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Early Nuclear Physics Research  in SA
The first Universities were established in mid- to late late 1800’s.

The Council for Scientific and Industrial Research established in 1945

The Atomic Energy Board  (now Necsa) was established in 1950 – Nuclear 
weapons programme.

The South African Institute of Physics was established in 1955.
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Context and South Africa’s history of HEP

Some prominent 
physicists/cosmologists who were 
educated in RSA

• Stanley Mandelstam (Dirac medal);  B. Sc. 
Hons (Witwatersrand)

• Jonathan Dorfan [ex SLAC director]; B. Sc. 
(Cape Town)

• Werner Israel [Cosmologist]; B. Sc (Cape 
Town)

• Saul Teuklosky (Dirac medal) [Astrophysics] B. 
Sc Hons (Witwatersrand) 

• Alan Cormack (Nobel Prize [CT-scan]); B. Sc. 
(Cape Town)

All the above were based abroad. 
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Historical context

In 2011: a letter from 

Steven Adler [IAS] to  

the DD-G of science & 

technology that was 

routed to the  director of 

iThemba LABS

-----Original Message-----

From: adler@ias.edu

[mailto:adler@ias.edu] 

Sent: Thursday, January 20, 2011 7:13 

PM

To: Thomas Auf der Heyde

Cc: rturrell@gmail.com; hastings@ias.edu

Subject: 

Dear Professor AufderHeyde,

Although I missed 

talking to you at the meeting 

in Trieste, Arlen Hastings 

kindly gave my your email. 

There follows a brief memo 

on the case for a Southern 

Hemisphere underground lab 

that I am sending to other 

people I met at the Trieste 

conference.

With best wishes,

Steve Adler

mailto:adler@ias.edu
mailto:adler@ias.edu
mailto:rturrell@gmail.com
mailto:hastings@ias.edu


Having a Southern Hemisphere analogue of the DAMA/LIBRA experiment 

would give a control against many such artefacts, since seasonal 

fluctuations would be 6 months out of phase with those in the Northern 

Hemisphere.

Another place where a Southern Hemisphere experiment would be valuable 

would be in the study of possible annual modulation effects in certain 

radioactive decays,

These possible effects are culled from experiments in Northern Hemisphere 

laboratories, and may be due to seasonal variations.  Again, having a 

Southern Hemisphere facility in which to repeat the experiments, with good 

shielding, would be important in seeing whether these effects are 

indications of new physics. If radioactive decay rates did show an annual 

modulation, they could also be an additional potential background for dark 

matter searches that look for annual modulation effects.

In addition to the above experiments, an underground laboratory in the 

Southern Hemisphere could mount all the other types of experiments 

currently underway in the Northern Hemisphere, such as solar and cosmic 

neutrino detection experiments and searches for rare beta decays.



Cosmic radiation
and underground 
laboratories

Cosmic rays background:
In a cubic meter of detector at ground level, one 
typically detects the following events per every 
day:

▪ 108 muons

▪ 108 gammas/electrons/positrons

▪ 106 neutrons

❖ 103 neutrinos

❖ 107 supernova neutrinos

❖ maybe 100s of dark matter pa

Primaries
• Protons
• Nuclei 

▪ (Helium...  Oxygen... 
Iron)

• Neutrons
• Gammas

Secondaries
• muons
• electrons/positrons
• gammas
• neutrons
• neutrinos
...

Muon flux at 5000 m.w.e. underground: 1m2 day-1

Muon flux at ground level: a few 100m2s-1



Response from the SA community
On 2/14/2011 8:53 AM, Director wrote: 
Dear Professor Adler,

I was forwarded your e-mail by Dr. Auf der Heyde regarding the matter in the 
subject field above. 

We have thought that we would advance the 
discussion to a wider South African physics 
community (and other interested parties)
in order to allow us to arrive at a better 
informed position regarding the way forward. In 
that regard we would kindly request some more 
time to follow wider consultation and soon 
thereafter we will revert. We anticipate that the 
process could take no more than 2 months. 
All can say, at this stage though is that the 
community has – thus far – responded quite 
positively.

Yours Sincerely,
Zeblon VILAKAZI

Dear Professor Vilkazi, 

Thanks for the update; I'm glad there is interest. I look forward to hearing what 
happens. It would be 
great if a project can be developed in Africa.

In the meantime, quite independent of my email, I 
learned that people in South America have been 
thinking about 
adding an underground lab to a proposed tunnel 
under the Andes. See the link 
http://particulas.cnea.gov.ar/andes/
which was sent me by Xavier Bertou from 
Argentina.

Best Wishes 
Steven

in SA, uranium and gold are co-genetic.

One expects radon buildup, the U and Th
series of isotopes leading to alphas and 
gammas.

This should rule things out without a more 
detailed comparative study for a properly 
secondary-shielded enclosure.

not withstanding the above: that for 
astrophysical considerations, the strategic 
advantage of Southern Hemisphere 
observation should be weighed very heavily.

The SA mines are also the world's deepest, in 
addition, the overburden would be more 
dense.

The effective depth or shielding factor would 
be an important additional advantage.

http://particulas.cnea.gov.ar/andes/


History of underground Physics in SA

Phys. Rev. Lett. 15, 429 (1965) 

Frederick Reines Friedel Shellschop

Phys Rev Lett, 15, 429 (1965)

file:///./upload.wikimedia.org/wikipedia/commons/d/d4/South_Africa_location_map.svg
http://www.google.co.za/url?sa=i&source=images&cd=&cad=rja&docid=xdp5v-Cjex4m2M&tbnid=pjJ17HqK9M5cmM:&ved=0CAgQjRwwAA&url=http://openclipart.org/detail/167684&ei=0JIkUpTsIMiU0AWluoGwBw&psig=AFQjCNH2gOLQdpZXCziqPzMLeBhqElBgxQ&ust=1378214992597020
http://www.google.co.za/url?sa=i&source=images&cd=&docid=sTTkaetJNuqJ_M&tbnid=eYP1Rb9hIaUTAM:&ved=0CAUQjRw&url=http://www.nobelprize.org/nobel_prizes/physics/laureates/1995/reines-bio.html&ei=pJkkUoKVHc6c0wXNrYDABA&psig=AFQjCNGqlmGpwrJfqtNTpW3n3_6KahXnCQ&ust=1378216636280247


• South Africa was active in this area of research 
in the 1960’s through pioneering experiments 
done at ERPM gold mine the where the late 
Nobel Laureate F. Reines (including the late JPF 
Sellschop )

– observed  (in 1965) the first natural 
neutrinos along with the Indian team led by 
Goku Menon and colleagues in Kolar Gold 
fields in India, setting first astrophysical 
limits!

• Some of the World’s deepest mines are in SA:

– Tau Tona 3,900 m (12,800 ft) – 50 C

– Plans to extend Mponeng mine, a sister 
mine to TauTona, down to 4,500 m 
(14,800 ft) in the coming years  

– World Leading Mining engineering and Geo 
seismology schools 

How Can South Africa 
Play a role in 
underground physics 
research?



Characterisation of radioactivity:

✓ Radon in air: measurements in the northern bore and connecting sections 
using Electret Ion Chambers (EIC) and a RAD7 continuous radon monitor. The 
EIC measurements will involve

deployment of EIC for a period of about a week when using SST electrets. The RAD7
measurements will involve sniff measurements over a period of about 1 hour.

✓ Gamma ray: measurements along the length of the northern bore and 
outside the tunnel by

means of a mobile MEDUSA scintillator detector. These data will 
be complementary to the radon measurements in the sense in 
that we will also be sensitive to thorium series radionuclides, 
potassium 40 and other uranium series radionuclides.

✓ Long (~one month) : stationary gamma ray measurements outside the tunnel 
and inside the northern bore. 

✓ Measurements of cosmic ray background using organic scintillators inside 
and outside the tunnel.

Initial studies in the Huguenot Tunnel 
Mountains, in the Western Cape.

peak Height 1,995 m/6,545 ft)



Intended project and strategy 
Following the current feasibility study a small workshop (Stellenbosch ~March 2014) 
was held with the South African Department of Science, South African Roads Agency 
Limited (SANREL), potential role players (SA Universities, iThemba LABS and 
International community) : 

Kai Zuber was a guest speaker/participant and he offered invaluable input

• Enter discussions to have a permanent facility in place within the tunnel (request 
letters of support).

• Develop established programs in the studies of double beta decay, geoneutrinos, 
dark matter, etc

✓ might need a ULB Ge-detector  and/or scintillators for material 
screening and physics measurements [W Trzaska (priv. comm.)]

Exchange of knowledge, skills and the training of young people. 





2016

•Involvement of Geo-scientists from WITS to look into 

suitability (Geo-seismicity , Geology (rock formation) and 

safety    



Geo Seismology tests
Semi-controlled earthquake-generation experiments at deep 

gold mines, 1995-2008 (after Ogasawara et al 2009a) 



SA-JPN Geo-Seismology (2)

• JAGUARS (2007-2008) 
• The JAGUARS team (JApanese-German Underground 

Acoustic emission Research in South Africa) deployed a 
network of eight acoustic emission (AE) sensors 3.3 km 
below surface in the Mponeng gold mine to measure 
seismic events (Nakatani, Yabe, Philipp et al 2008). 
• Participating Japanese institutions :

• Kyoto and Ritsumeikan Universities, 
• the Earthquake Research Institute at Tokyo University, 
• Research Centre for Prediction of Earthquakes and Volcanic 

Eruptions at Tohoku University. 
• German organisations included the GeoForschungsZentrum (GFZ), 

the Helmholtz Centre,



Outlook

Strong case established

– Need a champion expert to drive the project

• Raise interest locally and internationally

• Help build expertise and co-ordination among various 
players (iThemba, Necsa etc)

• Liaise with Mining companies who will “donate” a 
working mine that will have appropriate depth and 
meets safety requirements

– Get Understanding of background in mines

– Complete a thorough Geo-seimicity studies


