO Collab.

@ HAWC Collab.

Tibet-ASγ + MD

0.01 Crab

MILAGRO

ARGO-YBJ

0.5 Crab

1.0 Crab

2020s
2010s

2000s

SWGO?

LHAASO
Tibet ASγ

5 km a.s.l.

Larger and higher…

HAWC

MILAGRO

0.05 Crab



A new window for the UHE sky
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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
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HAWC

MILAGRO
HAWC

LHAASO

MILAGRO
HAWC

LHAASOW. Hofmann
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For 0.4º sources

HAWC Coll. Preliminary

5

HAWC

Major observational 
technique > 10s TeV

0.2 Crab 0.02 Crab

1.0 Crab

0.05 Crab

0.01 Crab



Scientific Outlook

6

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


Transients

Deep View 

@ large scale

Survey +  

Discovery

Wide-field

Duty-cycle

GRBs

PeVatrons

Halos

Fermi Bubbles

Dark Matter

High-Energy 
Sensitivity

Cosmic rays

AGNs

Multi-messenger
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Ground-based Gamma-ray 
Astronomy Network

HAWC

VERITAS
MAGIC

HESS
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Bolivia 4.7k

Argentina 4.8 k 

Chile 4.8 k

Peru 4.9 k

13º S

24º S

A Wide-field Gamma-ray Observatory in the South
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Bolivia 4.7k

Argentina 4.8 k 

Chile 4.8 k

Peru 4.9 k

13º S

24º S

Shortlisting: Fall 2022 
Site visits: October 
Site selection: Fall 2023 

ICHEP 2020 J. Vícha, FZU 10/12

Candidate Sites

● Ongoing collection of as much information as possible 

● Installation of dedicated environmental devices and 
prototypes (water freezing etc.)

● Challenging altitudes (water transport, manpower, ...)

Lat. 15 S

Lat. 23 S
ICHEP 2020 J. Vícha, FZU 10/12

Candidate Sites

● Ongoing collection of as much information as possible 

● Installation of dedicated environmental devices and 
prototypes (water freezing etc.)

● Challenging altitudes (water transport, manpower, ...)

Lat. 15 S

Lat. 23 S

Yanque

A Wide-field Gamma-ray Observatory in the South
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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
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Welcome Croatia!

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

Committee representative for Croatia

7
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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


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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� 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


SWGO Baseline 
Requirements

35 degree zenith angle500 m

600 GeV 14 TeV

!Larger detector array and increased altitude w.r.t. HAWC
→Very precise measurements possible even below 1 TeV

Colour = :me

A1

! Larger and dense detector array at increased altitude with 
respect to HAWC 
→  Very precise measurements possible below 1 TeV
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M
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N
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613

Fig.2.Illustration of the developm
ent of electrom

agnetic show
ers in a hydrostatic, isotherm

al atm
osphere, follow

ing the G
reisen sem

i-em
pirical m

odel. The 
solid lines indicate the num

ber of electrons and positrons in the show
er as function of depth. The dashed lines corresponds to equal-age curves.

–
energy losses of e ±

by ionization and atom
ic excitation, leading to rapid extinction of the show

er w
hen the energy of 

the charged particles in the show
er pass below

 the so-called “critical energy” 1
(E

c =
83

M
eV

in the air);
–

electron  scattering and positron annihilation that lead to an excess of ∼
10%

of electrons com
pared to positrons (“charge 

excess”), w
hich in turn can produce a significant radio em

ission signal (“Askaryan effect”);
–

the  Earth’s m
agnetic field, w

hich broadens the show
er in the East–W

est direction.

At high energy, photo-production or electro-production of hadrons can occasionally give rise to a hadronic com
ponent in 

electrom
agnetic show

ers. H
ow

ever, the corresponding cross-sections are typically a factor or 10 −
3
sm

aller than that of pair 
creation.

H
adronic  show

ers are m
ore com

plicated to describe, and depend on several different characteristic lengths (nuclear 
interaction length, decay lengths for unstable particles, radiation length) so no universal scaling is applicable. They com

prise 
several com

ponents:

–
hadronic com

ponents: nuclear fragm
ents resulting from

 collision w
ith atm

ospheric nuclei, isolated nucleons, π
and K 

m
esons, etc.

–
an  electrom

agnetic com
ponent resulting in particular from

 the decay of neutral pions into γ
rays,

–
high-energy  m

uons resulting from
 the decay of charged m

esons (π
±

and K ±
m
ainly),

–
atm

ospheric  neutrinos resulting from
 the decay of m

esons and m
uons (π

±
, K ±

, and µ
±
).

The electrom
agnetic and hadronic show

ers are illustrated in Fig.2. H
adronic show

ers are m
ore irregular, often com

prising 
several electrom

agnetic sub-show
ers.

1.2. Sem
i-analytic m

odel of electrom
agnetic show

ers

In the 1950s, G
reisen

[6]
proposed a sem

i-em
pirical m

odel of the electrom
agnetic show

er developm
ent that, in particular, 

takes into account ionization losses w
hich w

ere neglected in the previous m
odels.

This  m
odel introduces a show

er-age
param

eter, w
hich depends on the prim

ary energy E
0 , the critical energy E

c
and the 

reduced depth t=
X
/X

0 :

s=
3t

t+
2
y
w
ith

y =
ln

(
E
0

E
c )

(5)

The age is s =
0

at the start of the show
er, s =

1
at the depth of show

er m
axim

um
 tm

ax =
y =

ln
(E

0 /E
c )

and s >
1

in 
the follow

ing extinction phase. The sem
i-em

pirical G
reisen form

ula gives the average num
ber of electrons at depth t

and at 
the depth of show

er m
axim

um
 tm

ax , respectively:

1
The critical energy is the energy w

here the energy losses by ionization are equal to that by brem
sstrahlung. Below this energy, the ionization losses 

rise as 1
/E

as the particle decelerate, leading to a very rapid extinction (“Bragg peak”).

Altitude  
m

atters!
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CTA South 50 h

LHAASO 1 y

HAWC - 507 days

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


SWGO baseline 1 year

*50 h = "typical" 1-year IACT exposure

*

Crab

10% Crab

Straw-man 
Model
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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 
→2026+!Roadmaps 

→ US Decadal Review 
→  SNOWMASS, APPEC, Astronet 

20M$
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� Cherenkov Atmospheric 
Telescopes 
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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


ROTOPLASTYC 
(Brazil)

AQUAMATE 
(Australia)

MPIK 
(Heidelberg)

10

10

WCD unit Solutions
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More Detector Options 
and Prototyping

Reference Configuration

⌾Establish a plausible, costable and realisable (with existing 
tech) design to serve as reference to alternative approaches

17

PMT unit

for tests

Tests on Double Shift WLS prototype

5

Light collected/read in by 2 separate 3x3 
SiPM 
(In principle 1 is enough). The advantage 
of double readout is to have an auto 
trigger (for cosmic events)  to trigger in 
coincidence without the support of an 
external muon trigger/telescope.

Despite the detector is born to be a a 
photodetector it is sensitive to charged 
particles crossing and ionizing the WLS 
acting as a scintillator 

Landau 
distr.
In auto 
trigger from 
2 sides of 
the Dber: 
few Hz ,  

PMT module  
MPIK

WLS Padova

Sensors and PMT support

12

4x R6594-Y009 (5”) waterproof ASSY (Milano)

R7081-Y006 (19”) waterproof ASSY (Milano)

R5912-Y006 (8”) waterproof ASSY – USB powered – Napoli (not delivered yet)

R14374 (3”) from HyperK (one with HK active base + one flying leads)

PMTs 
Naples

Multi-PMT prototype – Phase 1

17

HyperK-style 
multi-PMT

!The material has tolerance to the 
operation to the welding process  

!The thickness of this material 
allows good sealing

7

HAWC Bladder

HAWC  
Bladders

(IceCube) PMT 
active base



A1
A2 A3

A4

A5

A6

A7
HAWC

similarly B1, C1, D1, …, E4 (13 total)

80% FF, 80,000 m2

0.6% FF

LHAASO

Working Groups & Milestones

⌾Spokespersons 
swgo_spokespersons@swgo.org
→ Jim Hinton (Germany), 

Petra Huentemeyer (USA), 
Ulisses Barres (Brazil)

10

Science Analysis & 
Simula-ons Detector Site Outreach 

& Comms

Felix Werner & 
Lukas Nellen

Ruben Conceição, 
Harm Schoorlemmer & 
Andy Smith 

Marcos Santander &  
Arthur Moraes

Gwenael GiacinD &
Francesco Longo

Elisa Prandini & 
Ana Pichel

✓
✓
✓

Working Group Coordinators

ARRAY 
CONFIGURATION

(baseline)

EQUAL NOMINAL COST ARRAYS

1 km2

2.5% FF

 4 km2
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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


WCD unit designs
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CTA South 50 h

LHAASO 1 y

km2+  
outer array

Planned operation time > 10 years

HAWC - 507 days

20

1 TeV 1 PeV

Low E 
enhancement

SWGO baseline 1 year

Fermi-LAT 

Improved PSF and 
Background rejection
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First IRFs in production for 

Reference Configuration ++



26
— Vulcano | September 2022 —  

• The	field	in	context	

• Introduction	of	SWGO	

• Status	of	R&D	

• Science	Outlook

Content
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Working Groups & Milestones
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✓
✓
✓

Working Group Coordinators
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Eres < 20%

Θres ~ 0.1°

CRres @ 10-4

PRELIMINARY  
DESIGN TARGETS



Extended and UHE sources
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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 
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✧  SWGO can bring the 10s deg2 error boxes (GBM, GW) down to ~  deg2 
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1 min sensitivity:  
• Fermi-LAT: 10-7 erg/cm2/s @ 1 GeV 
• SWGO: 10-9 erg/cm2/s @ < 500 GeV  
• CTA: 10-11 erg/cm2/s @ 100 GeV
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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

31

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
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1 GRB detection per year 
1/3 with SED < 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

32
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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Neutrino 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 +++
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Cosmic rays

34

!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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Summary

!  SWGO is deep into the R&D phase  
→Figuring in the future infrastructure roadmaps in the US, EU and LA 

!  Engineering array at few-% scale planned after CDR, in 2024+  
!  Science and performance goals 

→New window for PeVatron astronomy in the southern hemisphere 
✓ Complementary to LHAASO’s sky view 
✓ Origin of Galactic Hadronic Cosmic-rays 

→Wide-energy range coverage 100 GeV - 1 PeV 
✓ Complementary to CTA 
✓ Bridging the satellite all-sky monitoring capabilities 

→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!
35
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Thank you!
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