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SWGO Science Cases – Design Drivers & Benchmarks
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https://english.news.cn/20230609/3d3015aa9efa49abbf0290bf3b9db467/c.html
https://iopscience.iop.org/article/10.3847/1538-4357/ab2f7d
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SWGO Science Performance Requirements

 Wide Instantaneous Field-of-view of the Southern Sky (including GC)

 Continuous Monitoring with minimal downtime

 Low Energy Threshold for Transient Monitoring

 Excellent Differential Point-Source Sensitivity

 Extended Source sensitivity 

 Good Measurement of Energy & Arrival Direction
 Energy resolution better that 20% which improves with energy

 Sub-degree (<0.30) angular resolution which improves with energy

 Excellent Background rejection via Gamma-Hadron Separation
 Ability to detect Shower “Clumpiness”

 Muon Tagging/Counting with single WCDs

The Detector Design of the Southern Wide-Field Gamma-Ray Observatory 3

https://arxiv.org/pdf/1902.08429


Design Principles - Water Cherenkov Detector Surface Array
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Design Driver – View Southern Sky – High Altitude Candidate Sites
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Exposure at 25 S latitude https://arxiv.org/pdf/1902.08429

Pampa La Bola, Chile - 4770 m

Alto Tocomar, Argentina – 4450 m

Imata, Peru - 4450 m

Peru

Argentina

Chile
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 Candidate sites in Argentina, Chile & Peru
 Latitudes – 140 S – 240 S
 Altitudes – 4450 m – 4800 m

https://arxiv.org/pdf/1902.08429


Design Driver – High Altitude  Lower Energy Threshold
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Design Driver – Large Area High Energy (>PeV) Sensitivity
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 Denser  Core  Array – up to 80% Fill Factor
 Sparser Outer Array 
 Graded Array
 Clustering for practicality
 Simulations to optimize

(credit Jim Hinton - MPIK)Baseline Configuration

Practical 
Considerations will 
dictate final choices



WCD Unit Design Configuration

 Unit Configurations with varying diameter, height, compartmentalization, photosensor deployment
 Double Chamber Muon Tagging
 Smallest Dimension < 2.6 m? “Easily” Realizable in Plastic
 Larger  Special Transport Permits
 “Mercedes” Plastic Tank with 3 Photosensors at wall 
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Double 
Chamber 
Muon Tagging

“Mercedes” Plastic Tank 
with 3 Photosensors at wall 

“HAWC-like”(smaller) 
single layer tank

Double 
Chamber 
Muon Tagging

Double 
Chamber 
Muon Tagging

Double 
Chamber 
Muon Tagging



Optimization of Detector Unit & Array Configuration

Simulation of 
extensive air showers

SWGO-RECO

CORSIKA

AERIE

PYSWGO

Detector simulation

Shower reconstruction

High-level 
reconstructions (IRFs)

 Fixed Cost Unit & Array Configuration
o Choose Unit Configuration
o Choose Array Layout
o Vary number of units to maintain fixed cost

 Simulate Performance for Various Choices

Optimal Performance Unit & Array 
Configuration
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Unit Configurations Array Layout



The "baseline" detector- array and unit configuration
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Core:

Outer:

Altitude:

Ø 320 m, FF = 80%
5,700 WCD units

Ø 600 m, FF = 5%
880 WCD units

4,400 - 4,800 m a.s.l.

 Denser core to improve 
measurement and 
gamma/hadron separation

 Sparse outer array to enlarge 
area to improve high-energy 
sensitivity

Diameter:
Double 
Layer:

5.2 m

Upper: 3.42 m depth 
Lower: 0.68 m depth

 Wide for better 
sampling of EAS

 Deep/Double Layer

Muon tagging



The "baseline" detector concept - Sensitivity/Angular Resolution

✧ muon counting
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(credit Jim Hinton - MPIK)

 High-Altitude to improve sensitivity 
at low energies 

 Sparse outer array to enlarge area 
to improve high-energy sensitivity

Dense Sampling and Long Lever Arm of EAS 
Sampling

Improved Angular Resolution



SWGO WCD Deployment Options
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Tank Option

Steel Plastic

Pond Option Lake Option

Bladder Bladder

Bladder
inside

Bladder
inside

 Several water containment options. Tanks, Pond and Lake.
 Significant Experience with both steel (HAWC) and plastic (Auger) tanks.
 Pond/Lake options eliminate container costs…not as much experience at scale. 
 Plastic tanks more easily deployed but limited in size due to transport issues. 
 Bladder film and construction developed for use in all options.



Plastic Tank Option – “Mercedes”

 Shallow, 3 or 4 PMTS
 Working with industry 
 Roto-molded
 Thermal insulation integrated
 Reduced water requirement
 Possible Fabrication “nearby”
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SWGO Steel Tank Option
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5.2 m diameter – 4.3 m height3.6 m diameter – 4.3 m height

 Fabricated from Galvanized Steel 
Panels

 Larger Dimensions possible
 “Compact” Shipping – transportable 

via road
 Water contained in bladder

o Single/Double Compartment
o White (Tyvek)/Black Walls

(credit Michael Schneider - UMD)
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Bladders
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Double Chamber Bladder Concept

 Water-Tight
 Light-Tight
 Does not contaminate water
 Lower Chamber - Tyvek  used to reflect photons
 Upper Chamber – non-reflective to improve timing
 Working with industrial partners 
 film development
 Fabrication



Double-PMT Mechanics
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Photosensors need to be positioned to view the upper and lower chambers. Weights to balance and reduce 
buoyancy as well as positioning and surveying mechanisms are being developed. Shown here is an MPIK design to 
hold an 8” downward-looking and 10” upward-looking PMT. This particular design would be supported from above.



Electronics Chain Options
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(credit Richard White - MPIK)



18

Photosensors

 Large-Area (8”-10” PMTs)
 MultiPMT (3”-4” PMTs)
 WLS,SiPM (Category B)

PMT Test facility in Prague

Diameter Model Sensor Area (cm2) QE(390 nm) Euro/cm2 Transit Time (ns)

3” R14374 41 27.5% 14.6 1.3 ns

8” R5912 283 25% 18.4 2.4

8” R5912-100 283 35% 15.7 2.4

8” R14688-100 283 35% 17.8 0.9

8” NVT N6082 283? 28% 16.8 1.8

9” HZC XP1805 358? 27% ~10.0 2.4

10” R7081 379 25% 16.4 3.4

10” R7081-100 379 35% 14.2 3.4

4” R16293 ? ? ? proprietary

4” N2041 (NNVT) ? ? ? proprietary

Others 
from old 
experime

nts

PMT Test facility at MPIK

 Need good timing  Improved Angular Resolution
 Effective Surface Area/€  Greater Sensitivity
 Exchange Rates?

(credit Felix Werner - MPIK)



Remote Digitization with FlashCAM ADCs
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 CTA-based design
 Modified & Developed for SWGO by MPIK Group
 “Phantom_ HV Supply & Pick-off
 FlashCam mainboards with two 12-channel ADC 
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INFN-Napoli Multi-PMT Mechanics/Electronics
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 KM3Net-based design
 Modified & Developed for SWGO by INFN-Napoli Group
 Local digitization of 7 upward-facing 3” XXXX PMTs
 White Rabbit Timing incorporated into mainboard
 Linux-based mainboard to facilitate development

(credit – INFN - Napoli)



IceCube-based Optical Module with Digitizing Active Base
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 IceCube-based design
 Modified & Developed for SWGO by WiPac Group
 Cockcroft Walton Active HV Base
 Local Digitization on Base 
 Existing Optical Modules with 16 PMTs 
 8 upward, 8 downward looking
 32-bit ARM based Mini-mainboard 

(credit Mike Duvernois – UW Madison)



Data Acquisition Requirements & Online Processing
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 GPS-GNSS Timing Master
 Photosensor Signals Digitized Remotely or Locally
 Timing Distribution provided by White Rabbit (-like?) Switches
 CPU Server-based Online Software Processing 

(credit Felix Werner- MPIK)
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Design constraints – Cost, Risk & Mitigation

 Design Constraints
 Affordability
 Durability
 Feasibility
 …

 Major Cost Drivers
 PMTs
 Tanks & Bladders
 Water (site-dependent?)
 ???

 Risks
 Technical
 Environmental
 Managerial
 Political
 Resources
o Water
o Labor
o Material (PMTs, Electronics, …)

 Mitigation Examples
 Lightning protection, grounding
 Establish Legal Entity 
 Multiple Vendors & Vendor Engagement
 Early purchase of critical items
 ….

A costing exercise for a representative site

(credit Jim Hinton - MPIK)
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Design Consolidation, Future Expansion & Construction Planning

 Categorization of detector options 
proceeding.

 Focus on land-based detector option to start 
construction as soon as possible.

 Site selection to occur by end of 2024
 Final Detector Design Early 2025
 Detailed Site-Specific Deployment plan Mid 

2025
 Planning for construction and deployment 

of SWGO is starting.

SWGO CAD Model 
(credit Diego Sartirana – INFN-To)

 Development of novel detector 
technologies such as the use of 
SiPMs and Wavelength shifting 
plates no longer actively pursued 
for use in baseline design of 
SWGO

 Work by Ultra High energy Task 
Force on outer array and possible 
large area lake deployment as a 
future expansion is ongoing.

(credit Richard White – MPIK)
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 Design Drivers
o Southern Sky  Go South
o Lower Energy Range  Go High
o Higher Energy Range  Go Big
o Background Rejection  Go Deep

 Design Constraints & Considerations
o Cost  
o Risk 

 Detector Options – R&D
o Mechanics
o Photosensors
o Electronics 

 Detector Deployment & Operation 
o Construction
o Analysis
o Calibration &  Validation
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Summary

Emphasize 
Availability, Affordability, Durability, Feasibility

Array of WCD units and DAQ with 
robust autonomous performance

Make Decisions and Get Started!
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The SWGO Collaboration  

CDMX Meeting April 2024

https://www.swgo.org/SWGOWiki/doku.php?id=collaboration

 Growing Collaboration
 More than 270 collaborators on Author List
 92 Affiliated Institutions 

Institutional Member States:
Argentina, Brazil, Chile, China, Croatia, Czech Republic, 
France, Germany, Italy, Mexico, Peru, Portugual, UK, USA

Associate Members also from
Poland, Slovenia, Sweden

https://www.swgo.org/SWGOWiki/doku.php?id=collaboration
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Backup Slides



Water Treatment - Requirements
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Reconstruction of Energy & Arrival Direction: 
Core Location , Lateral Distribution, Plane Fit
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Charge vs x vs y
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Calibration – Dedicated Calibration Hardware and/or Use of Extensive Air Shower & Muons

Time – Fitting Residuals from EAS events

https://arxiv.org/pdf/1508.04312

Charge – Vertical Equivalent Muon Studies

https://arxiv.org/pdf/1508.04312


Validation - Energy Calibration using The Moon & The Crab!
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2017 HAWC Measurement of the energy spectrum of the Crab
https://iopscience.iop.org/article/10.3847/1538-4357/aa7555/pdf

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.122001 2019 HAWC Measurement of the energy spectrum of the Crab
https://iopscience.iop.org/article/10.3847/1538-4357/ab2f7d

Validation can be performed using known phenomena:
 the energy dependent deflection of cosmic rays in 

the known magnetic field of the earth. 
 The known energy spectrum of the Crab Nebula

https://iopscience.iop.org/article/10.3847/1538-4357/aa7555/pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.122001
https://iopscience.iop.org/article/10.3847/1538-4357/ab2f7d
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