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Historical Interest in South Africa

2015: Towards the South African Underground Laboratory :

Physics Procedia e

Volume 51, 2013, Pages 386-390

"Towards the South African Underground
Laboratory (SAUL) »

S.M. Wyngaardt . B.T. Newman . R. Lindsay ®. A, Buffler © R. de Meijjer b, P. Malzka 9, ). Bezuidenhout £, R. Nchodu

9 M. van Rooyen i 7. Ndloyu ®

2019: Latest Updates on Developments of the

* Drepartment of Physics, Stellenbosch Wniversity, Privare Bag X1, Matieland, Stellenbosch, 7602
Underground Neutrino FaCiIity in South Africa E Departrment of Fhysics, University of the Weste rn Cape, Modderdam Road, Private Bag X17, Bellville, 7530

World Scientific

Connecling Great Minds LABORATOIRE DE PHYSIQUE SUBATOMI

Subject v Journals Books Major Reference Works Resources For Partners v Open Access AboutUs v Help v

Exotic Nuclei. pp. 478-485 (2019) | (&) 8 NoAc
Latest Updates on Developments of the Underground Neutrino Facility in South
Africa

Z.Z Vilskazi, S. M. Wyngaardt, R. T. Newman, R. Lindsay, A. Buffler, R. de Meijjer, P. Maleks, |. Bezuidenhout, R. Nchodu, M. van Rooyen and Z. Ndlovu

https://doi.org/10.1142/97859811209451_0069 | Cited by: 0
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1300m Du Toitskloof mountain with ~800 m of rock overburden for the Huguenot tunnel
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Floor space: 640 m?

Volume: 10240 m?3

A possible 600m? laboratory (40x16x16 m3) in the Huguenot tunnel.
Courtesy: Joaquin Venturino (CNEA), April 2023.
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vs Decreasing cosmic-ray muon flux
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Scientific reviews of PAUL

400000
300000 i
— 107 ~IsC
L v - h T
=3 ~ = . ®  European facilities
Ezuumu 'E -_PAUL Yemilab 4 Mountain overburden
E] 2 1n-7 | Kamioka
107 E
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Fig. 1. Excavated volume in existing and planned ULs. Blue: in operation. Red: being excavated. Green: E
planned. -
1[}—1{}1 MR

Depth [km w.e.]

Fig. 2 Cosmic muons flux in ULs. The solid line shows the flux under a flat surface. The approximate
position of PAUL in this line is shown. For ULs under a mountain the maximum overburden is also
reported (this will also be the case for PAUL — here not shown).

Source: A. lanni report
11
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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)

12
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The PAUL collaboration (as at 5 Oct 23)

« PAUL not yet a juristic person

« PAUL s 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

14
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Symposium on Science at PAUL

e dates: 14 -18 January 2024
e Indico agenda: https://indico.cern.ch/event/1316503/

e venue: Du Kloof Lodge, Du Toitskloof Mountains
(just outside the Huguenot Tunnel)
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arXiv:2306.12083 [hep-ex]

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.).

16
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Complementary
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World Class Universities

University of the Western Cape
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Letters of Interest Submission

[ Meten/Climat  [J tpSC [ Dieo 7/ CERN @ Welcome | ATLAS Coll . & Mon Drive - Google D[] Publi&Profile Accueil - Mastodon

ASFApP 21 July 2021 to 1 April 2023

Europe/Zurich timezone

African Strategy for Overview Astro-particle and cosmology potential in the Underground of
Funda mental and Applied PhYSiCS Call for Letters of Interest Africa

Contribution List & Not scheduled
My Conference © 20m

- My Contributions

Description

Book of Letters of
Interest

ON ORGANIZATION TIMELINE SUPPORT TWIEQ SITE

There are signals from the Universe that one can detect by performing experiments which are not that lar
- - and not even located in space or at large observatories on Earth. Some of these signals can address the f
Twiki Steering Committee How did the Universe begin? How did it come 1o existence? What is hidden to our eyes and observatory fe

experiments in zstro-particle physics and cosmology would explore dark marer searches, studies of radi

Twiki Pagee asfap-steeringcommittee ) ) ; i ) )
alolic neutrino physics. They require careful shielding against cosmic rays which has metivated the constructio

caverns in mines and adjacent 1o wnnels under mountains. There are currently about a dezen such laborz

e i e mm e s e mam ] Bun e m o ard n mram B immEmm b mmm Sambes San P rmmimn WA ol Pmamomadm b mennd fmem e

DOCUMENTS

Founding Document

/Repor: COMMUNITY INPUTS
Astro-particle and cosmology potential

in the Underground of Africa

Dr. Fairouz Malek (CNRS and UGA Grenoble France)
Dr. Yasmine Amhis (CNRS and UPS Orsay Irance)

September 14th, 2021

There are signals from the Universe that one can deteet by performing experiments which are
not that large, not so costly and not even located in space or at larpe observatories on Earth. Some
of these signals can address the following questions: [low did the Universe begin? 1low did it
come to existence? What is hidden to our eyes and observatory facilities? Such experiments in
astro-particle physics and cosmology would cxplore dark matter searches, studies of radicactive
decays, and neutrino physics. They require careful shielding against cosmic rays which has motivated
the construction of laberatory caverns in mines and adjacent to tunvels under mountains. There are

rarrantly ahant a Adasan anech laharatoriae in avietenca ar nndar canatrnction all in tha nartharm 20
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The range mostly consists of Table Mountain sandstone, an erosion-resistant quatzitic sandstone
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s PAUL IN the Huguenot Tunnel

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

e The future underground laboratory I
is currently being designed;

e It directly involves the company
operating the Huguenot tunnel
(SANRAL)

22
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Gamma-ray mapping in the Huguenot tunnel, 2013
Phys. Proc. 61 (2015) 586-590

( stellenbosch

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 Bgm™3

23
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PAUL Seed Funding Request
Muon Flux measurement

e Experiment leader: Dr Jacques Marteau (CNRS, Lyon University, France)

e Local collaborators: Prof. Robbie Lindsay (UWC), Prof. Richard Newman
(SU), Dr Lumkile Mcbesi (UWC)

* Nov 2023 — Nov 2024

24
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Publications and communications in 2023

June 21st: arXiv:2306.12083 [hep-ex]

Paarl Africa Underground Laboratory

Robert Adam®*, Claire Antel*, Munirat Bashir®®, Driss Benchekroun'®, Xavier Berton®,
Markus Bittcher®, Andy Buffler”, Andrew Chen?®, Rouven Essig?, Jules Gascon'?, WO r ks h O p CO n g re S S a n d CO n fe re n C e S
Mohamed Gouighri'®, Trevor Hass', Gregory Hillhouse®, Abdeslam Hoummada®®, i
Anslyn John!, Pete Jones®, Youssef Khoulaki'®, Luca Lavina!®, Lerothodi Leeuw?,
Mantile Lekala®, Robert Lindsay?, Roy Maartens?, Yin-Zhe Ma!, Fairouz Malek!!*,
Peane Maleka®, Jacques Martean'?, Rachid Mazini®®, Thebe Medupe®,
Bruce Mellado Garcia®, Marcello Messina'® | Lumkile Msehi?, Chilufya Mwewa2,

sl st 1)- Underground Labs Workshop at Aussois: June 21-23

M 2)- French Physics Society General Congress, Paris, 3-7 July
e 3)- EAS Crakow, July 10-14
etk Wt G 4) High Energy Astrophysics in Southern Africa (HEASA) July 31st

3 Themba LABS-South Africa;
4School of Physics, University of the Witwatersrand Johannesburg-South Africa;

5Square Kilometre Array Observatory-South Africa; 5 ) A P R I M 202 3’ Au g u St 2 O 2 3’ J a pa n

SBotswana International University of Science and Technology-Botswana;

"University of Cape Town-South Africa;
e 6) TAUP 2023, August 28 — September 1, 2023
WLP21, CNRS-IN2P3, Université Bordeawx-France; . . .

1[PSC, CNRS-IN2P3, Université Grenoble Alpes-France; 7) Sout h Afn Ca 4 S approac h to science d ip | omacy, 04/0 9/2 3

P31, CNRS-IN2P3, Université Claude Bernard Lyon-France;

BLPNHE, CNRS-IN2F3, Sorbonne Université Paris-France;

M Université de Genive-Switzerland; 8) TI P P 202 3 — Se pte m b e r 20 2 3 Ca pe TOW n
15 LNGS, Gran-Sasso-Italy; ’

YEuropean Spallation Source ERIC, Lund -Sweden; B R o t . t T

"Mohammed V university of Rabat-Moroceo; 9) I CS g C p 2 2/1 0/2 o 2 3
"¥Hassan 11 university of Casablanca-Moroeeo; SC I e n Ce m e e I n a a e OW n ’

Thn Tofail University of Kenitra-Morocco;

HWCentro Atémico Bariloche, CNEA /CONICET-Argentina;

M nstitute of Physics, Academia Sinica, Taipei-Taiwan;

Ei.L;lull_\' Brook University, USA;

2 brahim Badamsasi Babangida University-Nigeria;

MComenius University Bratislava-Slovakia;

ZIEAP CTU Prague-Czechia;

2%Brookhaven National Laboratory, USA.

023

)

vl [hep-ex] 21 Jun

_\
i

arXiv:2306.1208

*Contact editor:fmalek@@in2pd_ fr 2 5



Scientific reviews of PAUL : 8 — 28 August 2023

reviewed PAUL arXiv paper and basic engineering design
guidelines document

« Dr Aldo lanni (LNGS, ltaly),
* DrlJeter Hall (SNOLAB, Canada), and

« Prof. Azwinndini Muronga (Nelson Mandela University, South
Africa)

26
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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)

Envisaged consortium contributions to PAUL

Provision of fully serviced PAUL cavern (South Africa) —step 1
Provision of detector systems (SA partners and ) — step 2

27
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PAUL Project Timelines

« Assume excavation rate (drill and blast): 30 m3 per day

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

28
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PAUL Project Timelines

Time 2025
Jul Aug Sep Ot Mo Dec lam Feb Mar Apr May June Juiby Aug Sept Oct Mo Dec lam Feb
phase

PALL
conceptual studies

SCEMCE review

feasibility study

Stage 1 review |

detailed design

Stage 2 review |
contractor on-boarding

cavern excavation

lab completion

SANRAL

detaled design North Bore |

contractor appointment

Warth Bore upgrade

29



SC: UGA .
@E e PAUL Project Budget

« Assume excavation cost (drill and blast): 100 USS 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:

USS 6.5 million

30
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