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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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Direct Quantitative Observation of the Three-Photon Annihilation
of a Positron-Negatron Pair*

J. K. Bassox
National Phofeal Lobaeolory, Counetl for Scientific and Industriel Reseoech, Proforda, Union of Sondi Africo
(Reeetved January 11, 1954)

Three-photon annihilution of the positron with 2 negatran has been determined gquantitatively as well as
qualitatively by the simoltanenis ohaervation of the emitted photons with seintillation countess. The ratlo
of the reaction crost sections for two- and three-photon annihilation has been determined as myfag=400
5. This is in agreement with the theory of Oreand Powell but definitely differs rom the theoretical values

ahtuined by Lifshitz and by Ivanenke and Sokolov.

INTRODUCTION

HE possibility that an appreciable part of pos-
tron-negatron reactions might result in annihila-
tion with the radiation of three photons, was first
theoretically postulated by Lifshits* and by Ivanenko
and Sokolov? and a short while later by Ore and Powell
They all used the time-independent perturbation theoty
to compute the cross section for three-photon annihila-
tion. The influence of Coulomb binding was neglected
and plane wave functions were assumed for the initial
and final states of the positron-negatron system. Similar
resulis were obiained but with different numerical
values,

When the positron and negatron meel in free space
they can be considered to form a hound system similar
to that of the hydrogen atom, as suggested by Wheeler !
The triplet or singlet state iz formed depending on
whether the spins of the positron and negatron are
parallel or antiparallel. These states are called re-
spectively orho- and parg-positronium,  Transitions
between the two are strictly forbidden.?

Tha ainelst atate ia annihilated with the smissinn

10 per secand. This may result in the de-cxcitation of
the triplet state to the singlet state, with resulting two-
instead of three-photon annihilation, in a gas (such as
NOJ where electron exchange takes place eagily, The
mumber of delayed (~10-7 ser) coincidences belween
the emission of the gamma quantum from the decay
of the Na* nucleus and the appearance of an annihila-
tion quantum when the positron s brought to rest in
the gas, has been measured by Deutsch in different gas
mixtures. In the case of nitrogen, for example, the
number of delayed coingjdansg

of ortho-positroning :




Historical context [sEmeser

[mailto:adler@ias.edu]
Sent: Thyrsday, January 20, 2011 7:13

c: rturrell@gmail.com; hastings@ias.edu
Subject:
Dear Professor AufderHeyde,

In 2011: a letter from
Steven Adler [IAS] to

the DD-G of science & Although | missed
technology that was talking to you at the meeting
routed to the director of M Trieste, Arlen Hastings

_ kindly gave my your email.
IThemba LABS There follows a brief memo

on the case for a Southern

Hemisphere undergro-"wa')ab
that | am sending ** _
people I met attl g
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 fax rlark
matter searches that look for annual modulation effects.

In addition to the above experiments, an underground labor
Southern Hemisphere could mount all the other types of ex/®
currently underway in the Northern Hemisphere, such as solat “3
neutrino detection experiments and searches for rare beta decayl ¢~




Cosmic radiation
and underground
laboratories

Primaries
. Protons
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Secondaries
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. neutrons
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Muon flux at ground level: a few 100m?s!
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Response from the SA community

On 2/14/2011 8 53 AM Director wrote:

Dear Professor Adler,
as fo WEI %d your e-mail by Dr. Auf der Heyde regarding the matter in the

su ject fie
We have th u q' vnox}d_ adva é:g) It:hse

discussion
community ( and ot er m ereste

(ihermen oaliton 1242 Ay St age ward. In
t?l treg aﬂi we wou‘igq( (ri.ﬂ( reques some more
% me to follow wider cons tlon

a .and
erea ter we WIE revert "We anti P ?e tnat the
process could e no more than onths.

All can sa at thl? stage though is th t the
ggrsl}rrvu has - thus Tar - res%onde quite

Yours Sincerely,
Zeblon VILAKAZI

Dear Professor Vilkazi,
Thangs for the ui)éi%te I'm glad there is interest. | look forward to hearing what
gzﬁ a prOJect can be developed in Africa.

n the m antime, quite independent of my email, |
I ar e ta%t Beopl% In South America ha\ye been’

n
d’ n un round Ia a proposed tunnel
he An esg See the |rﬂ< Prop

e
H )}artlculas chea.qov.ar/andes/
which was sent me avier Bertou from

Argentina.

Best Wishes
Steven

in SA, uranium and gold are co-genetic.

Series Sfizotopes leading o Afphad and

gammas.

ST o e LS Ot S b Sty
secondary-g?\?alrc?e(r enc osy prop

no} ithstan ab ve: that for
aysm |ons jne strategic

ere
serva on s e wel very heavily.

ng.;;ﬁ.:mnzsoea?fdﬁ $eine SRS despest i

e liesse iR gL shiolding fagtor woud
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EVIDENCE FOR HIG

=ENERGY COEMIC-RAY NEUTRING INTERACTIONS®

F. Reines, M. F. Crouch, T. L. Jenking, W. R. Kropp, H. 5. Gurr, and G. R. Smilh

Cose Inptitute of Technology, Clevelosd, Oblo
and
4. P, F. Sellschop and B. Meyer

" Unbversity of the Witwatersrand, Jobannesburg, Republic of South Alrica

{Recelved 26 July 1965)

are favored ever the 3e and 5+ 2r modes, although it
probably is still insufficient to account for the vast
differences in decay mates between these two types of
processes withoot introducing symmetry-breaking ef-
Tecta. The p+ 29 and w+ 2r modes are found 1o be com-
parable, For & detailed list of braoching ratios, aee
refeTance 2,

TH, Hararl, H.J, Lipkis, asd 5 Meshkor, Phys,

EVIDENCE FOR HIGH-ENERGY COEMIC-RAY NEUTRING INTERACTIONS*
F. Reines, M. F. Crouch, T. L. Jenkins, W. R. Kropp, H. 5. Gurr, and G. F. Smith
Case Inatitute of Technology, Clevelnnd, Okio
and
J. B. F. Sellschop and B. Meyer

Unbversity of the Witwatersrand, Jobannesborg, Bepublic of Soith Alvics
{Received I6 July 1985)

The flux of high-energy neutrinos from the
decay of K, 7, and g mesond produced in the
earth's almosphere by the inberaction of pri-
mary cosmic rays has been caleulated by many
authors.® In addition, there has been some con-
jecture! as to the mech rarer primary flux of
high-energy newtrinos originating outside the
earth's atmosphere, We present here evidence?
for the interactions of “natural™ high-energy
neubrinod obtained with a large area liguid Scine
tillation detector (110 w*) located at a depth
of 3200 m (BB00 meters of water equlvalent,
average 234 = 5.0} in a South African gold mine.

The egsential idea of the present experiment?
is to detect the energetic muong produced in
neutrino interactions in & mass of rock by means
of & large area detector array imbedded in it.
Backgrounds are reduced by the large overbur-
den and by utilizing the fact thal the angular
distripution of the residual muons from the
earth’s atmosphere is strongly peaked in the
vertical direction at this depth. The angular
distribution of the muons produced by neutrino
interactions should show a slight peaking in
the horizoatal direction.’

The detector array, shown schematically
in Fig. 1, consists of two parallel vertical
walls made up of 36 detector elements. The
array is grouped into § “bays® of § elements

ather wny with equal amounts, Therefors, the statis-
tical avernge of the p < 37 provesses should mot he
greatly perfurbed.

Ygee reference | [oF & sammary of the axperimental
aLa,

VR, Armnenteros gt al., Phys. Letters 17, 170 (1405);
N, Barash &, al,, “Antiprotos Annikilation In Hydro-
gen at Rest 1, Heastion § +p =& =B+ 5" (to be published).

each. Each detector element, Fig. 2, isa
rectangular box of Locite of wall area 3.07 m?
containing 380 liters of a mineral-oil based
Liguid scintillator, and 15 viewed at each end
by two S-in photomultiplier tubes. The array
eonstitutes a hodoscope which gives a rough
measurement of the zenith angle of 4 charged
particle passing through it. In addition, the
event is located along the detector axis by the
ratin of the photomultiplier responses at the
two ends. The sum of the responges then pro=

FIG, 1, Schematie of detector array.

428
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How Can South Africa
Play a role in
underground physics
research?




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

Characterisation of radioactivity:

v' Radon in air: measurements in the northern bore and connecting sections
using Electret lon 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 RAD?7
measurements will involve sniff measurements over a period of about 1 hour.

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

v' 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.

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

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




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 ~ o

v might need a ULB Ge-detector and/or scintillators for materi
screening and physics measurements [W Trzaska (priv. commnfi

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



2014

* Formal constitution of ZA underground
physics collaboration

* Approach SANRAL for Tunnel access to at least
2016

* Approach DST/SANRAL about Vvisiong =<
establishing a Physics cavern off the Hyt . o
Tunnel +10 years _f




2015 (draft)

e Jan.- Feb. — Symposium on Underground
Science in Western Cape

* Formalize the ZA Science Case for a long term
underground science facility.

Start HPGe measurements inside tunnel

2016

*Involvement of Geo-scientists from WITS to lo

suitability (Geo-seismicity , Geology (rock forr i
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 GeoForschungsZent
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 mir |
— Complete a thorough Geo-seimicity stucg



