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Main underground labs and projects
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Historical Interest in South Africa
2015: Towards the South African Underground Laboratory :

2019: Latest Updates on Developments of the 

Underground Neutrino Facility in South Africa
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Koeberg Nuclear Power plant

60 km

20 km

Huguenot Tunnel
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The Huguenot tunnel

6



East Entrance West 
Entrance

1300m Du Toitskloof mountain with  ~800 m of rock overburden for the Huguenot tunnel
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Mock up of PAUL facility

A possible 600m2 laboratory (40x16x16 m3) in the Huguenot tunnel. 
Courtesy: Joaquin Venturino (CNEA), April 2023.

Floor space: 640 m2

Volume: 10240 m3
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Inside view of LSC laboratory 
(Spain, France border)
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D
ecreasing cosm

ic-ray m
uon flux

Lab Depth (mwe) 
vs Decreasing cosmic-ray muon flux

For PAUL, it is only an estimate 
as the cosmic-ray muon flux is 
not yet well measured, nor the 
real rock overburden known 
exactly (~800 m, ~2000 mwe)
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Scientific reviews of PAUL 

Source: A. Ianni report
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• Ultra-low radioactivity measurements
(related to climate science amongst others)
• Dark Matter search
• Biological science (effect of cosmic radiation on cells and 

reference organisms – radiation biology)
• possibly anti-neutrino monitoring (radiated from Koeberg 

Nuclear Power Station) (neutrino physics)

Envisaged Science at PAUL
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Potential of Astroparticle research
The challenge is to 
develop detectors with
very low energy
thresholds and excellent 
control over detector 
backgrounds.

Dark matter with 
mass below the 
proton (sub-GeV)

Technology

✔ Charge Coupled Devices
(CCDs), Skipper-CCD 
(SENSEI, DAMIC, OSCURA)

✔ Solid-state cryogenic
detectors (Ge, Si, ..), 
operating at T<15 mK, 
(Edelweiss)

✔ Noble Liquid target (Xe, Ar) 
13



• PAUL not yet a juristic person
• PAUL is led by an Executive Committee 
 Dr Rob Adam (SKA International, Stellenbosch University)
 Dr Xavier Bertou (CNEA, Argentina)
 Prof. Trevor Haas (Stellenbosch University)
 Prof. Lerothodi Leeuw (Univ. of the Western Cape)
 Prof. Robbie Lindsay (Univ. of the Western Cape)
 Prof. Fairouz Malek (CNRS, France, and Stellenbosch University)
 Prof. Richard Newman (Stellenbosch University)
 Prof. Shaun Wyngaardt (Stellenbosch University)

• Stellenbosch University is the lead institution of the collaboration
• Prof. Richard Newman from SU was appointed PAUL Project 

Manager by the PAUL Executive Committee

The PAUL collaboration (as at 5 Oct 23)
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• dates: 14 – 18  January 2024
• Indico agenda: https://indico.cern.ch/event/1316503/

• venue:  Du Kloof Lodge, Du Toitskloof Mountains 
(just outside the Huguenot Tunnel)

Symposium on Science at PAUL
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Conclusions

PAUL is planned to be an open international laboratory, 

A unique opportunity for Africa, devoted to the development of  competitive science in the region. It has the 
advantage that the location, the Huguenot tunnel, exists already and the geology and the environment of the 
site are appropriate for an experimental facility of this nature.

Performing an experiment to directly detect dark matter in an underground laboratory located in the 
Southern Hemisphere involves comparing results with those of an identical detector in the Northern
Hemisphere. 

The other advantage to build an UL facility in South Africa is to combine the direct detection with indirect 
dark matter detection from radio astronomy surveys that South Africa is leading (SKA, MeerKAT, etc.). 

arXiv:2306.12083 [hep-ex]
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Complementary
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South African Astronomical Observatory

Square Kilometer Array

iThemba LABS
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http://www.google.co.za/url?sa=i&rct=j&q=south%20african%20national%20space%20agency&source=images&cd=&cad=rja&docid=hn7ythgfoZLMRM&tbnid=COoXDtN26Xok6M:&ved=0CAUQjRw&url=http://nrfcommunique.nrf.ac.za/HMO.html&ei=BJEkUtD7GsfP0QWP8YH4Cg&psig=AFQjCNEuTPtTW6u2nwnda0fWxCBNWNaLhw&ust=1378214284699065
http://www.google.co.za/url?sa=i&rct=j&q=south%20african%20national%20space%20agency&source=images&cd=&cad=rja&docid=KEEU4sXDmqNiwM&tbnid=gR0v3-pHDAFJhM:&ved=0CAUQjRw&url=http://mybroadband.co.za/vb/showthread.php/370366-South-African-National-Space-Agency-(Sansa)&ei=I5EkUvy_E_OX0QWarID4BQ&psig=AFQjCNEuTPtTW6u2nwnda0fWxCBNWNaLhw&ust=1378214284699065


World Class Universities

Stellenbosch University University of Cape Town

University of the Western Cape 19



New Impetus
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The range mostly consists of Table Mountain sandstone, an erosion-resistant quatzitic sandstone
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http://en.wikipedia.org/wiki/Table_Mountain_sandstone
http://en.wikipedia.org/wiki/Sandstone


The design of LSM-Modane 
was used for the purpose
of the illustration

PAUL in the Huguenot Tunnel

• The future underground laboratory
is currently being designed; 

• It directly involves the company
operating the Huguenot tunnel 
(SANRAL)
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Gamma-ray mapping in the Huguenot tunnel, 2013
Phys. Proc. 61 (2015) 586-590

The concentrations measured at three sites confirm
that the level of radon is well below any degree of 
consideration, with a mean level of radon no more than
~50 Bqm−3
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• Experiment leader: Dr Jacques Marteau (CNRS, Lyon University, France)
• Local collaborators: Prof. Robbie Lindsay (UWC), Prof. Richard Newman 

(SU), Dr Lumkile Mcbesi (UWC)
• Nov 2023 – Nov 2024

PAUL Seed Funding Request
Muon Flux measurement
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Publications and communications in 2023

Workshop, congress and conferences

1)- Underground Labs Workshop at Aussois: June 21-23
2)- French Physics Society General Congress, Paris, 3-7 July
3)- EAS Crakow, July 10-14
4) High Energy Astrophysics in Southern Africa (HEASA) July 31st
5) APRIM2023, August 2023, Japan
6) TAUP 2023, August 28 – September 1, 2023
7) South Africa’s approach to science diplomacy, 04/09/23
8) TIPP 2023 – September 2023, Cape Town
9) BRICS science meeting at Cape Town, 22/10/2023

June 21st: arXiv:2306.12083 [hep-ex]
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reviewed PAUL arXiv paper and basic engineering design   
guidelines document

• Dr Aldo Ianni (LNGS, Italy), 
• Dr Jeter Hall (SNOLAB, Canada), and
• Prof. Azwinndini Muronga (Nelson Mandela University, South 

Africa)

Scientific reviews of PAUL : 8 – 28 August 2023
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• current proposal is to use the same model as for SALT Telescope
• Create non-profit PAUL Foundation
• PAUL Foundation governed by a Board of Directors (BoD)
• Directors are representatives of shareholders/funders
• PAUL Foundation BoD to appoint PAUL Foundation Managing 

Director (MD)

Future PAUL governance

Envisaged consortium contributions to PAUL 
• Provision of fully serviced PAUL cavern (South Africa) – step 1
• Provision of detector systems (SA partners and international partners) – step 2
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• Assume excavation rate (drill and blast): 30 m3 per day

• According to current timeline, fully serviced laboratory to be 
completed by beginning of 2027.

PAUL Project Timelines
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PAUL Project Timelines
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• Assume excavation cost (drill and blast): 100 US$ per m3

• Assume a contingency of 20 %.
• Includes estimated cost (R 5 million) to build a PAUL Support 

Facility outside tunnel on Paarl side.
• Current estimate to construct PAUL: ~ US$ 6.5 million

PAUL Project Budget
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