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GUIDELINES FOR SPEAKERS & CHAIRS
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SPEAKERS

Ÿ 20 minute slots have been allocated for orals: 15 minutes for presentations and 5 minutes for questions. You will be 

warned of the time 13 minutes into the talk

Ÿ It is important to double check the date, time and venue for your presentation(s)

Ÿ Ensure that your presentation is loaded on the relevant venue presentation computer before the start of the 

session.

Ÿ An assistant has been assigned to each venue, please make use of them

Ÿ Be on time and report to the chair whether:

- This is part of a group presentation.

- You are competing for a prize.

- You are not allowed to move your presentation to any other slot

- Once the chair indicates the end of your session, you must stop your presentation immediately

- Laser pointers will be available from the session assistants

Ÿ Please keep to the scheduled times

Ÿ Make it a point that you re-check the date, time and venue of your session

Ÿ Please be on time, at least 5 minutes before your session starts.

Ÿ Consult with the session assistant in the venue (whether presentations are on computer and how the microphone 

system works)

Ÿ Identify the speakers before your session starts.

Ÿ No alterations are to be made to the programme. Talks may not be moved earlier due to a speaker not turning up.

Ÿ Welcome delegates and speakers at the beginning of your session

Ÿ Make the following announcements:

- All cellphones are to be switched off

- The title and name of the speaker

- Whether it is a group presentation

- Whether the speaker competes for an MSc or PhD prize

Ÿ Thank all the speakers at the end of the session

Ÿ Allow questions according to time. Stay within the timeslots.

Ÿ Report shortcomings to the session assistant

Ÿ Report to the front desk if the speaker was absent

CHAIRS

Ÿ Posters should be displayed on the allocated board for the duration of the conference

Ÿ Board assignments will be according to contribution number

Ÿ If you present more than one poster, we’ll try to place then on adjacent boards

Ÿ You must be available at your poster during the assigned poster session

Ÿ Judging for student prizes will occur during the assigned poster sessions only

POSTERS





GENERAL INFORMATION

NAME TAGS
Wear name tag at all times to gain access to the venue of 
the conference, lecture halls, social functions and 
lunches

PARKING
You are requested to use the designated SAIP parking. 
Any reserved parking should not be used.

MESSAGES
Message board will be situated near the registration desk

POSTER SESSIONS
Poster should be put up on the poster boards on the 
ground, 1st and 2nd floor of the main building for the 
duration of the conference. It is important that presenters 
avail themselves during their allocated session for 
discussions. Posters should be removed by Friday after 
lunch.

TEA AND REFRESHMENTS
Tea, coffee and refreshments will be served during tea 
breaks in the morning and afternoon sessions. 

LUNCHES
Lunches are served in the marquee just outside the main 
building.

PRESENTATION PREVIEW 

FACILITIES
Your presentation must be handed in a day before, but at 
least 30 min before each session. Assistance will be 
available in the mornings before the start of the first 
session, during tea breaks and 30 min before the start of 
the session after lunch. A computer will be available to 
preview your presentation and to obtain technical 
assistance in room A1-13.

TRANSPORT
A schedule for the shuttle service to King Shaka 
International Airport and Richards Bay Airport will be 
available at the registration desk. Shuttle usage will be 
for your own account.

SAIP2013 T-Shirts
Ordered shirts will be issued during registration. 
Additional T-Shirts will be on sale throughout the duration 
of the conference. At the registration desk.

SAFETY
Take precaution of your personal possessions at all 
times. Ensure that your car doors are locked whilst 
driving and after parking

EMERGENCY NUMBERS
For any type of emergency please enquire at the 
registration desk or contact the Richards Bay Campus 
centralized security number:  035 902 6970

ORGANIZING COMMITTEE
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Muzi Ndwandwe (Chairperson)
Thulani Jili (Co-Chairperson)
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SOUTH AFRICAN INSTITUTE OF 

PHYSICS
Brian Masara (Executive Officer)
Linette White (Secretary)
Roelf Botha (Indico system, Programme Book)

Percy Sefage

ADVERTISERS
Labotec (Pty) Ltd
CSIR National Laser Centre & Rental Pool
Nelson Mandela Metropolitan University 
South African Council for Natural Scientific Professions 
South African National Space Agency (SANSA) Space 
Science 
University of Pretoria 
University of South Africa (UNISA)
University of Stellenbosch, Physics Department
University of Stellenbosch, National Institute for 
Theoretical Physics (NITheP)
University of Zululand
Wirsam Scientific & Precision Equipment (Pty) Ltd
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Centre for High Performance Computing (CHPC)
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Wirsam Scientific & Precision Equipment (Pty) Ltd

SPONSORSHIP
Venue - University of Zululand

LIST OF ADVERTISERS, 
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Once again, we all look forward to the most important event in the calendar of the 
South African Institute of Physics – our Annual Conference! It is my pleasure to 
welcome you all. The University of Zululand will host us, in the beautiful environs of 
their campus, for the first time. Three meetings precede the conference. These are; 
the Winter School on the Applications of Synchrotron Radiation, the Winter School on 
High Energy Physics and the Biophysics Workshop. The conference itself is an 
opportunity for scholarly presentation, discussion, building networks and planning for 
the future, both within the Divisions and Forums as well as within the broader 
community. 

With respect to the domain of the first Winter School, it is a pleasure to record that 
South Africa signed an agreement with the ESRF on the 21st May 2013 to become a 
Scientific Associate of this facility. The programme's flagship is the ESRF, but it is 
broader than this, and includes funding for access to other synchrotrons as well as a 
capacity building budget. This agreement is the latest addition to the suite of 
programmes whereby South African scientists can access large scale international 
infrastructure, joining the programs related to CERN, JINR and the astronomy 
facilities, including our own SKA programme. 

A major milestone at this conference will be the release of the report resulting from the project on the Review of Physics Training. 
This has been our most important project over the past several years, and it is particularly significant and valued that the SAIP 
partnered with the Council on Higher Education (CHE) to conduct the review and develop the report. There will be several 
opportunities to reflect on the report and develop the plans for the implementation of the Recommendations. We have every 
anticipation we will see the same enormous benefits to the health of the discipline as we saw arise from the preceding project on 
Shaping the Future of Physics. Another highlight I want to draw your attention to is the release of the Council commissioned book 
on “Physics in South Africa”.

Next I mention that at the Annual General Meeting we will vote on changes to our Constitution related to the final step in our 
registration as a Professional Body. Once again, this will open the door to the professionalisation and further growth of the 
Institute, leading to an enhanced ability to promote the health of our discipline. 

A special welcome also to the invited guests, listed in the next pages. An additional special welcome to the students; we trust the 
Conference will be a significant event in your career, now and in the future. We are all deeply indebted to the Local Organizing 
Committee chaired by Prof Muzi Ndwandwe, which has compiled an excellent programme and to Mr Brian Masara, Executive 
Officer of the SAIP Executive Office and his team, for their significant role in managing and developing the many projects of 
Council. Finally many thanks to you all, who are participating, we wish you a very rewarding and valuable experience.

Simon Connell

President, South African Institute of Physics

MESSAGE FROM THE SAIP PRESIDENT
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Welcome to the University of Zululand (UNIZULU).  It is indeed an honour and privilege to host the 58th South African Institute of 
Physics (SAIP) Conference. This conference creates the opportunity to engage with experts, academics, researchers within the 
field of Science, Engineering and Technology (SET).  As a leading comprehensive institution of higher education, UNIZULU 
believes in fostering debate, discussion, critical thinking, interactive quality education and above all academic excellence. For 
UNIZULU this is a space to establish national, international and inter-continental partnerships to further research, innovations, 
develop new and novel systems and models relating to and within the field of physics and related disciplines.

South Africa's population, unemployment rate, poverty and crime is on the rise, in addition we are faced with the skills shortage in 
many sectors, such as the spread of HIV & AIDS, climate change and food security. These problems are not unique to SA, many 
countries globally are facing these challenges and others relating to economic and political instability. As educators, scientists and 
researchers it is vital that we encourage SET interest among learners to ensure a better, brighter future.  

Over the last 20 years, SA has made great strides in securing its democracy, stabilising the economy and addressing social and 
economic issues. However, as members of the public, private, government and corporate sector we have a responsibility to 
ensure we participate in efforts to foster technology transfer, facilitate investigations into new areas of interest, design and 
produce new tools, equipment, systems, policy and protocol for the betterment of mankind.  Education in the context of the above 
is the apex of the national development in South Africa.

SA is expanding its areas of SET interest; however a greater focus is required to position them within the wider political, social and 
economic spaces. It is important that those involved in scientific, social and economic research tap into technology, innovation 
research and development funding to facilitate the expansion of existing centres of excellence and development new SET 
institutions and research and development agencies within novel fields. In addition, we need to broaden our existing knowledge of 
areas like nanotechnology, astronomy, Indigenous Knowledge Systems and biotechnology. In such areas growth is focused on 
Sciences [SET] and Business Management, a shift in the shape of the offerings in the Humanities and consolidation in the 
Education Faculty as part of academic renewal. Refocusing on relevant and strategic goals in the areas of Languages, 
Psychology, Developmental Studies, Rural Development, etc.

As a rapidly emerging hegemony in Africa, SA has the influence and support to contribute to the global economy through 
intercontinental and international partnerships in conjunction with world class scientists, researchers and leading institutions. We 
have the capacity and the competence and it is imperative for the growth of our country and the continent that we have systems in 
place to monitor, evaluate and control the efficient use of our natural resources, that we spearhead policy development and 
implement regulations. We need to encourage public participation in SET community based projects, drive competition through 
excellence in SET research and production. 

UNIZULU's trajectory is focused on creating an enabling environment to ensure we produce leaders across fields and productive 
citizens who will contribute to new developments in Africa and the world. The 2013 SAIP conference is one of the critical sources of 
encouragement for UNIZULU. We are focused on developing new platforms for exchange of ideas and discussion and we believe 
that together we can strengthen Africa's response to global change through research and technology. We trust that you find this 
conference beneficial and we look forward to your support in the future.

WELCOME TO UNIZULU…SIYANAMUKELA!!

Professor Fikile NM Mazibuko

Vice-Chancellor

MESSAGE FROM THE VC - UNIVERSITY OF ZULULAND
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It is a great honour for the University of Zululand(UNIZULU) to host the 2013 Conference of the South African Institute of Physics. 
This Conference promises to be exciting with an interactive approach to cutting edge technology and leading research. As a 
comprehensive University in South Africa, UNIZULU is focused on providing a platform for the exchange of information, 
establishment of academic and corporate partnerships, discourse regarding the latest scientific developments and promoting 
positive global impact through novel innovations. 

Papers presented at the conference will cover wide areas including nanotechnology, nuclear and applied physics, photonics, 
biosciences, space science, applied, theoretical, computational, particle and radiation physics. 

Globally, there exists a great demand for the expertise of scientists and researchers. These individuals have made great strides in 
the development of new technology, systems, equipment and products. However, in the 21st century we are faced with the 
deterioration of our natural resources, the ever pervading threat of biological and nuclear warfare and climate change amongst 
many others. As scientists and particularly physicists, it is expected that you will make major contributions to the advancement of 
society and in the realms of industry, health and the economy. 

In a developing third world country, it is critical that measures be taken to encourage public interest in the vast sub-fields of 
science. The contributions made by physicists such as Marie Curie, Albert Einstein, Isaac Newton, Stephen Hawking's and others 
have not only made ground breaking research and discoveries in the study of physics but the progress of man and the 
environment.  Their work has inspired us and opened new areas of interest and greater questions within the world of physics.  
In relation to physics, all things within the universe are interconnected and evolving. Mind, matter and space are interconnected 
and the study of which can be considered as an evolutionary form of education. It is relative to our progress, and in relation to our 
present times it is fundamental to our existence, survival and future development. Education is the most important factor in the 
evolution of both the individual and society. Together, let us work on making new discoveries, creating new knowledge and 
develop ground breaking research that is at the cutting edge of technology. 

SAIP 2013 is a medium for us to engage, critically discuss research and new innovations.I urge you to take this opportunity to forge 
new partnerships to strengthen your research capacity as physicists, engage the interest of  learners to ensure an increase in the 
number of students registering for Science, Engineering and Technology qualifications and establish new networks. The fate of 
our future generations is best described in the words of Aristotle, “All who have meditated on the art of governing mankind have 
been convinced that the fate of empires depends on the education of youth."
May you have a most enjoyable and rewarding conference.

Professor R Ori

Dean: Faculty of Science & Agriculture University of Zululand

MESSAGE FROM THE DEAN, UNIZULU
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The Department of Physics of the University of Zululand welcomes you to the 58th 
Annual South African Institute of Physics Conference, SAIP2013. The Department 
opened its doors to students for the first time in 1963.  The first Head of Department 
was Prof. F.K. Peters. The University at the time was still a part of UNISA. Both 
Department and University has grown to what it is today, offering degrees at both 
undergraduate and postgraduate levels. 

It is our hope that during this Conference you will have many fruitful discussions and 
meet other scientists both in your sub-field of Physics as well as in other sub-fields. 
We plan to have posters on display for the duration of the conference. You are 
therefore welcome to view these any time you please. Should you require a room for 
any ad hoc meeting or discussion do not hesitate to contact us.

Since SAIP2013 is held at our new Richards Bay Campus, we decided to have the 
closing function (Banquet) at Bhekuzulu Hall, located within our main Campus at 
KwaDlangezwa about 25 km from Richards Bay. This will enable you to see the main 
Campus.  Should you want to see the Department of Physics, then let us know. The 
University of Zululand Science Centre is a project of the Department of Physics aimed 
at developing an interest in Physics (Science & Mathematics in general) to the 
community of Zululand. It is located in Richards Bay. You may visit it if you wish.

During this conference, you may visit Hluhluwe Game Reserve or Smangaliso Wetland Park, a World Heritage .  It is hoped this 
will give you a much needed breather and relaxing atmosphere during the Conference. 

Prof. Muzi Ndwandwe

Head: Physics, UNIZULU

MESSAGE FROM THE HOD - DEPT OF PHYSICS, UNIZULU

13



Andrea Goldoni (1967) holds a Physics Degree from the University of Modena (1992) and a 
Ph.D. in Physics from the University of Trieste (1996). After a period as exchange researcher 
at the Stanford University (USA) in the group of Z.-X. Shen, from June 1997 he became a 
beamline scientist of the Elettra Synchrotron facility (Trieste). From 2006 to the end of 2011 he 
was the Head of the "Surface Science Division" and the coordinator of the “Beamline Group”. 
Actually he is the Head of the “micro- & nano-carbon laboratory” 
 (http://www.elettra.trieste.it/lightsources/labs-and-services/labs-mnc/lmnc-home.html).
He was the Coordinator of several research projects on carbon-based molecules (fullerenes, 
nanotubes and porphyrins) and of a project for a new beamline for high-resolution angle-
resolved photoemission experiments (BaD ElPh) funded by the Italian Ministry for University 
& Research (MIUR) and by a regional project for the preparation of nanostructured chemical 
nanosensor. Actually he is involved in two European projects (ERG, 2011-2014 and EuNetAir, 
2012-2015) and one Italian project (NANOSOLAR, 2012-2016) funded by MIUR. He 
(co)authored > 195 refereed scientific papers in the area of condensed matter physics, 
surface science and nanoscience 
(the list is available at http://www.elettra.trieste.it/People/AndreaGoldoni).

Investigation of porphyrins on metal surfaces with synchrotron radiation: 

conformation, magnetic and electronic properties
Tuesday 09 July  09:00

Self-assembled organic monolayers on metal substrates are currently considered as 
templates for the ordered organization of “isolated” metallic atoms as well as for spintronics 
applications. The fine control on the self-assembling and on the magnetic anisotropy 
represent key issues in the development of these molecule-metal interfaces. For magnetic 
interfaces, there is a strong urge to develop magnetic molecular materials by designing new 
combinations of interactions between magnetic centres in organic materials and substrates 
based spins. Recent developments in the field of surface magnetism and the possible 
applications of some paramagnetic 3d metallo-porphyrins as switchable elements in 
molecular spintronic devices, have generated much interest into the structural and magnetic 
properties of these molecules. Here we show how synchrotron radiation based techniques 
are extremely important to understand in detail the adsorption geometry, the magnetic and 
electronic structure of porphyrin systems on metals and the possible changes of these 
molecules during the adsorption and the interaction with the substrate. Combining 
synchrotron measurements with scanning tunnelig microscopy and DFT calculations allow to 
obtain a complete picture of  several behaviours observed in these systems.

Andrea Goldoni
Elettra - Sincrotrone Trieste

Cinzia Cepek 

Cinzia Cepek graduated in Physic at the University of Trieste, Italy in 1995 (thesis titled: 
'Interaction and Charge Transfer between C60 Molecules and Metals: Transition Metals 
and Lanthanum'). She received her Ph.D degree in Solid State Physic at the Mathematisch-
naturwissenschaftlichen Fakultät der Universität Zürich, Switzerland in 2000 (supervisor: 
Prof. J. Osterwalder, thesis entitled: 'C60 Interaction with Metals and Semiconductors').

Dr. Cinzia Cepek has more than 15-years experience in thin films growth and surface 
science. Since 2001 she is scientist of CNR-IOM, and since 2006 she is the scientific 
responsible of the Analytical Division of the CNR-IOM institute (Trieste). The mainly studied 
systems in the last years include fullerenes, carbon nanotubes, MgB2 and SiC thin films, 
and nano-structured films produced by supersonic cluster beam source. During the last 
years she focused her research activity on the study of the growth mechanisms of carbon-
based materials and their hybrids, obtained via catalytic CVD in UHV conditions. A sizeable 
part of the work is performed via access to international synchrotron radiation facilities. 

Dr. Cinzia Cepek has more than 85 peer-reviewed articles in high impact factor 
international journals and various conference proceedings. She locally coordinated and 
has been involved in several national and international research projects, funded by the 
Italian Government and private industries.

Synchrotron radiation characterizations of carbon-based nanostructures
Tuesday 09 July  12:10

The basis of X-ray photoemission spectroscopy (XPS) will be briefly addressed and, as 
practical examples, we will show many applications on carbon-based materials obtained 
using synchrotron radiation in real-time. The carbon nanostructures (CNs) were grown via 
catalytic chemical vapour deposition and were investigated using complementary 
spectroscopic and microscopy techniques, also in situ and during the synthesis process. In 
addition to XPS, the CNs were investigated using scanning microscopies, high resolution 
transmission electron microscopy, and low energy electron diffraction. Flux, energy and 
lateral resolution available using synchrotron radiation are extremely high. These unique 
characteristics enable the identification of some of the key growth mechanisms and help to 
identify the best catalyst condition to control the growth process and the final CNs.

Institute of Materials – 
National Research Council 

IOM-CNR
Trieste - Italy

PLENARY SPEAKERS
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Magnano Elena
Institute of Materials – 

National Research Council 
IOM-CNR

Trieste - Italy

Elena Magnano has got the degree in Physics from the University of Genoa (IT) in 1995 and 
the Phd from the ETHZ (CH) in 2003. Between 1998-2002 she worked as visiting scientist at 
International and National Laboratories (Forschungzentrum in Jülich (Germany), at the 
Laboratorio di fisica delle superfici, Modena e Reggio Emilia (Italy) and at the Laboratorio di 
fisica delle superfici, Genova (Italy)),  and as a user on approved proposals in many 
International Synchrotron Radiation facilities (European Synchrotron Radiation Facility 
(ESRF), Grenoble (France), Laboratoire pour l'Utilisation du Rayonnement 
électromagnétique (LURE), Orsay (France), Light Source (NSLS), Brookhaven National 
Laboratory, Brookhaven (USA, Soleil synchrotron radiation facility, Paris (France), Berliner 
Gesellschaft für Elektronenspeicherring-Synchrotronstrahlung mbH (BESSY I), Berlin 
(Germany). Since 2002 she is a researcher with CNR-IOM in Trieste. In 2004 she started 
working as operative beamline scientist at the BACH beamline at Elettra synchrotron 
radiation facility in Trieste (Italy). The scientific activity has been mainly devoted to the study 
of electronic and magnetic properties of thin films prepared in situ and nanostructured 
materials (organic molecules and metal-organic hybrid interfaces, ferromagnetic alloys 
based on manganese, oxides of transition metals) and materials complex (fullerenes, carbon 
nanotubes, superconductors, oxides, inter-metallic compounds, metal alloys) studied in UHV 
using synchrotron radiation based techniques. She is co-oauthor of 67 papers on refereed 
international journals.

Magnetic and electronic properties of surfaces by advanced soft x-ray 

synchrotron radiation techniques
Tuesday 09 July 16:40

The use of synchrotron radiation is very powerful for the electronic and magnetic 
characterization of solid surfaces, exploiting its main properties as high brilliance, high flux, 
high stability, energy and polarization tunability, and pulse structure. The last features are of 
paramount importance to investigate the electronic magnetic properties of oxides, oxides thin 
films and buried interfaces. In the first part of my talk I will introduce the audience to absorption 
spectroscopy based on synchrotron radiation polarized light. The layout of a beamline 
dedicated to dichroism investigation (the BACH beamline at Elettra – Italy) will be described 
and some specific experiments performed on thin films oxide interfaces, providing important 
information about strain, orbital occupation and magnetic anisotropy, will be discussed. In the 
second part, I will introduce a new apparatus suitable for laser-pump and synchrotron 
radiation-probe time-resolved measurements in the sub-ns range. The system operates by 
exploiting the multi-bunch filling mode of the Elettra synchrotron storage ring to probe 
optically excited states with a continuous array of x-ray pulses. Preliminary data will be 
presented.

PLENARY SPEAKERS

15

Barbara Montanari (born 1969) is a senior research scientist and a group leader at STFC 
Rutherford Appleton Laboratory, a government-owned research establishment in England, 
UK, where she has held a permanent position since 2004. Her main area of research is the 
theory, modelling, and simulation of organic magnetic materials and carbon polymorphs 
(including fullerenes, nanotubes, and graphene) at the quantum level. In addition, she hold a 
role as a scientific liaison officer between the National Laboratories, with the objective of 
increasing science impact through increased inter-disciplinary collaboration. She is also very 
active in the area of gender issues in science and public outreach. Before joining STFC, she 
had two postdoctoral experiences. At Imperial College, London (2001-2004), she developed 
software as part of the software package CASTEP for computing first principles vibrational 
spectra and studied the vibrational properties of TiO2. At Queen's university, Belfast (1999-
2000), she developed a tight binding model for alumina. She obtained her PhD in physics (full 
marks) from Forschungszentrum Jülich (Germany) where between 1996 and 1998 she 
worked on modelling organic polymers. She obtained her undergraduate degree in physics in 
from Modena university (Italy) in 1995, having carried out a year-long research projects at 
SISSA, Trieste (Italy). 

Gender Gap in Science and Leadership
Wednesday 10 July 11:50

In the first part of this presentation I will talk about my personal career experience, highlighting 
the challenges and opportunities that I, like most women in physics, encounter. In addition to 
my journey in science, I will talk about my personal development as a leader.The second part 
of the seminar will focus on what are, in my opinion, the main factors that keep the gender gap 
in science and leadership subbornly open. These include the meritocracy myth, emphasis on 
independence over inter-dependance, cult of prestige, competition and shame culture, 
authoritative leadership, quantity over quality, and the neglect of the EQ. For all these issues, I 
will offer solutions that both men aqnd women can implement in their own life. I will also 
present my survival guide to covert and overt gender bias and practical advice for managing 
career breaks and achieving a balance between work and family life.  

Barbara Montanari 
STFC Rutherford Appleton 

Laboratory
United Kingdom



Marco Lazzarino
Institute of Materials – 

National Research Council 
IOM-CNR

Trieste - Italy

Marco Lazzarino got the degree in Physics from the University of Genoa (IT) and the Phd from 
the University of Groningen (NL). From 1992 to 1998 he worked on the electronic properties of 
semiconductor devices, including heterostructures, Schottky barriers, hybrid 
superconductor-semiconductor and 2D electron gas with INFM in Trieste and with SNS in 
Pisa, Italy. Since 1999 he is a scientist with CNR-IOM in Trieste where initially worked in the 
field of scanning probe microscopy, nano-lithography and low temperature SNOM. 

In 2003 a visiting period at Princeton University (NJ) triggered a new interest in the application 
of probe microscopy to life science and the development of micro and nanoelectromechanical 
systems for the detection and manipulation of biological molecules. Nano-mechanobiology is 
still his current scientific activity. 

He is also scientific coordinator of a the Nano-Bio-Analysis Laboratory of the Center for 
BioMedicine (CBM S.c.r.l. - Trieste) dedicated to the application of scanning probe 
microscopy to biology. 

He is co-author of 85 papers on international journals.

Nanomechanical sensing for biology and medicine
Wednesday 10 July 16:40

Biological sensing in the mechanical domain provides unique opportunities to measure 
forces, displacements and mass changes from cellular and subcellular processes. 
Nanomechanical systems are naturally well matched in size with molecular interactions, and, 
because of their potential single-molecule sensitivity,  they represent  the ideal candidates for 
investigate biological processes at the single molecule and at the single cell levels. 

During my talk I will treat two important applications of mechanobiology giving a special 
enphasys to the experimental aspects. In the first part I will introduce atomic force microscopy 
and force spectroscopy with recent examples of single molecules and single cell force 
spectroscopy experiments. In the second part I will review the micro- and nano-mechanical 
approach to molecular biosensing, and finally discuss the recent advances obtained in our 
laboratory.
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Ted Williams
South African Astronomical 

Observatory (SAAO)

Rutgers University

University of Cape Town

Theodore (Ted) Williams holds a physics BS degree (1971) from Purdue University (USA) 
and astronomy PhD (1975) from the California Institute of Technology (USA).  He worked on 
detector technology development for space telescopes at the Princeton University 
Observatory (1975-79, USA).  He took a position on the faculty of the Department of Physics 
and Astronomy at Rutgers University (1979-present, USA), where he pursued observational 
studies of the kinematics and dynamics of galaxies, and developed instrumentation for 
imaging spectroscopy.  He served as the Director of the Graduate Program in Physics and 
Astronomy at Rutgers and Associate Chair of the Department there.  He led Rutgers' 
participation in the Southern African Large Telescope (SALT), contributed to all aspects of the 
project's development, and served on the SALT Board of Directors from 1998-2012 (chair 
2006-2012).  He became the Director of the South African Astronomical Observatory in 
January 2013.

Dark Matter - the Unseen Universe
Thursday 11 July 08:00

Astronomers now widely accept the view that most of the mass of the universe exists in the 
form of an unknown substance, which we call dark matter.  We know more about what dark 
matter isn't than what it is.  I'll review the observational evidence that builds a compelling case 
for dark matter, discuss some of the current astronomical programs to explore its nature, and 
ask if there are possible alternative explanations.  Just as the search for the "aether" at the 
beginning of the 20th century revealed fundamental flaws in our understanding of physics and 
led to a new view of space and time, dark matter indicates that our current standard model 
cannot be a complete explanation of matter, and possibly hints at a new revolution in our 
understanding of the physical nature of the universe.



-Sahal Yacoob

Sahal Yacoob completed his undergraduate and MSc degrees at the university of Cape Town 
between 1996 and 2002. He received his PhD (2010) at Northwestern University for his work 
on the measurement of the mass of the W boson at the Tevatron proton-antiproton collider at 
Fermilab as part of the D0 collaboration. Since then he has been part of the ATLAS 
collaboration at CERN studying collisions from the Large Hadron Collider. Initially based at 
CERN as a post-doc for the University of the Witwatersrand (2010) he is now starting a 
research group as a lecturer at the University of Kwazulu-Natal (2012). Dr. Yacoob has put 
considerable effort into making it possible to contribute to ATLAS from South Africa, working to 
incorporate local computing resources into the ATLAS infrastructure as well as doing a 
number of outreach events with high school students from surrounding areas. 

Beyond the Standard
Thursday 11 July 09:00

The lecture will discuss extensions to the standard model of particle physics which gives an 
incomplete description of the interactions between the basic building blocks of matter but has 
yet to fail an experimental test. Once the standard model has been introduced, the audience 
will share in the excitement of the Large Hadron Collider at CERN, learning about selected 
results from the past year (since the Higgs boson discovery), and plans for the future when the 
machine restarts at a new energy. With South Africa now official part of the ATLAS and ALICE 
experiments the talk will also explore the uniqueness of working on an experiment with 
thousands of collaborators spread across the world, and why that is awesome.
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University of KwaZulu-Natal

Thomas Feurer 

Thomas Feurer started his career in Physics at the University of Würzburg, Germany, in 1984 and 
received the “Diplom” in Physics in 1990. The following 6 months he spent as a visiting scholar at 
the Rice University, USA, working on optically induced percolative phase transitions. In 1994 he 
earned his Ph.D. degree at the University of Würzburg and moved to the University of Jena as a 
postdoc. For the next 6 years his research interests were ultrafast linear and nonlinear optics, 
femtosecond spectroscopy and coherent control of quantum systems, high-power short-pulse 
laser-matter interaction at relativistic intensities, generation of femtosecond hard x-rays, and 
femtosecond time-resolved x-ray diffraction. He received the “Habilitation” beginning of 2001 and 
moved to the Massachusetts Institute of Technology, USA. There, his research interests were high-
frequency acoustic spectroscopy, ultrafast optics and pulse-shaping, nonlinear spectroscopy of 
liquids and solids, coherent control of collective excitations in solids, generation of phase-matched 
high harmonics, EUV nonlinear femtosecond spectroscopy. In 2002 he was appointed Research 
Associate. In 2004 he became full professor at the University of Bern, Switzerland, and his current 
research interests are in fiber lasers, in ultrafast optics and spectroscopy, in quantum optics, and in 
linear and nonlinear THz science. He has published more than 100 journal papers and holds 
several patents. In 1997, he received the Carl Zeiss Research Award, in 1999 the Werner-von-
Siemens Medal, and in 2001 he was awarded with a Max-Kade Fellowship. Thomas Feurer is a 
member of the Optical Society of America (OSA) and the American Physical Society (APS).

Shaping frequency entangled photon pairs
Thursday 11 July 10:00

Entanglement is one of the most intriguing features of quantum theory and is a fundamental 
resource for quantum information processing. It was experimentally revealed by the observation of 
correlations with no classical origins. Through Bell inequalities, the non-locality of nature was 
tested by numerous experiments using entangled two-dimensional states (qubits). Both, 
fundamental tests of quantum theory and applications would benefit greatly from entanglement in 
higher dimensions. Entangling d-dimensional states denoted as qudits allows to formulate 
generalized Bell inequalities, which are more resistant to noise than their two-dimensional 
predecessors. In loophole free Bell experiments the detection efficiency threshold can be lowered. 
Finally, both the effective bit rate of quantum key distribution and the robustness to errors can be 
increased. These examples, among others, stimulated research towards different schemes to 
generate and manipulate photonic qudits in high dimensions. One of the most promising schemes 
is entanglement in transverse modes. Here, we demonstrate an alternative approach which has 
the potential to reach even higher dimensions. Specifically, we demonstrate the creation, 
characterization, and manipulation of frequency entangled qudits by shaping the energy spectrum 
of entangled photons, a technique that has its origin in ultrafast optics. We show different shaping 
schemes and applications thereof. We verify the generation of maximally entangled qudit states up 
to d=4 through tomographic quantum state reconstruction. Subsequently, we measure Bell 
parameters for entangled qubits and qutrits as a function of their degree of entanglement.

STFC Rutherford Appleton 
Laboratory

United Kingdom



Department of Atmospheric and 
Oceanic Sciences

University of California, LA

Center for Solar Terrestrial 
Research, Department of Physics

New Jersey Institute of Technology
Newark
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Jacob Bortnik  

Jacob Bortnik (*1974) holds Bachelors (1996) and Masters (1998) degrees from the 
University of the Witwatersrand in Johannesburg, South Africa, and a PhD (2004) from 
Stanford University where he worked on the precipitation of relativistic electrons from the 
Earth's radiation belts due to lightning-generated plasma waves.  After doing a postdoc in the 
Department of Atmospheric and Oceanic Sciences at the University of California, Dr. Bortnik 
remained in the same department as a research scientist.  In 2008, Dr. Bortnik was the lead 
author of a Nature article, which described the theoretical solution to a 40-year old problem in 
space physics, concerning the origin of a mysterious wave called plasmaspheric hiss.  This 
story was listed as one of the top 100 stories of 2008 in Discover magazine.  In 2009, he was 
the lead author of a Science article that reported on the first satellite observation that 
conclusively confirmed this theoretical model.  In 2010, Dr. Bortnik led a team of scientists in 
discovering the origin of the pulsating aurora, another famous space physics problem, whose 
solution was published in Science in the same year.  Dr. Bortnik currently leads several 
international research efforts including the new program of the Scientific Committee on Solar-
Terrestrial Physics. 

Recent progress in understanding very low frequency waves, high energy 

particles, and the coupled inner magnetospheric environment.
Friday 12 July 08:00

In the 50 years since the discovery of the Earth's high-energy radiation belts, much progress 
has been made in understanding the characteristics and dynamics of this highly variable 
population of particles.  The need to understand and particularly forecast relativistic electron 
fluxes, is made more urgent by the large (and ever increasing) number of satellites that are 
embedded in this hazardous region of space, representing various functions such as global 
positioning, weather monitoring, communications, military surveillance, and many others.  In 
this talk, I will briefly survey the history of radiation belt research to the present time, discuss 
some of the natural (very low frequency) plasma waves that appear to play key roles in 
controlling the dynamics of the radiation belts, and illustrate how these waves fit into the 
broader picture of the coupled inner magnetospheric environment.  Particular attention will be 
paid to results from the recently launched Van Allen Probes, that are recording in 
unprecedented detail the radiation environment as the sun awakens from its long and deep 
solar minimum.
 

Caslav Brukner
Faculty of Physics, 

University of Vienna, Austria

Institute of Quantum Optics and 
Quantum Information, Austrian 

Academy of Sciences

Caslav Brukner (*1967) is associate Professor at the University of Vienna, Austria. He 
received his M.S. degree in Physics from the University of Vienna (1995) and earned a Doctor 
of Technical Sciences from the Vienna University of Technology (1999). He has held positions 
at the Imperial College London (Marie Curie Fellow, 2004), the Institute for Quantum Optics 
and Quantum Information, Austrian Academy of Sciences, Tsinghua University in Beijing 
(Chair Professor, 2005-2008) and University of Belgrade, Serbia (Visiting Professor since 
2008). His primary research interests are foundations of quantum physics and quantum 
information theory. He contributed to information-theoretical reconstruction of quantum 
mechanics, derivation of the general Bell inequality, also known as “Werner-Wolf-Zukowski-
Brukner” inequality, and more recently, to formulation of quantum mechanics on indefinite 
causal structures.
 
Quantum Interference of “Clocks”
Friday 12 July 11:50

Experimental tests of general relativity performed so far involve systems that can be 
effectively described by classical physics. On the other hand, observed gravity effects on 
quantum systems do not go beyond the Newtonian limit of the theory. In light of the conceptual 
differences between general relativity and quantum mechanics, as well as those of finding a 
unified theoretical framework for the two theories, it is of particular interest to look for feasible 
experiments that can only be explained if both theories apply.   

We propose testing general relativistic time dilation with a single “clock” in a superposition of 
two paths in space-time, along which time flows at different rates. We show that the 
interference visibility in such an experiment will decrease to the extent to which the path 
information becomes available from reading out the time from the “clock”. This effect would 
provide the first test of the genuine general relativistic notion of time in quantum mechanics. 
We consider implementation of the “clock” in evolving internal degrees of freedom of a 
massive particle and, alternatively, in the external degree of a photon and analyze the 
feasibility of the experiment. More details can be found:
 
M.  Zych, F. Costa, I. Pikovski, T. C. Ralph and Č. Brukner, General relativistic effects in 
quantum interference of photons, Class. Quantum Grav. 29 224010 (2012). M. Zych, F. 
Costa, I. Pikovski, Č. Brukner, Quantum interferometric visibility as a witness of general 
relativistic proper time, Nature Communication 2:505 doi: 10.1038/ncomms1498 (2011)



Iakovos Sigalas
Ceramics Focus Area

DST/NRF Centre of Excellence in
Strong Materials, Wits

Iakovos Sigalas obtained his PhD in experimental solid-state physics and a Diploma in 
Advanced Studies in Science from the University of Manchester, U.K. He also has a BSc 
Physics (Honours) from Athens University, Greece. His research Interests include Hard 
ceramic materials for cutting tool and wear part applications, Energy Ceramics and 
Titanium alloy studies. His employment started as a lecturer at Greek Universities. 
Subsequently he worked at the CSIR (1980) and later Element Six Pty Ltd as Research 
Manager (1991). He is presently employed by Element Six and is Professor in Ceramic 
Science at Wits. He has 77 publications in international refereed journals, 29 Patents and 
authored over 60 technical reports. He has also contributed to two books.

Hard and Ultrahard Materials Research at the University of the 

Witwatersrand
Friday 12 July 13:50

There is a continuous demand for improved efficiency of engines, plants and production 
processes. For this reason, ceramics have gained an ever increasing importance as 
engineering materials. In the group of advanced materials, carbon in the form of diamond, 
carbides, nitrides and borides have reached an outstanding position due to their excellent 
hardness, chemical and mechanical properties, particularly at high temperatures.
There is extensive work in the development of new hard materials, aimed at competing 
with diamond, not just in hardness, but in cost-effectiveness in general. 

This paper covers some of the cutting edge work done at present in this area and then 
focuses on the work done in our laboratories. This covers work on polycrystalline diamond, 
cubic boron nitride, boron suboxide and other hard oxides and nitrides. A great deal of this 
activity was focused on the development of hard and ultrahard materials at low pressures 
(<70 MPa), as opposed to the traditionally ultrahigh pressures used in the synthesis and 
sintering of such materials.

The materials made using this approach are evaluated with regard to their industrial 
applicability in manufacturing and occasionally oil and gas drilling processes.
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DIVISION

Division for Condensed Matter 
Physics and Materials

Nuclear, Particle and Radiation 
Physics

Photonics

Physics Education

Applied Physics Forum

Theoretical and Computational 
Physics

CHAIR

Prof. Japie Engelbrecht 

Dr. Simon Mullins

Prof. Erich Rohwer

Dr Sam Ramaila

Dr Freddie Vorster

Prof. F G Scholtz

E-MAIL 

dcmpm@saip.org.za

nuclear@saip.org.za

photonics@saip.org.za

education@saip.org.za

applied@saip.org.za

theoretical@saip.org.za 

MEETING

Wednesday 10 July - 14:30

Friday 12 July - 11:10

Wednesday 10 July - 14:30

Wednesday 10 July - 10:30

Wednesday 10 July - 09:20

SAIP DIVISIONS & MEETINGS
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Astrophysics and Space Science Dr IIani Loubscher astrophysics@saip.org.za Wednesday 10 July - 09:00

MEETING LIST

MEETING   VENUETIMESLOT    

SAIP Council meeting: Current members

CSIR NLC Laser Rental Pool User Group

SAIP Council Meeting: New members

WiPiSA Lunch

SAIP Students Meeting

SAIP Council Meeting with HODs

SAIP Council Meeting with Division Chairs

SAIP Annual General Meeting

Monday 8 July 09:30 – 17:00

Monday 8 July09:30 – 17:00

Tuesday 9 July 18:40 – 20:40

Wednesday 10 July 12:50 – 13:50

Wednesday 10 July

Wednesday 10 July 18:40 – 20:40

Thursday 11 July 18:00 – 20:00

Friday 12 July 14:50 – 16:20 A2 - 75

Tuesday 09 July - 14:30

Boardroom

Boardroom

Boardroom

Boardroom
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TRACK

DCMPM

Photonics

Astrophysics 

Space Science

Education

Applied 

Theoretical          

PRESENTER

Prof. Johannes Neethling

Dr. Tjaart Krüger

Prof. Catherine Cress

Prof. Ludwig Combrinck

Dr. Raymond Sparrow

Dr. Igle Gledhill

Prof. Thomas Konrad    

TITLE         

Status of Aberration-corrected Transmission 
Electron Microscopy in South Africa

Laser spectroscopy of natural light harvesting: 
unravel, regulate and control

Radio Astronomy at the Centre for High 
Performance Computing

Progress with the development of the Lunar 
Laser Ranger for South Africa

Skills development and training

Numerical Modelling of Pavement Materials

Classical optics in the language of quantum 
mechanics

TIME 

Friday 12 July - 10:30

Wednesday 10 July - 10:30

Wednesday 10 July - 11:10

Wednesday 10 July - 13:50

Wednesday 10 July - 09:20

Friday 12 July - 11:10

CONTRB.

30

63

151

52

569

511

274       

NON SPECIALISTS LECTURES  

Wednesday 10 July - 16:00



WINTER SCHOOL

APPLICATIONS OF SYNCHROTRON 
RADIATION : 8 July 2013, Venue A1-10

HIGH ENERGY PHYSICS
8 July 2013, Venue A0-59
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9:00-9:30

9:30-10:10

10:10-10:50

10:50-11:10

11:10-11:50

11:50-12:30

12:30-14:00

14:00-14:40

14:40-15:20

15:20-15:40

15:40-16:20

16:20-17:00

Introductory Lecture

Femtosecond Spectroscopy

Quantum Biology

New tools for correlative light and electron microscopy

Optical manipulation

Bio-imaging 

Modelling of Biological Processes

Single-Molecule Spectroscopy: Beyond the Ensemble Average

Electron Microscopy

Raymond Sparrow (CSIR)

Tjaart Krüger (University of Pretoria)

Francesco Petruccione (UKZN)

Tea

Diane van Rossum (Till Photonics, Germany)

Patience Mthunzi (CSIR)

Lunch

Ben Loos (Central Analytical Facility)

Kristian Müller-Nedebock (Stellenbosch University)

Tea

Tjaart Krüger (University of Pretoria)

Trevor Sewell (UCT)

BIOPHYSICS WORKSHOP
8 July 2013, Venue A0-56

8:00-9:00 

9:00-9:15

9:15-9:20

9:30-10:45

10:45-11:15

11:15-12:30

12:30-13:00

13:00-14:00

14:00-15:15

15:35-16:50 

16:50-17:10

Registration & Tea 
 
Welcome & Opening 
Prof. Simon Connell - Venue: A2-75

Announcement

Highlights of Synchrotron Science at Elettra
Dr. Andrea Goldoni (Elettra, Italy)

Tea Break

Magnetic and electronic properties of 
surfaces by advanced soft x-ray 
synchrotron radiation techniques
Dr Elena Magnano(IOM-CNR)

General discussion

Lunch

Microscopy and nano-lithography with 
synchrotron radiation.
Dr Marco Lazzarino (IOM-CNR)

Tea Break

Understanding the growth mechanisms and 
fine structure of nanostructured carbon 
grown via CVD using synchrotron radiation
Dr Cinzia Cepek (IOM-CNR)

Opportunities to access International 
Synchrotrons
Tshepo Ntsoane, (NECSA)

8:00-9:00 

9:00-9:15

9:15-9:20

9:30-10:00

10:00-10:45

10:45-11:15

11:15-12:30

12:30-13:00

13:00-14:00

14:00-15:15

15:15-15:35

15:35-16:50 

16:30-16:50

Registration & Tea 

Welcome & Opening 
Prof. Simon Connell - Venue: A2-75 

Announcement

Presentation of the National SA-CERN 
Programme
Prof. J. Cleymans (UCT, iThemba LABS)

Introduction to the Quark-Gluon Plasma
Dr. A. Muronga (UJ)

Tea Break

Description of the ATLAS detector and the 
discovery of the Higgs Boson
Dr B. Mellado (WITS) 

Description of the ALICE Detector
Dr F. Bossu (iThemba LABS)

Lunch

Introduction to Modern Topics in High 
Energy Physics.
Dr W. Horowitz (UCT)

Tea Break

A virtual tour of the ATLAS Detector 
Dr S. Yacoob (UKZN)

Introduction to the UJ Physics Programme 
at the ATLAS Detector
Dr Elizabeth Castaneda-Miranda (UJ)

15:15-15:35 
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program

7:30 - 8:45

8:45 - 9:00

9:00 - 10:00

TRACK

10:30 - 10:50

10:50 - 11:10

11:10 - 11:30

11:30 - 11:50

13:10 - 14:10

14:10 - 14:30

14:30 - 14:50

14:50 - 15:10

15:10 - 15:40 

16:40 - 17:40 

17:40 - 18:40

T
U

E
S

D
A

Y
 9

 J
U

L
Y

 2
0
1
3
 

REGISTRATION & TEA

WELCOME SESSION (Centre Court)

TEA BREAK

LUNCH

TEA BREAK 

POSTER SESSION: Division for Condensed Matter Physics and Materials (First Floor)

A2: Div. for Condensed Matter
Physics and Materials (A0-60)

B: Nuclear, Particle and 
Radiation Physics (A1-38)

C: Photonics (A1-11)

11:50 - 12:10

12:10 - 13:10

15:40 - 16:00

16:00 - 16:20

16:20 - 16:40

PLENARY : GOLDONI, Andrea
Investigation of porphyrins on metal surfaces with synchrotron radiation: conformation, magnetic and electronic properties

PLENARY : Dr. CEPEK, Cinzia
Synchrotron radiation characterizations of carbon-based nanostructures

PLENARY : Dr. MAGNANO, Elena
Magnetic and electronic properties of surfaces by advanced soft x-ray synchrotron radiation techniques

Msc for Award
Francis Dejene

10:00 - 10:30

A1: Div. for Condensed Matter
Physics and Materials (A2-75)

Theme
Chair

Theme
Chair

Theme
Chair

50

MSc

55

MSc

77

Msc

168

MSc

148

MSc

MSc

25

120

MSc

133

24

PhD

23

PhD

18

PhD

PhD

121

PhD

PhD

66

120

PhD

49

PhD

118

224

231

PhD

69

Msc

67

265

PhD

PhD

7

120

PhD

176

PhD

300

PhD

80

16

PhD

143

PhD

254

Msc

589

?

79

120

PhD

127

Msc

259

217

Low-Energy Electronic Structure 
and Fermi Surface of the itinerant
metamagnet Sr3Ru2O7

Ms. SOHANFO NGANKEU, Arlette 
(UJ)

Magnetic Phase Diagram of 
Cr

100-x
Os

x
alloys

Mr. FERNANDO, Pius Rodney

153 98 32

474

444

443 8 292 104

Investigation of Diffusion for the 
ion implanted Xenon in 6H-SiC

Ms. THABETHE, Thabsile 
(UP)

Modification of glassy Carbon 
under Strontium ion implantation

Ms. ODUTEMOWO, Opeyemi
(UP)

Luminescent properties of pulse 
laser deposition (PLD) thin films of
SrGa2S4:Ce3+ coated with metallic 
TaSi2

Ms. MOLEME, Pulane

Relative stability of graphene 
and carbon nanotube structures

Ms. SHAI, MOSHIBUDI
(UL)

PhD for Award
Ted Kroon

Characterization of Transition 
metal nitrides thin films deposited 
using RF Magnetron Sputtering

Mr. KURIA, Jonah
(Wits)

Electronic and mechanical 
properties of the actinide mononitride 
and dinitride

Mr. OBODO, Kingsley
(UP)

Synthesis and characterization 
metal chalcogenide nanocrystals used 
as active layers in solar cells

Mr. KALENGA, Pierre Mubiayi
(Wits)

The calculated vacancy 
formation energies of Al, Ni, Cu, Pd, 
Ag, and Pt

Ms. VAN DER WALT, Cornelia
(UFS)

Characterization of the 2+ 
excitation of Hoyle state in 12C

Mr. NEMULODI, Fhumulani
(SU)

Bound to be Clustered in atomic 
nuclei - LP Masiteng

Aspects of the structure of heavy 
carbon isotopes

Prof. KARATAGLIDIS, Steven
(UJ)

Search for the 5 alpha cluster 
state in 20Ne

Mr. SWARTZ, Jacobus
(SU)

Cluster Model Analysis of Th 
isotopes

Mr. DU TOIT, Erasmus
(SU)

Status of the study of multi-body 
decays of heavy nuclei using the
modified Light Ions Spectrometer

Mr. MALAZA, Vusi
(SU)

Creating and decomposing 
vector Bessel beams

Dr. DUDLEY, Angela
(CSIR)

Beam shaping
Pieter Neethling

A coaxial superposition of 
coherent Gaussian beams

Mr. NAIDOO, Darryl
(CSIR)

Bessel-Gaussian entanglement

Ms. MCLAREN, Melanie
(CSIR)

Efficient sorting of Bessel 
beams

Ms. MHLANGA, Thandeka
(CSIR)

Beam shaping with a laser 
amplifier

Dr. LITVIN, Igor
(CSIR)

Synthesis of NIS nanostructures 
by microwave-assisted hydrothermal
technique

Ms. LINGANISO, Ella
(CSIR)

The effects of substrate 
temperature on the structure, 
morphology and photoluminescence 
properties of pulsed laser deposited 
Y3 (Al,Ga)5O12:Ce3+ nano thin films

Mr. DLAMINI, Sipho
(UFS)

Msc for Award
Cinzia Cepek

PhD for Award
Japie Engelbrecht

Magnetic properties of the 
(Cr100-xAlx)99V1 alloy system

Mr. MUCHONO, Blessed
(UJ)

AES and TOF-SIMS 
measurements of In segregation in a 
polycrystalline Cu crystal 

Mr. MADITO, Moshawe
(UFS)

Insights into Nuclear Structure & Re-
actions from AFRODITE- Castaneda

Investigation of the radiative 
strength function in 74Ge

Dr. NEGI, Dinesh
(iTHEMBA LABS)

Reaction mechanisms studied 
using the iThemba LABS recoil 
detector

Dr. NTSHANGASE, Sifiso
Senzo (UZ)

Search for chirality in 193Tl

Mr. NDAYISHIMYE, Joram
(SU)

Cold Atoms at UKZN

Dr. MORRISSEY, Michael
(UKZN)

Cold atoms
Erich Rohwer

Computational modelling studies 
of structural, electronic and 
mechanical properties of palladium 
sulphide

Ms. MASENYA, Mamogo
(UL)

Computer Simulation Study of 
Manganese Dioxide Nanotubes

Mr. TSHWANE, David
(UL)

Spectral selectivity of doped Zinc 
and Aluminium oxide thin films
prepared by spray pyrolysis for Solar 
Energy applications

Mr. SIMPEMBA, Prospery C. 
(Copperbelt Univ)

-
Max Chirwa

Hydrogen Functionalized 
Graphene for possible Spintronics 
Applications

Prof. RAY, Sekhar Chandra
(Wits)

Synthesis of zinc oxide based 
nanophosphors by solution-
combustion method

Dr. KUMAR, Vinod
(UFS)

-
Mokhotjwa Simon Dhlamini

Developing gamma-ray tracking 
with a segmented Ge detector

Dr. LAWRIE, Elena 
(iThemba LABS)

Simulating the position sensitivity 
of the iThemba LABS segmented
clover detector

Mr. NONCOLELA, Sive 
(UWC)

Depletion voltage measurements 
of the iThemba LABS segmented
clover detector

Mr. EASTON, Jayson
(iThemba LABS and UWC)

Tracking progress with a TIGRESS 
detector - Zipho Ngcobo

Ultrafast photodynamics of 
charge transfer reactions in
Indoline-sensitized ZnO solar cells

Mr. ROHWER, Egmont
(SU)

Observation of structural 
dynamics of 1T-TiSe2 using 
femtosecond electron diffraction

Ms. SULEIMAN, Aminat Oyiza
(SU)

Adaptive quantum coherent 
control of a multilevel molecular 
system in the time-frequency domain

Dr. BOTHA, Lourens
(CSIR NLC)

Ultra fast spectroscopy
Christine Steenkamp
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REGISTRATION & TEA

WELCOME SESSION (Centre Court)

Improving the microhardness 
and wear resistance of Titanium 
and Titanium carbide based metal 
matrix composite

MR. OCHONOGOR, FRANKLIN
(TUT)

POSTER SESSION

PLENARY : Cepec

539

109

Msc

61

PhD

48

120

PhD

164

PhD

76

PhD

355

TEA BREAK

LUNCH

TEA BREAK 

POSTER SESSION: Division for Condensed Matter Physics and Materials (First Floor) 

D1: Astrophysics (A0-56) D2: Space Science (A1-17) E: Physics Education (A0-59) F: Applied Physics (A1-37) G: Theoretical and Computational 
Physics (A1-10)

Msc

36

Hon

35

Hon

PhD

434

Hon

21

120

Hon

218

Msc

65

Msc

40

128

82

433

197

73

120

554

358

513

453

216

119

448

220

PhD

120

PhD

111

PhD

572

PhD

160

90

269

PhD

551

Msc

278 283 573

SALT Observations of 
Herschel Discovered 
Gravitationally Lensed Galaxies

Prof. LEEUW, Lerothodi
(UNISA)

Fuelling the star formation in 
brightest cluster galaxies

Dr. LOUBSER, Ilani
(UNW)

Exploring Star Formation in 
Dwarf Galaxies at z~1 with the 
Hubble Space Telescope

Ms. RAMRAJ, Riona
(UCT SAAO)

The Sutherland site seeing 
conditions and the prospect of 
an AO system for SALT

Ms. CATALA, laure
(UCT SAAO)

Noise sensitivity of a VHF 
broadband interferometer

Mr. WEN, Chih-Fong
(UKZN)

Particle flux forecast using 
space wind parameters in a 
multivariate auto-regressive model 
with Kalman filtering

Ms. HILLEBRAND, Charlotte
(UKZN)

Detecting Lightning 
Distribution Changes using 
Satellite Imagery

Ms. BOOYSENS, Aimee
(SANSA)

Monitoring land-cover 
changes using satellite imagery

Mr. GOOSEN, Wayne
(SANSA)

The barometer of scientific 
endeavour: A comparative analysis

Dr. RAMAILA, Sam
(UJ)

The Virtual Observatory - 
A New Era for Astronomy 
Education

Dr. BARWAY, Sudhanshu
(SAAO)

Postgraduate student driven 
outreach in physics at Stellenbosch
University

Mr. RIGBY, Charles
(SU)

Is there a gap between the 
high school curriculum and first 
year university experience?

Ms. SONDEZI, Buyi
(UJ)

Quantum coherence and 
transport processes in 
photosynthesis

Ms. MARAIS, Adriana
(UKZN)

Femtosecond spectroscopy 
of the carotenoids in the main
light-harvesting complex of plants

Mr. BOTHA, Joshua 
(CSIR NLC)

The role of catalytic residues 
in amidases as revealed by 
mutagenesis and X-ray 
crystallography

Prof. SEWELL, Trevor
(UCT)

Laser Penetration through 
different skin phototypes

Dr. KARSTEN, Aletta
(CSIR)

The March 2015 total solar 
eclipse and its potential for testing 
the General Theory of Relativity

Prof. COMBRINCK, Ludwig
(HartRAO)

Preliminary site survey for a 
laser interferometer gravitational-
wave observatory (LIGO) for 
South Africa

Prof. COMBRINCK, Ludwig
(HartRAO)

Investigation of Phase 
Transitions in Tungsten Trioxide

Mr. GOVENDER, Malcolm
(CSIR)

-
Derck Smits

-
Ettienne Koen

-
Mark Herbert

Biophysics
Tjaart Krüger

-
Kristian Müller-Nedebock

The mechanism of the 
amidases: Mutating the glutamate 
adjacent to the catalytic triad 
inactivates the enzyme

Prof. SEWELL, Bryan Trevor
(UCT)

Modelling interacting 
filaments in motility assays

Prof. MüLLER-NEDEBOCK,
Kristian (SU)

A matched quadruplet of 
terbium radionuclides for nuclear 
imaging and radionuclide therapy

Dr. STEYN, Deon
(iTEMBA LABS)

Biophysics
Raymond Sparrow

Galaxy peculiar velocities in 
the Zone of Avoidance

Mr. SAID, Khaled
(UCT)

Development of an Improved 
Mode Identification Formula 
For Pulsating Stars

Mr. MEKONNEN MENGISTIE,
Getachew (NWU)

-
Christo Venter

-
Nkanyiso Mbatha

Prediction of foF2 from GPS 
TEC over AFRICA

Mr. SSESSANGA, Nicholas
(SANSA)

Tomographic imaging of the 
ionospheric structure and 
disturbances in the region of the 
East-Central Africa region

MUTALE, Mubela
(Univ Zambia)

Using Astronomy to enhance 
Physics teaching at undergraduate 
level

Ms. CATALA, laure
(SAAO-UCT)

Overview of the Extended 
Curriculum Programme Physics at 
the University of the Western Cape

Dr. HERBERT, Mark
(UWC)

-
Mdumiseni Nxumalo

-

Solid state reaction of 
ruthenium with silicon carbide, and 
the implications for its use as a 
schottky contact for high temp. 
operating schottky diodes

Mr. MUNTHALI, Kinnock
Vundawaka (UP)

The variation of dose rate 
dependence parameters of 
synthetic diamond detectors with 
electron energy

Mr. ADE, Nicholas 
(Wits)

A Novel Mode of Current 
Switching Dependent on Activated 
Charge Transport

Mr. WALTON, Stanley
(UCT)

Materials
Mmantsae Diale 

9 123 214 33The Virtual Atomic and 
Molecular Data Centre (VAMDC)

Prof. SMITS, Derck
(UNISA)

Elemental abundance 
determinations in photoionized 
nebulae

Ms. PROZESKY, Andri 
(UNISA)

Spectroscopic Observations 
of Eclipsing Contact Binary Stars

Ms. SKELTON, Patricia
(UNISA)

-
Lerothodi Leeuw

If 1+1=3, then E=1/2mc! 

Dr. CARLESCHI, Emanuela
(UJ)

University students 
performance in different types of 
exam questions informs on their 
problem solving skills as well as 
studying ability

Dr. ALBERS, Claudia
(WITS)

The IAU Office of Astronomy 
Development

Dr. MAUDUIT, Jean-Christophe
(IAU)

-
Douglas Clerk

Progress towards a GIC 
prediction framework

Dr. LOTZ, Stefan 
(SANSA)

Extraction of surface 
impedance from magnetotelluric 
data

Mr. KHANYILE, Sfundo
(SANSA)

Estimation of Arrival Time, 
Duration, and Intensity of Major 
Storms Caused by Earth Directed 
Halo Coronal Mass Ejections Using 
the WSA-Enlil Cone Model

Mr. ALAMIREW, Netsanet
(UCT, SANSA)

-
Brady Wen 

-

PLENARY : GOLDONI, Andrea
Investigation of porphyrins on metal surfaces with synchrotron radiation: conformation, magnetic and electronic properties

PLENARY : Dr. CEPEK, Cinzia
Synchrotron radiation characterizations of carbon-based nanostructures

PLENARY : Dr. MAGNANO, Elena
Magnetic and electronic properties of surfaces by advanced soft x-ray synchrotron radiation techniques
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REGISTRATION & TEA

PLENARY : 

PLENARY: 

Gender Gap in Science and Leadership 

Prof. MONTANARI, Barbara

LUNCH

7:30 - 8:00

8:00 - 9:00

09:00 - 09:20

09:20 - 09:40

09:40 - 10:00

10:30 - 10:50

11:50 - 12:50

Theme
Chair

TRACK

10:00 - 10:30

Theme
Chair

10:50 - 11:10

11:10 - 11:30

11:30 - 11:50

12:50 - 13:50

Theme
Chair

13:50 - 14:10

14:10 - 14:30

14:30 - 14:50

14:50 - 15:10

15:10 - 15:40 TEA BREAK 

166

Msc

547

Msc

PhD

135

193

479

468

PhD

470

PhD

83

PhD

122

PhD

131

Msc

446

529

172

Msc

155

195

512

134

Msc

234

255

251

PhD

249

230

202

PhD

267

PhD

PhD

PhD

268

279

PhD

458

PhD

297

PhD

477

PhD

527

PhD

169

588

248

Msc

MSc

Msc

198

508

Msc

517

Msc

515

Msc

263

Msc

37

A2: Div. for Condensed Matter
Physics and Materials (A0-60)

B: Nuclear, Particle and 
Radiation Physics (A1-38)

C: Photonics (A1-11)A1: Div. for Condensed Matter
Physics and Materials (A2-75)

MSc for Award
Vijay Kumar

Advanced Power Sources for 
Electronic Devices and Electric 
Vehicles

Mr. MASEDI, Cliffton
(UL)

High temperature conductance 
fluctuations and Tomonaga - Luttinger
liquid behaviour of aligned metallic 
SWCNT ropes

Ms. NCUBE, Siphephile

PhD for Award
Johan Malherbe

The effect of chemical pressure 
on the ferromagnetic (FM) ordering of
CeTX compounds

Ms. SONDEZI, Buyi
(UJ)

Structural and Magnetic 
Properties of MgxSrxMnxCo1-3xFe2O4
Nanoparticle ferrites

Mr. OSMAN, Nadir
(UKZN)

Synthesis, characterization and 
gas sensing applications of Tungsten
Trioxide

Mr. GOVENDER, Malcolm
(CSIR)

Phenomenological interpolation 
of quarkonia cross sections

Dr. BOSSU, Francesco
(iThemba LABS)

Research progress in the 

 
decay channel( )H-> ZZ *  -> 

+ - + -
t  t  l l

Mr. HAMITY, Guillermo 
(WITS)

Leptons from J/y and heavy-
flavour hadron decays in pp and 
Pb-Pb collisions studied with ALICE 
at the LHC

Dr. FöRTSCH, Siegfried
(iThemba LABS)

Quirks of Quarkonia but nothing tops 
ZZ decay channels- Bruce Mellado

Low Intensity Laser Irradiation 
(LILI) in combination with Growth 
Factors in a Co-culture System 
supports the Differentiation of 
Mesenchymal Stem Cells
Mr. MVULA, Bernard 

The Impact of Low Intensity 
Laser Irradiation on Lung Cancer 
Stem Cell Viability and Proliferation

Ms. CROUS, Anna Magdalena

Graphene substrates for 
increased embryonic stem cell optical
transfection efficiency

Dr. MTHUNZI, Patience 
(CSIR - NLC)

Bio photonics
Erich Rohwer

Msc for Award
Vinod Kumar

Analysis of controlled structural 
disorder in few layer graphite and
graphene

Ms. SANDERS, Kirsty
(Wits)

Electronic Transport Properties 
of Silicon-germanium Nanowires

Mr. ASLAN, Tahir
(Wits)

Magnetic Properties of 
CoFe2O4/CoFe2 nanocomposites 
reduced by activated charcoal in 
argon atmosphere

Mr. EZEKIEL, Itegbeyogene
(UKZN)

Mott’s Variable Range Hopping 
Model: an Easy Method for 
Identification of Phase Transition

Mr. AKANDE, Amos 
(CSIR, UL)

PhD for Award
Erasmus Koena Rammutla

New Techniques for Determining 
Dopant Concentrations In Nitrogen
Doped Carbon Nanospheres

Mr. MARSICANO, Vincent
(Wits)

Spin-lattice relaxation in Fe 
implanted ZnO

Mr. MASENDA, Hilary
(Wits)

The effect of EWG and EDG on 
the HOMO and LUMO levels of Alq3

Ms. DUVENHAGE, Mart-Mari
(UFS)

White Cathodoluminescence 
Zn

0.3
Mg

0.7
Al

2
O

4
:Tb

3+
;Eu

3+

Mr. SHAAT, Samy
(UFS)

Holding up the world with ATLAS
Simon Connell

Identifying Exclusive Proton-
Proton Interactions in the ATLAS
Experiment

Mr. SCHENCK, Ferdinand
(UCT)

Using the Higgs as a portal to 
the "hidden sector"

Dr. CASTANEDA, Elizabeth
(UJ)

Search of invisible anomalous 
Higgs boson decays with the ATLAS
detector at the LHC

MOLEFI, Itumeleng

Applications of JIMLWK 
Evolution to Exclusive J/y Production 
in the ATLAS Detector

Ms. RAMNATH, Andrecia
(UCT)

Laser development
Lourens Botha

A CW and Actively Q-switched 
Thulium-doped Fibre Laser

Mr. COETZEE, Riaan Stuart
(SU)

A 2-crystal high-power CW and 
Q-switched Nd:YLF laser at 1314nm

Mr. BOTHA, Roelf 
(HartRAO)

5 Watt Zinc Germanium 
Phosphide Optical Parametric 
Oscillator

Mr. JACOBS, Cobus 
(CSIR)

Acousto vs. Electro Optic 
Modulators in Short pulse, high peak 
power Q-switched lasers

Mr. MAWEZA, Loyiso 
(CSIR)

Msc for Award
Japie Engelbrecht

The Electrical Transport 
Properties of Bulk Nitrogen Doped 
Carbon Microspheres

Mr. WRIGHT, William
(Wits)

DIVISION MEETING

PhD for Award
Hendrik Swart

Back surface influence on 
Brillouin scattering in ion-implanted 
chemical vapor deposited diamond

Mr. MOTOCHI, Isaac
(Wits)

High frequency Luttinger liquid 
excitations and ballistic transport in
aligned CNTs range at room 
temperature

Mr. CHIMOWA, George 
(Wits)

Giants amongst Resonances : the 
Ultimate Collectiivity- S Karataglidis

A survey of the fine structure 
phenomenon of the Isovector Giant 
Dipole Resonance in nuclei across 
the periodic table at a forward 
scattering angle

Prof. CARTER, J
(Wits)

Fine structure of the Isoscalar 
Giant Quadrupole Resonance using
proton inelastic scattering at 200 MeV 
in spherical to highly deformed
neodymium isotopes

Dr. USMAN, I. T
(Wits)

Ms. DONALDSON, Lindsay
(Wits)

Quasi-free nucleon knockout 
contribution in 40Ca(p,p') inclusive
scattering at 200 MeV

Dr. USMAN, Iyabo
(Wits)

Influence of the proton core on 
the fine structure of the Isovector Giant 
Dipole Resonance as a function of 
nuclear deformation across the neody-
mium & samarium isotope chains

Spectroscopy
Pieter Neethling

An improved Nd:YAG laser 
pumped setup for vacuum ultra violet
spectroscopy of carbon monoxide 
molecules

Mr. RIGBY, Charles
(SU)

Simultaneous measurement of 
EFISH in transmission and in reflection
from the Si/SiO2 interface of a thin Si 
membrane

Mr. NDEBEKA, Wilfrid
(SU)

The effect of SLM dependent 
dispersion on spatial beam shaping

Mr. SPANGENBERG, Dirk-Mathys
(SU) 

Material characterization using 
Terahertz time-domain spectroscopy

Mr. SMITH, Shane 
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REGISTRATION & TEA

PLENARY : 

TEA BREAK 

PLENARY: Prof. MONTANARI, Barbara

Gender Gap in Science and Leadership

LUNCH

TEA BREAK

?

47

52

Mte

43

Men

429

PhD

150

200

215

244

Msc

74

72

253

PhD

288

170

569

582

14

511

586

301

PhD

86

PhD

171

PhD

311

PhD

320

184

PhD

583

451

6

PhD

75

PhD

505

Msc

365

PhD

186

PhD

188

568

F: Applied Physics (A1-37)

Lightning Activity Predictions 
for Single Buoy Moorings

Dr. COLLIER, Andrew 
(SANSA)

Modelling
Ernest van Dyk 

584

?

?

151

116

Msc

209

PhD

240

PhD

242

PhD

236

Msc

235

NON-SPECIALIST: Numerical 
Modelling of Pavement Materials

Dr. GLEDHILL, Irvy (Igle)
(CSIR)

D1: Astrophysics (A0-56) D2: Space Science (A1-17) E: Physics Education (A0-59) G: Theoretical and Computational 
Physics (A1-10)

DIVISION MEETING

-
Ilani Loubser

First year astronomy students 
interpretation of the term 
"radiation"

Ms. TAKANE, Mpeli
(UCT)

-
Paul Molefe

A scientifically efficient approach 
for uniform evaluation of Physics
practicals using software embedded 
and improvisation-based system at
Doornfontein Campus of the 
University of Johannesburg

Dr. RAMAILA, Sam (UJ)

What is problem-solving?

Dr. NAIDOO, Deena
(Wits)

-

DIVISION MEETING

Three-body Bound state 
calculations

Mr. MUKERU, Bahati 
(UNISA)

-
Frederik Scholtz

DIVISION MEETING

-
Frederick Vorster

South African night sky 
brightness during high aerosol 
epochs

Prof. WINKLER, Hartmut
(UJ)

NON-SPECIALIST: Radio 
Astronomy at the Centre for High
Performance Computing

Prof. CRESS, Catherine
(CHPC, UWC)

Line, LINER, linest - from 
micro-AGN to ultra-luminous 
LINERS. One and the same?

Prof. WINKLER, Hartmut
(UJ)

Dust in the Radio Galaxy and 
Merger Remnant NGC 1316 
(Fornax A)

Mr. ASABERE, Bernard Duah
(UJ)

-
Ilani Loubser

-
Deena Naidoo

Competency in units and 
measurement: Does it provide a 
good indicator of the performance 
of students in university first year 
Physics?

Dr. REDDY, Leelakrishna
(UJ)

Active Learning 101

Mr. CLERK, Douglas
(Wits)

Correlation between the social 
background of a selected group of 
grade 10 learners and their views 
on the nature of science

Mr. BALOYI, Vonani
(UP)

Exploring Science Shows that 
Bridge the Gap between Indigenous
Knowledge (IK) and Modern Science: 
The Lightning (Electricity) Show

Mr. NXUMALO, Mdumiseni
(UZ)

Study of the time variation of 
geomagnetic field over Southern 
Africa applying harmonic splines 
technique on CHAMP satellite data

Mr. NAHAYO, Emmanuel
(SANSA)

-
Shimul Maharaj

NON-SPECIALIST: 
Progress with the development of 
the Lunar Laser Ranger for South 
Africa

Prof. COMBRINCK, Ludwig
(HartRAO)

-
Thomas Konrad

Modelling the stability of a 
semiflexible network tethered to 
a membrane

Prof. MüLLER-NEDEBOCK,
Kristian (SU)

Concavity of energy surfaces

Prof. KARATAGLIDIS, Steven
(UJ)

Heavy Baryons with 
Strangeness

Mr. BLANCKENBERG, Jaco
(SU)

Finite-size key in QKD 
protocols for Renyi entropies

Mr. MAFU, Mhlambululi (Centre for 
Quantum Technology)

Telecommunication
Phil Ferrer

Advancement of quantum 
ommunication through 
entanglement

Ms. ISMAIL, Yaseera 
(UKZN)

Chromatic dispersion 
compensation for VCSEL 
transmission for applications such 
as Square Kilometre Array 
South Africa

Mr. ROTICH KIPNOO, Enoch
(NMMU)

Implementation and security 
analysis of fiber-based B92 QKD 
protocol

Mr. SENEKANE, Makhamisa
(UKZN)

FPGA-based emulation of 
qudit quantum Fourier transform 
circuit

Mr. SENEKANE, Makhamisa
(UKZN)

-
Theodore Williams

Advanced simulation 
techniques for the design of next 
generation radio interferometers

Mr. ATEMKENG TEUFACK,
Marcellin (RU)

New minimization techniques, 
solvers and calibration algorithms

Mr. GAZOYA, Emmanuel
(RU)

Measuring and correcting 
primary beam instability in radio 
interferometry

Mr. MAKHATHINI, Spheshile
(RU)

Analysis of Self-Calibration 
Artefacts

Ms. NUNHOKEE, Chuneeta Devi 
(RU)

-
Sam Ramaila

NON-SPECIALIST: 
Skills development and training

Dr. SPARROW, Raymond Walter 

DIVISION MEETING

-
Jacob Bortnik

-
Francesco Petruccione

Improvements in accuracy of 
a real-time orbital propagator by 
modelling perturbation forces 
acting on a LEO CubeSat

Mr. TSHILANDE, Thinawanga
(SANSA)

Correlation between SQUID 
data and ionospheric and/or 
seismic events

Mr. MATLADI, Thabang
(SANSA)

Characterization of TRINNI 
events

Mr. GARAPO, Kevin
(UKZN)

Acoustic resonators above 
sunspot umbrae

Dr. BOTHA, G.J.J.
(Northumbria University)

The Emergence of 
Gravitational Spaces

Mr. MOOLMAN, Simon
(Wits)

Simulating Black-Hole 
Radiation

Mr. CARLSON, Warren
(Wits)

Black-Hole Pulsar Binaries: 
Simulations on the Grid

Mr. CARLSON, Warren
(Wits)

Nuclear Matter Equation of 
State and the Neutron Stars

Prof. MURONGA, Azwinndini
(UJ)
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15:40 - 16:00

16:40 - 17:40 

17:40 - 18:40 POSTER SESSION: NPRP, Photonics, Astro & Space, Education, Applied and Theoretical (Second Floor)

16:00 - 16:20

16:20 - 16:40

PLENARY : Dr. LAZZARINO, Marco
Nanomechanical sensing for biology and medicine

Theme
Chair

WEDNESDAY 10 JULY 2013 

PhD

63

276

Msc

257

Msc

232

PhD

46

129

99

481

480

476

TRACK
A2: Div. for Condensed Matter
Physics and Materials (A0-60)

B: Nuclear, Particle and 
Radiation Physics (A1-38)

C: Photonics (A1-11)A1: Div. for Condensed Matter
Physics and Materials (A2-75)

Ab initio simulation study of spinel 
LiMn2 O4 and nickel doped LiMn2 O4

Mr. MALATJI, Kemeridge Tumelo
(UL)

Computer simulation studies of 
SPINEL LiTi2O4

Ms. LEDWABA, Raesibe Sylvia
(UL)

Phase stability and martensitic 
transformation of TiPt shape memory
alloys

Mr. MASHAMAITE, Mordecai
(UL)

-
Mandla Msimanga

-
Hafiz Abdallah

Degradation of organic solar cells 
with solution processed ZnO

Ms. MBULE, Pontsho Sylvia
(UFS)

Energy loss and energy loss 
straggling of (MeV) heavy ions through 
thin film materials by Time of Flight 
spectrometry

Dr. MSIMANGA, Mandla
(iThemba LABS)

Banking on Monte Carlo methods
Iyabo Usman

Cytogenetic analysis of Co-60 
y-radiation-induced chromosome 
damage and simulations using the 
Geant4 Monte Carlo toolkit 

Mr. FOURIE, Hein
(SU)

Monte Carlo simulation of Neutron 
Transport in Nuclear Reactors

Ms. MUDAU, Rotondwa 
(UJ)

Validation of a passive beam 
Monte Carlo model for measuring 
prompt gamma rays during proton 
adiotherapy

Mr. JEYASUGITHTHAN, Jeyasingam
(UCT)

Digital laser
Lourens Botha

The digital laser

Mr. NGCOBO, Sandile 
(CSIR)

NON-SPECIALIST: 
Laser spectroscopy of natural light 
harvesting: unravel, regulate and 
control

Dr. KRüGER, Tjaart 
(UP)
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509

PhD
463

PhD

524

WEDNESDAY 10 JULY 2013 

Msc

541

PhD

516

PhD

387590

Msc

92

28

PhD

58

296

Msc

441

Msc

F: Applied Physics (A1-37)D1: Astrophysics (A0-56) D2: Space Science (A1-17) E: Physics Education (A0-59) G: Theoretical and Computational 
Physics (A1-10)

Radiation Physics
Trevor Derry

Analysis of the spatial and 
spectral neutron distribution of 
various conceptual core designs 
with the aim of optimising the 
SAFARI-1 research reactor

Mr. OLAUWALEYE, Olakunle
(UJ)

Ion Beam Modification of the 
Structure and Properties of 
Hexagonal Boron Nitride

Ms. ARADI, Emily
(Wits)

Elemental analysis of 
Kimberlite and associated Country 
Rock

Mr. TCHONANG POKAHA, Marius
(UJ)

-
Andreas Faltenbacher

Shedding light on the invisible 
Radio signals from Dark Matter

Ms. ORFORD, Nicola
(Wits)

Polarized Compton scattering 
in cosmic structures

Mr. EMRITTE, Mohammad
Shehzad (Wits)

-
Sam Ramaila

National Report on Review of 
undergraduate physics education 
in public higher education 
institutions

-
Andrew Collier

Electrostatic wave Instabilities 
driven by counter-streaming 
electron beams in space plasmas

Mr. MBULI, Lifa
(SANSA, UKZN)

Nonlinear ion-acoustic and 
electron-acoustic waves in 
multi-ion space plasmas

Dr. MAHARAJ, Shimul Kumar
(SANSA)

Simulations of ion acoustic 
waves in Saturn’s magnetosphere

Mr. KOEN, Etienne
(SANSA)

-
Azwinndini Muronga

Quantum Teleportation of 
photonic multi-level systems

Prof. KONRAD, Thomas
(UKZN)

Nitrogen-Vacancy colour 
centre in diamond characterization 
using QUANTUM ESPRESSO

Mr. ZULU, Bheki
(UKZN)

Quantum Measurements 
Along Accelerated World-Lines

Mr. HARTMAN, Jonathan
(UJ)

PLENARY : Dr. LAZZARINO, Marco
Nanomechanical sensing for biology and medicine
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07:30 - 08:00

08:00 - 09:00

REGISTRATION & TEA

PLENARY : Prof. WILLIAMS, Theodore 
Dark Matter - the Unseen Universe 

10:00 - 11:00

11:00 - 18:00 EXCURSION

THURSDAY 11 JULY 2013 

PLENARY : Prof. FEURER, Thomas 
Shaping frequency entangled photon pairs 

09:00 - 10:00
PLENARY : Dr. YACOOB, Sahal

Beyond the Standard

POSTER SESSION: NPRP, Photonics, Astro & Space, Education, Applied and Theoretical (Second Floor)
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REGISTRATION & TEA

PLENARY : Dr. BORTNIK, Jacob
Recent progress in understanding very low frequency waves, high energy particles, and the coupled inner magnetospheric environment

Theme
Chair

TRACK

10:00 - 10:30

Theme
Chair

10:50 - 11:10

11:10 - 11:30

11:30 - 11:50

491

564

483

12:50 - 13:50 LUNCH

13:50 - 14:50
PLENARY : Prof. SIGALAS, Iakovos

Hard and Ultrahard Materials Research at the University of the Witwatersrand 

14:50 - 16:20 GENERAL MEETING

17:00 - 23:00 BANQUET

555

431

560

557

203

Msc

503

Msc

Msc

PhD

520

256

Msc

175

594

219

Msc

438

PhD

?

PhD

205

427

Msc

504

?

137

PhD

162

A2: Div. for Condensed Matter
Physics and Materials (A0-60)

B: Nuclear, Particle and 
Radiation Physics (A1-38)

C: Photonics (A1-11)A1: Div. for Condensed Matter
Physics and Materials (A2-75)

-
Joseph Asante

Computational study of anatase 
TiO2 nanotube as an anode material 
for lithium ion batteries

Mr. GANDAMIPFA, Mulatedzi
(UL)

DFT+U study of Li adsorption on 
(110) ß-MnO2 surface

Ms. MAENETJA, Khomotso
(UL)

Electronic and Optical properties 
of Si_3Al(P, As) 

Dr. AZEMTSA DONFACK, Hermann
(UNISA)

-
Sekhar Chandra Ray

Synthesis and characterization 
of novel semiconductor nanocrystals 
for third generation solar cells

Dr. MOLOTO, Nosipho
(Wits)

Carbon in Modern Nuclear 
Reactors

Prof. MALHERBE, Johan
(UP)

Applied Radio-activity : Neutron-
Activated and Natural- Vusi Malaza

Emissions of Trace Elements 
from Motor Vehicles Monitored by 
Active Biomonitoring: a tunnel study in
the Western Cape, South Africa using 
ICP-MS and neutron activation

Ms. NDLOVU, Ntombizikhona 
Beaulah (SU)

Determination of U-235 in the 
context of interference with Ra-226 for 
the study of the disequilibrium in the 
U-238 decay series

Mr. KHUMALO, Thokozani
(UJ)

To study the mobility of the 
naturally radioactive materials 
(NORMs) in the sediments as a 
function of changing environmental 
conditions

Mr. SHONGWE, Nkosinathi Sipho
(UJ)

Fibres optics
Pieter Neethling

Is long distance free-space 
quantum communication with the 
OAM state of light feasible?

Ms. MCLAREN, Melanie
(CSIR)

Fibre Bragg grating Sensor For 
Real Time Fence Monitoring

Ms. MUKARUGINA, Stephanie
(UJ)

Hot-Spot Detection and Location
over an Optical Fibre

Mr. KABOKO, Jean-Jacques Monga
(UJ)

30

530

486

-
Moise Bertin

NON-SPECIALIST: 
Status of Aberration-corrected 
Transmission Electron Microscopy 
in South Africa

Prof. NEETHLING, Johannes
(NMMU)

Characterization and 
Optimization of P3HT and PCBM 
blends for Photo-absorbance

Mr. KALONGA, Given 
(Zambia Bureau of Standards)

Mr. MKHONTO, Peace Prince
(UL)

Computational Modelling Study 
of nickel-rich pentlandite {111} surface

-
Johan Malherbe

Benefits of the circular current’s 
duo Cartesian magnetic dipolar 
model

Dr. CHIRWA, Max 
(WSU)

Mr. SULEIMAN, MOHAMMED S. H.
(Wits)

Ab initio calculations on the 
structural, electronic and optical
properties of the hazardous silver 
nitrides

Fast Neutron fluence and damage
Simon Connell

Comparison of neutron fluence 
spectra measured with NE213 proton
recoil spectrometer and NE230 
deuteron recoil spectrometer

Mr. MASONDO, Vusumuzi

Study of fast neutron irradiation 
induced damage on Graphite and
Zircaloy-4

Mr. MAHAFA, Tshepo
(UJ)

DIVISION MEETING

Advances in Laser & optics
Erich Rohwer

Improvement of calibration 
accuracy in fibre optic wavelength 
for DWDM applications

Dr. ADRIAAN, van Brakel
(NMISA)

A Theoretical Model and 
Simulation of Low-Reflectivity Active 
Linear Cavity for temperature and 
vibration sensing

Stability of a laser cavity with 
non-parabolic phase transformation
elements

Mr. DELLA TAMIN, Michelin (UJ)
Mr. OKAFOR, Emmanuel E. (UJ)

Mrs. BURGER, Liesl
(CSIR NLC)

Thermal aberrations in optical 
materials

Dr. LITVIN, Igor 
(CSIR NLC)

11:50 - 12:50
PLENARY : 

Quantum Interference of “Clocks” 
Prof. BRUKNER, Caslav

30



REGISTRATION & TEA

LUNCH

TEA BREAK

GENERAL MEETING

BANQUET

PLENARY : Dr. BORTNIK, Jacob
Recent progress in understanding very low frequency waves, high energy particles, and the coupled inner magnetospheric environment

Renewable Energy
Frederik Vorster

On the characterisation of 
photovoltaic solar cells by 
means of device parameter 
extraction algorithms

Mr. BEZUIDENHOUT, Lucian
(NMMU)

507

78

Msc

PhD

Msc

149

91

102

Msc

245

213

514

179

567

229

PhD

266

PhD

Msc

Msc

284

10

PhD

440

478

260

258

PhD

262

274

Comparison of indoor and 
outdoor current-voltage 
characterisation of photovoltaic 
modules

Ms. CROZIER, Jacqui
(NMMU)

Effect of spectral changes on 
I-V parameters of triple junction 
solar cells

Mr. KWARIKUNDA, Nicholas
(NMMU)

-
Catherine Cress

Effects of tides on the 
occurrence of pulsations in 
components of binary star systems

Mr. PREDIERI, Massimo
(Wits)

Investigation of characteristic 
signals of a black-hole pulsar 
binary system on the grid

Mr. CARLSON, Bevan
(Wits)

How circumstellar discs in 
Be stars influence mass accretion 
in Be/X-ray binary systems

Mr. MONAGENG, Itumeleng
(UCT, SAAO)

F: Applied Physics (A1-37)D1: Astrophysics (A0-56) D2: Space Science (A1-17) E: Physics Education (A0-59) G: Theoretical and Computational 
Physics (A1-10)

-
Leelakrishna Reddy

Physics foundation program: 
Implications for second year 
mainstream physics module

Mr. MOLEFE, Paul
(UJ)

The challenges of tutor 
training for high school learners

Prof. MURONGA, Azwinndini
(UJ)

Conceptual Coherence By 
Contrast

Mr. SCHWARTZ, MJ 
(UZ)

- -
Frederik Scholtz

Quantum teleportation, 
quantum scissor and quantum 
transcription

Dr. GOYAL, Sandeep 
(UKZN)

Scalable implementation 
scheme for quantum walks using 
classical light

Dr. GOYAL, Sandeep 
(UKZN)

Renewable Energy
Sampson Mamphweli

Modeling and real time 
simulation of instantaneous 
performance of residential air 
source heat pump water heater

Mr. TANGWE, Stephen Loh
(UFH)

Effect of air dynamics in the 
concentrator and behind the rotor 
on power output of a Concentrator 
Augmented Wind Turbine (CAWT)

Ms. SHONHIWA, Chipo
(UFH)

Development of a Large Area 
Light Beam Induced Current 
scanner

Dr. VORSTER, Frederik
(NMMU)

-
Hartmut Winkler

CTA: The next-generation 
giant for ground-based Gamma-
ray Astronomy

Mr. DAVIDS, Isak Delberth
(NWU)

Modelling the light curves of 
Fermi LAT millisecond pulsars

Dr. VENTER, Christo
(NWU)

Modelling the gamma-ray 
and radio light curves of the 
double pulsar system

Mr. SEYFFERT, Albertus
(NWU)

Ms. BREED, Monica
(NWU)

Implementation of an offset-
dipole magnetic field in a 
geometric pulsar emission code

- -
Steven Karataglidis

A review of generalized and 
unsharp measurements

Ms. BASSA, Humairah
(UKZN, CSIR NLC)

NON-SPECIALIST: 
Classical optics in the language 
of quantum mechanics

Prof. KONRAD, Thomas
(UKZN)

PLENARY: 
Quantum Interference of “Clocks” 

Prof. BRUKNER, Caslav

PLENARY : Prof. SIGALAS, Iakovos
Hard and Ultrahard Materials Research at the University of the Witwatersrand 
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C# Presenter(s) Award Title

2 Dr. TLALI, Spirit & M r. M ORUTI, Kao & M r. 

M OLEKO, Nkuebe

N/A Study of Nanomaterials under High Pressure 

5 M r. SEBITLA, LESOLLE N/A Room Temperature and High Temperature Ion Implantation of Cadmium (Cd) in Glassy Carbon: Diffusion 

behaviour and Raman Analysis

15 Dr. DUDLEY, Angela N/A Encoding mutually unbiased bases in orbital angular momentum for quantum key distribution

17 M r. OUM A, Cecil PhD On the metastability o f the C center in Silicon: An ab initio  study

26 M r. JILI, Thulani N/A Theoretical Study of Positron States in Barium Flouride using Independent Particle M odel and Generalized 

Gradient Approximation

42 Prof. ENGELBRECHT, Japie N/A Assessment o f Neutron-Irradiated 3C-SiC 

44 M r. M OTLOUNG, Setumo Victor PhD Effects o f Cr3+ ions concentration in Cr-doped ZnAl2O4 nanocrystals synthesized using so l-gel process

54 M r. NOTO, Luyanda Lunga PhD Effects o f different TiO2 phases on the luminescence of CaTiO3:Pr3+

56 M r. M ADIBA, itani given N/A Competitive Growth Texture of Pulse Laser Deposited VO2 Nanostructures on Glass Substrate

57 M r. YAGOUB, M YA PhD Luminescent properties of Pr3+doped SrF2 at different synthesis

64 M s. THABEZHE, Nokwethemba 

Fortunate

M Sc Thermodynamic stability o f VO2 in contact with thin metal films

71 M rs. M OHM M ED JAFER BAKEET, 

Rasha

PhD Luminescent properties of Y2O3:Bi3+

81 M r. NAIDOO, Darryl PhD Azimuthal beam superpositions with intra-cavity rings

87 M r. YOUSIF, A. PhD Effect o f different annealing times on the structure of Y3(Al,Ga)5O12:Tb thin film grown by PLD

88 M s. TSHABALALA, M odiehi Amelia PhD Synthesis and Characterization of white light emitting Sr2SiO4:Tb3+,Eu3+ phosphor

89 Dr. KUM AR, Vijay PhD Raman Spectral Analysis o f Organometallic Composite Film Synthesized by Electrochemical Route

94 M s. M OKOENA, Puseletso M Sc Luminescent properties of Ca5(PO4)3OH:Gd3+, Pr3+ phosphor powder

95 M r. NYAWO, Thembinkosi & M r. 

THETHWAYO, Charles Thulani

M Sc Synthesis and characterization of magnetron sputter deposited Ge-nanowires

97 M r. NYAWO, Thembinkosi & Prof. 

NDWANDWE, M uzi

N/A Growth and characterization of carbon nanotubes on ZrN thin film surfaces 

100 M rs. JACOBS, Susan N/A M agnetic properties of Cr/Cr99.65Ru0.35 hetero-structures

105 M r. ONDZIBOU, Ninon Gildas N/A Structural and electronic properties of transition metal chalcogenides (M oS2 , M o2 S4 , and M o6 S8 )

108 M r. DONGHO NGUIM DO, Guy M oise N/A Structural and electronic properties of chalcopyrite A lAgX2 and AlCuX2(X= S, Se, Te)

110 M r. DLAM INI, Sanele N/A Experimental Setup in Cold Atom Experiment 

112 M s. FOKA, Kewele Emily PhD YVO4:Eu3+ thin films prepared by PLD

113 Dr. DOLO, JAPPIE N/A Effect o f zinc acetateconcentrations on the structure, morphology and optical properties of ZnOnanoflakes 

synthesized by chemical bath deposition method

132 M r. OLAOYE, Olufemi(Opeyemi) PhD Analysis o f electron diffraction patterns in DCNQI salts

140 M r. UNUIGBE, David PhD Production and characterisation of silicon nanoparticles for printed electronics

144 M s. M CLAREN, M elanie PhD Quantum entanglement with a Hermite-Gaussian pump

154 M r. KOAO, Lehlohonolo PhD Effect o f synthesis temperature on the structure, morphology and optical properties of PbS nanoparticles 

prepared by chemical bath deposition method

163 M s. DLAM INI, Wendy & Bonakele N/A XRD, M össbauer and magnetic properties of M gxCo1-xFe2O4 nanoferrites 

174 Dr. GONFA, Girma Goro N/A Synthesis and characterization of ZnO nanoparticles

175 M r. CRONJE, Shaun PhD Evaporation models for segregation

180 M r. NKOSI, Steven PhD Contro l o f M agnetism near M etal to  Insulator Transitions of VO2

182 M r. FERNANDO, P R PhD Characterization of epitaxial Cr thin films

187 M s. SIM O, Aline PhD Electrospun polyehylene oxide nanocomposite fibers reinforced withVO2 nanoparticles: Fabrication and 

optical analysis

189 Dr. M BATHA, Nkanyiso N/A Development o f Durban LIDAR system for aerosol and temperature measurements in the neutral atmosphere

191 M rs. JACOBS, Bincy Susan PhD Influence of magnetic field on the transition temperature of the (Cr84Re16)89.6V10.4 alloy

211 M r. TABAZA, Wael PhD Blue luminescence from Bi doped M gAl2O4 prepared by the combustion method

212 M r. ABBASS, Abd Ellateef PhD Effect o f Ag nanoparticles on the luminescence of Tb doped so l-gel silica

221 M s. RATSIBI, Edzani M Sc Dependance of central spot sixe, propagation distance, and number of rings of a Bessel beam on the axicon's 

apex angle

223 Prof. DEJENE, Francis N/A Luminescent properties of Dy3+, Eu3+, Tb3+ and Sm3+ doped barium borate phosphors synthesized by 

so lution combustion process

226 Prof. DEJENE, Francis N/A Energy transfer and photo luminescence properties of Ce3+ and/or Tb3+-doped PbS nanorods

233 Dr. M OLOI, Sabata N/A Static electrical characteristics of silicon diodes at different temperatures: For radiation-hard detectors

241 M r. ABDULSALAM , M ahmud PhD A Theoretical Investigation of the Structural, Electronic and Phase

246 M r. M PSHE, Kagiso M Sc Spin-dependent electronic properties of random layered semiconductor systems

250 M r. KOEN, Wayne PhD Efficient Ho:YLF laser pumped by a Tm:fiber laser

261 M s. M HLANGA, Thandeka M Sc M odal decomposition of Bessel-Gaussian beams

272 M r. NGCOBO, Sandile PhD Tuneable Gaussian to  Flat-top resonator by amplitude beam shaping

273 M r. BASHIR, A iman PhD Electrical and magnetic properties of NdAuGe compound

282 M s. M AHLANGU, Rosinah N/A The elastic properties and the phonon dispersions of TiPtCo shape memory alloy using the supercell 

approach

286 M r. SITHOLE, THOKOZANE M OSES M Sc Synthesis and Characterization of CaBxOy:Eu3+ nano-phosphors prepared using Solution - Combustion 

M ethod

287 M s. SHIM APONDA, M ulundumina M Sc M athematical model for interferometric no ise in a Raman distributed fiber sensor

289 M s. SONDEZI, Buyi N/A The determination of critical behavior o f ferromagnetic CeCuGe using magnetocaloric effect
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290 Dr. M OSUANG, Thuto N/A M olecular dynamics simulations of Ti and Y impurities in tin-dioxide (SnO2)

293 M r. UNGULA, Jatani Hons. Effect o f annealing on undoped and Ce, Dy, Eu, Ni-doped ZnO properties synthesized by so l-gel method using 

zinc acetate and sodium hydroxide in aqueous ethanol so lution

298 Dr. ASANTE, Joseph N/A Sn and Sb segregation in single and polycrystalline Cu

303 M s. M ASINA, Bathusile PhD Plasma dynamics and species emission study of vanadium (IV) oxide (VO2) in oxygen background

322 Dr. ABDALLAH, Hafiz M  I N/A Synthesis, structural and magnetic properties of M nxNi1-xFe2O4 nanoferrites

326 Dr. ABDALLAH, Hafiz M  I N/A Synthesis and magnetic characterizations of M nxFe3-xO4 nanoferrites 

346 M s. DANGA, Helga M Sc Thermal stability studies on Palladium Schottky contacts on n- Si (111) and the defects introduced during 

fabrication and annealing processes

349 M r. NUBI, Olatunbosun Nubi N/A Effects o f Combinational Doping on the Phase Transformation of Nano Titanium Dioxide

357 Dr. ASANTE, Joseph PhD M icrostructural Characterization of Sub-micron Copper Powder Consolidated by Spark plasma sintering for 

Heat Sink

439 M r. NAM BALA, Fred Joe PhD Comparative analysis o f fabricated Titanium Schottky do ides on silicon and gold doped silicon

445 Dr. NEETHLING, Pieter N/A Raman spectroscopy of bio logical and chemical samples

450 M r. SM ITH, Shane M Sc A reflection setup for Terahertz time-domain spectroscopy

452 M r. M POYO, Justice Sompo M Sc M odelling and simulation of a Distributed Feedback Erbium Ytterbium doped fiber laser

462 M r. SIM FUKWE, Joseph M Sc Design and evaluation of a low-cost photovoltaic system with semi-diffuse structured Aluminium reflectors

464 M r. M BIOM BI, Wilfred N/A Surface Brillouin scattering characterization of Diamond-like carbon thin films on silicon substrate

466 M r. WAKO, ALI PhD Thermoluminescence study of beta -irradiated SrAl2O4:Eu2+,Dy3+ phosphors

475 M r. M M AKGABO, M anaka N/A Photo luminescence properties of rare-earths and manganese doped strontium aluminate phosphors prepared 

by combustion method

482 M s. M PHAHLELE, M allasaitiwa N/A computer modelling studies of pressure dependance on cobalt pentlandite mineral

484 M s. CHUM A, M oyahabo Hellen N/A SSC-DFTB parameterization of Pd and TiO2 systems 

506 Dr. M EHLAPE, M ofuti N/A Computational studies of the bulk cobalt pentlandite (Co9S8): Validation of the potential model

510 M r. LETHOLE, NDANDULENI LESLEY PhD Thermodynamic, structural, electronic and mechanical stability study of o livine LiM PO4 (M : M n, Fe, Co)

525 M r. M BELA, Kalengay PhD M agnetic properties of Sn0.2Cr1.8-xFexO4 nanooxides

528 M r. THABETHE, Bongani M Sc Synthesis and characterization of tin oxide nanostructures for gas sensing applications

538 Dr. CHIRWA, M ax N/A A circular current's duo Cartesian magnetic dipo lar model and limitations on fields as spatial derivatives of 

potentials

543 Dr. M OYO, Thomas N/A Synthesis and magnetic properties of M g1-xZnxFe2O4 nanoferrites 

544 Dr. TIBANE, M alebo N/A First-Principles Study of Thermodynamic and Dynamic Stability o f Ru-Cr Alloys

545 Prof. RAM M UTLA, Erasmus Koena N/A Structural studies of Y and Zr doped nano-crystalline tin oxide using EXAFS and Raman Scattering techniques

548 M s. BOITUM ELO, M okae Hons. Optical delivery of anti-HIV-1 drugs into  CD+ cells through a diffraction limited femtosecond laser beam spot

552 M s. AIRO, M ildred M Sc One step synthesis and characterization of Indium M onoselenide nanoparticles for photovoltaic application

556 M r. JILI, Thulani N/A Annihilation of Positrons with High M omentum states in Lithium Flouride using Local Density Approximation 

and Generalized Gradient Approximation

558 M r. KABONGO, Guy Leba M Sc Sol-gel synthesis and characterization of terbium ion doped zinc oxide nanoparticles

559 Prof. DHLAM INI, M okhotjwa Simon N/A Synthesis and characterization of luminescence properties of CaAl2O4:Eu2+,Tm3+ phosphors powder

561 Dr. M ACHATINE, Augusto & M r. 

NIYONGABO, Prime

N/A M agnetic Symmetry for Hexagonal M anganite RM O3 

570 M r. PARADZAH, Alexander M Sc Electrical characterization of 5.4 M eV alpha-particle irradiated 4H-SiC with low doping density

571 Dr. M TANGI, Wilbert N/A Effect o f the alpha particle charge state and energy on irradiation induced deep level defects in ZnO

575 M s. TEBELE, Angelina Seithati Hons. Luminescence properties of blue-red emitting SrAlxOy:1 percent Eu2+,x percent Cr3+ phosphors prepared using 

so l-gel method

POSTER SESSION 2
C# Presenter(s) Award Title

0 Dr. DE VILLIERS, Jean N/A Inversion of Geomagnetic Fields to  Derive Ionospheric Currents that Drive Geomagnetically Induced Currents

3 M r. LATIF, M ouftahou PhD Angular distributionoftheIsovectorgiantdipo leresonance(IVGDR) in neutron-rich calcium isotopes with pro ton 

inelastic scattering reaction at 200 M eV

11 M r. TANGWE, Stephen M Sc Analytical evaluation of energy losses of an air source heat pump water heater

20 M s. KHUM ALO, Nontobeko M Sc Study of octupo le vibrations in nearly spherical nuclei

22 M rs. M ATANDIROTYA, Electdom PhD M ethods for measuring and M odeling geomagnetically induced currents (GICs) on power lines

27 M rs. NEM AIR, M ahassin. A. A PhD Simulation of Electron Dynamics in the Earth's M agnetosphere

29 M r. KOEN, Etienne PhD Simulations of oblique electrostatic wave propagation

31 M s. PHORI, Abigail M Sc Experimental Characterisatics o f small o il Thermal Energy Storage (TES) tank for domestic applications

34 Dr. COLLIER, Andrew N/A Investigating Dunedin Whistlers using Volcanic Lightning 

38 M rs. M ATAM BA, Tshimangadzo M erline M Sc Ionospheric response during geomagnetic storm events in 2004

39 Dr. M BATHA, Nkanyiso PhD Evidence for SuperDARN polar mesosphere summer echoes (PM SE) at SANAE IV, Antarctica: first 

observation

59 M r. BROADLEY, Simon PhD New crystal structure o f M SHB from M ycobacterium tuberculosis shows insight into  the catalytic mechanism

68 Dr. JACOBS, M khululi N/A A comparative analysis o f first year physics student expectations at the University o f the Western Cape and 

M ilitary Academy

70 Prof. CLEYM ANS, Jean N/A Systematic Properties o f the Tsallis Distribution: Energy Dependence of Parameters in High-Energy p-p 

Collisions

84 M r. M ARIOLA, M arco PhD Open-source electronics for quantum key distribution
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101 M s. PILLAY, Sharmini PhD Hybrid Two-way QKD in Free Space

103 M s. SINGH, Ann N/A The importance of damage tests 

126 M r. M UKUM BA, Patrick PhD Performance monitoring of a Field-Batch Biogas Digester fed with agricultural wastes at different mixing ratios

136 M s. NWOKOLO, Nwabunwanne M Sc Investigating the impact o f equivalence ratio  and temperature of input airon the conversion efficiency of a 

down draft biomass gasifier

139 M r. ABEDIGAM BA OYIRWOTH, Patrick PhD Studies of the amplitude ratios in the atmosphere of the sun

141 M r. ERO, Felix PhD Thermodynamic Characteristics of a Large Scale Downdraft Gasifier in a Scalar Energy Field

142 M r. WASSIN, Shukree M Sc Pulse Delay Chromatic Dispersion M easurements in Single M ode Fibre

145 M r. REED, Robert PhD High Voltage Board for the M obile Test Bench for the ATLAS Detector

146 M r. REED, Robert PhD Higgs to  Four Lepton

147 M r. KOUROUM A, Hamed PhD A 40 Gbps Wavelength Division M ultiplexing (WDM ) Optical Network for Data Transmission for M eerKAT

158 M r. SHIKWAM BANA, Lerato PhD Aerosol measurements at the National Laser Centre, Pretoria and at the University o f KwaZulu Natal, Durban 

using the CSIR mobile LIDAR system

159 M s. M HLANGA, sibaliso & GUM BO, 

mervyn

N/A The Quark Gluon plasma 

161 M r. M TUM ELA, Zolile N/A A multiple instrument investigation of the nature of geomagnetic pulsations 

173 M r. FELEKE AYANE, Getinet M Sc M ultico lour Photometric Study Of Pulsation on Pre-M ain Sequence Star V351 Ori (HD 38238)

177 M r. SENOSI, KGOTLAESELE JOHNSON M Sc Investigation of W^{+\-} bosons production with different Parton Distribution Functions in proton-proton 

co llisions

178 M r. CHABATA, Tichakunda Valentine PhD Digital signal processing algorithm for signal analysis and performance monitoring in an optical 

communication link

181 M r. M ASUKUM E, Peace-M aker N/A Assessment o f wind energy potential in the Amato le District in the Eastern Cape Province of South Africa

183 M r. SEHONE, Alfred M ogotsi M Sc Radiometric Survey at A Heavy M ineral M ining Company On The West Coast Of South Africa

185 M r. SEHONE, Alfred M ogotsi M Sc Radiometric Characterisation Of Bricks For Use In A Planned Calibration Facility For In-Situ Gamma-Ray 

Detectors

190 M r. TUCKER, Bevan M Sc Black-Hole Pulsar B inaries: Timing and Fluxes

192 Dr. M BATHA, Nkanyiso N/A TIM ED/SABER Observations of mesospheric inversion layers over Southern Africa

196 M r. NJOROGE, Eric PhD AFM  and SEM  studies Zr thin films on SiC

199 Dr. SHIRINDA, O. N/A M easuring the performance of the iThemba LABS Segmented Clover Detector

201 Dr. BOTHA, G.J.J. N/A The robustness of magnetic flux tubes surrounded by magnetoconvection 

204 M s. NDLOVU, Ntombizikhona Beaulah PhD Comparison of two Software Packages for High Resolution Gamma Spectrometry Used for Neutron 

Activation Analysis o f B iomonitors

206 M r. LEKWENE, Papi M Sc M odelling the atmosphere of A-Stars using the ATLAS9 program with OPAL EOS

207 M r. GUM BO, M ervyn & M s. SIBALISO, 

M hlanga

N/A Quark Gluon Plasma (QGP) 

222 Dr. M ASITENG, Paulus N/A 194Tl as the first example revealing chiral symmetry breaking in the pair o f four-quasiparticle bands

227 Dr. M ATTHEWS, Alan N/A A solar-thermal cooker using o il for heat transfer 

228 Dr. M ATTHEWS, Alan N/A A solar-thermal cooker using high-pressure steam for heat transfer 

243 Dr. FERRER, phil N/A Orbital simulations for a satellite with a corona ionization thruster 

252 M r. SAKILDIEN, M uneer N/A Temporal variation of line radiation from the GTS-ECRIS at iThemba labs 

270 M r. SCHULTZ, Ross PhD Spectral shaping and subcell modeling of the current density o f a HCPV device as a function of operational 

conditions

271 M r. IM M ANUEL, M ulaudzi M Sc Preliminary results o f a M onte Carlo  study of neutron beam production at iThemba LABS

275 M r. M ASIKE, Titus M Sc LED Board for the mobile test bench

280 M r. NTAM EHLO, Luvo N/A A Search for Pulsations in the Infrared region of Herbig Ae star V589 M on 

281 M r. M AKHUBELA, M athews M Sc Preliminary results o f a M onte Carlo  study to  determine neutron fleunce using activation

285 Dr. RAHM AN, Nurur N/A Recent Results on Spatially Resolved M olecular Gas Star Formation Law from CARM A Survey Towards 

Infrared-bright Nearby Galaxies (STING)

295 Dr. BUCHER, T.D. N/A Challenges in the simulations of the iThemba LABS segmented clover detector

299 M r. M ATSHAWULE, Siyambonga M Sc Probing the Cosmological M odel With M eerkat and the SKA

309 Prof. DERRY, Trevor N/A New iThemba-LABS and Wits University Ion Implantation Facility

318 M r. M AIBANE, Kutullo M Sc Validation of the calculated efficiency parameters for the gamma-ray detector using 152Eu standard sources

435 M s. NJINGANA, Primrose Nosicelo M Sc Outdoor perfomance parameters, temperature effect and irradiance measurements in Photovoltaic home 

system

449 Dr. WAM WANGI, Daniel N/A Induced Stress studies of RF M agnetron Sputtered FeCr thin films by surface Brillouin scattering and GIXRD

459 M r. JOHNSON, M atthew M Sc M odelling Stellar Convection

461 M r. M AFU, M hlambululi PhD Tsallis entropy and quantum uncertainty in information measurement

471 M r. M ABIZELA, Polycarp M Sc Kinetic analysis o f the various biomass / coal blends for co-gasification purpose

485 Dr. RAHM AN, Nurur & Prof. WINKLER, 

Hartmut

N/A SDSS J12002-0204: Unusual I Zw 1 object or a nearby BAL Seyfert? 

502 M r. AHOUA, Sylvain M alan PhD Evaluation of the NeQuick model in Southern mid-latitudes using South African co-located GPS and 
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 m
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 f
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b
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 c
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 c
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p
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 s
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 c
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p
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d
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h
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d
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ra
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p
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 p
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 d
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 d

e
sc

ri
p
tio

n
o
f 

th
e
 g

ro
w

th
 m

e
ch

a
n
is

m
s 

a
n
d
 t

h
e
 s

u
b
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 c
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ra
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u
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p
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e
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o
rs

:
S

W
A

R
T

, 
H

C
 (

U
n
iv

e
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e
 F

re
e
 S

ta
te

)

L
a
n
th

a
n
id

e
-b

a
se

d
 l

u
m

in
e
sc

e
n
t 

m
a
te

ri
a
ls

 h
a
ve

 b
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 d
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p
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2
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h
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d
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a
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d
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u
m
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e
n
t 

m
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a
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 p
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n
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b
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 l
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 p

ro
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e
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ra
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 b
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 p
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 f
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m
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 d
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ro
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u
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 f
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p
re

p
a
re

d
 b

y
b
o
th

 t
h
e
 h

yd
ro

th
e
rm

a
l 

a
n
d
 c
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d
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ra
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 c
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r3
+

sa
m

p
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p
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p
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h
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 t
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 d
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b
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 d
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p
a
ce

 A
g
e
n
cy

 (
S

A
N

S
A

) 
S

p
a
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u
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u
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n
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 b
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 c
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 c
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b
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n
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p
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rt
h
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r 

u
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d
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n
d
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e
 

e
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m
e
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a
n
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n
g
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n
e
tic

 
th

e
o
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e
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st
a
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a
b
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tie
s 
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n
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n
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u
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 a

n
d
 c
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u
n
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a
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e
a
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b
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 d
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n
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f 
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b
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g
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a
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a
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 p
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 b
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b
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m

p
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n
d
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m

p
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n
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 f
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n
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d
. 

It
 is

 f
o
u
n
d
 t

h
a
t 

co
o
l e
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n
 b
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a
m
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u
m
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e
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d
 d
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 c
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n
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u
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p
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 p
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h
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 b

y 
A

ct
in

o
m

yc
e
te

s 
fo

r 
d
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n
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ve

re
d
 o

ve
r 

5
3
0
0
 E

C
 s

ta
rs

. 
M

o
st

 o
f 

th
e
se

 s
ta

rs
 h

a
ve

 n
o
t 

b
e
e
n
 c

la
ss

ifi
e
d
 p

re
vi

o
u
sl

y 
a
s 

va
ri
a
b
le

s 
a
n
d
 t

h
e
re

fo
re

 t
h
e
ir
 p

h
ys

ic
a
l

p
ro

p
e
rt

ie
s,

 s
u
ch

 a
s 

th
e
ir
 m

a
ss

 r
a
tio

 q
a
n
d
 t

e
m

p
e
ra

tu
re

s 
T

1
a
n
d

T
2

o
f 

th
e
 c

o
m

p
o
n
e
n
ts

, 
h
a
ve

 y
e
t 

to
 b

e
 d

e
te

rm
in

e
d
. 

S
p
e
ct

ro
sc

o
p
ic

d
a
ta

 c
a
n
 b

e
 u

se
d
 t

o
 d

e
te

rm
in

e
 t

h
e
 t

e
m

p
e
ra

tu
re

s 
a
n
d
 s

p
e
ct

ro
sc

o
p
ic

 m
a
ss

 r
a
tio

s 
o
f 

th
e
se

 A
S

A
S

 E
C

 s
ta

rs
. 

F
o
r 

a
 s

e
le

ct
io

n
 o

f 
E

C
 s

ta
rs

fr
o
m

 t
h
e
 A

S
A

S
 d

a
ta

b
a
se

, 
sp

e
ct

ro
sc

o
p
ic

 d
a
ta

 w
e
re

 o
b
ta

in
e
d
 u

si
n
g
 t

h
e
 S

p
C

C
D

 s
p
e
ct

ro
g
ra

p
h
 o

n
 t

h
e
 1

.9
m

 t
e
le

sc
o
p
e
 a

t 
th

e
 S

o
u
th

A
fr

ic
a
n
 A

st
ro

n
o
m

ic
a
l O

b
se

rv
a
to

ry
 in

 S
u
th

e
rl
a
n
d
. 

T
h
e
 r

e
su

lts
 o

f 
th

e
 o

b
se

rv
a
tio

n
s 

a
re

 p
re

se
n
te

d
.

7
7
 -

 L
u

m
in

e
s
c
e
n

t 
p

ro
p

e
rt

ie
s
 o

f 
p

u
ls

e
 l

a
s
e
r 

d
e
p

o
s
it

io
n

 (
P

L
D

) 
th

in
 f

il
m

s
 o

f 
S

rG
a
2
S

4
:C

e
3
+

 c
o

a
te

d
 w

it
h

 m
e
ta

ll
ic

T
a
S

i2

D
C

M
P

M
1
 -

 T
u
e
sd

a
y 

0
9
 J

u
ly

 2
0
1
3
 1

1
:3

0
P

ri
m

a
ry

 a
u

th
o

rs
:

M
O

L
E

M
E

, 
P

u
la

n
e
 (

2
0
0
9
2
2
)

C
o

-a
u

th
o

rs
:

S
W

A
R

T
, 

H
e
n
d
ri
k 

(U
n
iv

e
rs

ity
 o

f 
th

e
 F

re
e
 S

ta
te

);
 T

E
R

B
L
A

N
S

, 
K

o
o
s 

(U
n
iv

e
rs

ity
 o

f 
th

e
 F

re
e
 S

ta
te

);
 N

T
W

A
E

A
B

O
R

W
A

, 
M

a
rt

in
(U

n
iv

e
rs

ity
 o

f 
th

e
 F

re
e
 S

ta
te

)

C
e
ri
u
m

 (
C

e
3
+

) 
d
o
p
e
d
 S

rG
a
2
S

4
 i

s 
kn

o
w

n
 t

o
 s

h
o
w

 b
ri
g
h
t 

b
lu

e
 l

u
m

in
e
sc

e
n
ce

. 
U

n
d
e
r 

p
ro

lo
n
g
e
d
 e

le
ct

ro
n
 e

xp
o
su

re
 e

le
ct

ro
n

st
im

u
la

te
d
 s

u
rf

a
ce

 c
h
e
m

ic
a
l 

re
a
ct

io
n
s 

(E
S

S
C

R
) 

o
cc

u
r 

o
n
 t

h
e
 s

u
rf

a
ce

. 
R

e
su

lti
n
g
 i

n
 a

 h
ig

h
 d

e
g
ra

d
a
tio

n
 r

a
te

 o
f 

th
e
 l

u
m

in
e
sc

e
n
ce

in
te

n
si

ty
 a

n
d
 d

e
so

rb
e
d
 g

a
se

s 
w

h
ic

h
 h

a
ve

 a
 d

e
tr

im
e
n
ta

l e
ff

e
ct

 t
o
 t

h
e
 e

m
itt

e
r 

tip
s 

o
f 

th
e
 f

ie
ld

 e
m

is
si

o
n
 d

is
p
la

y 
(F

E
D

).
 H

e
n
ce

 t
h
e
 u

se
o
f 

th
in

 l
u
m

in
e
sc

e
n
t 

fil
m

s 
w

a
s 

co
n
si

d
e
re

d
. 

H
o
w

e
ve

r,
 t

h
e
 s

u
lfi

d
e
 t

h
in

 f
ilm

s 
a
re

 s
til

l 
o
n
ly

 e
xh

ib
iti

n
g
 4

0
 -

 7
5
 %

 l
u
m

in
a
n
ce

 b
ri
g

h
tn

e
ss

 o
f

th
e
 r

a
w

 p
o
w

d
e
r 

m
a
te

ri
a
ls

 d
u
e
 t

o
 g

ra
in

 s
tr

u
ct

u
re

, 
st

o
ic

h
io

m
e
tr

y 
a
n
d

 s
u
b
st

ra
te

 r
o
u
g
h
n
e
ss

 e
ff

e
ct

s 
[1

].
 S

e
ve

ra
l c

o
a
tin

g
 t

e
ch

n
iq

u
e
s 

h
a
ve

b
e
e
n
 d

e
ve

lo
p
e
d
 b

y 
co

a
tin

g
 w

ith
 c

o
n
d
u
ct

iv
e
 o

xi
d
e
s 

su
ch

 a
s 

M
g
O

, 
S

iO
2
, 

a
n
d
 S

n
O

2
 in

 t
ry

in
g
 t

o
 o

ve
rc

o
m

e
 t

h
e
 p

ro
b
le

m
 o

f 
d
e
g
a
ss

in
g

fr
o
m

 t
h
e
 s

u
lp

h
id

e
 f

ilm
s 

[2
].

 I
n
 t

h
is

 s
tu

d
y 

th
e
 f

ilm
s 

p
re

p
a
re

d
 f

ro
m

 S
rG

a
2
S

4
:C

e
3
+

 p
o
w

d
e
r 

b
y 

p
u
ls

e
d
 la

se
r 

d
e
p
o
si

tio
n
 (

P
L
D

) 
te

ch
n
iq

u
e

w
e
re

 c
o
a
te

d
 w

ith
 m

e
ta

lli
c 

T
a
S

i2
. 

T
h
is

 m
a
te

ri
a
l m

e
ta

lli
c 

fe
a
tu

re
s 

a
n
d
 u

n
iq

u
e
 p

ro
p
e
rt

ie
s 

su
ch

 a
s 

h
ig

h
 e

le
ct

ri
ca

l c
o
n
d
u
ct

iv
ity

 a
n
d

 g
o
o
d

ch
e
m

ic
a
l 

st
a
b
ili

ty
 m

a
ke

 i
t 

su
ita

b
le

 m
a
te

ri
a
l 

fo
r 

u
se

 i
n
 a

p
p
lic

a
tio

n
 i

n
 f

ie
ld

 e
m

is
si

o
n
�

e
m

itt
e
r 

d
e
vi

ce
s.

 M
o
re

o
ve

r,
 i

t 
is

 c
o
m

p
a
tib

le
 t

o
si

lic
o
n
 s

u
b
st

ra
te

 t
h
u
s 

sa
tis

fy
in

g
 t

h
e
 r

e
q
u
ir
e
m

e
n
ts

 f
o
r 

th
e
 g

e
n
e
ra

tio
n
 o

f 
n
a
n
o
-e

le
ct

ro
n
ic

s 
[3

].
 I

n
 t

h
e
 p

re
se

n
t 

w
o
rk

, 
th

e
 e

ff
e
ct

 o
f 

th
e

su
b
st

ra
te

 t
e
m

p
e
ra

tu
re

 o
n
 t

h
e
 s

tr
u
ct

u
re

, 
m

o
rp

h
o
lo

g
y 

a
n
d
 l

u
m

in
e
sc

e
n
t 

p
ro

p
e
rt

ie
s 

o
f 

th
e
 S

rG
a
2
S

4
:C

e
3
+

 t
h
in

 f
ilm

s 
co

a
te

d
 w

ith
 T

a
S

i2
a
re

 p
re

se
n
te

d
. 

T
h
e
 X

-r
a
y 

d
iff

ra
ct

io
n
 (

X
R

D
) 

p
a
tt

e
rn

 s
h
o
w

e
d
 b

ro
a
d
 p

e
a
ks

 w
ith

 t
h
e
 p

re
fe

re
n
tia

l 
g
ro

w
th

 a
lo

n
g
 t

h
e
 (

0
 6

 2
) 

o
ri
e
n
ta

tio
n
.

T
h
e
 h

ig
h
e
st

 P
L
 i

n
te

n
si

ty
 w

a
s 

d
e
m

o
n
st

ra
te

d
 w

h
e
n
 4

5
0
ºC

 s
u
b
st

ra
te

 t
e
m

p
e
ra

tu
re

 w
a
s 

u
se

d
. 

T
h
e
 c

o
lo

u
r 

p
u
ri
ty

 o
f 

th
e
 S

rG
a
2
S

4
:C

e
3
+

p
o
w

d
e
r 

w
a
s 

n
o
t 

e
n
tir

e
ly

 
a
ff

e
ct

e
d
 

b
y 

th
e
 

co
a
tin

g
 

la
ye

r.
 

R
e
fe

re
n
ce

s[
1
] 

h
tt

p
:/

/f
a
cu

lty
.v

ir
g
in

ia
.e

d
u
/N

a
n
o
sc

a
le

 
L
a
se

r
P

ro
ce

ss
in

g
/r

e
se

a
rc

h
_

in
te

re
st

s.
h
tm

[2
] 

S
-I

I 
O

h
, 

H
-S

 L
e
e
, 

K
-B

 K
im

 a
n
d
 J

-G
 K

a
n
g
, 

B
u
ll.

 K
o
re

a
n
 C

h
e
m

. 
S

o
c.

 3
1
(1

2
) 

(2
0
1
0
) 

3
7
2
3
[3

] 
Y

-L
C

h
u
e
h
, 

M
-T

 K
o
, 

L
-J

 C
h
o
u
, 

L
-J

 C
h
e
n
, 

C
-S

 W
u
 a

n
d
 C

- 
D

 C
h
e
n
, 

N
a
n
o

 L
e
tt

. 
6
 (

8
) 

(2
0
0
6
) 

1
6
3
7
-1

6
4
4

7
8
 -

 H
o

w
 c

ir
c
u

m
s
te

ll
a
r 

d
is

c
s
 i

n
 B

e
 s

ta
rs

 i
n

fl
u

e
n

c
e
 m

a
s
s

 a
c
c
re

ti
o

n
 i

n
 B

e
/X

-r
a
y
 b

in
a
ry

 s
y
s
te

m
s

A
st

ro
 -

 F
ri
d
a
y 

1
2
 J

u
ly

 2
0
1
3
 0

9
:4

0
A

u
th

o
rs

:
M

O
N

A
G

E
N

G
, 

itu
m

e
le

n
g
 (

S
o
u
th

 A
fr

ic
a
n
 A

st
ro

n
o
m

ic
a
l O

b
se

rv
a
to

ry
 /

 U
n
iv

e
rs

ity
 o

f 
C

a
p

e
 T

o
w

n
)

B
e
/X

-r
a
y 

b
in

a
ry

 s
ys

te
m

s 
a
re

 a
 s

u
b
cl

a
ss

 o
f 

h
ig

h
 m

a
ss

 X
-r

a
y 

b
in

a
ry

 s
ta

rs
. 

T
h
e
se

 s
ys

te
m

s 
a
re

 c
o
m

p
o
se

d
 o

f 
a
 n

o
n
-s

u
p
e
rg

ia
n
t

B
-t

yp
e
 s

ta
r 

w
h
o
se

 s
p
e
ct

ra
 h

a
s 

(o
r 

h
a
d
 a

t 
so

m
e
 t

im
e
) 

sh
o
w

n
 B

a
lm

e
r 

e
m

is
si

o
n
 li

n
e
s,

 a
n
d
 a

 n
e
u
tr

o
n
 s

ta
r 

w
h
ic

h
 a

cc
re

te
s 

m
a
te

ri
a
l f

ro
m

th
e
 c

ir
cu

m
st

e
lla

r 
d
is

c 
a
ro

u
n
d
 t

h
e
 B

e
 s

ta
r.

 O
p
tic

a
l 

sp
e
ct

ro
sc

o
p
y 

is
 u

se
d
 t

o
 s

tu
d
y 

th
e
 b

e
h
a
vi

o
u
r 

o
f 

th
e
 c

ir
cu

m
st

e
lla

r 
d
is

c 
a
ro

u
n
d
 t

h
e

B
e
 s

ta
r 

a
n
d
 h

o
w

 it
 a

ff
e
ct

s 
th

e
 m

a
ss

 a
cc

re
tio

n
 p

ro
ce

ss
 o

n
to

 t
h
e
 n

e
u

tr
o
n
 s

ta
r,

 le
a
d
in

g
 t

o
 X

-r
a
y 

o
u
tb

u
rs

ts
. 

R
e
su

lts
 f

ro
m

 s
p
e
ct

ro
sc

o
p
ic

m
o
n
ito

ri
n
g
 o

f 
sy

st
e
m

s 
in

 t
h
e
 S

o
u
th

e
rn

 H
e
m

is
p
h
e
re

 (
o
b
ta

in
e
d
 w

ith
 S

A
L
T

) 
a
n
d
 t

h
o
se

 in
 t

h
e
 N

o
rt

h
e
rn

 H
e
m

is
p
h
e
re

 (
o
b
ta

in
e
d
 w

ith
 t

h
e

L
iv

e
rp

o
o
l 
te

le
sc

o
p
e
) 

w
ill

 b
e
 p

re
se

n
te

d
. 

T
h
is

, 
to

g
e
th

e
r 

w
ith

 X
-r

a
y 

d
a
ta

, 
w

ill
 b

e
 d

is
cu

ss
e
d
 t

o
 d

e
m

o
n
st

ra
te

 h
o
w

 t
h
e
 v

a
ry

in
g
 p

ro
p
e

rt
ie

s
(e

.g
 s

iz
e
 a

n
d
 d

e
n
si

ty
) 

o
f 

th
e
 c

ir
cu

m
st

e
lla

r 
d
is

c 
in

flu
e
n
ce

 t
h
e
 d

iff
e
re

n
t 

ty
p
e
s 

o
f 

X
-r

a
y 

o
u
tb

u
rs

ts
. 

T
h
e
 a

n
a
ly

si
s 

o
f 

th
e
 d

a
ta

 is
 c

a
rr

ie
d

 o
u
t

in
 t

h
e
 f

ra
m

e
w

o
rk

 o
f 

th
e
 v

is
co

u
s 

d
e
cr

e
tio

n
 d

is
c 

m
o
d
e
l, 

w
h
ic

h
 p

re
d
ic

ts
 t

h
a
t 

ci
rc

u
m

st
e
lla

r 
d
is

cs
 a

re
 t

ru
n
ca

te
d
 b

y 
re

so
n
a
n
t 

to
rq

u
e
s 

a
s 

a
re

su
lt 

o
f 

th
e
 n

e
u
tr

o
n
 s

ta
r 

o
rb

iti
n
g
 a

ro
u
n
d
 t

h
e
 B

e
 s

ta
r.

7
9
 -

 A
 c

o
a
x
ia

l 
s
u

p
e
rp

o
s
it

io
n

 o
f 

c
o

h
e
re

n
t 

G
a
u

s
s
ia

n
 b

e
a
m

s

P
h
o
to

n
ic

s 
- 

T
u
e
sd

a
y 

0
9
 J

u
ly

 2
0
1
3
 1

0
:5

0
P

ri
m

a
ry

 a
u

th
o

rs
:

N
A

ID
O

O
, 

D
a
rr

yl
 (

C
o
u
n
ci

l f
o
r 

S
ci

e
n
tif

ic
 a

n
d
 I

n
d
u
st

ri
a
l R

e
se

a
rc

h
)

C
o

-a
u

th
o

rs
:

G
O

D
IN

, 
T

h
o
m

a
s 

(I
n
st

itu
t 

F
E

M
T

O
-S

T
);

 F
R

O
M

A
G

E
R

, 
M

ic
h
a
e
l (

C
e
n
tr

e
 d

e
 R

e
ch

e
rc

h
e
 s

u
r 

le
s 

Io
n
s,

 le
s 

M
a
té

ri
a
u
x 

e
t 

la
 P

h
o
to

n
iq

u
e
);

A
IT

-A
M

E
U

R
, 

K
a
m

e
l (

C
e
n
tr

e
 d

e
 R

e
ch

e
rc

h
e
 s

u
r 

le
s 

Io
n
s,

 le
s 

M
a
té

ri
a
u
x 

e
t 

la
 P

h
o
to

n
iq

u
e
);

 F
O

R
B

E
S

, 
A

n
d
re

w
 (

C
o
u
n
ci

l f
o
r 

S
ci

e
n
tif

ic
 a

n
d
 I

n
d
u
st

ri
a
l

R
e
se

a
rc

h
)

W
e
 e

xp
lo

re
 a

n
 i

n
te

rf
e
ro

m
e
tr

ic
 b

e
a
m

 s
h
a
p
in

g
 t

e
ch

n
iq

u
e
 t

h
a
t 

co
n
si

d
e
rs

 t
h
e
 c

o
a
xi

a
l 

su
p
e
rp

o
si

tio
n
 o

f 
tw

o
 G

a
u
ss

ia
n
 b

e
a
m

s.
 T

h
is

te
ch

n
iq

u
e
 i

s 
tr

a
d
iti

o
n
a
lly

 i
m

p
le

m
e
n
te

d
 i

n
 a

 M
a
ch

-Z
e
h
n
d
e
r 

in
te

rf
e
ro

m
e
te

r;
 h

o
w

e
ve

r,
 t

o
 a

vo
id

 p
h
a
se

 s
h
ift

 d
ri
ft

 d
u
e
 t

o
 v

ib
ra

tio
n
s 

a
n
d

th
e
rm

a
l e

ff
e
ct

s 
w

e
 e

m
p
lo

y 
a
m

p
lit

u
d
e
 a

n
d
 p

h
a
se

 m
o
d
u
la

tio
n
 w

ith
 a

n
 S

L
M

 t
o
 a

ch
ie

ve
 t

h
e
 b

e
a
m

 s
h
a
p
in

g
. 

W
e
 c

o
n
si

d
e
r 

tw
o
 G

a
u
ss

ia
n

b
e
a
m

s 
o
f 

e
q
u
a
l b

u
t 

o
p
p
o
si

te
 c

u
rv

a
tu

re
 t

h
a
t 

p
o
ss

e
ss

 t
h
e
 s

a
m

e
 p

h
a
se

 a
n
d
 w

id
th

 in
ci

d
e
n
t 

o
n
 a

 f
o
cu

si
n
g
 le

n
s.

 A
t 

th
e
 p

la
n
e
 o

f 
th

e
 le

n
s

w
e
 o

b
ta

in
 a

 m
u
lti

-r
in

g
e
d
 b

e
a
m

 w
ith

 a
 c

e
n
tr

a
l 

in
te

n
si

ty
 m

a
xi

m
u
m

 w
h
ic

h
 d

e
ve

lo
p
s 

in
to

 a
 m

u
lti

-r
in

g
e
d
 b

e
a
m

 w
ith

 a
 c

e
n
tr

a
l 

n
u
ll 

a
t 

th
e

fo
ca

l 
p
la

n
e
 o

f 
th

e
 l

e
n
s.

 T
h
e
 i

n
te

re
st

in
g
 f

e
a
tu

re
 o

f 
th

is
 b

e
a
m

 i
s 

th
a
t 

is
 p

o
ss

e
ss

e
s 

tw
o
 f

o
ca

l 
sp

o
ts

 o
n
 e

ith
e
r 

si
d
e
 o

f 
th

e
 p

la
n
e
 o

f 
th

e
fo

ca
l 

p
o
si

tio
n
 o

f 
th

e
 l

e
n
s.

 W
e
 i

n
ve

st
ig

a
te

 t
h
e
 p

o
ss

ib
ili

ty
 o

f 
lo

n
g
itu

d
in

a
l 

o
p
tic

a
l 

tr
a
p
p
in

g
 a

t 
th

e
 t

w
o
 f

o
ca

l 
sp

o
ts

 w
ith

 a
n
 o

b
st

ru
ct

io
n

p
o
si

tio
n
e
d
 a

t 
th

e
 f

o
ca

l p
la

n
e
 o

f 
th

e
 le

n
s.



8
0
 -

 S
ta

tu
s
 o

f 
th

e
 s

tu
d

y
 o

f 
m

u
lt

i-
b

o
d

y
 d

e
c
a
y
s
 o

f 
h

e
a
v
y
 n

u
c
le

i 
u

s
in

g
 t

h
e
 m

o
d

if
ie

d
 L

ig
h

t 
Io

n
s
 S

p
e
c
tr

o
m

e
te

r.

N
P

R
P

 -
 T

u
e
sd

a
y 

0
9
 J

u
ly

 2
0
1
3
 1

1
:5

0
P

ri
m

a
ry

 a
u

th
o

rs
:

M
A

L
A

Z
A

, 
V

u
si

 (
M

ili
ta

ry
 A

ca
d
e
m

y,
 S

te
lle

n
b
o
sc

h
 U

n
iv

e
rs

ity
)

C
o

-a
u

th
o

rs
:

JA
C

O
B

S
, 

N
o
e
l (

M
ili

ta
ry

 A
ca

d
e
m

y,
 S

te
lle

n
b
o
sc

h
 U

n
iv

e
rs

ity
)

In
 o

u
r 

p
re

vi
o
u
s 

e
xp

e
ri
m

e
n
ts

 [
1
],

 [
2
] 

m
u
lti

p
le

 m
a
n
ife

st
a
tio

n
s 

o
f 

a
 n

e
w

 t
e
rn

a
ry

 d
e
ca

y 
o
f 

lo
w

 e
xc

ite
d
 n

u
cl

e
i c

a
lle

d
 "

C
o
lli

n
e
a
r 

C
lu

st
e
r

T
ri
-p

a
rt

iti
o
n
" 

(C
C

T
) 

w
e
re

 id
e
n
tif

ie
d
. 

T
h
is

 w
a
s 

d
u
e
 t

o
 f

e
a
tu

re
s 

o
f 

th
e
 p

ro
ce

ss
 o

b
se

rv
e
d
. 

R
e
ce

n
tly

 a
 s

p
e
ci

fic
 C

C
T

 m
o
d
e
 w

a
s 

o
b
se

rv
e
d

b
a
se

d
 o

n
 t

h
e
 d

o
u
b
le

 m
a
g
ic

 1
3
2
S

n
 c

lu
st

e
r 

[3
].

 T
h
is

 u
n
u
su

a
l d

e
ca

y 
ch

a
n
n
e
l w

a
s 

re
ve

a
le

d
 u

n
d
e
r 

th
e
 f

ra
m

e
w

o
rk

 o
f 

th
e
 �

m
is

si
n
g
 m

a
ss

"
m

e
th

o
d
, 

w
h
e
re

 o
n
ly

 t
w

o
 f

is
si

o
n
 f

ra
g
m

e
n
ts

 w
e
re

 a
ct

u
a
lly

 d
e
te

ct
e
d

 w
ith

 t
h
e
 t

h
ir
d
 o

n
e
 m

is
si

n
g
. 

U
n
fo

rt
u
n
a
te

ly
 t

h
e
 d

a
ta

 f
ro

m
 o

u
r

p
re

vi
o
u
s 

e
xp

e
ri
m

e
n
ts

 s
u
ff

e
re

d
 f

ro
m

 p
la

sm
a
 d

e
la

y 
a
n
d
 p

u
ls

e
 h

e
ig

h
t 

d
e
fe

ct
 (

P
H

D
).

 T
h
e
 P

H
D

 w
a
s 

so
lv

e
d
 w

ith
 t

h
e
 u

se
 o

f 
a
 s

p
e
ci

a
l

p
ro

ce
d
u
re

 a
s 

w
a
s 

p
re

se
n
te

d
 in

 o
u
r 

p
re

vi
o
u
s 

w
o
rk

 r
e
fe

re
n
ce

 [
4
].
A

 n
e
w

 L
IS

 s
e
tu

p
 a

s 
d
e
sc

ri
b
e
d
 in

 r
e
fe

re
n
ce

 [
4
] 

w
a
s 

d
e
si

g
n
e
d
 t

o
 s

o
lv

e
th

e
 c

h
a
lle

n
g
e
 o

f 
p
la

sm
a
 d

e
la

y 
b
u
t 

re
su

lts
 f

ro
m

 t
h
is

 s
e
tu

p
 s

u
ff

e
re

d
 f

ro
m

 b
a
ck

g
ro

u
n
d
 n

o
is

e
 a

n
d
 p

o
o
r 

m
a
ss

 r
e
so

lu
tio

n
. 

T
o
 im

p
ro

ve
 o

n
th

is
 w

e
 h

a
ve

 m
o
d
ifi

e
d
 t

h
e
 L

IS
 s

e
tu

p
 b

y 
in

cr
e
a
si

n
g
 t

h
e
 f

lig
h
t 

b
e
tw

e
e
n
 t

h
e
 s

p
e
ct

ro
m

e
te

r 
a
rm

s 
fr

o
m

 8
4
m

m
 t

o
 1

7
0
m

m
. 

T
h
is

 in
cr

e
a
se

 in
th

e
 f

lig
h
t 

p
a
th

 h
a
s 

im
p
ro

ve
d
 t

h
e
 m

a
ss

 r
e
so

lu
tio

n
 f

ro
m

 6
 a

m
u
 t

o
 3

 a
m

u
. 

T
h
e
 m

o
d
ifi

e
d
 L

IS
 s

e
tu

p
 a

ls
o
 e

n
a
b
le

s 
u
s 

to
 s

e
p
a
ra

te
sc

a
tt

e
re

d
 o

r 
b
a
ck

g
ro

u
n
d
 e

ve
n
ts

 f
ro

m
 r

e
a
l 

fis
si

o
n
 f

ra
g
m

e
n
ts

 e
ve

n
ts

. 
In

 t
h
is

 p
a
p
e
r 

a
sp

e
ct

s 
o
f 

th
e
 m

o
d
ifi

e
d
 L

IS
 s

e
tu

p
 a

re
 d

is
cu

ss
e
d

a
n
d
 

p
re

lim
in

a
ry

 
re

su
lts

 
a
re

 
p
re

se
n
te

d
. 

T
h
e
 

re
su

lts
 

sh
o
w

 
a
 

cl
e
a
r 

se
p
a

ra
tio

n
 

b
e
tw

e
e
n
 

b
a
ck

g
ro

u
n
d
 

n
o
is

e
 

a
n
d
 

re
a
l 

e
ve

n
ts

.
R

e
fe

re
n
ce

s1
. 

P
ya

tk
o
v 

Y
u
.V

. 
e
t 

a
l.,

 R
o
m

a
n
ia

n
 R

e
p
o
rt

s 
in

 P
h
ys

ic
s 

5
9
 (

2
0

0
7
) 

p
 3

8
8
2
. 

K
a
m

a
n
in

 D
.V

. 
e
t 

a
l.,

 I
n
t.

 J
o
u
rn

a
l 

o
f 

M
o
d
e
rn

P
h
ys

ic
s 

E
 1

7
 (

2
0
0
8
) 

p
 2

2
5
0
3
. 

P
ya

tk
o
v 

Y
u
.V

. 
e
t 

a
l.,

E
u
r.

 P
h
ys

. 
J.

 A
 4

5
 (

2
0
1
0
) 

p
 2

9
4
. 

M
a
la

za
 V

.D
. 

e
t 

a
l. 

P
ro

c 
S

A
IP

 c
o
n
f 

2
0
1
2
,

P
re

to
ri
a
, 

S
o
u
th

 A
fr

ic
a
 9

-1
3
 J

u
 2

0
1
2

8
1
 -

 A
z
im

u
th

a
l 

b
e
a
m

 s
u

p
e
rp

o
s
it

io
n

s
 w

it
h

 i
n

tr
a
-c

a
v
it

y
 r

in
g

s

P
o
st

e
r1

 -
 T

u
e
sd

a
y 

0
9
 J

u
ly

 2
0
1
3
 1

7
:4

0
P

ri
m

a
ry

 a
u

th
o

rs
:

N
A

ID
O

O
, 

D
a
rr

yl
 (

C
o
u
n
ci

l f
o
r 

S
ci

e
n
tif

ic
 a

n
d
 I

n
d
u
st

ri
a
l R

e
se

a
rc

h
)

C
o

-a
u

th
o

rs
:

N
G

C
O

B
O

, 
S

a
n
d
ile

 (
C

o
u
n
ci

l f
o
r 

S
ci

e
n
tif

ic
 a

n
d
 I

n
d
u
st

ri
a
l R

e
se

a
rc

h
);

 G
O

D
IN

, 
T

h
o
m

a
s 

(I
n
st

itu
t 

F
E

M
T

O
-S

T
);

 F
R

O
M

A
G

E
R

, 
M

ic
h
a
e
l

(C
e
n
tr

e
 d

e
 R

e
ch

e
rc

h
e
 s

u
r 

le
s 

Io
n
s,

 le
s 

M
a
té

ri
a
u
x 

e
t 

la
 P

h
o
to

n
iq

u
e
);

 A
IT

-A
M

E
U

R
, 

K
a
m

e
l (

C
e
n
tr

e
 d

e
 R

e
ch

e
rc

h
e
 s

u
r 

le
s 

Io
n
s,

 le
s 

M
a
té

ri
a

u
x 

e
t 

la
P

h
o
to

n
iq

u
e
);

 F
O

R
B

E
S

, 
A

n
d
re

w
 (

C
o
u
n
ci

l f
o
r 

S
ci

e
n
tif

ic
 a

n
d
 I

n
d
u
st

ri
a
l R

e
se

a
rc

h
)

W
e
 d

e
m

o
n
st

ra
te

 t
h
e
 i

n
tr

a
-c

a
vi

ty
 g

e
n
e
ra

tio
n
 o

f 
a
 c

o
h
e
re

n
t 

su
p
e
rp

o
si

tio
n
 o

f 
L
a
g
u
e
rr

e
-G

a
u
ss

ia
n
 m

o
d
e
s 

o
f 

ze
ro

 r
a
d
ia

l 
o
rd

e
r 

b
u
t

o
p
p
o
si

te
 a

zi
m

u
th

a
l 

o
rd

e
r.

 T
h
e
 s

u
p
e
rp

o
si

tio
n
 i

s 
a
ch

ie
ve

d
 t

h
ro

u
g
h

 a
 s

e
t 

o
f 

a
m

p
lit

u
d
e
 r

in
g
s 

in
 a

 d
io

d
e
-p

u
m

p
e
d
 s

o
lid

-s
ta

te
 r

e
so

n
a

to
r.

B
y 

a
d
ju

st
in

g
 t

h
e
 n

u
m

b
e
r 

o
f 

ri
n
g
s 

a
n
d
 t

h
e
ir
 t

h
ic

kn
e
ss

e
s 

w
e
 c

a
n
 p

ro
d

u
ce

 m
o
d
e
s 

u
p
 t

o
 a

zi
m

u
th

a
l o

rd
e
r 

1
2
. 

T
o
 in

fe
r 

th
e
 p

u
ri
ty

 o
f 

th
e
se

m
o
d
e
s 

w
e
 p

e
rf

o
rm

 a
 f

u
ll 

a
zi

m
u
th

a
l m

o
d
a
l d

e
co

m
p
o
si

tio
n
 b

y 
a
n
 in

n
e
r 

p
ro

d
u
ct

 e
xe

cu
te

d
 o

n
 a

 p
h
a
se

-o
n
ly

 s
p
a
tia

l l
ig

h
t 

m
o
d
u
la

to
r.

 W
e

a
ls

o
 in

ve
st

ig
a
te

 if
 t

h
e
re

 is
 a

 p
h
a
se

 d
iff

e
re

n
ce

 b
e
tw

e
e
n
 t

h
e

 L
a
g
u
e
rr

e
-G

a
u
ss

ia
n
 m

o
d
e
s 

to
 id

e
n
tif

y 
if 

th
e
 p

h
a
se

 d
iff

e
re

n
ce

 is
 s

p
a
tia

lly
 o

r
te

m
p
o
ra

lly
 d

e
p
e
n
d
e
n
t.

 A
 h

a
llm

a
rk

 o
f 

a
 p

h
a
se

 d
iff

e
re

n
ce

 i
s 

th
e

 r
o
ta

tio
n
 o

f 
th

e
 f

ie
ld

 a
s 

th
e
 b

e
a
m

 p
ro

p
a
g
a
te

s 
in

to
 t

h
e
 f

a
r 

fie
ld

 o
r 

a
ro

ta
tio

n
 o

f 
th

e
 f

ie
ld

 a
t 

a
 f

ix
e
d
 p

o
si

tio
n
 o

ve
r 

tim
e
.

8
2
 -

 P
o

s
tg

ra
d

u
a
te

 s
tu

d
e
n

t 
d

ri
v
e
n

 o
u

tr
e
a
c
h

 i
n

 p
h

y
s
ic

s
 a

t 
S

te
ll
e
n

b
o

s
c
h

 U
n

iv
e
rs

it
y

E
d
u
ca

tio
n
 -

 T
u
e
sd

a
y 

0
9
 J

u
ly

 2
0
1
3
 1

1
:3

0
A

u
th

o
rs

:
R

IG
B

Y
, 

C
h
a
rl
e
s 

(L
a
se

r 
R

e
se

a
rc

h
 I

n
st

itu
te

, 
S

te
lle

n
b
o
sc

h
 U

n
iv

e
rs

ity
)

S
in

ce
 i

ts
 i

n
ce

p
tio

n
, 

th
e
 S

te
lle

n
b
o
sc

h
 l

a
se

r 
st

u
d
e
n
t 

ch
a
p
te

r 
(S

L
S

C
) 

h
a
s 

b
e
e
n
 a

ct
iv

e
 i

n
 p

ro
m

o
tin

g
 s

ci
e
n
ce

 t
h
ro

u
g
h
 e

d
u
ca

tio
n
a
l

o
u
tr

e
a
ch

 t
o
 lo

ca
l c

o
m

m
u
n
iti

e
s 

in
 t

h
e
 f

o
rm

 o
f 

in
te

ra
ct

iv
e
 p

re
se

n
ta

tio
n
s 

o
n
 p

o
p
u
la

r 
p
h
ys

ic
s 

to
p
ic

s.
 T

h
e
 S

L
S

C
 w

a
s 

fo
u
n
d
e
d
 in

 2
0
0
8
 a

t
S

te
lle

n
b
o
sc

h
 U

n
iv

e
rs

ity
 (

S
U

) 
a
n
d
 jo

in
e
d
 t

h
e
 O

p
tic

a
l S

o
ci

e
ty

 o
f 

A
m

e
ri
ca

 (
O

S
A

) 
in

 t
h
e
 s

a
m

e
 y

e
a
r.

 T
h
e
 c

h
a
p
te

r 
b
e
ca

m
e
 a

ff
ili

a
te

d
 w

ith
S

P
IE

 i
n
 2

0
1
0
. 

M
e
m

b
e
rs

h
ip

 a
n
d
 p

a
rt

ic
ip

a
tio

n
 i

s 
vo

lu
n
te

e
r 

b
a
se

d
.C

h
a
p
te

r 
a
ct

iv
iti

e
s 

a
re

 p
ri
m

a
ri
ly

 f
u
n
d
e
d
 b

y 
tw

o
 o

rg
a
n
is

a
tio

n
s 

S
P

IE
a
n
d
 O

S
A

. 
G

ra
n
ts

 a
re

 a
va

ila
b
le

 i
n
 v

a
ry

in
g
 a

m
o
u
n
ts

 f
o
r 

va
ri
o
u
s 

ca
te

g
o
ri
e
s 

o
f 

a
ct

iv
iti

e
s 

in
cl

u
d
in

g
 s

o
ci

a
l, 

p
ro

fe
ss

io
n
a
l 

d
e
ve

lo
p
m

e
n
t,

h
o
st

in
g
 o

f 
tr

a
ve

lli
n
g
 le

ct
u
re

rs
, 

tr
a
ve

l g
ra

n
ts

 t
o
 a

tt
e
n
d
 in

te
rn

a
tio

n
a
l w

o
rk

sh
o
p
s 

a
n
d
 o

u
tr

e
a
ch

 a
ct

iv
iti

e
s.

T
h
e
 f

la
g
sh

ip
 e

ve
n
t 

o
f 

th
e
 S

L
S

C
is

 t
h
e
 a

n
n
u
a
l 
w

e
e
k 

lo
n
g
 o

u
tr

e
a
ch

 r
o
a
d
 t

ri
p
. 

T
h
is

 r
o
a
d
 t

ri
p
 e

n
d
e
a
vo

u
rs

 t
o
 r

e
a
ch

 c
o
m

m
u
n
iti

e
s 

o
th

e
rw

is
e
 u

n
re

a
ch

a
b
le

 i
n
 a

 s
in

g
le

 d
a
y

tr
ip

. 
T

h
e
re

 is
 a

 s
tr

o
n
g
 f

o
cu

s 
o
n
 r

e
a
ch

in
g
 p

re
vi

o
u
sl

y 
d
is

a
d
va

n
ta

g
e
d

 c
o
m

m
u
n
iti

e
s.

 S
in

ce
 2

0
1
1
 t

h
e
 r

o
a
d
 t

ri
p
 h

a
s 

b
e
e
n
 d

e
p
a
rt

m
e
n
t 

w
id

e
in

 t
h
a
t 

st
u
d
e
n
ts

 f
ro

m
 n

u
cl

e
a
r 

a
n
d
 t

h
e
o
re

tic
a
l p

h
ys

ic
s 

b
ra

n
ch

e
s 

a
re

 e
n
co

u
ra

g
e
d
 t

o
 p

a
rt

ic
ip

a
te
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e
 p
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se

n
t 

a
n
 o

ve
rv

ie
w

 o
f 

a
ct

iv
iti

e
s 

to
d
a
te

 a
n
d
 e

n
co

u
ra

g
e
 o

th
e
r 
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st

itu
tio

n
s 

to
 c

o
n
si

d
e
r 
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m
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r 

st
u
d
e

n
t 
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a
p
te
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.
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n
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p
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v
e
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d
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A
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 l
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s
e
r 

p
u
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p

e
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 s
e
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 f

o
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a
c
u

u
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 u
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le
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s
p
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c
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o
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o

p
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 o

f 
c
a
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o
n

 m
o

n
o

x
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e
m

o
le

c
u

le
s

P
h
o
to

n
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- 
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e
d
n
e
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a
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u
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P

ri
m

a
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th
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rs
:

R
IG

B
Y

, 
C

h
a
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e
s 

(L
a
se

r 
R

e
se

a
rc

h
 I

n
st

itu
te

, 
S

te
lle

n
b
o
sc

h
 U

n
iv

e
rs

ity
)

C
o

-a
u

th
o

rs
:

S
T

E
E

N
K

A
M

P
, 

C
h
ri
st

in
e
 (

L
a
se

r 
R

e
se

a
rc

h
 I

n
st

itu
te

, 
S

te
lle

n
b
o
sc

h
 U

n
iv

e
rs

ity
);

 R
O

H
W

E
R

, 
E

ri
ch

 (
L
a
se

r 
R

e
se

a
rc

h
 I

n
st

itu
te

,
S

te
lle

n
b
o
sc

h
 U

n
iv

e
rs

ity
)

V
a
cu

u
m

 u
ltr

a
 v

io
le

t 
(V

U
V

) 
sp

e
ct

ro
sc

o
p
y 

o
f 

ca
rb

o
n
 m

o
n
o
xi

d
e
 (

C
O

) 
is

 a
n
 o

n
g
o

in
g
 p

ro
je

ct
 a

t 
th

e
 L

a
se

r 
R

e
se

a
rc

h
 I

n
st

itu
te

 (
L
R

I)
 [

1
,

2
, 

3
].

 T
h
e
 m

a
in

 o
b
je

ct
iv

e
 i

s 
d
e
te

ct
io

n
 o

f 
fo

rb
id

d
e
n
 s

in
g
le

t-
tr

ip
le

t 
tr

a
n
si

tio
n
s 

o
f 

C
O

 f
o
r 

w
h
ic

h
 e

xp
e
ri
m

e
n
ta

lly
 m

e
a
su

re
d
 w

a
ve

le
n
g
th

s
a
re

 n
o
t 

a
va

ila
b
le

. 
T

u
n
a
b
le

 V
U

V
 l

ig
h
t 

is
 g

e
n
e
ra

te
d
 v

ia
 f

o
u
r-

w
a
ve

 m
ix

in
g
 o

f 
tw

o
 d

ye
 l

a
se

r 
b
e
a
m

s 
in

 a
 m

a
g
n
e
si

u
m

 v
a
p
o
u
r 

m
e
d
iu

m
.

T
h
e
 V

U
V

 l
ig

h
t 

is
 u

se
d
 t

o
 s

e
le

ct
iv

e
ly

 e
xc

ite
 s

in
g
le

 r
o
vi

b
ro

n
ic

 t
ra

n
si

tio
n
s 

o
f 

th
e
 C

O
 m

o
le

cu
le

s 
in

 t
h
e
 c

o
o
le

d
 s

a
m

p
le

 (
su

p
e
rs

o
n
ic

 j
e
t)

w
h
ile

 s
ca

n
n
in

g
 t

h
e
 V

U
V

 w
a
ve

le
n
g
th

 a
n
d
 r

e
co

rd
in

g
 a

 l
a
se

r 
in

d
u
ce

d
 f

lu
o
re

sc
e
n
ce

 (
L
IF

) 
e
xc

ita
tio

n
 s

p
e
ct

ru
m

.R
e
ce

n
tly

 n
e
w

 l
a
se

r
e
q
u
ip

m
e
n
t,

 i
n
cl

u
d
in

g
 a

 N
d
:Y

A
G

 p
u
m

p
 l

a
se

r 
a
n
d
 a

 m
o
d
e
rn

 d
ye

 l
a
se

r,
 h

a
s 

b
e
e
n
 a

cq
u
ir
e
d
, 

p
ro

vi
d
in

g
 n

a
rr

o
w

e
r 

b
a
n
d
w

id
th

, 
sh

o
rt

e
r

p
u
ls

e
 d

u
ra

tio
n
 a

n
d
 h

ig
h
e
r 

p
u
ls

e
 e

n
e
rg

ie
s.

 D
u
e
 t

o
 h

ig
h
e
r 

e
n

e
rg

ie
s,

 p
ri
sm

 b
a
se

d
 b

e
a
m

 s
te

e
ri
n
g
 w

a
s 

n
e
e
d
e
d
 w

h
ic

h
 i

n
 t

u
rn

 r
a
is

e
d

p
o
la

ri
sa

tio
n
 c

o
n
ce

rn
s 

w
h
ic

h
 a

re
 d

is
cu

ss
e
d
. 

A
n
 i

n
tr

a
-c

a
vi

ty
 e

ta
lo

n
 i

s 
u
se

d
 i

n
 a

n
 a

tt
e
m

p
t 

to
 f

u
rt

h
e
r 

n
a
rr

o
w

 t
h
e
 l

a
se

r 
b
a
n
d
w

id
th

. 
L

IF
sp

e
ct

ra
 r

e
ce

n
tly

 p
ro

d
u
ce

d
 a

re
 a

n
a
ly

se
d
 a

n
d
 d

is
cu

ss
e
d
. 

W
e
 c

o
m

p
a
re

 t
h
e
 c

u
rr

e
n
t 

sy
st

e
m

 a
n
d
 im

p
ro

ve
m

e
n
ts

 t
h
e
re

o
f 

to
 e

xp
e
ri
m

e
n
ts

d
o
n
e
 p

re
vi

o
u
sl

y 
a
t 

th
e
 L

R
I.

 W
ith

 t
h
e
 n

e
w

 e
q
u
ip

m
e
n
t 

th
e
re

 is
 a

 p
o
ss

ib
ili

ty
 t

h
a
t 

sp
e
ct

ra
l l

in
e
s 

th
a
t 

w
e
re

 u
n
d
e
te

ct
a
b
le

 b
y 

th
e
 p

re
vi

o
u
s

sy
st

e
m

 m
a
y 

b
e
 d

e
te

ct
e
d
.[

1
] 

S
te

in
m

a
n
n
, 

C
.,

 R
o
h
w

e
r,

 E
.,

 &
 S

ta
fa

st
, 

H
. 

2
0
0
3
, 

A
p
J,

 5
9
0
, 

L
1
2
3
[2

] 
D

u
 P

le
ss

is
, 

A
.,

 R
o
h
w

e
r,

 E
.,

 &
S

te
e
n
ka

m
p
, 

C
. 

2
0
0
7
, 

J.
 M

o
l. 

S
p
e
ct

ro
sc

.,
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4
3
, 

1
2
4
[3

] 
D

ic
ke

n
so

n
, 

G
.,

 N
o
rt

je
, 

A
.,
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o
h
w

e
r,

 E
.,

 S
te

e
n
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m
p
, 

C
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&
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u
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le
ss
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, 

A
. 

2
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1
0
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A
p
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, 
7
1
4
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L
2
6
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4
 -

 O
p

e
n
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o

u
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e
 e

le
c
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o
n

ic
s
 f

o
r 

q
u

a
n

tu
m
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e
y
 d
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u
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o

n

P
o
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e
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d
n
e
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a
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u
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0
P
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m
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u

th
o
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:

M
A

R
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L
A

, 
M

a
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o
 (

U
n
iv

e
rs
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 o

f 
kw

a
zu

lu
-n

a
ta

l)
C

o
-a

u
th

o
rs

:
M

IR
Z

A
, 
A

b
d
u
l (

U
K

Z
N

);
 P

E
T

R
U

C
C

IO
N

E
, 

F
ra

n
ce

sc
o
 (

U
K

Z
N

)

Q
u
a
n
tu

m
 K

e
y 

D
is

tr
ib

u
tio

n
 (

Q
K

D
) 

re
q
u
ir
e
s 

a
n
 o

p
tic

a
l l

in
k 

b
e
tw

e
e
n
 t

h
e
 t

ra
n
sm

itt
e
r,

 c
a
lle

d
 A

lic
e
, 

a
n
d
 t

h
e
 r

e
ce

iv
e
r,

 c
a
lle

d
 B

o
b
. 

Q
K

D
is

 a
 m

e
th

o
d
 t

o
 s

h
a
re

 a
 s

e
cu

re
 k

e
y 

b
e
tw

e
e
n
 A

lic
e
 a

n
d
 B

o
b
 u

si
n
g
 t

h
e
 q

u
a
n
tu

m
 s

ta
te

s 
o
f 

th
e
 s

in
g
le

 p
h
o
to

n
, 

e
a
ch

 s
ta

te
 r

e
p
re

se
n
ts

 a
 b

it
o
f 

th
e
 k

e
y.

 I
n
 f

re
e
-s

p
a
ce

 s
ys

te
m

s 
w

e
 c

o
n
si

d
e
r 

th
e
 p

o
la

ri
za

tio
n
 a

s 
q
u

a
n
tu

m
 s

ta
te

. 
T

h
e
 d

e
te

ct
o
rs

 o
f 

th
e
 r

e
ce

iv
e
r 

m
u
st

 b
e
 a

lig
n
e
d
 w

ith
th

e
 t

ra
n
sm

itt
e
r.

 T
o
 a

lig
n
 t

h
e
 s

ys
te

m
 t

h
e
 la

se
r 

b
e
a
co

n
 is

 u
se

d
. 

D
u
e
 t

o
 t

h
e
 t

u
rb

u
le

n
ce

 e
ff

e
ct

, 
th

e
 la

se
r 

b
e
a
co

n
 u

n
d
e
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o
e
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w
o
n

d
e
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n
g
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in

til
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tio
n
 a

n
d
 t

h
e
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xp
a
n
si

o
n
 o

f 
th

e
 s

p
o
t 

[1
].

 T
h
e
 c

h
a
n

g
e
 o

f 
th

e
 p

o
la

ri
za

tio
n
 o

f 
th

e
 s

in
g
le

 p
h
o
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n
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n
d
 t

h
e
 la

se
r 

b
e
a
co

n
 in

 f
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e
 s

p
a
ce
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n
 b

e
 n

e
g
le
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e
d
. 

H
o
w

e
ve

r 
in

 m
o
b
ile
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te
m

s 
su

ch
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s 
a
n
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a
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b
o
a
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h
e
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e
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e
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ri
e
n
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n
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f 
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e
 p

o
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n

b
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e
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n
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h
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o
u
rc
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d
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 d
u
e
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o
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h
e
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o
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n
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e
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e
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s 
n
e
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a
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o
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u
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h
e
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p
p
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p
ri
a
te

 d
e
te
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o
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n
d

a
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u
a
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b
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o
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e
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lv
e
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h
e
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e
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e
 m

o
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n
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n
d
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e
n
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n
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f 
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e
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m
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 t
h
e
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b
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m
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a
n
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e
 r

e
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e
d
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n
g
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h
e

 c
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a
l

a
n
a
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g
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a
l 
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n
d
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e
 c

o
m

p
a
re
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h
e
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o
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n
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n
g
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n
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e
n
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o
u
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e
 p
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g
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m
m

a
b
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o
g
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n
it.
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h
e
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p
e
n
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o
u
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n
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s
p
ro
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d
e
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o
w
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u
l 

m
e
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o
d
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o
 d
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g
n
 a

 q
u
a
n
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m
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e
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d
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u
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n
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w
 c

o
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. 
W

e
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p
e
n
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o
u
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e
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n
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o
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s
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g
e
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e
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w
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p
e
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o
u
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e
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o
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w
a
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u
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s 

S
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n
d
 p
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h
o
n
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h
a
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u
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e
n
C

V
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a
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a
g
e
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a
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g
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h
e
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a
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b
e
a
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n
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p
o
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u
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n
g
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e
 c

a
m

e
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E
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m
a
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n
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p
a
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A
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Y
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ra
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U

K
Z

N
)

C
o
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u
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o
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:

M
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Z
A

, 
A

b
d
u
l (

U
K

Z
N

);
 P

E
T

R
U

C
C

IO
N

E
, 

F
ra

n
ce

sc
o
 (

U
K

Z
N

);
 F

O
R

B
E

S
, 
A

n
d
re

w
 (

C
S

IR
-N

a
tio

n
a
l L

a
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r 
C

e
n
tr

e
)

Q
u
a
n
tu

m
 c

o
m

m
u
n
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a
tio

n
 e

xp
lo
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 s

o
m

e
 o

f 
th

e
 f

u
n
d
a
m

e
n
ta

l 
fe

a
tu

re
s 

o
f 

th
e
 q

u
a
n
tu

m
 w

o
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d
, 

n
a
m

e
ly

, 
th

e
 s

u
p
e
rp

o
si

tio
n
 p

ri
n
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p
le

a
n
d
 t

h
e
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e
is

e
n
b
e
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 u
n
ce

rt
a
in

ty
 r

e
la

tio
n
. 

T
h
e
 m

o
st

 a
d
va

n
ce

d
 q

u
a
n
tu

m
 i

n
fo

rm
a
tio

n
 r

e
la

te
d
 t

e
ch

n
o
lo

g
y 

a
t 

p
re

se
n
t 

is
 Q

u
a
n
tu

m
 K

e
y

D
is

tr
ib

u
tio

n
 (

Q
K

D
) 

w
h
ic

h
 i

s 
a
 p

ro
ce

ss
 t

h
a
t 

in
vo

lv
e
s 

tr
a
n
sm

itt
in

g
 a

 s
e

cr
e
t 

ke
y 

b
e
tw

e
e
n
 t

w
o
 i

n
d
iv

id
u
a
ls

. 
T

h
e
 m

o
st

 v
ita

l 
ch

a
ra

ct
e
ri
st

ic
o
f 

su
ch

 a
 m

e
th

o
d
 is

 t
h
a
t 

th
e
 s

e
cr

e
cy

 o
f 

th
e
 g

e
n
e
ra

te
d
 k

e
y 

is
 g

u
a

ra
n
te

e
d
 b

y 
th

e
 la

w
s 

o
f 

n
a
tu

re
. 

Q
K

D
 s

ys
te

m
s,

 a
lth

o
u
g
h
 c

a
p
a
b
le

 o
f

p
ro

d
u
ci

n
g
 p

ro
va

b
ly

 s
e
cu

re
 k

e
ys

, 
m

u
st
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n
 i

ts
e
lf 

b
e
 t

ru
st

e
d
. 

E
n
ta

n
g
le

m
e

n
t 

p
ro

vi
d
e
s 

th
is

 a
d
d
iti

o
n
a
l 

la
ye

r 
o
f 

se
cu

ri
ty

. 
T

o
 o

b
ta

in
e
n
ta

n
g
le

m
e
n
t,

 p
h
o
to

n
s 

m
u
st

 u
n
d
e
rg

o
 a

 s
e
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n
d
-o
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e
r 

n
o
n
lin

e
a
r 

p
ro
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ss

 w
h
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h
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s 
re
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e
d
 t

o
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s 
S

p
o
n
ta

n
e
o
u
s 

P
a
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m
e
tr
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 D

o
w

n
C

o
n
ve
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n
. 

H
e
re

, 
w

e
 w

ill
 o

u
tli

n
e
 a

n
 o

p
tic

a
l 

sy
st

e
m

 u
se

d
 t

o
 g

e
n
e
ra

te
 e

n
ta

n
g
le

m
e
n
t.

 U
p
o
n
 o

b
ta

in
in

g
 a

n
 e

n
ta

n
g
le

d
 p

h
o

to
n
 p

a
ir
, 

a
fib

re
 c

o
u
p
le

d
 s

in
g
le

 p
h
o
to

n
 d

e
te

ct
o
r 

in
 c

o
n
ju

n
ct

io
n
 w

ith
 p

o
la

ri
si

n
g
 f

ilt
e
rs

 w
a
s 

u
se

d
 t

o
 d

e
te

ct
, 

a
n
a
ly

se
 a

n
d
 v

e
ri
fy

 t
h
e
ir
 n

o
n
-c

la
ss

ic
a
l

p
o
la

ri
sa

tio
n
 c

o
rr

e
la

tio
n
. 

T
h
e
 a

im
 w

a
s 

to
 c

h
a
ra

ct
e
ri
se

 t
h
e
 a

fo
re

m
e

n
tio

n
e
d
 s

ys
te

m
.A

 t
e
st

 f
o
r 

e
n
ta

n
g
le

m
e
n
t 

o
f 

p
h
o
to

n
 p

a
ir
s 

in
vo

lv
e

s 
a

m
e
a
su

re
m

e
n
t 

o
f 

co
rr

e
la

tio
n
 c

u
rv

e
s 

in
 t

w
o
 n

o
n
-o

rt
h
o
g
o
n
a
l b

a
se

s 
n
a
m

e
ly

 t
h
e
 r

e
ct

ili
n
e
a
r 

a
n
d
 t

h
e
 d

ia
g
o
n
a
l b

a
se

s.
 T

h
is

 w
a
s 

m
e
a
su

re
d

to
 a

 v
is

ib
ili

ty
 o

f 
9
1
%

 f
o
r 

b
o
th

 b
a
se

s.
 E

n
ta

n
g
le

m
e
n
t 

w
a
s 

a
ls

o
 v

e
ri
fie

d
 b

y 
m

e
a
n
s 

o
f 

p
ro

vi
n
g
 t

h
e
 v

io
la

tio
n
 o

f 
th

e
 C

H
S

H
 (

C
la

u
se

r,
 H

o
rn

e
,

S
h
ir
m

o
n
y 

a
n
d
 

H
o
lt)

 
in

e
q
u
a
lit

y 
w

h
ic

h
 

st
a
te

s 
th

a
t 

in
 

lo
ca

l 
re

a
lis

tic
 

th
e
o
ri
e
s 

th
e
 

a
b
so

lu
te

 
va

lu
e
 

o
f 

a
 

p
a
rt

ic
u
la

r 
co

m
b
in

a
tio

n
 

o
f

co
rr

e
la

tio
n
s 

b
e
tw

e
e
n
 t

w
o
 p

a
rt

ic
le

s 
is

 b
o
u
n
d
e
d
 b

y 
2
. 

W
ith

in
 t

h
e
 s

ys
te

m
 m

e
n
tio

n
e
d
 t

h
e
 v

io
la

tio
n
 w

a
s 

m
e
a
su

re
d
 t

o
 b

e
 2

.7
1
 ±

 0
.0

3
w

h
ic

h
 v

e
ri
fie

s 
e
n
ta

n
g
le

m
e
n
t.

 T
h
e
 p

u
ri
ty

 o
f 

th
e
 s

ta
te

s 
g
e
n
e
ra

te
d
 w

a
s 

a
ls

o
 m

e
a
su

re
d
 b

y 
p
e
rf

o
rm

in
g
 a

 s
ta

te
 t

o
m

o
g
ra

p
h
y 

a
n
d
 h

e
n
ce

co
n
st

ru
ct

in
g
 o

f 
th

e
 t

w
o
-p

h
o
to

n
 d

e
n
si

ty
 m

a
tr

ix
 t

o
 d

e
te

rm
in

e
 t

h
e
 f

id
e
lit

y 
o
f 

th
e
 s

ys
te

m
. 

F
u
rt

h
e
rm

o
re

, 
w

e
 t

o
u
ch

-o
n
 e

xp
lo

iti
n
g
 Q

K
D

to
g
e
th

e
r 

w
ith

 e
n
ta

n
g
le

m
e
n
t 

to
 s

h
a
p
e
 a

 q
u
a
n
tu

m
 n

e
tw

o
rk

.

8
7
 -

 E
ff

e
c
t 

o
f 

d
if

fe
re

n
t 

a
n

n
e
a
li

n
g

 t
im

e
s
 o

n
 t

h
e
 s

tr
u

c
tu

re
 o

f 
Y

3
(A

l,
G

a
)5

O
1
2
:T

b
 t

h
in

 f
il

m
 g

ro
w

n
 b

y
 P

L
D

P
o
st

e
r1

 -
 T

u
e
sd

a
y 

0
9
 J

u
ly

 2
0
1
3
 1

7
:4

0
P

ri
m

a
ry

 a
u

th
o

rs
:

Y
O

U
S

IF
, 
A

. 
(U

n
iv

e
rs

ity
 o

f 
th

e
 F

re
e
 S

ta
te

)
C

o
-a

u
th

o
rs

:
N

T
W

A
E

A
B

O
R

W
A

, 
O

.M
. 

(U
n
iv

e
rs

ity
 o

f 
th

e
 F

re
e
 S

ta
te

)

Y
3
(A

l,G
a
)5

O
1
2
:T

b
 t

h
in

 f
ilm

s 
w

e
re

 g
ro

w
n
 o

n
 S

i 
(1

0
0
) 

su
b
st

ra
te

s 
u
si

n
g
 t

h
e
 p

u
ls

e
d
 l

a
se

r 
d
e
p
o
si

tio
n
 t

e
ch

n
iq

u
e
 i

n
 a

n
 O

2
 w

o
rk

in
g

a
tm

o
sp

h
e
re

. 
T

h
e
 i

n
flu

e
n
ce

 o
f 

d
iff

e
re

n
t 

a
n
n
e
a
lin

g
 t

im
e
 o

n
 t

h
e
 o

p
tic

a
l, 

m
o
rp

h
o
lo

g
y 

a
n
d
 t

h
e
 s

tr
u
ct

u
re

 w
a
s 

in
ve

st
ig

a
te

d
. 

A
to

m
ic

 f
o
rc

e
m

ic
ro

sc
o
p
y 

sh
o
w

e
d
 

a
n
 

in
cr

e
a
se

 
in

 
g
ra

in
 

si
ze

 
w

ith
 

a
n
 

in
cr

e
a
se

 
in

 
a
n
n

e
a
lin

g
 

tim
e
. 

T
h
e
 

p
h
o
to

lu
m

in
e
ce

n
t 

e
m

is
si

o
n
 

sp
e
ct

ru
m

p
re

se
n
te

d
 s

im
ila

r 
ch

a
ra

ct
e
ri
st

ic
s 

fo
r 

a
ll 

d
iff

e
re

n
t 

a
n
n
e
a
lin

g
 t

im
e

s,
 a

n
d
 t

h
e
 e

m
is

si
o
n
s 

a
re

 d
e
sc

ri
b
e
d
 b

y 
th

e
 w

e
ll-

kn
o
w

n
 5

D
4
�

7
F

J 
(J

=
6
,

5
, 

4
, 

3
�

) 
tr

a
n
si

tio
n
s 

o
f 

th
e
 T

b
3
+

 io
n
. 

T
h
e
 m

a
in

 P
L
 e

m
is

si
o
n
 p

e
a
k 

w
a
s 

d
u
e
 t

o
 t

h
e
 5

D
4

→
7
F

5
 t

ra
n
si

tio
n
 o

f 
T

b
3
+

 a
n
d
 w

a
s 

m
e
a
su

re
d
 a

t
a
 w

a
ve

le
n
g
th

 o
f 

5
4
4
 n

m
 w

ith
 m

in
o
r 

p
e
a
ks

 a
t 

4
8
9
 n

m
 (

5
D

4
→

7
F

6
),

 5
6
1
 n

m
 (

5
D

4
→

7
F

4
) 

a
n
d
 6

2
5
 n

m
 (

5
D

4
→

7
F

3
)1

,2
. 

N
e
w

 e
xc

ita
tio

n
b
a
n
d
 lo

ca
te

d
 a

t 
2
0
0
 n

m
 w

a
s 

o
b
se

rv
e
d
 f

ro
m

 a
ll 

th
e
 a

n
n
e
a
le

d
 f

ilm
s 

w
h
ic

h
 p

o
in

te
d
 t

o
 a

 c
h
a
n
g
e
 in

 t
h
e
 c

h
e
m

ic
a
l e

n
vi

ro
n
m

e
n
t,

 o
w

in
g
 t

o
th

e
 f

a
ct

 t
h
a
t,

 t
h
e
 5

d
 l
e
ve

l 
d
e
p
e
n
d
s 

st
ro

n
g
ly

 o
n
 t

h
e
 n

a
tu

re
 o

f 
th

e
 h

o
st

 d
u
e
 t

o
 a

 g
re

a
te

r 
ra

d
ia

l 
e
xt

e
n
si

o
n
 o

f 
th

e
 5

d
 o

rb
ita

l. 
S

h
ift

 i
n
 t

h
e

p
e
a
k 

p
o
si

tio
n
 

to
 

lo
w

e
r 

d
iff

ra
ct

io
n
 

a
n
g
le

s 
w

a
s 

a
ls

o
 

o
b
se

rv
e
d
 

in
 

th
e
 

X
-r

a
y 

d
iff

ra
ct

io
n
 

re
su

lts
 

co
m

p
a
re

d
 

to
 

th
e
 

p
a
tt

e
rn

 
o
f 

th
e

Y
3
(A

l,G
a
)5

O
1
2
:T

b
 p

o
w

d
e
r 

a
n
d
 o

th
e
r 

th
in

 f
ilm

s1
,2

.R
e
fe

re
n
ce

s(
1
) 

A
. 

Y
o
u
si

f,
 H

.C
. 

S
w

a
rt

, 
O

.M
. 

N
tw

a
e
a
b
o
rw

a
, 

A
p
p
l. 

S
u
rf

. 
S

ci
.,

 2
0
1
2

(2
5
8
) 

6
4
9
5
.(

2
) 

A
. 

Y
o
u
si

f,
 H

.C
. 

S
w

a
rt

, 
O

.M
. 

N
tw

a
e
a
b
o
rw

a
, 

E
. 

C
o
e

ts
e
e
, 
A

p
p
l. 

S
u
rf

. 
S

ci
.,

 2
0
1
3
 (

2
7
0
) 

3
3
1
.



8
8
 -

 S
y
n

th
e
s
is

 a
n

d
 C

h
a
ra

c
te

ri
z
a
ti

o
n

 o
f 

w
h

it
e
 l

ig
h

t 
e
m

it
ti

n
g

 S
r 2

S
iO

4
:T

b
3
+
,E

u
3
+

p
h

o
s
p

h
o

r

P
o
st

e
r1

 -
 T

u
e
sd

a
y 

0
9
 J

u
ly

 2
0
1
3
 1

7
:4

0
P

ri
m

a
ry

 a
u

th
o

rs
:

T
S

H
A

B
A

L
A

L
A

, 
M

o
d
ie

h
i A

m
e
lia

 (
U

n
iv

e
rs

ity
 o

f 
th

e
 F

re
e
 S

ta
te

)
C

o
-a

u
th

o
rs

:
N

T
W

A
E

A
B

O
R

W
A

, 
O

d
ir
ile

n
g
 M

a
rt

in
 (

U
n
iv

e
rs

ity
 o

f 
th

e
 F

re
e
 S

ta
te

);
 S

W
A

R
T

, 
H

e
n
d
ri
k 

(U
n
iv

e
rs

ity
 o

f 
th

e
 F

re
e
 S

ta
te

)

In
 r

e
ce

n
t 

ye
a
rs

, 
th

e
 s

tu
d
y 

o
n
 w

h
ite

 l
ig

h
t 

p
h
o
sp

h
o
rs

 s
u
ita

b
le

 f
o
r 

u
ltr

a
vi

o
le

t 
(U

V
) 

e
xc

ita
tio

n
 h

a
s 

b
e
e
n
 a

tt
ra

ct
in

g
 m

o
re

 a
tt

e
n
tio

n
 f

o
r

u
se

 i
n
 w

h
ite

 l
ig

h
t 

e
m

itt
in

g
 d

io
d
e
s 

(L
E

D
s)

. 
In

 w
h
ite

 l
ig

h
t 

L
E

D
s,

 w
h
ite

 l
ig

h
t 

ca
n
 b

e
 g

e
n
e
ra

te
d
 b

y 
co

m
b
in

a
tio

n
 o

f 
lig

h
t 

o
f 

th
re

e
 p

ri
m

a
ry

co
lo

rs
 

(r
e
d
, 

g
re

e
n
 

a
n
d
 

b
lu

e
) 

e
m

itt
e
d
 

fr
o
m

 
d
iff

e
re

n
t 

L
E

D
 

ch
ip

s1
o
r 

co
m

b
in

a
tio

n
 

o
f 

b
lu

e
 

L
E

D
 

w
ith

 
ye

llo
w

-e
m

itt
in

g
 

p
h
o
sp

h
o
r

m
a
te

ri
a
ls

2
,3

. 
It

 i
s 

im
p
o
rt

a
n
t 

to
 f

in
d
 a

 p
h
o
sp

h
o
r 

th
a
t 

ca
n
 b

e
 e

xc
ite

d
 u

n
d
e
r 

n
e
a
r-

u
ltr

a
-v

io
le

t 
a
n
d
 t

h
e
 b

lu
e
 r

e
g
io

n
3
. 

In
 r

e
ce

n
t 

st
u
d
ie

s 
it

h
a
s 

b
e
e
n
 e

st
a
b
lis

h
e
d
 t

h
a
t 

w
h
ite

 li
g
h
t 

ca
n
 b

e
 g

e
n
e
ra

te
d
 b

y 
d
o
p
in

g
 o

n
e
 o

r 
m

o
re

 a
ct

iv
a
to

r(
s)

 in
 o

n
e
 m

a
tr

ix
. 

F
o
r 

e
xa

m
p
le

, 
in

 t
h

is
 s

tu
d
y

w
h
ite

 
p
h
o
to

lu
m

in
e
sc

e
n
ce

 
w

a
s 

g
e
n
e
ra

te
d
 

w
h
e
n
 

S
r 2

S
iO

4
co

-d
o
p
e
d
 

w
ith

 
T

b
3
+

a
n
d
 

E
u

3
+

w
a
s 

e
xc

ite
d
 

a
t 

2
2
7
 

n
m

 
u
si

n
g
 

a
m

o
n
o
ch

ro
m

a
tiz

e
d
 

xe
n
o
n
 

la
m

p
. 

T
h
e
 

ca
lc

u
la

te
d
 

C
o
m

m
is

si
o
n
 

In
te

rn
a
tio

n
a
le

 
d
e
 

l�E
cl

a
ir
a
g
e
 

(C
IE

) 
ch

ro
m

a
tic

 
co

o
rd

in
a
te

s 
o
f 

th
e

g
e
n
e
ra

te
d
 w

h
ite

 li
g
h
t 

w
e
re

 (
x=

0
.3

4
0
, 

y=
0
.3

7
5
),

 w
h
ic

h
 a

re
 v

e
ry

 c
lo

se
 t

o
 t

h
o
se

 o
f 

st
a
n
d
a
rd

 w
h
ite

 c
o
lo

u
r 

(x
=

0
.3

3
3
, 

y=
0
.3

3
3
).

 T
h
e
 X

-r
a

y
d
iff

ra
ct

io
n
 s

p
e
ct

ra
 i

n
d
ic

a
te

d
 t

h
a
t 

th
e
 S

r 2
S

iO
4
:T

b
3
+
,E

u
3
+

p
h
o
sp

h
o
r 

m
a
te

ri
a
l 

w
a
s 

su
cc

e
ss

fu
lly

 p
re

p
a
re

d
 a

t 
1
0
0
0
 ° C

 u
si

n
g
 t

h
e
 s

o
lid

st
a
te

 
m

e
th

o
d
. 

S
ca

n
n
in

g
 

e
le

ct
ro

n
 

m
ic

ro
sc

o
p
y 

im
a
g
e
s 

sh
o
w

e
d
 

a
g
g
lo

m
e
ra

tio
n
 

o
f 

p
a
rt

ic
le

s 
w

ith
 

ir
re

g
u
la

r 
sh

a
p
e
s.

 
T

h
e
 

d
e
ca

y
ch

a
ra

ct
e
ri
st

ic
s 

sh
o
w

e
d
 t

h
a
t 

th
e
 p

h
o
sp

h
o
r 

co
n
si

st
s 

o
f 

a
 s

in
g
le

 e
xp

o
n

e
n
tia

l 
d
e
ca

y 
cu

rv
e
.R

e
fe

re
n
ce

s(
1
) 

Y
a
n
m

in
, 

Q
.;

 X
in

b
o
, 

Z
.;

 X
ia

o
,

Y
.;

 Y
a
n
, 

C
.;

 H
a
i, 

G
.;

 J
o
u
rn

a
l 

R
a
re

 E
a
rt

h
s 

2
0
0
9
, 

2
7
(2

),
 3

2
3
(2

) 
J.

K
. 

P
a
rk

, 
M

.A
. 

L
im

, 
C

.H
. 

K
im

, 
H

.D
. 

P
a
rk

 A
p
p
lie

d
 P

h
ys

ic
s 

L
e
tt

e
rs

2
0
0
3
, 

8
2
(5

),
 6

8
3
(3

) 
Y

a
o
, 

S
.;

 C
h
e
n
, 

D
.;

 C
e
n
tr

a
l E

u
ro

p
e
a
n
 J

o
u
rn

a
l o

f 
P

h
ys

ic
s 

2
0
0
7
, 

5
(4

),
 5

5
8

8
9
 -

 R
a
m

a
n

 S
p

e
c
tr

a
l 

A
n

a
ly

s
is

 o
f 

O
rg

a
n

o
m

e
ta

ll
ic

 C
o

m
p

o
s
it

e
 F

il
m

 S
y
n

th
e
s
iz

e
d

 b
y
 E

le
c
tr

o
c
h

e
m

ic
a
l 

R
o

u
te

P
o
st

e
r1

 -
 T

u
e
sd

a
y 

0
9
 J

u
ly

 2
0
1
3
 1

7
:4

0
P

ri
m

a
ry

 a
u

th
o

rs
:

K
U

M
A

R
, 

V
ija

y 
(D

e
p

a
rt

m
e
n
t 

o
f 

P
h
ys

ic
s,

 U
n
iv

e
rs

ity
 o

f 
th

e
 F

re
e
 S

ta
te

, 
P

.O
. 

B
o
x 

3
3
9
, 

B
lo

e
m

fo
n
te

in
 9

3
0
0
, 

T
h
e
 F

re
e
 S

ta
te

, 
S

o
u
th

A
fr

ic
a
)

C
o

-a
u

th
o

rs
:

A
L
I,

 Y
a
si

r 
(D

e
p

a
rt

m
e
n
t 

o
f 

P
h
ys

ic
s,

 S
a
n
t 

L
o
n
g
o
w

a
l I

n
st

itu
te

 o
f 

E
n
g

in
e
e
ri
n
g
 a

n
d
 T

e
ch

n
o
lo

g
y,

 L
o
n
g
o
w

a
l D

is
tr

ic
t 

S
a
n
g
ru

r-
1
4
8
1
0
6
,

P
u
n
ja

b
, 

In
d
ia

);
 K

U
M

A
R

, 
V

in
o
d
 (

D
e
p

a
rt

m
e
n
t 

o
f 

P
h
ys

ic
s,

 U
n
iv

e
rs

ity
 o

f 
th

e
 F

re
e
 S

ta
te

, 
P

.O
. 

B
o
x 

3
3
9
, 

B
lo

e
m

fo
n
te

in
 9

3
0
0
, 

T
h
e
 F

re
e
 S

ta
te

, 
S

o
u
th

A
fr

ic
a
);

 S
O

N
K

A
W

A
D

E
, 

R
 G

 (
S

ch
o
o
l o

f 
P

h
ys

ic
a
l S

ci
e
n
ce

s,
 B

B
A

 U
n
iv

e
rs

ity
 (

A
 C

e
n
tr

a
l U

n
iv

e
rs

ity
),

 L
u
ck

n
o
w

-2
2
6
0
2
5
, 

In
d
ia

);
 D

H
A

L
IW

A
L
, 
A

 S
(D

e
p

a
rt

m
e
n
t 

o
f 

P
h
ys

ic
s,

 S
a
n
t 

L
o
n
g
o
w

a
l I

n
st

itu
te

 o
f 

E
n
g
in

e
e
ri
n
g
 a

n
d
 T

e
ch

n
o
lo

g
y,

 L
o
n
g
o
w

a
l D

is
tr

ic
t 

S
a
n
g
ru

r-
1
4
8
1
0
6
, 

P
u
n
ja

b
, 

In
d

ia
);

 S
W

A
R

T
, 

H
 C

(D
e
p

a
rt

m
e
n
t 

o
f 

P
h
ys

ic
s,

 U
n
iv

e
rs

ity
 o

f 
th

e
 F

re
e
 S

ta
te

, 
P

.O
. 

B
o
x 

3
3
9
, 

B
lo

e
m

fo
n
te

in
 9

3
0
0
, 

T
h
e
 F

re
e
 S

ta
te

, 
S

o
u
th

 A
fr

ic
a
)

W
e
 p

re
se

n
t 

th
e
 f

a
b
ri
ca

tio
n
 a

n
d
 c

h
a
ra

ct
e
ri
za

tio
n
 o

f 
A

u
-p

o
ly

a
n
ili

n
e
 (

A
u
-P

A
N

I)
 c

o
m

p
o
si

te
 f

ilm
 u

si
n
g
 e

le
ct

ro
ch

e
m

ic
a
l s

yn
th

e
si

s.
1
 T

h
e

P
A

N
I 

fil
m

 i
s 

p
re

p
a
re

d
 b

y 
th

e
 c

h
ro

n
o
p
o
te

n
tio

m
e
te

ry
 t

e
ch

n
iq

u
e
 o

n
 a

 p
la

tin
u
m

 s
u
b
st

ra
te

. 
T

h
e
 a

s 
d
e
p
o
si

te
d
 P

A
N

I 
fil

m
 w

a
s 

m
o
d
ifi

e
d

w
ith

 A
u
 p

a
rt

ic
le

s 
u
si

n
g
 c

yc
lic

 v
o
lta

m
m

e
te

ry
. 

X
-r

a
y 

d
iff

ra
ct

io
n
 (

X
R

D
),

 F
o
u

ri
e
r 

tr
a
n
sf

o
rm

 i
n
fr

a
re

d
 (

F
T

IR
),

 R
a
m

a
n
 s

p
e
ct

ro
sc

o
p
y 

a
n
d

S
ca

n
n
in

g
 e

le
ct

ro
n
 m

ic
ro

sc
o
p
y 

(S
E

M
) 

te
ch

n
iq

u
e
s 

w
e
re

 u
se

d
 t

o
 e

st
a
b
lis

h
 t

h
e

 s
tr

u
ct

u
ra

l-
m

o
rp

h
o
lo

g
ic

a
l 

p
ro

p
e
rt

ie
s 

o
f 

th
e
 A

u
�

P
A

N
I

co
m

p
o
si

te
. 

X
R

D
 s

p
e
ct

ra
 r

e
ve

a
le

d
 (

1
0
0
) 

a
n
d
 (

2
0
0
) 

p
la

n
e
s 

in
 t

h
e
 c

o
m

p
o

si
te

.2
 F

T
IR

 s
p
e
ct

ra
 d

is
p
la

ye
d
 t

h
e
 m

a
in

 v
ib

ra
tio

n
a
l 

b
a
n
d
s;

in
cl

u
d
in

g
 t

h
e
 c

h
a
ra

ct
e
ri
st

ic
 p

e
a
ks

.3
-4

 S
E

M
 i

m
a
g
e
 o

f 
P

A
N

I 
sh

o
w

s 
ro

u
g
h

 a
n
d
 p

o
ro

u
s 

m
o
rp

h
o
lo

g
y,

 w
h
e
re

a
s 

A
u
-P

A
N

I 
co

m
p
o
si

te
e
xh

ib
it 

m
e
sh

 t
yp

e
 s

tr
u
ct

u
re

 w
ith

 u
n
ifo

rm
 d

is
p
e
rs

io
n
 o

f 
th

e
 A

u
-p

a
rt

ic
le

s.
 I

t 
is

 o
b
se

rv
e
d
 t

h
a
t 

th
e
 A

u
-P

A
N

I 
co

m
p
o
si

te
 s

h
o
w

e
d
 e

n
h
a
n
ce

d
R

a
m

a
n
 c

h
a
ra

ct
e
ri
st

ic
s 

(d
u
e
 t

o
 S

E
R

S
 e

ff
e
ct

 o
f 

A
u
 p

a
rt

ic
le

s)
 i

n
 c

o
m

p
a
ri
so

n
 t

o
 t

h
e
 p

u
re

 P
A

N
I 

fil
m

. 
T

h
e
 a

n
a
ly

si
s 

re
ve

a
le

d
 t

h
a
t 

th
e

A
u
-P

A
N

I 
co

m
p
o
si

te
 c

a
n
 b

e
 u

se
d
 f

o
r 

h
ig

h
ly

 s
e
n
si

tiv
e
 a

n
d
 s

e
le

ct
iv

e
 c

h
e
m

ic
a
l 

a
n
d
 b

io
lo

g
ic

a
l 

se
n
si

n
g
 a

p
p
lic

a
tio

n
s.

R
e
fe

re
n
ce

s(
1
) 

A
li,

Y
.,

 K
u
m

a
r,

 V
.,

 S
o
n
ka

w
a
d
e
, 

R
. 

G
.,

 D
h
a
liw

a
l, 

A
. 

S
.,

 V
a
cu

u
m

, 
2
0
1
3
, 

9
0
, 

5
9
.(

2
) 

X
u
, 

Q
.,

 L
e
n
g
, 

J.
, 

L
i, 

H
. 

B
.,

 L
u
, 

G
. 

J.
, 

W
a
n
g,

 Y
.,

 H
u
, 

X
.

Y
.,

 R
e
a
ct

. 
F

u
n
ct

. 
P

o
ly

m
. 

2
0
1
0
, 

7
0
, 

6
6
3
. 

(3
) 

A
n
a
n
d
, 

P
.B

.,
 H

a
sn

a
, 

K
.,

 A
n
ilk

u
m

a
r,

 K
. 

M
.,

 J
a
ya

le
ks

h
m

ia
, 

S
.,

 P
o
ly

m
. 

In
t.

 2
0
1
2
, 

6
1
, 

1
7
3
3
.

(4
) 

K
in

ya
n
ju

i, 
J.

 M
.,

 H
a
n
ks

, 
J.

, 
H

a
tc

h
e
tt

, 
D

. 
W

.,
 S

m
ith

, 
A

.,
 J

o
so

w
ic

z,
 M

.,
 J

. 
o
f 

th
e
 E

le
c.

l S
o
c.

 2
0
0
4
, 

1
5
1
, 

D
1
1
3

9
0
 -

 T
h

e
 M

a
rc

h
 2

0
1
5
 t

o
ta

l 
s
o

la
r 

e
c
li

p
s
e
 a

n
d

 i
ts

 p
o

te
n

ti
a
l 
fo

r 
te

s
ti

n
g

 t
h

e
 G

e
n

e
ra

l 
T

h
e
o

ry
 o

f 
R

e
la

ti
v
it

y

T
h
e
o
re

tic
a
l -

 T
u
e
sd

a
y 

0
9
 J

u
ly

 2
0
1
3
 1

0
:3

0
A

u
th

o
rs

:
C

O
M

B
R

IN
C

K
, 

L
u
d
w

ig
 (

H
a
rt

R
A

O
)

T
h
e
 f

a
m

o
u
s 

1
9
1
9
 t

o
ta

l 
so

la
r 

e
cl

ip
se

 e
xp

e
d
iti

o
n
s 

o
rg

a
n
iz

e
d
 b

y 
A

rt
h
u
r 

E
d
d
in

g
to

n
 a

n
d
 F

ra
n
k 

D
ys

o
n
 t

h
a
t 

fir
st

 d
e
m

o
n
st

ra
te

d
 t

h
e

b
e
n
d
in

g
 o

f 
st

a
rl
ig

h
t 

p
re

d
ic

te
d
 b

y 
E

in
st

e
in

�s
 g

e
n
e
ra

l 
th

e
o
ry

 o
f 

re
la

tiv
ity

 h
a
s 

lo
n
g
 b

e
e
n
 s

u
rp

a
ss

e
d
 b

y 
m

o
d
e
rn

 a
p
p
lic

a
tio

n
s 

o
f 

th
e

th
e
o
ry

, 
in

 p
a
rt

ic
u
la

r 
a
s 

a
p
p
lie

d
 t

o
 g

ra
vi

ta
tio

n
a
l 

le
n
si

n
g
. 

Is
 t

h
e
re

 h
o
w

e
ve

r,
 s

til
l 

sc
o
p
e
 t

o
 t

e
st

 t
h
e
 g

e
n
e
ra

l 
th

e
o
ry

 o
f 

re
la

tiv
ity

 u
si

n
g
 a

to
ta

l 
so

la
r 

e
cl

ip
se

?
 I

n
 t

h
is

 c
o
n
tr

ib
u
tio

n
 a

 c
o
m

p
a
ri
so

n
 i

s 
m

a
d
e
 b

e
tw

e
e
n
 p

re
vi

o
u
s 

te
st

s 
a
n
d
 t

h
e
 p

o
ss

ib
ili

ty
 o

f 
u
si

n
g
 t

h
e
 f

o
rt

h
co

m
in

g
2
0
1
5
 t

o
ta

l 
so

la
r 

e
cl

ip
se

 t
o
 m

e
a
su

re
 t

h
e
 s

ta
r 

lig
h
t 

d
e
fle

ct
io

n
. 

A
n
 e

va
lu

a
tio

n
 i

s 
m

a
d
e
 o

f 
th

e
 s

u
ita

b
ili

ty
 o

f 
m

o
d
e
rn

 i
m

a
g
in

g
 m

e
th

o
d
s

ve
rs

u
s 

p
h
o
to

g
ra

p
h
ic

 p
la

te
s.

 A
n
 o

b
se

rv
a
tio

n
 a

n
d
 h

a
rd

w
a
re

 s
tr

a
te

g
y 

is
 o

u
tli

n
e
d
 f

o
r 

su
ch

 a
 t

e
st

 f
ro

m
 N

y-
Å

le
su

n
d
, 

w
h
ic

h
 is

 s
itu

a
te

d
 a

t
7
8
° 

5
5
´ 

N
, 

1
1
° 

5
6
´ 

E
 o

n
 t

h
e
 w

e
st

 c
o
a
st

 o
f 

S
p
its

b
e
rg

e
n
, 

S
va

lb
a
rd

.

9
1
 -

 C
T

A
: 

T
h

e
 n

e
x
t-

g
e
n

e
ra

ti
o

n
 g

ia
n

t 
fo

r 
g

ro
u

n
d

-b
a
s
e
d

 G
a
m

m
a
-r

a
y
 A

s
tr

o
n

o
m

y

A
st

ro
 -

 F
ri
d
a
y 

1
2
 J

u
ly

 2
0
1
3
 1

0
:3

0
A

u
th

o
rs

:
D

A
V

ID
S

, 
Is

a
k 

D
e
lb

e
rt

h
 (

N
o
rt

h
-W

e
st

 U
n
iv

e
rs

ity
, 

P
o
tc

h
e
fs

tr
o
o
m

 C
a
m

p
u
s)

T
h
e
 e

n
vi

sa
g
e
d
 C

h
e
re

n
ko

v 
T

e
le

sc
o
p
e
 A

rr
a
y 

(C
T

A
) 

p
ro

je
ct

 i
s 

a
 g

lo
b
a
l 

in
iti

a
tiv

e
 t

o
 b

u
ild

 t
h
e
 n

e
xt

-g
e
n
e
ra

tio
n
 g

ro
u
n
d
-b

a
se

d
 v

e
ry

h
ig

h
-e

n
e
rg

y 
(V

H
E

) 
g
a
m

m
a
-r

a
y 

te
le

sc
o
p
e
 f

a
ci

lit
y.

 I
t 

w
ill

 s
e
rv

e
 a

s 
a
n
 o

p
e

n
 o

b
se

rv
a
to

ry
 t

o
 a

 w
id

e
 a

st
ro

p
h
ys

ic
s 

co
m

m
u
n
ity

, 
p
ro

vi
d
in

g
 a

d
e
e
p
e
r 

in
si

g
h
t 

in
to

 t
h
e
 n

o
n
-t

h
e
rm

a
l 

h
ig

h
-e

n
e
rg

y 
u
n
iv

e
rs

e
. 

C
T

A
 i

s 
d
e
si

g
n
e
d
 t

o
 a

ch
ie

ve
 f

u
ll-

sk
y 

co
ve

ra
g
e
, 

w
ith

 o
n
e
 a

rr
a
y 

in
 t

h
e

n
o
rt

h
e
rn

 a
n
d
 a

n
o
th

e
r 

o
n
e
 in

 t
h
e
 s

o
u
th

e
rn

 h
e
m

is
p
h
e
re

. 
T

h
ro

u
g
h

 d
e
p
lo

ym
e
n
t 

o
f 

a
b
o
u
t 

5
0
 t

o
 1

0
0
 t

e
le

sc
o
p
e
s 

(i
n
 a

t 
le

a
st

 t
h
re

e
 s

iz
e
s 

a
t

th
e
 s

o
u
th

e
rn

 a
n
d
 a

t 
le

a
st

 t
w

o
 s

iz
e
s 

a
t 

th
e
 n

o
rt

h
e
rn

 s
ite

),
 C

T
A

 w
ill

 h
a
ve

 im
p
ro

ve
d
 s

e
n
si

tiv
ity

 b
y 

a
b
o
u
t 

a
n
 o

rd
e
r 

o
f 

m
a
g
n
itu

d
e

 r
e
la

tiv
e

to
 p

re
se

n
t 

in
st

ru
m

e
n
ts

, 
sp

a
n
n
in

g
 a

b
o
u
t 

fo
u
r 

d
e
ca

d
e
s 

o
f 

e
n
e
rg

y,
 f

ro
m

 a
 f

e
w

 t
e
n
s 

o
f 

G
e
V

 t
o
 a

b
o
ve

 1
0
0
 T

e
V

. 
T

h
e
 o

b
se

rv
a
to

ry
 w

ill
 a

ls
o

fe
a
tu

re
 e

n
h
a
n
ce

d
 a

n
g
u
la

r 
a
n
d
 e

n
e
rg

y 
re

so
lu

tio
n
s 

o
ve

r 
cu

rr
e
n
t 

im
a
g

in
g
 a

ir
 C

h
e
re

n
ko

v 
te

le
sc

o
p
e
s 

(I
A

C
T

s)
. 

A
n
 i

n
te

rn
a
tio

n
a
l 

C
T

A
co

lla
b
o
ra

tio
n
 o

f 
m

o
re

 t
h
a
n
 1

0
0
0
 m

e
m

b
e
rs

 f
ro

m
 a

cr
o
ss

 t
h
e
 w

o
rl
d
 h

a
s 

a
lr
e
a
d
y 

co
m

p
le

te
d
 a

 d
e
si

g
n
 s

tu
d
y 

a
n
d
 s

ta
rt

e
d
 a

n
 E

U
-f

u
n
d
e
d

p
re

p
a
ra

to
ry

 p
h
a
se

 w
h
ic

h
 i

s 
in

te
n
d
e
d
 t

o
 l

e
a
d
 t

o
 p

ro
d
u
ct

io
n
 r

e
a

d
in

e
ss

 o
f 

C
T

A
 i

n
 2

0
1
4
 w

ith
 a

 5
-y

e
a
r 

co
n
st

ru
ct

io
n
 p

e
ri
o
d
 s

ta
rt

in
g
 i

n
2
0
1
5
. 

In
 t

h
is

 p
re

se
n
ta

tio
n
 w

e
 in

tr
o
d
u
ce

 t
h
e
 C

T
A

 a
n
d
 p

ro
vi

d
e
 a

n
 o

ve
rv

ie
w

 o
f 

th
e
 p

ro
je

ct
 a

n
d
 it

s 
sc

ie
n
tif

ic
 g

o
a
ls

.

9
2
 -

 N
o

n
li

n
e
a
r 

io
n

-a
c
o

u
s
ti

c
 a

n
d

 e
le

c
tr

o
n

-a
c
o

u
s
ti

c
 w

a
v
e
s
 i
n

 m
u

lt
i-

io
n

 s
p

a
c
e
 p

la
s
m

a
s

S
p
a
ce

 S
ci

e
n
ce

 -
 W

e
d
n
e
sd

a
y 

1
0
 J

u
ly

 2
0
1
3
 1

6
:0

0
P

ri
m

a
ry

 a
u

th
o

rs
:

M
A

H
A

R
A

J,
 S

h
im

u
l K

u
m

a
r 

(S
o
u
th

 A
fr

ic
a
n
 N

a
tio

n
a
l S

p
a
ce

 A
g
e
n
cy

 (
S

A
N

S
A

) 
S

p
a
ce

 S
ci

e
n
ce

, 
P

 O
 B

o
x 

3
2
, 

H
e
rm

a
n
u
s 

7
2
0
0
)

C
o

-a
u

th
o

rs
:

B
H

A
R

U
T

H
R

A
M

, 
R

a
m

e
sh

 (
U

n
iv

e
rs

ity
 o

f 
th

e
 W

e
st

e
rn

 C
a
p

e
, 

R
o
b
e
rt

 S
o
b
u
kw

e
 R

o
a
d
, 

B
e
llv

ill
e
 7

5
3
5
);

 S
IN

G
H

, 
S

a
ty

a
 V

ir
 (

In
d
ia

n
 I

n
st

itu
te

o
f 

G
e
o
m

a
g
n
e
tis

m
, 

N
e
w

 P
a
n
ve

l (
W

e
st

),
 N

a
vi

 M
u
m

b
a
i 4

1
0
2
1
8
);

 L
A

K
H

IN
A

, 
G

u
rb

a
x 

S
in

g
h
 (

In
d
ia

n
 I

n
st

itu
te

 o
f 

G
e
o
m

a
g
n
e
tis

m
, 

N
e
w

 P
a
n

ve
l (

W
e
st

),
N

a
vi

 M
u
m

b
ia

 4
1
0
2
1
8
)

L
a
rg

e
 a

m
p
lit

u
d
e
 io

n
-a

co
u
st

ic
 a

n
d
 e

le
ct

ro
n
-a

co
u
st

ic
 s

o
lit

o
n
s 

w
ill

 b
e
 in

ve
st

ig
a
te

d
 f

o
r 

a
 f

o
u
r-

co
m

p
o
n
e
n
t 

p
la

sm
a
 m

o
d
e
l c

o
m

p
o
se

d
 o

f
co

o
l a

n
d
 h

o
t 

e
le

ct
ro

n
s 

a
n
d
 c

o
o
l a

n
d
 h

o
t 

io
n
s.

 T
h
e
 e

ff
e
ct

 o
f 

re
ta

in
in

g
 in

e
rt

ia
l e

ff
e
ct

s 
fo

r 
a
ll 

sp
e
ci

e
s 

(t
re

a
tin

g
 a

ll 
sp

e
ci

e
s 

a
s 

a
d
ia

b
a
tic

)
a
s 

o
p
p
o
se

d
 t

o
 n

e
g
le

ct
in

g
 t

h
e
 in

e
rt

ia
 o

f 
th

e
 h

o
t 

co
m

p
o
n
e
n
ts

 (
a
ss

u
m

in
g
 B

o
ltz

m
a
n
n
 d

is
tr

ib
u
tio

n
s 

fo
r 

th
e
 h

o
t 

sp
e
ci

e
s)

 w
ill

 b
e
 e

xp
lo

re
d
.

C
o
n
si

d
e
ri
n
g
 v

e
ry

 b
ro

a
d
 r

e
g
io

n
s 

in
 p

a
ra

m
e
te

r 
sp

a
ce

, 
th

e
 f

o
cu

s 
o
f 

th
e
 s

tu
d
y 

w
ill

 b
e
 t

o
 in

ve
st

ig
a
te

 w
h
y 

u
p
p
e
r 

M
a
ch

 n
u
m

b
e
r 

lim
ita

tio
n
s

a
ri
se

 f
o
r 

io
n
-a

co
u
st

ic
 a

n
d
 e

le
ct

ro
n
-a

co
u
st

ic
 s

o
lit

o
n
s.

9
4
 -

 L
u

m
in

e
s
c
e
n

t 
p

ro
p

e
rt

ie
s
 o

f 
C

a
5
(P

O
4
) 3

O
H

:G
d

3
+
, 

P
r3

+
p

h
o

s
p

h
o

r 
p

o
w

d
e
r

P
o
st

e
r1

 -
 T

u
e
sd

a
y 

0
9
 J

u
ly

 2
0
1
3
 1

7
:4

0
P

ri
m

a
ry

 a
u

th
o

rs
:

M
O

K
O

E
N

A
, 

P
u
se

le
ts

o
 (

U
F

S
)

C
o

-a
u

th
o

rs
:

S
W

A
R

T
, 

H
e
n
d
ri
k 

(U
F

S
);

 N
A

G
P

U
R

E
, 

In
d
ra

g
it 

(U
F

S
);

 N
T

W
A

E
A

B
O

R
W

A
, 
O

d
ir
ile

n
g
 (

U
F

S
)

H
yd

ro
xy

la
p
a
tit

e
 C

a
5
(P

O
4
) 3

O
H

 is
 a

 w
e
ll-

kn
o
w

n
 b

io
ce

ra
m

ic
 m

a
te

ri
a
l f

o
r 

m
e
d
ic

a
l a

p
p
lic

a
tio

n
. 

It
 is

 b
io

co
m

p
a
tib

le
 m

e
a
n
in

g
 t

h
a
t 

it 
h
a
s

th
e
 a

b
ili

ty
 t

o
 f

o
rm

 c
h
e
m

ic
a
l b

o
n
d
s 

w
ith

 li
vi

n
g
 t

is
su

e
s.

 R
e
ce

n
tly

, 
it 

h
a
s,

 h
o
w

e
ve

r,
 b

e
e
n
 u

se
d
 a

s 
h
o
st

 f
o
r 

ra
re

 o
r 

a
lk

a
lin

e
 e

a
rt

h
 io

n
s 

to
p
re

p
a
re

d
 l

ig
h
t 

e
m

itt
in

g
 m

a
te

ri
a
ls

 o
r 

p
h
o
sp

h
o
rs

. 
P

h
o
sp

h
a
te

 b
a
se

d
 

in
o
rg

a
n
ic

 c
o
m

p
o
u
n
d
s 

d
o
p
e
d
 w

ith
 r

a
re

 e
a
rt

h
 i

o
n
s 

fo
rm

 a
n

im
p
o
rt

a
n
t 

fa
m

ily
 o

f 
p
h
o
sp

h
o
rs

 f
o
r 

so
lid

 s
ta

te
 l

ig
h
tin

g
 a

p
p
lic

a
tio

n
s 

[1
].

 C
a
lc

iu
m

 p
h
o
sp

h
a
te

 p
o
w

d
e
rs

 h
a
ve

 b
e
e
n
 s

yn
th

e
si

ze
d
 b

y
co

-p
re

ci
p
ita

tio
n
 m

e
th

o
d
. 

In
 t

h
is

 s
tu

d
y,

 w
e
 p

re
p
a
re

d
 (

u
si

n
g
 c

o
-p

re
ci

p
ita

tio
n
 m

e
th

o
d
) 

a
n
d
 i

n
ve

st
ig

a
te

d
 t

h
e
 s

tr
u
ct

u
re

, 
m

o
rp

h
o
lo

g
y,

p
h
o
to

lu
m

in
e
sc

e
n
t 

a
n
d
 t

h
e
rm

o
lu

m
in

e
sc

e
n
t 

p
ro

p
e
rt

ie
s 

o
f 

C
a

5
(P

O
4
) 3

O
H

 c
o
-d

o
p
e
d
 w

ith
 g

a
d
o
lin

iu
m

 (
G

d
3
+
) 

a
n
d
 p

ra
se

o
d
ym

iu
m

 (
P

r3
+
).

T
h
e
 X

-r
a
y 

d
iff

ra
ct

io
n
 (

X
R

D
) 

p
a
tt

e
rn

s 
sh

o
w

 a
 s

in
g
le

 h
e
xa

g
o
n
a
l p

h
a
se

 o
f 

C
a

5
(P

O
4
) 3

O
H

 c
o
n
si

st
e
n
t 

w
ith

 s
ta

n
d
a
rd

 J
C

P
D

S
 d

a
ta

 f
ile

 N
o

7
3
-0

2
9
3
. 

T
h
e
 X

R
D

 p
e
a
ks

 w
e
re

 s
h
a
rp

 a
n
d
 i

n
te

n
se

 s
u
g
g
e
st

in
g
 t

h
a
t 

th
e
 p

h
o
sp

h
o
r 

w
a
s 

h
ig

h
ly

 c
ry

st
a
lli

n
e
. 

T
h
e
 s

ca
n
n
in

g
 e

le
ct

ro
n

m
ic

ro
sc

o
p
ic

 i
m

a
g
e
s 

sh
o
w

 t
h
a
t 

th
e
 p

o
w

d
e
rs

 c
o
n
si

st
 o

f 
a
n
 a

g
g
lo

m
e
ra

tio
n
 o

f 
sp

h
e
ri
ca

l 
p
a
rt

ic
le

s.
 T

h
e
 C

a
5
(P

O
4
) 3

O
H

:G
d

3
+
, 

P
r3

+

p
h
o
sp

h
o
r 

e
xh

ib
it 

a
 n

a
rr

o
w

 e
m

is
si

o
n
 p

e
a
k 

a
t 

3
1
3
 n

m
 d

u
e
 t

o
 t

h
e
 6

P
7
/2

→
8
S

7
/2

tr
a
n
si

tio
n
 o

f 
th

e
 G

d
3
+

io
n
, 

a
n
d
 t

h
e
 e

m
is

si
o
n
 w

a
s

se
n
si

tiz
e
d
 b

y 
P

r3
+

co
-d

o
p
in

g
. 

T
h
e
 T

L
 g

lo
w

 s
h
o
w

s 
th

e
 s

in
g
le

 g
lo

w
 p

e
a
k 

a
t 

3
4
6
 K

. 
T

h
e
 s

in
g
le

 p
e
a
k 

su
g
g
e
st

s 
th

a
t 

th
e
re

 i
s 

o
n
ly

 o
n
e

ty
p
e
 o

f 
e
le

ct
ro

n
 t

ra
p
 in

 t
h
e
 f

o
rb

id
d
e
n
 b

a
n
d
 o

f 
th

e
 m

a
te

ri
a

l, 
a
n
d
 t

h
e
 t

ra
p
 m

a
y 

b
e
 d

u
e
 t

o
 t

h
e
 d

e
fe

ct
s 

su
ch

 a
s 

va
ca

n
ci

e
s 

o
r 

im
p
u
ri
tie

s 
in

th
e
 m

a
te

ri
a
l. 

T
h
e
 lu

m
in

e
sc

e
n
t 

p
ro

p
e
rt

ie
s 

o
f 

th
e
 C

a
5
(P

O
4
) 3

O
H

:G
d

3
+
, 

P
r3

+
p
h
o
sp

h
o
r 

a
re

 e
va

lu
a
te

d
 f

o
r 

a
p
p
lic

a
tio

n
 o

f 
th

e
 p

h
o
sp

h
o
r 

in
so

lid
-s

ta
te

 li
g
h
tin

g
.R

e
fe

re
n
ce

s[
1
] 

K
 N

 S
h
in

d
e
, 

S
 J

 D
h
o
b
le

, 
A

d
va

n
ce

d
 M

a
te

ri
a
l l

e
tt

e
rs

, 
2
0
1
0
, 

1
(3

),
 2

5
4
-2

5
8

9
5
 -

 S
y
n

th
e
s
is

 a
n

d
 c

h
a
ra

c
te

ri
z
a
ti

o
n

 o
f 

m
a
g

n
e
tr

o
n

 s
p

u
tt

e
r 

d
e
p

o
s
it

e
d

 G
e
-n

a
n

o
w

ir
e
s
.

P
o
st

e
r1

 -
 T

u
e
sd

a
y 

0
9
 J

u
ly

 2
0
1
3
 1

7
:4

0
P

ri
m

a
ry

 a
u

th
o

rs
:

N
Y

A
W

O
, 

T
h
e
m

b
in

ko
si

 (
U

n
iv

e
rs

ity
 o

f 
Z

u
lu

la
n
d
);

 T
H

E
T

H
W

A
Y

O
, 

C
h
a
rl
e

s 
T

h
u
la

n
i (

U
n
iv

e
rs

ity
 o

f 
Z

u
lu

la
n
d
)

C
o

-a
u

th
o

rs
:

C
H

O
N

C
O

, 
N

e
lis

iw
e
 (

U
n
iv

e
rs

ity
 o

f 
Z

u
lu

la
n
d
);

 S
E

F
A

G
E

, 
P

e
rc

y 
(U

n
iv

e
rs

ity
 o

f 
Z

u
lu

la
n
d
);

 N
D

W
A

N
D

W
E

, 
M

u
zi

 (
U

n
iv

e
rs

ity
 o

f 
Z

u
lu

la
n
d
)

G
e
 n

a
n
o
w

ir
e
s 

w
e
re

 s
yn

th
e
si

ze
d
 o

n
 S

i<
1
0
0
>

 s
u
b
st

ra
te

s 
u
si

n
g
 A

g
 a

s 
a
 c

a
ta

ly
st

. 
T

h
e
 c

a
ta

ly
st

 s
e
e
d
s 

w
e
re

 s
p
u
tt

e
r 

d
e
p
o
si

te
d
 o

n
 t

h
e

S
i 

su
b
st

ra
te

 a
t 

2
 e

xp
-2

 T
o
rr

 a
n
d
 t

h
e
re

a
ft

e
r 

G
e
 w

a
s 

d
e
p
o
si

te
d
. 

T
h
e
 c

a
ta

ly
tic

 e
ff

e
ct

 o
f 

A
g
 t

o
 f

o
rm

 n
a
n
o
w

ir
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p
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p
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h
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h
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d
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);
 S

H
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D

A
, 

O
. 
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T

h
e
m

b
a
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A
B
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M
, 

S
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n
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e
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o
f 

O
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o
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E

R
N

S
T
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N
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L
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w
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n
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e
rm
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a
tio

n
a
l L
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b
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);
 S
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G

O
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C

H
E

R
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T
.D
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T

h
e
m
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a
 L

A
B

S
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 S
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O

L
E
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P

.S
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(U
W

C
);

S
T
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N

K
IE

W
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Z
, 

M
.A
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C
T

);
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W
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Z
O

N
E
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P
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. 

(R
U

);
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L
E
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E

L
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D
.L

. 
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w
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a
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U
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O
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T
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W
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);
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A

S
M

U
S
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(U

W
C

);
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S
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O

N
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L
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W

C
);
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O

R
G
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N
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A

. 
(U
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e
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O
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o
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T
h
e
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e
 S

tr
e
n
g
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 F
u
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R
S

F
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p
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se
n
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 t
h
e
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b
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ty
 o

f 
n
u
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e
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r 

m
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tt

e
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n
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t 
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n
e
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e
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p
u
t

p
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m
e
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, 
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n
g
 w
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 t

h
e
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e
a
r 
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d
e
n
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ty
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r 
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e
 c
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u
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n
s 

o
f 

n
u
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e
a
r 
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o
ss

 s
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ct
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n
s 

a
n
d
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e
a
ct
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n
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n
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p
h
ys

ic
a
l 

p
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e
s 
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h
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h
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d
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o
 e
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h
e
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g
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f 

e
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m
e
n
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e
a
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e
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a
n
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n
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1
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n
 t

h
is

 w
o
rk
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e
 i

n
ve
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ig
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te

 t
h
e

d
e
p
e
n
d
e
n
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 o
f 

th
e
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S
F

 o
n
 t

h
e
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p
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n
d
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f 
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a
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h
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 d
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n
t 
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a
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n
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u
a
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o
n
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u
u
m

 s
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w
h
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h
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o
u
n
d
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h
e
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e
g
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h
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l d
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w
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h
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h
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T

h
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 p
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o

u
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e
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a
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e
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n
k 
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b
u
t 

w
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e
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o
 b

e
tt

e
r 

u
n

d
e
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n
d
 r

e
a
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n
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p
h
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a
l 

e
n
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n
m
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n
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 t
h
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a

n
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n
a
l c

o
lla

b
o
ra

tiv
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d
y 

th
e
 g

a
m

m
a
 d

e
ca

y 
o
f 

th
e
 q

u
a
si

-c
o
n
tin

u
u
m

 s
ta

te
s 

o
f 

7
4
G

e
 u

si
n
g
 d
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h
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S
A
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p
e
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d
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o
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a
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h
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re
lim

in
a
ry

 r
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 t
h
e
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4
G

e
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H
e
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H
e
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4
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e
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e
a
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T
h
e
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e
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n
t 

w
a
s 

p
e
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o
rm

e
d
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t
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h
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a
 L

A
B

S
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w
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h
e
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F
R

O
D
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E
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a
m

m
a
 d

e
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a
y 
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 c

o
n
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n
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n
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w
o
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a
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e
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o
p
e
s 
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n
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g
 o

f 
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o
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n
d
e
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ct
o
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a
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 o
f 

d
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e
n
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o
n
s 

5
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T
h
e
 t

e
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o
p
e
s 

w
e
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 p
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d
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t 
a
n
 a

n
g
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f 

±
4
5
 d

e
g
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e
s 

w
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 r
e
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e
ct

 t
o
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h
e
 b

e
a
m
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T

h
e
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e
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o
d
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3
] 

o
f 

e
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g
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h
e
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S
F

 c
o
n
si
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s 

o
f 

d
e
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g
 c

o
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d
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a
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a
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m
a
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a
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n
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B
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in
g
 p

a
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s 
o
f
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e
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n
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y 
th

e
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n
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n
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tio

n
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n
e
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h
e
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m
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 d
e
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n
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n
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n
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h
e
 d
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 c
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d
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 p
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d
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g
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h
is
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 c
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a
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 p
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h
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q
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h
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n
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e
n
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b
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o
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p
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a
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a
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a
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e
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m
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h
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S
F

 is
d
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e
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e
se

a
rc

h
 s

u
p
p
o
rt

e
d
 b

y 
th
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R
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n
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n
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n
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p
e
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o
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e
d
 

u
n
d
e
r 

th
e
 

a
u
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e
s 

o
f 

th
e
 

U
.S

. 
D

e
p
a
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m
e
n
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o
f 

E
n
e
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L
a

w
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n
ce

 
L
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e
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N

a
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n
a
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L
a
b
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u
n
d
e
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a
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] 
A
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L
a
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e
n
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n
d
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. 
G

o
ri
e
ly

, 
P

h
ys

. 
R

e
v.
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 8

2
,0

1
4
3
1
8
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2
0
1
0
).
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] 

D
.M

. 
B

ri
n
k,

 P
h
D

 T
h
e
si

s,
 O

xf
o
rd

 U
n
iv

e
rs

ity
(1

9
5
5
).
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3
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M
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ie
d
e
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n
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h
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R

e
v.
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e
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1
0
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1
6
2
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2
0
1
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).
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o
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n
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e
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y
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e
a
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h
ro

u
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h
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 f
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 b
y
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e
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g

h
t

s
p
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M
P

M
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e
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u
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1
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6
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0
P
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m

a
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u

th
o
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:

M
S
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A

N
G

A
, 

M
a
n
d
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 (
iT

h
e
m

b
a
 L

A
B

S
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a
u
te

n
g
)

C
o

-a
u

th
o

rs
:

P
IN

E
D

A
-V

A
R

G
A

S
, 

C
a
rl
o
s 
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T

h
e
m

b
a
 L

A
B

S
);

 C
O

M
R

IE
, 

C
ra

ig
 (

U
n
iv

e
rs

ity
 o

f 
C

a
p

e
 T

o
w

n
)

T
h
e
 a

cc
u
ra

cy
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f 
h
e
a
vy

 io
n
 b

e
a
m

 a
n
a
ly
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a
l t

e
ch

n
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u
e
s 

su
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s 

H
e
a
vy

 I
o
n
-E
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st

ic
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e
co

il 
D

e
te

ct
io

n
 A

n
a
ly

si
s 

(H
I-

E
R

D
A

) 
d
e
p
e
n
d
s

o
n
, 

a
m

o
n
g
 o

th
e
r 

fa
ct

o
rs

, 
th

e
 a

cc
u
ra

cy
 o

f 
b
a
si

c 
io

n
 b

e
a
m

 d
a
ta

 s
u
ch

 a
s 

st
o
p
p
in

g
 f

o
rc

e
 a

n
d
 e

n
e
rg

y 
lo

ss
 s

tr
a
g
g
lin

g
, 

u
se

d
 a

s 
in

p
u
t 

in
io

n
 b

e
a
m

 a
n
a
ly

si
s 

co
d
e
s.

 W
e
 p

re
se

n
t 

w
o
rk

 d
o
n
e
 t

o
w

a
rd

s 
a
d
d
in

g
 t

o
 t

h
e
 g

lo
b
a
l 

d
a
ta

b
a
se

 o
f 

e
xp

e
ri
m

e
n
ta

l 
h
e
a
vy

 i
o
n
 s

to
p
p
in

g
 f

o
rc

e
a
n
d
 s

tr
a
g
g
lin

g
 d

a
ta

 in
 c

o
m

p
o
u
n
d
 m

a
te

ri
a
ls

 o
f 

te
ch

n
o
lo

g
ic

a
l i

m
p
o
rt

a
n
ce

. 
T

a
rg

e
ts

 w
e
re

 in
 t

h
e
 f

o
rm

 o
f 

fr
e
e
 s

ta
n
d
in

g
 t

h
in

 f
o
ils

 m
o
u
n
te

d
o
n
 f

ra
m

e
s.

 T
h
e
 f

o
ils

 w
e
re

 c
h
a
ra

ct
e
ri
se

d
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h
ro

u
g
h
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B
S

 a
n
d
 A

F
M

 m
e
a
su

re
m

e
n
ts

 t
o
 a

sc
e
rt

a
in

 f
ilm

 t
h
ic

kn
e
ss

, 
st

o
ic

h
io

m
e
tr

y 
a
n
d

ro
u
g
h
n
e
ss

. 
E

n
e
rg

y 
lo

ss
 a

n
d
 s

tr
a
g
g
lin

g
 m

e
a
su

re
m

e
n
ts
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f 

Z
 >
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 i

o
n
s 

w
e
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 d
o
n
e
 i

n
 a
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n
sm
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si

o
n
 m

o
d
e
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n
g
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h
e
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e
a
vy
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o
n
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R
D

T
im

e
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f 
F
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h
t 

sp
e
ct

ro
m

e
te

r 
a
t 

th
e
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h
e
m

b
a
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A
B

S
 6

M
V
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a
n
d
e
m

 a
cc

e
le

ra
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r.
 T

h
e
 s

to
p
p
in

g
 f

o
rc

e
 a

n
d
 e

n
e
rg

y 
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 s

tr
a
g
g
lin

g
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f 
1
2
C

,
2
8
S

i 
a
n
d
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3
C

u
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o
n
s 

th
ro

u
g
h
 S

i3
N

4
 a

n
d
 S

iO
2
 f

o
il 

ta
rg

e
ts

 w
e
re

 m
e
a
su

re
d
 o

ve
r 

th
e
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.1
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.8
 M

e
V

/u
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n
e
rg

y 
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n
g
e
, 

a
n
d
 t

h
e
se

 a
re
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m

p
a
re

d
 t

o
 p

re
d
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tio
n
s 

fr
o
m

 s
e
m

i-
e
m

p
ir
ic

a
l c

o
d
e
s 

a
s 

w
e
ll 

a
s 

to
 li
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re

 d
a
ta

, 
w

h
e
re
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va
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b
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1
0
0
 -

 M
a
g

n
e
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c
 p
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p

e
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s
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C
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C

r 9
9
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5
R

u
0
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5
h

e
te
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u

c
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P
o
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u
e
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a
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0
P
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m
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u
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o
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P
R
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S

L
O
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A

le
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a
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D
e
p

a
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m
e
n
t 

o
f 

P
h
ys

ic
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 U
n
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e
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f 
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h
a
n
n
e
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u
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 S

H
E

P
P

A
R
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C
h
a
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e
s 

(D
e
p

a
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m
e
n
t 

o
f 

P
h
ys
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U
n
iv

e
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f 
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h
a
n
n
e
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u
rg

)
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o
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u
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o
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:
V

E
N

T
E

R
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A

n
d
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w
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R
e
se

a
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h
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n
d
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e
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p

m
e
n
t 

D
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N
e
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a
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d
);

 F
U

L
L
E

R
T

O
N

, 
E
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c 

(C
M

R
R

, 
U

n
iv

e
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f 
C

a
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o
rn
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);
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U

L
E

,
K
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A

N
S

T
O

, 
A

u
st

ra
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A
C

O
B

S
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S
u
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n
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U
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u
b
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a
n
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h
a
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b
e
e
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 p
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d
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n
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h
e
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n
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g
n
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 p
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 f
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r
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h
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a
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e
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a
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d
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a
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a
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g
 p
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e
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n
o
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o
b
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 m
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a
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a
g
n
e
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a
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d
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 p
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rp
tio

n
 b

a
n
d

e
d
g
e
 s

h
ift

 t
o
 t

h
e
 h

ig
h
e
r 

w
a
ve

le
n
g
th

 w
ith

 a
n
 i

n
cr

e
a
se

 i
n
 m

o
la

r 
co

n
ce

n
tr

a
tio

n
 o

f 
zi

n
c 

a
ce

ta
te

. 
T

h
e
 b

a
n
d
 g

a
p
 e

n
e
rg

y 
o
f 

Z
n

O
n
a
n
o
st

ru
ct

u
re

s 
d
e
te

rm
in

e
d
 f

ro
m

 U
V

 r
e
fle

ct
a
n
ce

 s
p
e
ct

ra
 w

a
s 

fo
u
n
d
 t

o
 d

e
cr

e
a
se

fr
o
m

 3
.2

3
 t

o
 2

.7
5
 e

V
 w

ith
 a

n
 i

n
cr

e
a
se

 i
n
 t

h
e
 z

in
c

a
ce

ta
te

 c
o
n
ce

n
tr

a
tio

n
. 

T
h
e
 P

L
 r

e
su

lts
 s

h
o
w

 t
h
a
t 

th
e
 lu

m
in

e
sc

e
n
ce

 in
te

n
si

tie
s 

d
e
cr

e
a
se

 w
ith

 a
n
 in

cr
e
a
se

 in
 t

h
e
 m

o
la

r 
co

n
ce

n
tr

a
tio

n
o
f 

zi
n
c 

a
ce

ta
te

. 
T

h
e
 m

a
xi

m
u
m

 lu
m

in
e
sc

e
 b

a
n
d
 w

a
s 

fo
u
n
d
 a

ro
u
n
d
 4

6
4
 n

m
 w

ith
o
u
t 

a
n
y 

si
g
n
ifi

ca
n
t 

sh
ift

 in
 p

o
si

tio
n
.
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1
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 -

 L
in

e
, 

L
IN

E
R

, 
li

n
e
s
t 

- 
fr

o
m

 m
ic

ro
-A

G
N

 t
o

 u
lt

ra
-l

u
m

in
o

u
s
 L

IN
E

R
S

. 
O

n
e
 a

n
d

 t
h

e
 s

a
m

e
?

A
st

ro
 -

 W
e
d
n
e
sd

a
y 

1
0
 J

u
ly

 2
0
1
3
 1

1
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0
A

u
th

o
rs

:
W

IN
K

L
E

R
, 

H
a
rt

m
u
t 
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e
p

t.
 P

h
ys

ic
s,

 U
n
iv

e
rs

ity
 o

f 
Jo

h
a
n
n
e
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u
rg

)

T
h
is

 p
a
p
e
r 

co
m

p
a
re

s 
th

e
 o

p
tic

a
l 

sp
e
ct

ra
 o

f 
a
 w

id
e
 r

a
n
g
e
 o

f 
g
a
la

xi
e
s 

ca
te

g
o
ri
se

d
 a

s 
m

e
m

b
e
rs

 o
f 

th
e
 L

o
w

 I
o
n
is

a
tio

n
 N

u
cl

e
a
r

E
m

is
si

o
n
 R

e
g
io

n
 (

L
IN

E
R

) 
cl

a
ss

 o
f 

a
ct

iv
e
 g

a
la

ct
ic

 n
u
cl

e
i 

(A
G

N
).

 L
IN

E
R

s 
a
re

 d
e
fin

e
d
 b

y 
e
m

is
si

o
n
 s

p
e
ct

ra
 w

ith
 r

e
la

tiv
e
ly

 f
a
in

t 
h
ig

h
io

n
is

a
tio

n
 l

in
e
s 

(c
o
m

p
a
re

d
 t

o
 o

th
e
r 

A
G

N
 c

la
ss

e
s)

. 
T

h
e
 g

a
s 

e
m

is
si

o
n
 l

u
m

in
o
si

ty
 r

a
n
g
e
s 

fr
o
m

 t
h
e
 w

e
a
k 

flu
x 

e
m

in
a
tin

g
 f

ro
m

 s
o
m

e
n
e
a
rb

y 
g
a
la

ct
ic

 n
u
cl

e
i 

a
ll 

th
e
 w

a
y 

to
 e

xt
re

m
e
ly

 l
u
m

in
o
u
s 

ra
d
io

 g
a
la

xi
e
s,

 w
h
e
re

 t
h
e
 l

in
e
 e

m
is

si
o
n
 c

a
n
 c

o
m

p
le

te
ly

 d
o
m

in
a
te

 t
h
e
 h

o
st

g
a
la

xy
 s

ta
rl
ig

h
t 

co
m

p
o
n
e
n
t.

 I
n
 t

h
is

 s
tu

d
y 

I 
a
n
a
ly

se
 t

h
e
 S

lo
a
n
e
 D

ig
ita

l 
S

ky
 S

u
rv

e
y 

o
p
tic

a
l 

sp
e
ct

ra
 o

f 
2
0
 L

IN
E

R
S

 i
d
e
n
tif

ie
d
 i

n
 t

h
e

co
u
rs

e
 o

f 
th

e
 p

re
p
a
ra

tio
n
 o

f 
th

e
 n

e
w

 e
d
iti

o
n
 o

f 
th

e
 Z

O
R

R
O

A
S

T
E

R
 A

G
N

 c
a
ta

lo
g
u
e
, 

sp
a
n
n
in

g
 t

h
e
 la

rg
e
st

 p
o
ss

ib
le

 lu
m

in
o
si

ty
 r

a
n
g
e
. 

I
co

m
p
a
re

 r
e
la

tiv
e
 e

m
is

si
o
n
 li

n
e
 s

tr
e
n
g
th

s,
 f

o
cu

si
n
g
 o

n
 u

n
co

m
m

o
n
ly

 a
n
a

ly
se

d
 r

a
tio

s 
su

ch
 a

s 
th

o
se

 in
vo

lv
in

g
 [

N
 I

],
 li

n
e
 w

id
th

s,
 p

ro
fil

e
s

a
n
d
 e

ve
n
 t

h
e
 s

p
e
ct

ra
l f

e
a
tu

re
s 

o
f 

th
e
 h

o
st

 g
a
la

xy
 s

te
lla

r 
co

n
tin

u
u
m

. 
T

h
e
 s

tu
d
y 

id
e
n
tif

ie
s 

p
o
ss

ib
le

 lu
m

in
o
si

ty
-d

e
p
e
n
d
e
n
t 

tr
e
n
d

s 
in

 t
h
e

sp
e
ct

ra
l p

ro
p
e
rt

ie
s 

o
f 

th
e
 s

tu
d
ie

d
 o

b
je

ct
s.

 P
o
ss

ib
le

 r
e
a
so

n
s 

a
re

 p
re

se
n
te

d
 t

o
 r

a
tio

n
a
lis

e
 t

h
e
se

 t
re

n
d
s,

 a
n
d
 t

h
e
 p

a
p
e
r 

co
n
cl

u
d
e
s 

w
ith

a
 d

is
cu

ss
io

n
 r

e
g
a
rd

in
g
 t

h
e
 u

n
ifo

rm
ity

 o
f 

th
e
 L

IN
E

R
 c

la
ss
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1
8
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 T
h

e
 c

a
lc

u
la

te
d

 v
a
c
a
n

c
y
 f

o
rm

a
ti

o
n

 e
n

e
rg

ie
s
 o

f 
A

l,
 N

i,
 C

u
, 

P
d

, 
A

g
, 

a
n

d
 P

t.

D
C

M
P

M
2
 -

 T
u
e
sd

a
y 

0
9
 J

u
ly

 2
0
1
3
 1

1
:5

0
P

ri
m

a
ry

 a
u

th
o

rs
:

V
A

N
 D

E
R

 W
A

L
T

, 
C

o
rn

e
lia

 (
P

h
ys

ic
s 

D
e
p

a
rt

m
e
n
t,

 U
n
iv

e
rs

ity
 o

f 
th

e
 F

re
e

 S
ta

te
)

C
o

-a
u

th
o

rs
:

T
E

R
B

L
A

N
S

, 
K

o
o
s 

(P
h
ys

ic
s 

D
e
p

a
rt

m
e
n
t,

 U
n
iv

e
rs

ity
 o

f 
th

e
 F

re
e
 S

ta
te

);
 S

W
A

R
T

, 
H

e
n
d
ri
k 

(P
h
ys

ic
s 

D
e
p

a
rt

m
e
n
t,

 U
n
iv

e
rs

ity
 o

f 
th

e
 F

re
e

S
ta

te
)

A
 m

o
le

cu
la

r 
d
yn

a
m

ic
s 

si
m

u
la

tio
n
 t

h
a
t 

m
a
d
e
 u

se
 o

f 
th

e
 S

u
tt

o
n
-C

h
e
n

 m
a
n
y-

b
o
d
y 

p
o
te

n
tia

l 
[1

] 
ca

lc
u
la

te
d
 t

h
e
 b

u
lk

 v
a
ca

n
cy

fo
rm

a
tio

n
 e

n
e
rg

ie
s 

(E
v)

 f
o
r 

A
l, 

N
i, 

C
u
, 

P
d
, 

A
g
, 

a
n
d
 P

t 
si

n
g
le

 c
ry

st
a
ls

. 
T

h
e
 E

v 
va

lu
e
s 

fo
r 

si
n
g
le

 c
ry

st
a
ls

 w
ith

 t
h
e
 s

u
rf

a
ce

 o
ri
e
n
ta

tio
n

s
o
f 

(1
1
1
),

 (
1
0
0
) 

a
n
d
 (

1
1
0
) 

w
e
re

 c
a
lc

u
la

te
d
 a

t 
te

m
p
e
ra

tu
re

s 
ra

n
g
in

g
 f

ro
m

 0
 K

 t
o
 1

0
0
0
 K

. 
In

 t
h
e
 c

a
se

 o
f 

C
u
 a

n
d
 A

l 
w

h
ic

h
 s

h
o
w

e
d

p
re

m
e
lti

n
g
 b

e
lo

w
 1

0
0
0
 K

, 
E

v 
va

lu
e
s 

w
e
re

 c
a
lc

u
la

te
d
 u

p
 t

o
 b

e
lo

w
 t

h
e
ir
 r

e
sp

e
ct

iv
e
 p

re
m

e
lti

n
g
 t

e
m

p
e
ra

tu
re

s.
 T

h
e
 v

a
lu

e
s 

o
b
ta

in
e
d
 f

o
r

va
ca

n
cy

 f
o
rm

a
tio

n
 e

n
e
rg

ie
s 

a
t 

0
 K

 e
xh

ib
ite

d
 s

u
rf

a
ce

 o
ri
e
n
ta

tio
n
 d

e
p
e
n
d
e
n
ce

 a
n
d
 c

o
m

p
a
re

d
 w

e
ll 

to
 v

a
lu

e
s 

o
b
ta

in
e
d
 f

ro
m

 li
te

ra
tu

re
.

[2
-4

] 
T

h
e
 (

1
1
1
) 

su
rf

a
ce

 h
a
d
 t

h
e
 c

lo
se

st
 p

a
ck

e
d
 s

u
rf

a
ce

, 
w

ith
 f

e
w

 a
to

m
s 

b
o
n
d
in

g
 t

o
 a

 s
u
rf

a
ce

 a
d
a
to

m
, 

a
n
d
 h

a
d
 t

h
e
 h

ig
h
e
st

 b
u
lk

va
ca

n
cy

 f
o
rm

a
tio

n
 e

n
e
rg

y.
 T

h
e
 (

1
0
0
) 

su
rf

a
ce

 h
a
d
 a

ve
ra

g
e
 E

v 
va

lu
e
s 

th
a
t 

co
m

p
a
re

 w
e
ll 

w
ith

 s
u
rf

a
ce

-i
n
d
e
p
e
n
d
e
n
t 

lit
e
ra

tu
re

 v
a
lu

e
s.

[4
] 

T
h
e
 (

1
1
0
) 

su
rf

a
ce

 h
a
d
 d

e
e
p
 s

u
rf

a
ce

 b
in

d
in

g
 s

ite
s 

w
ith

 t
h
e

 la
rg

e
st

 n
u
m

b
e
r 

o
f 

su
rf

a
ce

 a
to

m
s 

a
b
le

 t
o
 b

o
n
d
 t

o
 a

n
 a

d
a
to

m
 a

n
d
 h

a
d

th
e
 l

o
w

e
st

 b
u
lk

 v
a
ca

n
cy

 f
o
rm

a
tio

n
 e

n
e
rg

y.
 F

o
r 

a
n
 i

n
cr

e
a
se

 i
n
 t

e
m

p
e

ra
tu

re
 a

 s
lig

h
t 

d
e
cr

e
a
si

n
g
 t

re
n
d
 i

n
 E

v 
va

lu
e
s 

w
a
s 

o
b
se

rv
e
d
,

w
h
ic

h
 i

s 
a
ss

o
ci

a
te

d
 w

ith
 a

to
m

s 
in

 t
h
e
 b

u
lk

 t
h
a
t 

b
o
n
d
 l

e
ss

 s
tr

o
n

g
ly

 a
s 

a
 r

e
su

lt 
o
f 

th
e
 c

ry
st

a
l 

e
xp

a
n
si

o
n
 a

t 
h
ig

h
e
r 

te
m

p
e
ra

tu
re

s.
D

is
o
rd

e
ri
n
g
 w

a
s 

o
b
se

rv
e
d
 a

t 
te

m
p
e
ra

tu
re

s 
w

e
ll 

b
e
lo

w
 t

h
e
 m

e
lti

n
g

 p
o
in

ts
 o

f 
A

l, 
C

u
, 

A
g
 a

n
d
 N

i. 
A

t 
th

e
se

 t
e
m

p
e
ra

tu
re

s 
w

h
e
re

 s
u
rf

a
ce

d
is

o
rd

e
ri
n
g
 o

cc
u
rr

e
d
 in

 (
1
1
0
),

 s
u
rf

a
ce

 in
st

a
b
ili

ty
 in

te
rf

e
re

d
 w

ith
 d

e
e
p
 b

in
d
in

g
 s

ite
s 

o
n
 t

h
e
 s

u
rf

a
ce

, 
re

fle
ct

e
d
 in

 a
 s

lig
h
t 

in
cr

e
a
se

 in
 E

v
va

lu
e
s.

 D
is

o
rd

e
ri
n
g
 o

cc
u
rr

in
g
 in

 (
1
1
1
) 

a
n
d
 (

1
0
0
) 

su
rf

a
ce

 o
ri
e
n
ta

tio
n

s 
a
t 

h
ig

h
 t

e
m

p
e
ra

tu
re

s 
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n
ve

rs
e
ly

 a
llo

w
e
d
 d

e
e
p
e
r 

b
in

d
in

g
 s

ite
s

in
 t

h
e
 t

ig
h
tly

 p
a
ck

e
d
 s

u
rf

a
ce

s 
a
n
d
 r

e
su

lte
d
 i

n
 a

 s
lig

h
t 

d
ro

p
 i

n
 E

v 
va

lu
e
s.

 R
e
fe

re
n
ce
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1
] 

S
u
tt

o
n
, 

A
. 

P
.;

 C
h
e
n
, 

J.
, 

P
h
il.

 M
a
g
. 

L
e
tt

.,
1
9
9
0
, 

6
1
, 

1
3
9
-1

4
6
.[

2
] 

T
e
rb

la
n
s,

 J
. 

J.
 S

u
rf

. 
In

te
rf

a
ce

 A
n
a
l. 

2
0
0
2
, 

3
3
, 

7
6
7
�

7
7
0
.[

3
] 

T
e
rb

la
n
s,

 J
. 

J.
 S

u
rf

. 
In

te
rf

a
ce

 A
n
a
l. 

2
0
0
3
, 

3
5
,

5
4
8
�

5
5
1
.[

4
] 

K
ra

ft
m

a
kh

e
r,

 Y
. 

P
h
ys

. 
R

e
p
. 

1
9
9
8
, 

2
9
9
, 

7
9
-1

8
8
.

1
1
9
 -

 T
h

e
 r

o
le

 o
f 

c
a
ta

ly
ti

c
 r

e
s
id

u
e
s
 i

n
 a

m
id

a
s
e
s
 a

s
 r

e
v

e
a
le

d
 b

y
 m

u
ta

g
e
n

e
s
is

 a
n

d
 X

-r
a
y
 c

ry
s
ta

ll
o

g
ra

p
h

y

A
p
p
lie

d
 -

 T
u
e
sd

a
y 

0
9
 J

u
ly

 2
0
1
3
 1

1
:3

0
P

ri
m

a
ry

 a
u

th
o

rs
:

S
E

R
A

H
, 

K
im

a
n
i (

U
n
iv

e
rs

ity
 o

f 
C

a
p

e
 T

o
w

n
)

C
o

-a
u

th
o

rs
:

S
E

W
E

L
L
, 

T
re

vo
r 

(U
n
iv

e
rs

ity
 o

f 
C

a
p

e
 T

o
w

n
)

N
itr

ila
se

 s
u
p
e
rf

a
m

ily
 a

m
id

a
se

s 
a
re

 t
h
io

l 
e
n
zy

m
e
s 

th
a
t 

ca
ta

ly
ze

 t
h
e
 c

o
n
ve

rs
io

n
 o

f 
a
m

id
e
s 

to
 t

h
e
ir
 c

o
rr

e
sp

o
n
d
in

g
 a

ci
d
s 

a
n
d

a
m

m
o
n
ia

. 
A

 c
o
n
se

rv
e
d
 C

ys
, 

G
lu

 a
n
d
 L

ys
 (

C
E

K
) 

ca
ta

ly
tic

 t
ri
a
d
 h

a
s 

b
e
e
n
 id

e
n
tif

ie
d
 in

 t
h
e
se

 e
n
zy

m
e
s,

 a
n
d
 c

a
ta

ly
si

s 
sh

o
w

n
 t

o
 f

o
llo

w
 a

�p
in

g
 p

o
n
g
 b

i 
b
i� 

m
e
ch

a
n
is

m
 i

n
 w

h
ic

h
 t

h
e
 s

u
b
st

ra
te

 f
o
rm

s 
a
 t

h
io

e
st

e
r 

w
ith

 t
h
e
 c

a
ta

ly
tic

 c
ys

te
in

e
. 

A
 �

se
co

n
d
�, 

st
ru

ct
u
ra

lly
 c

o
n
se

rv
e

d
a
ct

iv
e
 s

ite
 g

lu
ta

m
a
te

 h
a
s 

b
e
e
n
 f

o
u
n
d
 t

o
 b

e
 e

ss
e
n
tia

l f
o
r 

a
ct

iv
ity

 in
 a

m
id

a
se

s,
 b

u
t 

its
 r

o
le

 in
 c

a
ta

ly
si

s 
h
a
s 

n
e
ve

r 
b
e
e
n
 e

lu
ci

d
a
te

d
. 

T
h
is

st
u
d
y 

w
a
s 

a
im

e
d
 a

t 
u
n
d
e
rs

ta
n
d
in

g
 t

h
e
 r

o
le

 o
f 

ca
ta

ly
tic

 r
e
si

d
u
e
s 

in
 a

m
id

a
se

s.
 T

h
e
 f

o
u
r 

ca
ta

ly
tic

 r
e
si

d
u
e
s 

(C
1
6
5
, 

E
6
1
, 

E
1
3
9
 a

n
d

K
1
3
1
) 

w
e
re

 m
u
ta

te
d
 in

d
iv
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m
in

u
te

s,
 

sp
e
n
t 

o
n
 

co
m

p
u
ls

o
ry

, 
m

a
rk

-b
e
a
ri
n
g
 

ta
sk

s 
p
e
rf

o
rm

e
d
 

b
y 

th
e
 

st
u
d
e
n
ts

. 
T

h
is

 
ch

a
n
g
e
 

w
a
s

im
p
le

m
e
n
te

d
 f

o
r 

th
e
 s

e
co

n
d
 s

e
m

e
st

e
r.

 A
t 

th
e
 e

n
d
 o

f 
th

e
 y

e
a
r 

th
e
 e

xa
m

in
a
tio

n
 p

a
ss

 r
a
te

 i
m

p
ro

ve
d
 d

ra
m

a
tic

a
lly

, 
w

h
ic

h
 c

o
u
ld

 b
e

a
tt

ri
b
u
te

d
 a

t 
le

a
st

 p
a
rt

ia
lly

 t
o
 t

h
is

 in
te

rv
e
n
tio

n
. 

T
h
is

 in
te

rv
e
n
tio

n
 s

h
o
w

s 
th

a
t 

�a
ct

iv
e
 le

a
rn

in
g
� 

n
e
e
d
 n

o
t 

b
e
 c

o
m

p
le

x 
o
r 

in
co

n
ve

n
ie

n
t 

�
th

e
 i

n
te

rv
e
n
tio

n
 c

o
n
si

st
e
d
 i

n
 a

 s
im

p
le

 q
u
a
n
tit

a
tiv

e
 c

h
a
n
g
e
: 

o
n
ly

 t
h
e
 d

u
ra

tio
n
 a

n
d
 q

u
a
n
tit

y 
- 

n
o
t 

th
e
 t

yp
e
 -

 o
f 

le
a
rn

in
g
 a

ct
iv

ity
 w

a
s

ch
a
n
g
e
d
.

2
5
4
 -

 E
ff

ic
ie

n
t 

s
o

rt
in

g
 o

f 
B

e
s
s
e
l 

b
e
a
m

s

P
h
o
to

n
ic

s 
- 

T
u
e
sd

a
y 

0
9
 J

u
ly

 2
0
1
3
 1

1
:3

0
P

ri
m

a
ry

 a
u

th
o

rs
:

M
H

L
A

N
G

A
, 

T
h
a
n
d
e
ka

 (
C

S
IR

 N
a
tio

n
a
l L

a
se

r 
C

e
n
tr

e
)

C
o

-a
u

th
o

rs
:

D
U

D
L
E

Y
, 
A

n
g
e
la

 (
C

S
IR

 N
a
tio

n
a
l L

a
se

r 
C

e
n
tr

e
);

 F
O

R
B

E
S

, 
A

n
d
re

w
 (

C
S

IR
 N

a
tio

n
a
l L

a
se

r 
C

e
n
tr

e
, 

U
K

Z
N

);
 R

O
U

X
, 

S
te

f 
(C

S
IR

N
a
tio

n
a
l L

a
se

r 
C

e
n
tr

e
);

 P
A

D
G

E
T

T
, 

M
ile

s 
(D

e
p

a
rt

m
e
n
t 

o
f 

P
h
ys

ic
s 

&
 A

st
ro

n
o
m

y,
 U

n
iv

e
rs

ity
 o

f 
G

la
sg

o
w

);
 L

A
V

E
R

Y
, 

M
a
rt

in
 (

D
e
p

a
rt

m
e
n
t 

o
f 

P
h
ys

ic
s

&
 A

st
ro

n
o
m

y,
 U

n
iv

e
rs

ity
 o

f 
G

la
sg

o
w

)

H
ig

h
 o

rd
e
r 

B
e
ss

e
l 

b
e
a
m

s 
a
re

 c
h
a
ra

ct
e
ri
ze

d
 b

y 
th

e
 a

zi
m

u
th

a
l 

m
o
d
e
 i

n
d
e

x,
 ■

 a
n
d
 r

a
d
ia

l 
co

m
p
o
n
e
n
t,

 k
r,

 a
s 

a
 r

e
su

lt 
th

e
y 

ca
rr

y
o
rb

ita
l a

n
g
u
la

r 
m

o
m

e
n
tu

m
 (

O
A

M
) 

a
n
d
 t

h
e
ir
 f

a
r-

fie
ld

 f
o
rm

s 
a
n
 a

n
n
u
la

r 
ri
n
g
 o

f 
ra

d
iu

s,
 R

 .
T

h
e
se

 b
e
a
m

s 
fo

rm
 in

 a
 r

e
g
io

n
 w

h
e
re

 p
a
ra

lle
l

p
la

n
e
 w

a
ve

s 
in

te
rf

e
re

 in
 a

 c
o
n
ic

a
l m

a
n
n
e
r.

 A
 m

e
th

o
d
 o

f 
se

p
a
ra

tin
g
 t

h
e
 a

zi
m

u
th

a
l, 
■

 a
n
d
 r

a
d
ia

l, 
kr

 c
o
m

p
o
n
e
n
ts

 o
f 

th
e
 B

e
ss

e
l B

e
a
m

s
u
si

n
g
 c

yl
in

d
ri
ca

l 
le

n
se

s 
[1

] 
a
n
d
 a

n
 e

ff
ic

ie
n
t 

o
rb

ita
l 

a
n
g
u
la

r 
m

o
m

e
n
tu

m
 (

O
A

M
) 

so
rt

e
r 

[2
] 

o
p
tic

a
l 

sy
st

e
m

 i
s 

ill
u
st

ra
te

d
 h

e
re

. 
A

co
n
fo

rm
a
l 

m
a
p
p
in

g
 t

e
ch

n
iq

u
e
 [

2
] 

w
a
s 

u
se

d
 t

o
 a

ch
ie

ve
 t

h
e
 s

o
rt

in
g
 o

f 
B

e
ss

e
l 

b
e
a
m

s,
 w

h
e
re

 t
h
e
 a

n
n
u
la

r 
ri
n
g
 (

F
o
u
ri
e
r 

tr
a
n
sf

o
rm

 o
f 

a
B

e
ss

e
l 

b
e
a
m

) 
w

a
s 

m
a
p
p
e
d
 t

o
 a

 l
in

e
a
r 

p
h
a
se

 v
a
ri
a
tio

n
 a

lo
n
g
 t

h
e
 h

o
ri
zo

n
ta

l 
d
ir
e
ct

io
n
. 

A
 s

e
ri
e
s 

o
f 

cy
lin

d
ri
ca

l 
le

n
se

s 
si

m
u
lta

n
e
o
u
sl

y
F

o
u
ri
e
r 

tr
a
n
sf

o
rm

e
d
 t

h
e
 t

ra
n
sv

e
rs

e
 m

o
m

e
n
tu

m
 s

ta
te

s 
a
n
d
 im

a
g
e
d
 t

h
e
 u

n
ra

ve
le

d
 a

n
n
u
la

r 
ri
n
g
 t

o
 a

 d
e
te

ct
o
r 

p
la

n
e
, 

w
h
e
re

 t
h
e
 p

o
si

tio
n

o
f 

th
e
 d

e
te

ct
e
d
 s

p
o
t 

is
 d

e
p
e
n
d
e
n
t 

o
n
 t

h
e
 a

m
o
u
n
t 

o
f 

O
A

M
 it

 c
a
rr

ie
s 

a
n
d
 it

s 
ra

d
ia

l w
a
ve

 v
e
ct

o
r.

[1
] 

A
. 

D
u
d
le

ly
, 

T
. 

M
h
la

n
g
a

, 
M

. 
L
a
ve

ry
,

A
. 

M
cd

o
n
a
ld

, 
F

. 
R

o
u
x,

 M
. 

P
a
d
g
e
tt

, 
A

. 
F

o
rb

e
s,

 �
E

ff
ic

ie
n
t 

so
rt

in
g
 o

f 
B

e
ss

e
l 

b
e
a
m

s,
�O

p
t.

E
xp

re
ss

 2
1
(1

),
 1

6
5
-1

7
1
, 

(2
0
1
3
)[

2
]G

re
g
o
ri
u
s

C
. 

G
. 

B
e
rk

h
o
u
t,

 M
a
rt

in
 P

. 
J.

 L
a
ve

ry
, 

M
a
rc

o
 W

. 
B

e
ije

rs
b
e
rg

e
n
, 

M
ile

s 
J.

 P
a
d
g
e
tt

, 
�E

ff
ic

ie
n
t 

so
rt

in
g
 o

f 
a
n
g
u
la

r 
m

o
m

e
n
tu

m
 o

f 
lig

h
t,

�
*P

h
ys

R
e
vL

e
tt

.1
0
5
 (

1
6
).

1
5
3
6
0
1
 (

2
0
1
0
)

2
5
5
 -

 A
 s

u
rv

e
y
 o

f 
th

e
 f

in
e
 s

tr
u

c
tu

re
 p

h
e
n

o
m

e
n

o
n

 o
f 

th
e
 I

s
o

v
e
c
to

r 
G

ia
n

t 
D

ip
o

le
 R

e
s
o

n
a
n

c
e
 i

n
 n

u
c
le

i 
a
c
ro

s
s
 t

h
e

p
e
ri

o
d

ic
 t

a
b

le
 a

t 
a
 f

o
rw

a
rd

 s
c
a
tt

e
ri

n
g

 a
n

g
le

N
P

R
P

 -
 W

e
d
n
e
sd

a
y 

1
0
 J

u
ly

 2
0
1
3
 1

3
:5

0
P

ri
m

a
ry

 a
u

th
o

rs
:

JI
N

G
O

, 
M

a
xw

e
ll 

(S
ch

o
o
l o

f 
P

h
ys

ic
s,

 U
n
iv

e
rs

ity
 o

f 
th

e
 W

itw
a
te

rs
ra

n
d
, 

Jo
h
a
n
n
e
sb

u
rg

 2
0
5
0
, 

S
o
u
th

 A
fr

ic
a
)

C
o

-a
u

th
o

rs
:

K
U

R
E

B
A

, 
C

. 
O

. 
(S

ch
o
o
l o

f 
P

h
ys

ic
s,

 U
n
iv

e
rs

ity
 o

f 
th

e
 W

itw
a
te

rs
ra

n
d
, 

Jo
h
a
n
n
e
sb

u
rg

 2
0
5
0
, 

S
o
u
th

 A
fr

ic
a
);

 N
E

V
E

L
IN

G
, 

R
. 

(i
T

h
e
m

b
a

L
a
b
o
ra

to
ry

 f
o
r 

A
cc

e
le

ra
to

r 
B

a
se

d
 S

ci
e
n
ce

s,
 S

o
m

e
rs

e
t 

W
e
st

 7
1
2
9
, 

S
o
u
th

 A
fr

ic
a
);

 N
E

W
M

A
N

, 
R

. 
T

. 
(D

e
p

a
rt

m
e
n
t 

o
f 

P
h
ys

ic
s,

 U
n
iv

e
rs

ity
 o

f
S

te
lle

n
b
o
sc

h
, 

M
a
tie

la
n
d
 7

6
0
2
, 

S
o
u
th

 A
fr

ic
a
);

 P
A

P
K

A
, 

P
. 

(D
e
p

a
rt

m
e
n
t 

o
f 

P
h
ys

ic
s,

 U
n
iv

e
rs

ity
 o

f 
S

te
lle

n
b
o
sc

h
, 

M
a
tie

la
n
d
 7

6
0
2
, 

S
o
u
th

 A
fr

ic
a
);

P
O

L
T

O
R

A
T

S
K

A
, 

I.
 (

In
st

itu
t 

fü
r 

K
e
rn

p
h
ys

ik
, 

T
e
ch

n
is

ch
e
 U

n
iv

e
rs

itä
t 

D
a
rm

st
a
d
t,

 D
-6

4
8
2
9
, 

D
a
rm

st
a
d
t,

 G
e
rm

a
n
y)

; 
R

IT
C

H
E

R
, 
A

. 
(I

n
st

itu
t 

fü
r

K
e
rn

p
h
ys

ik
, 

T
e
ch

n
is

ch
e
 U

n
iv

e
rs

itä
t 

D
a
rm

st
a
d
t,

 D
-6

4
8
2
9
, 

D
a
rm

st
a
d
t,

 G
e
rm

a
n
y)

; 
S

ID
E

R
A

S
-H

A
D

D
A

D
, 

E
. 

(S
ch

o
o
l o

f 
P

h
ys

ic
s,

 U
n
iv

e
rs

ity
 o

f 
th

e
W

itw
a
te

rs
ra

n
d
, 

Jo
h
a
n
n
e
sb

u
rg

 2
0
5
0
, 

S
o
u
th

 A
fr

ic
a
);

 S
M

IT
, 

F
. 

D
. 

(i
T

h
e
m

b
a
 L

a
b
o
ra

to
ry

 f
o
r 

A
cc

e
le

ra
to

r 
B

a
se

d
 S

ci
e
n
ce

s,
 S

o
m

e
rs

e
t 

W
e
st

 7
1
2
9
, 

S
o

u
th

A
fr

ic
a
);

 S
W

A
R

T
Z

, 
J.

 A
. 

(D
e
p

a
rt

m
e
n
t 

o
f 

P
h
ys

ic
s,

 U
n
iv

e
rs

ity
 o

f 
S

te
lle

n
b
o
sc

h
, 

M
a
tie

la
n
d
 7

6
0
2
, 

S
o
u
th

 A
fr

ic
a
, 

iT
h
e
m

b
a
 L

a
b
o
ra

to
ry

 f
o
r 

A
cc

e
le

ra
to

r
B

a
se

d
 S

ci
e
n
ce

s,
 S

o
m

e
rs

e
t 

W
e
st

 7
1
2
9
, 

S
o
u
th

 A
fr

ic
a
);

 T
A

M
II

, 
A

. 
(R

e
se

a
rc

h
 C

e
n
te

r 
fo

r 
N

u
cl

e
a
r 

P
h
ys

ic
s,

 O
sa

ka
 U

n
iv

e
rs

ity
, 

Ib
a
ra

ki
, 

O
sa

ka
5
6
0
-0

0
4
7
, 

Ja
p

a
n
);

 U
S

M
A

N
, 

I.
 (

S
ch

o
o
l o

f 
P

h
ys

ic
s,

 U
n
iv

e
rs

ity
 o

f 
th

e
 W

itw
a
te

rs
ra

n
d
, 

Jo
h
a
n
n
e
sb

u
rg

 2
0
5
0
, 

S
o
u
th

 A
fr

ic
a
);

 C
A

R
T

E
R

, 
J.

 (
S

ch
o

o
l o

f
P

h
ys

ic
s,

 U
n
iv

e
rs

ity
 o

f 
th

e
 W

itw
a
te

rs
ra

n
d
, 

Jo
h
a
n
n
e
sb

u
rg

 2
0
5
0
, 

S
o
u
th

 A
fr

ic
a
);

 M
IR

A
, 

J.
 (

iT
h
e
m

b
a
 L

a
b
o
ra

to
ry

 f
o
r 

A
cc

e
le

ra
to

r 
B

a
se

d
 S

ci
e
n
ce

s,
S

o
m

e
rs

e
t 

W
e
st

 7
1
2
9
, 

S
o
u
th

 A
fr

ic
a
, 

D
e
p

a
rt

m
e
n
t 

o
f 

P
h
ys

ic
s,

 U
n
iv

e
rs

ity
 o

f 
S

te
lle

n
b
o
sc

h
, 

M
a
tie

la
n
d
 7

6
0
2
, 

S
o
u
th

 A
fr

ic
a
);

 C
O

O
P

E
R

, 
G

. 
R

. 
J.

 (
S

ch
o
o
l

o
f 

P
h
ys

ic
s,

 U
n
iv

e
rs

ity
 o

f 
th

e
 W

itw
a
te

rs
ra

n
d
, 

Jo
h
a
n
n
e
sb

u
rg

 2
0
5
0
, 

S
o
u

th
 A

fr
ic

a
);

 S
T

E
Y

N
, 

D
. 

(i
T

h
e
m

b
a
 L

a
b
o
ra

to
ry

 f
o
r 

A
cc

e
le

ra
to

r 
B

a
se

d
 S

ci
e
n
ce

s,
S

o
m

e
rs

e
t 

W
e
st

 7
1
2
9
, 

S
o
u
th

 A
fr

ic
a
);

 C
O

N
R

A
D

IE
, 

J.
 L

. 
(i
T

h
e
m

b
a
 L

a
b

o
ra

to
ry

 f
o
r 

A
cc

e
le

ra
to

r 
B

a
se

d
 S

ci
e
n
ce

s,
 S

o
m

e
rs

e
t 

W
e
st

 7
1
2
9
, 

S
o
u
th

 A
fr

ic
a
);

F
E

A
R

IC
K

, 
R

. 
W

. 
(P

h
ys

ic
s 

D
e
p

a
rt

m
e
n
t,

 U
n
iv

e
rs

ity
 o

f 
C

a
p

e
 T

o
w

n
, 

R
o
n

d
e
b
o
sc

h
 7

7
0
0
, 

S
o
u
th

 A
fr

ic
a
);

 F
ö
R

S
T

C
H

, 
S

. 
V

. 
(i
T

h
e
m

b
a
 L

a
b
o
ra

to
ry

 f
o
r

A
cc

e
le

ra
to

r 
B

a
se

d
 S

ci
e
n
ce

s,
 S

o
m

e
rs

e
t 

W
e
st

 7
1
2
9
, 

S
o
u
th

 A
fr

ic
a
);

 F
O

U
R

IE
, 

D
. 

T
. 

(i
T

h
e
m

b
a
 L

a
b
o
ra

to
ry

 f
o
r 

A
cc

e
le

ra
to

r 
B

a
se

d
 S

ci
e
n
ce

s,
 S

o
m

e
rs

e
t

W
e
st

 7
1
2
9
, 

S
o
u
th

 A
fr

ic
a
);

 H
E

IL
M

A
N

, 
A

. 
M

. 
(I

n
st

itu
t 

fü
r 

K
e
rn

p
h
ys

ik
, 

T
e
ch

n
is

ch
e
 U

n
iv

e
rs

itä
t 

D
a
rm

st
a
d
t,

 D
-6

4
8
2
9
, 

D
a
rm

st
a
d
t,

 G
e
rm

a
n
y)

; 
M

U
R

R
A

Y
,

S
. 

H
. 

T
. 

(i
T

h
e
m

b
a
 L

a
b
o
ra

to
ry

 f
o
r 

A
cc

e
le

ra
to

r 
B

a
se

d
 S

ci
e
n
ce

s,
 S

o
m

e
rs

e
t 

W
e

st
 7

1
2
9
, 

S
o
u
th

 A
fr

ic
a
);

 V
O

N
 N

E
U

M
A

N
N

-C
O

S
E

L
, 

P
. 

(I
n
st

itu
t 

fü
r

K
e
rn

p
h
ys

ik
, 

T
e
ch

n
is

ch
e
 U

n
iv

e
rs

itä
t 

D
a
rm

st
a
d
t,

 D
-6

4
8
2
9
, 

D
a
rm

st
a
d
t,

 G
e
rm

a
n
y)

A
 s

u
rv

e
y 

o
f 

th
e
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in
e
 s

tr
u
ct

u
re

 p
h
e
n
o
m

e
n
o
n
 o

f 
th

e
 I

so
ve

ct
o
r 

G
ia

n
t 

D
ip

o
le

 R
e
so

n
a
n
ce

 (
IV

G
D

R
) 

w
a
s 

ca
rr

ie
d
 o

u
t,

 u
si

n
g
 p

ro
to

n
in

e
la

st
ic

 s
ca

tt
e
ri
n
g
 a

t 
a
n
 i

n
ci

d
e
n
t 

e
n
e
rg

y 
o
f 

2
0
0
 M

e
V

 f
o
r 

a
 w

id
e
 t

a
rg

e
t-

m
a
ss

 r
a
n
g
e
 o

f 
cl

o
se

d
 a

n
d
 n

e
a
r-

cl
o
se

d
 n

u
cl

e
i: 

2
7
A

l,
4
0
C

a
,

5
6
F

e
,

5
8
N

i a
n
d
 2

0
8
P

b
. 

T
h
e
 d

a
ta

 o
b
ta

in
e
d
 w

ill
 p

ro
vi

d
e
 a

n
 u

n
iq

u
e
 in

si
g
h
t 

in
to

 t
h
e
 r

o
le

 o
f 

d
iff

e
re

n
t 

d
a
m

p
in

g
 m

e
ch

a
n
is

m
s 

co
n
tr

ib
u
tin

g
 t

o
th

e
 d

e
ca

y 
o
f 

th
e
 I

V
G

D
R

. 
In

 t
h
is

 w
o
rk

, 
a
 m

o
d
e
l-
in

d
e
p
e
n
d
e
n
t 

b
a
ck

g
ro

u
n
d
 s

u
b
tr

a
ct

io
n
 p

ro
ce

d
u
re

 w
h
ic

h
 e

lim
in

a
te

s 
th

e
 c

o
n
tr

ib
u
tio

n
s

d
u
e
 t

o
 t

h
e
 I

so
sc

a
la

r 
G

ia
n
t 

Q
u
a
d
ru

p
o
le

 R
e
so

n
a
n
ce

 (
IS

G
Q

R
) 

a
n
d
 t

h
e
 p

h
e
n
o
m

e
lo

g
ic

a
l 

b
a
ck

g
ro

u
n
d
 e

ff
e
ct

s 
w

a
s 

in
iti

a
lly

 i
m

p
le

m
e
n
te

d
b
e
fo

re
 t

h
e
 c

ro
ss

-s
e
ct

io
n
 s

p
e
ct

ra
 w

e
re

 c
o
n
ve

rt
e
d
 t

o
 t

h
e
 e

q
u
iv

a
le

n
t 

p
h
o
to

-a
b
so

rp
tio

n
 c

ro
ss

-s
e
ct

io
n
s.

 T
h
e
 e

q
u
iv

a
le

n
t 

p
h
o
to

-a
b
so

rp
tio

n
cr

o
ss

-s
e
ct

io
n
s 

w
e
re

 t
h
e
n
 c

o
m

p
a
re

d
 w

ith
 γ

-c
a
p
tu

re
; 

re
a
ct

io
n
s 

a
s 

a
 c

h
e
ck

 f
o
r 

co
n
si

st
e
n
cy

. 
C

h
a
ra

ct
e
ri
st

ic
 e

n
e
rg

y 
sc

a
le

s 
fr

o
m

 t
h
e

e
xp

e
ri
m

e
n
ta

l 
d
a
ta

 w
ill

 b
e
 e

xt
ra

ct
e
d
 u

si
n
g
 t

h
e
 w

a
ve

le
t 

a
n
a
ly

si
s 

te
ch

n
iq

u
e
. 

T
h
re

e
 m

o
th

e
r 

w
a
ve

le
ts

 n
a
m

e
ly

, 
th

e
 M

o
rl
e
t,

 C
o
m

p
le

x
M

o
rl
e
t 

a
n
d
 C

o
m

p
le

x 
L
o
re

n
tz

ia
n
 m

o
th

e
r 

w
a
ve

le
ts

 w
ill

 b
e
 u

se
d
 t

o
 e

xt
ra

ct
 t

h
e
se

 e
n
e
rg

y 
sc

a
le

s.
 R

e
ce

n
t 

st
u
d
ie

s 
h
a
ve

 s
h
o
w

n
 t

h
a
t,

 t
h
e

C
o
m

p
le

x 
L
o
re

n
tz

ia
n
 m

o
th

e
r 

w
a
ve

le
t 

p
ro

d
u
ce

s 
cl

e
a
re

r,
 b

e
tt

e
r 

d
e
fin

e
d
, 

w
a
ve

le
t 

co
e
ff

ic
ie

n
t 

p
lo

ts
 i

.e
. 

its
 p

o
w

e
r 

sp
e
ct

ra
 h

a
ve

 b
e
tt

e
r

se
p
a
ra

tio
n
s 

o
f 

sc
a
le

s,
 t

h
e
re

fo
re

, 
th

is
 s

tu
d
y 

p
ro

m
is

e
s 

a
 r

e
-a

ff
ir
m

a
tio

n
 o

f 
th

is
 o

b
se

rv
a
tio

n
. 

F
u
rt

h
e
rm

o
re

, 
e
xp

e
ri
m

e
n
ta

l 
le

ve
l 

d
e
n
si

tie
s

w
ill

 b
e
 e

xt
ra

ct
e
d
 u

si
n
g
 t

h
e
 f

lu
ct

u
a
tio

n
 a

n
a
ly

si
s 

m
e
th

o
d
. 

T
h
e

 m
e
th

o
d
 u

til
is

e
s 

th
e
 a

u
to

co
rr

e
la

tio
n
 f

u
n
ct

io
n
 w

h
ic

h
 i

s 
a
 k

e
y 

to
o
l 

in
o
b
ta

in
in

g
 a

 m
e
a
su

re
 o

f 
th

e
 c

ro
ss

-s
e
ct

io
n
 f

lu
ct

u
a
tio

n
s 

w
ith

 r
e
sp

e
ct

 t
o
 a

 s
ta

tio
n
a
ry

 m
e
a
n
 v

a
lu

e
. 

It
 a

ls
o
 m

a
ke

s 
u
se

 o
f 

th
e
 D

is
cr

e
te

W
a
ve

le
t 

T
ra

n
sf

o
rm

 (
D

W
T

) 
a
n
a
ly

si
s 

w
h
ic

h
 c

ri
tic

a
l i

n
 r

e
m

o
vi

n
g
 t

h
e
 r

e
m

a
in

in
g
 p

h
ys

ic
a
l b

a
ck

g
ro

u
n
d
 f

ro
m

 o
th

e
r 

m
u
lti

p
o
le

s 
e
xc

ite
d
 a

n
d

a
n
y 

re
m

a
in

in
g
 in

st
ru

m
e
n
ta

l b
a
ck

g
ro

u
n
d
. 

T
h
e
 e

xp
e
ri
m

e
n
ta

lly
 e

xt
ra

ct
e
d

 le
ve

l d
e
n
si

tie
s 

w
ill

 t
h
e
n
 b

e
 c

o
m

p
a
re

d
 w

ith
 d

iff
e
re

n
t 

th
e
o

re
tic

a
l

p
a
ra

m
e
te

ri
sa

tio
n
s 

o
f 

th
e
 

H
a
rt

re
e
-F

o
ck

 
B

o
g
o
liu

b
o
v 

(H
F

B
),

 
H

a
rt

re
e
-F

o
ck

-B
a
rd

e
e
n
-C

o
o
p
e
r-

S
ch

ri
e
r 

(H
F

-B
C

S
) 

a
n
d

B
a
ck

-s
h
ift

e
d
-F

e
rm

i-
G

a
s 

m
o
d
e
l 

(B
S

F
G

).
 

F
in

a
lly

, 
th

e
 

st
a
te

-o
f-

th
e
-a

rt
 

m
ic

ro
sc

o
p
ic

 
m

o
d
e
ls

 
fo

r 
e
xc

ita
tio

n
 

o
f 

th
e
 

IV
G

D
R

 
e
.g

. 
th

e
Q

u
a
si

-p
a
rt

ic
le

 p
h
o
n
o
n
 m

o
d
e
l 

(Q
P

M
) 

a
n
d
 t

h
e
 S

e
co

n
d
 R

a
n
d
o
m

 P
h
a
se

 A
p
p

ro
xi

m
a
tio

n
 (

S
R

P
A

) 
w

ill
 b

e
 c

o
m

p
a
re

d
 t

o
 t

h
e
 e

xp
e
ri
m

e
n
ta

l
d
a
ta

.



2
5
6
 -

 C
o

m
p

a
ri

s
o

n
 o

f 
n

e
u

tr
o

n
 f

lu
e
n

c
e
 s

p
e
c
tr

a
 m

e
a
s
u

re
d

 w
it

h
 N

E
2
1
3
 p

ro
to

n
 r

e
c
o

il
 s

p
e
c
tr

o
m

e
te

r 
a
n

d
 N

E
2
3
0

d
e
u

te
ro

n
 r

e
c
o

il
 s

p
e
c
tr

o
m

e
te

r

N
P

R
P

 -
 F

ri
d
a
y 

1
2
 J

u
ly

 2
0
1
3
 1

0
:3

0
P

ri
m

a
ry

 a
u

th
o

rs
:

M
A

S
O

N
D

O
, 

vu
su

m
u
zi

 (
st

u
d
e
n
t)

C
o

-a
u

th
o

rs
:

H
E

R
B

E
R

T
, 

M
a
rk

 (
su

p
e
rv

is
o
u
r)

; 
N

C
H

O
D

U
, 

R
u
d
o
lp

h
 (

C
o
-s

u
p

e
rv

is
o
u
r)

; 
M

U
L
A

U
D

Z
I,

 I
m

m
a
n
u
e
l (

co
lli

g
u
e
);

 M
A

K
H

U
B

E
L
A

, 
M

a
tt

h
e
w

s
(c

o
lli

g
u
e
)

M
e
a
su

re
m

e
n
ts

 a
n
d
 d

e
ta

il 
kn

o
w

le
d
g
e
 o

f 
n
e
u
tr

o
n
 f

lu
e
n
ce

 s
p
e
ct

ra
 a

re
 r

e
q
u
ir
e
d
 i

n
 r

e
se

a
rc

h
 a

n
d
 a

p
p
lic

a
tio

n
. 

In
 a

p
p
lic

a
tio

n
 s

u
ch

 a
s

n
e
u
tr

o
n
 r

a
d
io

th
e
ra

p
y,

 n
e
u
tr

o
n
 f

lu
e
n
ce

 s
p
e
ct

ra
 i

n
 a

n
d
 n

e
a
r 

th
e

 t
re

a
tm

e
n
t 

a
re

a
 i

s 
re

q
u
ir
e
d
 f

o
r 

ch
a
ra

ct
e
ri
za

tio
n
 o

f 
th

e
 q

u
a
lit

y 
o
f

ra
d
ia

tio
n
 a

n
d
 d

e
te

rm
in

a
tio

n
 o

f 
a
b
so

rb
e
d
 d

o
se

. 
T

h
e
se

 f
lu

e
n
ce

 s
p
e
ct

ra
 c

a
n
 b

e
 m

e
a
su

re
d
 o

r 
ca

lc
u
la

te
d
.R

e
co

il 
sp

e
ct

ro
m

e
tr

y 
w

ith
 t

im
e

o
f 

fli
g
h
t 

is
 u

se
d
 t

o
 m

e
a
su

re
 t

h
e
 f

lu
e
n
ce

 s
p
e
ct

ra
; 

in
 p

a
rt

ic
u
la

r 
th

e
 N

E
2
1
3
 p

ro
to

n
 r

e
co

il 
sp

e
ct

ro
m

e
te

r 
w

ith
 t

im
e
 o

f 
fli

g
h
t 

is
 u

se
d
 w

id
e
ly

a
n
d
 i

s 
w

e
ll 

e
st

a
b
lis

h
e
d
. 

H
o
w

e
ve

r,
 i

n
 w

a
te

r 
p
h
a
n
to

m
 (

a
 s

im
u
la

tio
n
 o

f 
a
 h

u
m

a
n
 t

is
su

e
) 

re
co

il 
p
ro

to
n
s 

fr
o
m

 t
h
e
 w

a
te

r 
ca

u
se

s
d
is

to
rt

io
n
s 

in
 t

h
e
 m

e
a
su

re
d
 f

lu
e
n
ce

 s
p
e
ct

ra
, 

a
 w

a
y 

to
 o

ve
rc

o
m

e
 t

h
is

 is
 t

o
 u

se
 a

 d
e
u
te

ra
te

d
 o

rg
a
n
ic

 li
q
u
id

 s
ci

n
til

la
to

r 
N

E
2
3
0
 w

h
ic

h
 is

b
a
se

d
 o

n
 d

e
u
te

ro
n
 r

e
co

il.
 E

xp
e
ri
m

e
n
ts

 w
e
re

 c
a
rr

ie
d
 o

u
t 

a
t 

th
e
 n

e
u
tr

o
n
 b

e
a
m

 f
a
ci

lit
y 

a
t 

iT
h
e
m

b
a
 L

A
B

S
 i

n
 C

a
p
e
 T

o
w

n
. 

N
e
u
tr

o
n

b
e
a
m

s 
o
f 

e
n
e
rg

ie
s 

u
p
 t

o
 ~

6
4
M

E
V

 w
e
re

 p
ro

d
u
ce

d
 b

y 
b
o
m

b
a
rd

in
g
 e

ith
e
r 

L
i 

(1
.0

m
m

),
 B

e
 (

1
0
.0

m
m

),
 o

r 
C

 (
1
0
.0

m
m

) 
ta

rg
e
ts

 w
ith

6
6
M

e
V

 p
ro

to
n
s 

fr
o
m

 t
h
e
 s

e
p
a
ra

te
d
 s

e
ct

o
r 

cy
cl

o
tr

o
n
. 

N
e
u
tr

o
n
 f

lu
e
n
ce

 m
e

a
su

re
m

e
n
ts

 w
e
re

 c
a
rr

ie
d
 o

u
t 

se
p
a
ra

te
ly

 w
ith

 e
ith

e
r 

N
E

2
1
3

o
r 

N
E

2
3
0
 s

ci
n
til

la
tio

n
 d

e
te

ct
o
rs

, 
u
si

n
g
 t

im
e
 o

f 
fli

g
h
t 

m
e
th

o
d

s.
 P

re
lim

in
a
ry

 r
e
su

lts
 w

ill
 b

e
 p

re
se

n
te

d
 a

n
d
 d

is
cu

ss
e
d
.

2
5
7
 -

 M
o

n
te

 C
a
rl

o
 s

im
u

la
ti

o
n

 o
f 

N
e
u

tr
o

n
 T

ra
n

s
p

o
rt

 i
n

 N
u

c
le

a
r 

R
e
a
c
to

rs

N
P

R
P

 -
 W

e
d
n
e
sd

a
y 

1
0
 J

u
ly

 2
0
1
3
 1

6
:0

0
P

ri
m

a
ry

 a
u

th
o

rs
:

M
U

D
A

U
, 

R
o
to

n
d
w

a
 (

U
J)

C
o

-a
u

th
o

rs
:

M
U

R
O

N
G

A
, 
A

zw
in

n
d
in

i (
U

J)
; 

C
O

N
N

E
L
L
, 

S
im

o
n
 (

U
J)

T
h
e
 n

e
u
tr

o
n
 t

ra
n
sp

o
rt

 e
q
u
a
tio

n
 i
s 

u
se

d
 w

id
e
ly

 t
o
 m

o
d
e
l 
th

e
 d

yn
a
m

ic
s 

o
f 

n
e
u
tr

o
n
s 

in
 n

u
cl

e
a
r 

re
a
ct

o
rs

. 
H

o
w

e
ve

r,
 i
t 

is
 n

o
t 

fe
a
si

b
le

to
 u

se
 i

t 
fo

r 
a
 c

o
m

p
le

x,
 n

o
n
-u

n
ifo

rm
 s

tr
u
ct

u
re

 l
ik

e
 a

 r
e
a
ct

o
r 

co
re

 a
s 

th
e
re

 a
re

 n
o
 a

n
a
ly

tic
a
l 

so
lu

tio
n
s 

a
n
d
 t

h
e
 c

o
m

p
le

xi
ty

 i
s

d
e
m

a
n
d
in

g
 f

o
r 

n
u
m

e
ri
ca

l 
m

e
th

o
d
s 

a
n
d
 t

h
e
re

fo
re

 i
t 

b
e
co

m
e
s 

co
m

p
u
ta

tio
n
a
lly

 e
xp

e
n
si

ve
. 

T
o
 r

e
d
u
ce

 t
h
e
 c

o
m

p
le

xi
ty

, 
o
n
e
 n

e
e
d
s 

to
m

a
ke

 d
ra

st
ic

 a
p
p
ro

xi
m

a
tio

n
s 

su
ch

 a
s 

th
e
 d

iff
u
si

o
n
 t

h
e
o
ry

 c
la

ss
 a

p
p
ro

xi
m

a
tio

n
s.

 I
n
 p

ra
ct

ic
e
 t

h
e
 n

e
u
tr

o
n
 t

ra
n
sp

o
rt

 e
q
u
a
tio

n
 is

 u
se

d
 t

o
so

lv
e
 f

o
r 

sm
a
ll 

p
a
rt

s 
o
f 

th
e
 r

e
a
ct

o
r 

co
re

, 
w

h
ic

h
 t

h
e
n
 f

o
rm

 t
h
e
 h

o
m

o
g
e
n
iz

e
d
 s

im
p
lif

ie
d
 c

o
m

p
o
n
e
n
ts

 f
ro

m
 w

h
ic

h
 t

h
e
 f

u
ll 

re
a
ct

o
r 

co
re

ca
n
 b

e
 c

o
n
st

ru
ct

e
d
 a

n
d
 t

re
a
te

d
 b

y 
th

e
 d

iff
u
si

o
n
 e

q
u
a
tio

n
. 

T
h
e
 d

is
a
d
va

n
ta

g
e
 o

f 
th

e
 d

iff
u
si

o
n
 t

h
e
o
ry

 i
s 

th
e
 l

o
ss

 o
f 

th
e
 m

ic
ro

sc
o
p
ic

d
e
ta

il 
o
f 

n
e
u
tr

o
n
 i

n
te

ra
ct

io
n
s.

 I
n
 t

h
is

 p
re

se
n
ta

tio
n
 t

h
e
 d

e
ve

lo
p
m

e
n
t 

o
f 

a
 M

o
n
te

 C
a
rl
o
 m

o
d
e
l 

u
si

n
g
 G

e
a
n
t4

, 
to

 s
im

u
la

te
 n

e
u
tr

o
n

tr
a
n
sp

o
rt

 i
n
 a

 n
u
cl

e
a
r 

re
a
ct

o
r 

w
ill

 b
e
 d

is
cu

ss
e
d
. 

T
h
is

 s
tu

d
y 

w
ill

 b
e
 b

e
n
ch

m
a
rk

e
d
 a

g
a
in

st
 t

h
e
 c

o
n
ve

n
tio

n
a
l 
co

d
e
s 

a
n
d
 a

ls
o
 c

o
m

p
a
re

th
e
 r

e
su

lts
 w

ith
 m

e
a
su

re
m

e
n
ts

. 
T

h
e
 r

e
su

lts
 e

xp
e
ct

e
d
 a

re
 a

n
 im

p
ro

ve
d
 t

re
a
tm

e
n
t 

o
f 

th
e
 d

e
ta

il 
o
f 

th
e
 r

e
a
ct

o
r 

a
n
d
 a

b
ili

ty
 t

o
 o

ve
rc

o
m

e
th

e
 s

h
o
rt

co
m

in
g
s 

o
f 

th
e
 o

th
e
r 

si
m

u
la

tio
n
s.

 G
e
a
n
t4

 is
 a

 m
o
d
e
rn

 o
p
e
n
 s

o
u
rc

e
 o

b
je

ct
 o

ri
e
n
te

d
 c

o
d
e
 t

h
a
t 

h
a
s 

p
ro

ve
n
 s

u
cc

e
ss

 a
t 

a
 v

e
ry

h
ig

h
 le

ve
l o

f 
co

m
p
le

xi
ty

 f
o
r 

th
e
 g

e
o
m

e
tr

y 
co

n
st

ru
ct

io
n
, 

m
a
te

ri
a
ls

 s
p

e
ci

fic
a
tio

n
 a

n
d
 t

ra
ck

in
g
 a

lg
o
ri
th

m
s.

2
5
8
 -

 S
c
a
la

b
le

 i
m

p
le

m
e
n

ta
ti

o
n

 s
c
h

e
m

e
 f

o
r 

q
u

a
n

tu
m

 w
a
lk

s
 u

s
in

g
 c

la
s
s
ic

a
l 

li
g

h
t

T
h
e
o
re

tic
a
l -

 F
ri
d
a
y 

1
2
 J

u
ly

 2
0
1
3
 0

9
:2

0
P

ri
m

a
ry

 a
u

th
o

rs
:

G
O

Y
A

L
, 

S
a
n
d
e
e
p

 (
U

K
Z

N
)

C
o

-a
u

th
o

rs
:

K
O

N
R

A
D

, 
T

h
o
m

a
s 

(U
K

Z
N

);
 F

O
R

B
E

S
, 
A

n
d
re

w
 (

C
S

IR
);

 R
O

U
X

, 
F

. 
S

. 
(C

S
IR

)

Q
u
a
n
tu

m
 w

a
lk

s 
a
re

 t
h
e
 q

u
a
n
tu

m
 a

n
a
lo

g
 o

f 
th

e
 c

la
ss

ic
a
l 

ra
n
d
o
m

 w
a
lk

s.
 T

h
e
y 

h
a
ve

 b
e
e
n
 p

ro
ve

d
 t

o
 b

e
 u

n
iv

e
rs

a
l 

fo
r 

q
u
a
n
tu

m
co

m
p
u
ta

tio
n
 a

n
d
 q

u
a
n
tu

m
 a

lg
o
ri
th

m
s.

 H
o
w

e
ve

r,
 n

o
t 

m
a
n
y 

sc
a
la

b
le

 e
xp

e
ri
m

e
n
ta

l 
re

a
liz

a
tio

n
 o

f 
q
u
a
n
tu

m
 w

a
lk

s 
h
a
ve

 b
e
e
n
 r

e
p
o
rt

e
d

so
 f

a
r.

 H
e
re

 w
e
 p

re
se

n
t 

a
n
 im

p
le

m
e
n
ta

tio
n
 s

ch
e
m

e
 f

o
r 

q
u
a
n
tu

m
 w

a
lk

 in
 t

h
e
 o

rb
ita

l a
n
g
u
la

r 
m

o
m

e
n
tu

m
 s

p
a
ce

 o
f 

a
 la

se
r 

b
e
a
m

. 
T

h
e

sc
h
e
m

e
 m

a
ke

s 
u
se

 o
f 

a
 r

in
g
 i

n
te

rf
e
ro

m
e
te

r,
 c

o
n
ta

in
in

g
 a

 q
u
a
rt

e
r-

w
a
ve

 p
la

te
 a

n
d
 a

 q
-p

la
te

. 
T

h
is

 s
e
tu

p
 e

n
a
b
le

s 
o
n
e
 t

o
 p

e
rf

o
rm

 a
n

a
rb

itr
a
ry

 n
u
m

b
e
r 

o
f 

q
u
a
n
tu

m
 w

a
lk

 s
te

p
s 

b
y 

m
e
a
n
s 

o
f 

a
m

p
lif

ic
a
tio

n
. 

In
 a

d
d
iti

o
n
, 

th
e
 c

la
ss

ic
a
l 

n
a
tu

re
 o

f 
th

e
 i

m
p
le

m
e
n
ta

tio
n
 s

ch
e

m
e

m
a
ke

s 
it 

p
o
ss

ib
le

 t
o
 o

b
se

rv
e
 t

h
e
 q

u
a
n
tu

m
 w

a
lk

 e
vo

lu
tio

n
 i

n
 r

e
a
l 

tim
e
. 

W
e
 u

se
 n

o
n
-q

u
a
n
tu

m
 e

n
ta

n
g
le

m
e
n
t 

o
f 

th
e
 l

a
se

r 
b
e
a
m

�s
p
o
la

ri
za

tio
n
 w

ith
 it

s 
o
rb

ita
l a

n
g
u
la

r 
m

o
m

e
n
tu

m
 t

o
 im

p
le

m
e
n
t 

th
e
 q

u
a
n
tu

m
 w

a
lk

.

2
5
9
 -

 A
d

a
p

ti
v
e
 q

u
a
n

tu
m

 c
o

h
e
re

n
t 

c
o

n
tr

o
l 

o
f 

a
 m

u
lt

il
e
v
e
l 

m
o

le
c
u

la
r 

s
y
s
te

m
 i

n
 t

h
e
 t

im
e
-f

re
q

u
e
n

c
y
 d

o
m

a
in

P
h
o
to

n
ic

s 
- 

T
u
e
sd

a
y 

0
9
 J

u
ly

 2
0
1
3
 1

6
:2

0
P

ri
m

a
ry

 a
u

th
o

rs
:

B
O

T
H

A
, 

L
o
u
re

n
s 

(C
S

IR
:N

L
C

)
C

o
-a

u
th

o
rs

:
S

M
IT

, 
A

n
d
re

 (
C

S
IR

:N
L
C

);
 D

E
 C

L
E

R
C

Q
, 

L
u
d
w

ig
 (

E
T

H
 Z

u
ri
ch

)

A
d
a
p
tiv

e
 q

u
a
n
tu

m
 c

o
h
e
re

n
t 

co
n
tr

o
l o

f 
a
 m

u
lti

-l
e
ve

l s
ys

te
m

 in
 t

h
e

 t
im

e
-f

re
q
u
e
n
cy

 d
o
m

a
in

 u
til

iz
in

g
 t

h
e
 v

o
n
 N

e
u
m

a
n
n
 r

e
p
re

se
n
ta

tio
n

is
 d

e
m

o
n
st

ra
te

d
 a

n
d
 c

o
m

p
a
re

d
 t

o
 t

h
e
 r

e
su

lts
 o

b
ta

in
e
d
 w

ith
 t

im
e

 d
o
m

a
in

 o
n
ly

 r
e
p
re

se
n
ta

tio
n
. 

A
 n

u
m

e
ri
ca

l 
m

o
d
e
l 

o
f 

th
e
 c

o
h
e
re

n
t

in
te

ra
ct

io
n
 o

f 
a
 s

h
a
p
e
d
 f

e
m

to
se

co
n
d
 p

u
ls

e
 w

ith
 a

 m
u
lti

le
ve

l 
q
u
a
n
tu

m
 s

ys
te

m
 w

a
s 

d
e
ve

lo
p
e
d
. 

T
h
is

 m
o
d
e
l w

a
s 

u
se

d
 w

ith
 a

 le
a
rn

in
g

a
lg

o
ri
th

m
 t

o
 o

p
tim

iz
e
 t

h
e
 p

o
p
u
la

tio
n
 in

 a
n
 a

rb
itr

a
ri
ly

 c
h
o
se

n
 q

u
a
n
tu

m
 le

ve
l w

ith
in

 t
h
e
 m

u
lti

-l
e
ve

l s
ys

te
m

.

2
6
0
 -

 Q
u

a
n

tu
m

 t
e
le

p
o

rt
a
ti

o
n

, 
q

u
a
n

tu
m

 s
c
is

s
o

r 
a
n

d
 q

u
a
n

tu
m

 t
ra

n
s
c
ri

p
ti

o
n

T
h
e
o
re

tic
a
l -

 F
ri
d
a
y 

1
2
 J

u
ly

 2
0
1
3
 0

9
:0

0
P

ri
m

a
ry

 a
u

th
o

rs
:

G
O

Y
A

L
, 

S
a
n
d
e
e
p

 (
U

K
Z

N
)

C
o

-a
u

th
o

rs
:

K
O

N
R

A
D

, 
T

h
o
m

a
s 

(U
K

Z
N

)

Q
u
a
n
tu

m
 t

e
le

p
o
rt

a
tio

n
 i

s 
a
 p

ro
ce

ss
 b

y 
m

e
a
n
s 

o
f 

w
h
ic

h
 q

u
a
n
tu

m
 i

n
fo

rm
a
tio

n
 i

s 
tr

a
n
sm

itt
e
d
 f

ro
m

 o
n
e
 l

o
ca

tio
n
 t

o
 a

n
o
th

e
r 

w
ith

o
u
t

tr
a
n
sm

itt
in

g
 t

h
e
 i

n
fo

rm
a
tio

n
 c

a
rr

ie
r 

its
e
lf.

 T
h
e
 f

ra
g
ile

 n
a
tu

re
 o

f 
q
u
a
n
tu

m
 s

ys
te

m
s 

a
n
d
 n

e
a
rl
y 

o
m

n
ip

re
se

n
t 

d
is

si
p
a
tiv

e
 e

n
vi

ro
n
m

e
n
ts

m
a
ke

 i
t 

ch
a
lle

n
g
in

g
 t

o
 p

e
rf

o
rm

 q
u
a
n
tu

m
 t

e
le

p
o
rt

a
tio

n
 i

n
 r

e
a
l 

sy
st

e
m

s.
 H

o
w

e
ve

r,
 p

h
o
to

n
ic

 s
ys

te
m

s 
a
re

 l
e
ss

 s
u
sc

e
p
tib

le
 t

o
 t

h
e

e
n
vi

ro
n
m

e
n
ta

l e
ff

e
ct

s.
 W

e
 p

re
se

n
t 

h
e
re

 a
 p

h
o
to

n
ic

 t
e
le

p
o
rt

a
tio

n
 s

ch
e
m

e
 b

a
se

d
 o

n
 `

`q
u
a
n
tu

m
 t

ra
n
sc

ri
p
tio

n
''.

 A
 q

u
d
it 

e
n
co

d
e
d
 in

to
 a

si
n
g
le

 e
xc

ita
tio

n
 o

f 
d
 li

g
h
t 

m
o
d
e
s 

(i
n
 o

u
r 

ca
se

 L
a
g
u
e
rr

e
-G

a
u
ss

ia
n

 m
o
d
e
s 

w
h
ic

h
 c

a
rr

y 
o
rb

ita
l a

n
g
u
la

r 
m

o
m

e
n
tu

m
) 

is
 t

ra
n
sc

ri
b
e
d
 t

o
 d

m
o
n
o
-r

a
il 

p
h
o
to

n
ic

 q
u
b
its

, 
w

h
ic

h
 a

re
 s

p
a
tia

lly
 s

e
p
a
ra

te
d
. 

E
a
ch

 m
o

n
o
-r

a
il 

q
u
b
it 

co
n
si

st
s 

o
f 

a
 s

u
p
e
rp

o
si

tio
n
 o

f 
va

cu
u
m

 a
n
d
 a

 s
in

g
le

p
h
o
to

n
 in

 e
a
ch

 o
n
e
 o

f 
th

e
 m

o
d
e
s.

 A
ft

e
r 

su
cc

e
ss

fu
l t

e
le

p
o
rt

a
tio

n
 o

f 
e
a
ch

 o
f 

th
e
 d

 m
o
n
o
-r

a
il 

q
u
b
its

 b
y 

m
e
a
n
s 

o
f 

``
Q

u
a
n
tu

m
 S

ci
ss

o
rs

''
th

e
y 

a
re

 c
o
n
ve

rt
e
d
 b

a
ck

 in
to

 a
 q

u
d
it 

ca
rr

ie
d
 b

y 
a
 s

in
g
le

 p
h
o
to

n
 w

h
ic

h
 c

o
m

p
le

te
s 

th
e
 t

e
le

p
o
rt

a
tio

n
 s

ch
e
m

e
.

2
6
1
 -

 M
o

d
a
l 

d
e
c
o

m
p

o
s
it

io
n

 o
f 

B
e
s
s
e
l-

G
a
u

s
s
ia

n
 b

e
a
m

s

P
o
st

e
r1

 -
 T

u
e
sd

a
y 

0
9
 J

u
ly

 2
0
1
3
 1

7
:4

0
P

ri
m

a
ry

 a
u

th
o

rs
:

M
H

L
A

N
G

A
, 

T
h
a
n
d
e
ka

 (
1
.C

S
IR

 N
a
tio

n
a
l L

a
se

r 
C

e
n
tr

e
, 

P
O

 B
o
x 

3
9
5
, 

P
re

to
ri
a
 0

0
0
1
, 

S
o
u
th

 A
fr

ic
a
 2

 .
 C

o
lle

g
e
 o

f 
A

g
ri
cu

ltu
re

,
E

n
g
in

e
e
ri
n
g
 &

 S
ci

e
n
ce

 ,
 U

n
iv

e
rs

ity
 o

f 
K

w
a
zu

lu
-N

a
ta

l, 
W

e
st

vi
lle

 C
a
m

p
u
s,

 D
u
rb

a
n
,4

0
0
0
, 

S
o
u
th

 A
fr

ic
a
.)

C
o

-a
u

th
o

rs
:

M
C

L
A

R
E

N
, 

M
e
la

n
ie

 (
1
. 

C
S

IR
 N

a
tio

n
a
l L

a
se

r 
C

e
n
tr

e
, 

P
O

 B
o
x 

3
9
5
, 

P
re

to
ri
a
 0

0
0
1
, 

S
o
u
th

 A
fr

ic
a
 ,

 2
. 

S
te

lle
n
b
o
sc

h
 U

n
iv

e
rs

ity
, 

P
ri
va

te
B

a
g
 x

1
, 

M
a
tie

la
n
d
, 

7
6
0
2
, 

S
o
u
th

 A
fr

ic
a
);

 F
O

R
B

E
S

, 
A

n
d
re

w
 (

1
. 

C
S

IR
 N

a
tio

n
a
l L

a
se

r 
C

e
n
tr

e
, 

P
O

 B
o
x 

3
9
5
, 

P
re

to
ri
a
 0

0
0
1
, 

S
o
u
th

 A
fr

ic
a
 2

 .
 C

o
lle

g
e
 o

f
A

g
ri
cu

ltu
re

, 
E

n
g
in

e
e
ri
n
g
 &

 S
ci

e
n
ce

 ,
 U

n
iv

e
rs

ity
 o

f 
K

w
a
zu

lu
-N

a
ta

l, 
W

e
st

vi
lle

 C
a
m

p
u
s,

 D
u
rb

a
n
,4

0
0
0
, 

S
o
u
th

 A
fr

ic
a
. 

3
. 

S
te

lle
n
b
o
sc

h
 U

n
iv

e
rs

ity
,

P
ri
va

te
 B

a
g
 x

1
, 

M
a
tie

la
n
d
, 

7
6
0
2
, 

S
o
u
th

 A
fr

ic
a
);

 R
O

U
X

, 
S

te
f 

(.
 C

S
IR

 N
a
tio

n
a
l L

a
se

r 
C

e
n
tr

e
, 

P
O

 B
o
x 

3
9
5
, 

P
re

to
ri
a
 0

0
0
1
, 

S
o
u
th

 A
fr

ic
a
)

B
e
ss

e
l 

b
e
a
m

s 
h
a
ve

 m
a
n
y 

p
ro

p
e
rt

ie
s 

w
h
ic

h
 m

a
ke

 t
h
e
m

 t
o
 b

e
 a

n
 i

n
te

re
st

 o
f 

st
u
d
y.

 T
h
e
ir
 k

n
o
w

n
 p

ro
p
e
rt

ie
s 

in
cl

u
d
e
 t

h
a
t 

th
e
y 

a
re

n
o
n
-d

iff
ra

ct
iv

e
 o

f 
a
 c

e
rt

a
in

 r
e
g
io

n
, 

th
e
y 

fo
rm

 a
n
 a

n
n
u
la

r 
ri
n
g
 a

t 
fa

r 
d
is

ta
n
ce

s 
a
n
d
 t

h
e
y 

se
lf 

re
co

n
st

ru
ct

 a
ft

e
r 

e
n
co

u
n
te

ri
n
g
 a

n
o
b
st

ru
ct

io
n
. 

In
 

th
is

 
p
o
st

e
r 

w
e
 

w
ill

 
d
e
m

o
n
st

ra
te

 
a
n
 

e
ff

ic
ie

n
t 

w
a
y 

o
f 

m
e
a
su

ri
n
g
 

th
e
 

B
e
ss

e
l 

b
e
a
m

 
p
a
ra

m
e
te

rs
 

u
si

n
g
 

a
 

si
m

p
le

e
xp

e
ri
m

e
n
ta

l s
e
tu

p
 w

h
e
re

 s
p
a
tia

l l
ig

h
t 

m
o
d
u
la

to
rs

 w
ill

 b
e
 u

se
d
 t

o
 g

e
n
e
ra

te
 B

e
ss

e
l-
G

a
u
ss

 b
e
a
m

s 
a
n
d
 t

o
 m

e
a
su

re
 t

h
e
 o

rb
ita

l a
n
g
u

la
r

m
o
m

e
n
tu

m
 (

O
A

M
) 

st
a
te

 t
h
e
y 

ca
rr

y 
a
s 

w
e
ll 

a
s 

th
e
ir
 r

a
d
ia

l c
o
m

p
o
n
e
n
t 

u
si

n
g
 a

 m
o
d
a
l d

e
co

m
p
o
si

tio
n
 t

e
ch

n
iq

u
e
.

2
6
2
 -

 A
 r

e
v
ie

w
 o

f 
g

e
n

e
ra

li
z
e
d

 a
n

d
 u

n
s
h

a
rp

 m
e
a
s
u

re
m

e
n

ts

T
h
e
o
re

tic
a
l -

 F
ri
d
a
y 

1
2
 J

u
ly

 2
0
1
3
 1

0
:5

0
P

ri
m

a
ry

 a
u

th
o

rs
:

B
A

S
S

A
, 

H
u
m

a
ir
a
h
 (

U
n
iv

e
rs

ity
 o

f 
K

w
a
Z

u
lu

-N
a
ta

l a
n
d
 N

L
C

, 
C

S
IR

)
C

o
-a

u
th

o
rs

:
K

O
N

R
A

D
, 

T
h
o
m

a
s 

(U
n
iv

e
rs

ity
 o

f 
K

w
a
Z

u
lu

-N
a
ta

l)

U
n
lik

e
 i

n
 t

h
e
 c

la
ss

ic
a
l 

w
o
rl
d
, 

th
e
 a

ct
 o

f 
q
u
a
n
tu

m
 m

e
a
su

re
m

e
n
t 

h
a
s 

a
n
 e

ff
e
ct

 o
n
 t

h
e
 s

ta
te

 o
f 

th
e
 s

ys
te

m
 t

h
a
t 

is
 b

e
in

g
 m

e
a
su

re
d

.
T

h
is

 im
p
a
ct

 d
e
p
e
n
d
s 

o
n
 t

h
e
 t

yp
e
 o

f 
q
u
a
n
tu

m
 m

e
a
su

re
m

e
n
t 

th
a
t 

w
a
s 

ca
rr

ie
d
 o

u
t.

 T
h
e
 u

su
a
l n

o
tio

n
 o

f 
p
ro

je
ct

iv
e
 m

e
a
su

re
m

e
n
ts

 c
a
n

b
e
 g

e
n
e
ra

liz
e
d
 a

n
d
 u

se
d
 t

o
 r

e
fo

rm
u
la

te
 t

h
e
 m

e
a
su

re
m

e
n
t 

p
o
st

u
la

te
. 

D
u
e
 t

o
 t

h
e
 g

ro
w

in
g
 in

te
re

st
 in

 q
u
a
n
tu

m
 in

fo
rm

a
tio

n
 p

ro
ce

ss
in

g
,

it 
is

 u
se

fu
l 

to
 h

a
ve

 a
 t

o
o
lk

it 
o
f 

g
e
n
e
ra

liz
e
d
 a

n
d
 u

n
sh

a
rp

 m
e

a
su

re
m

e
n
ts

 t
h
a
t 

ca
n
 b

e
 u

til
iz

e
d
 f

o
r 

re
a
lis

tic
 e

xp
e
ri
m

e
n
ts

, 
w

h
ic

h
 w

ill
 b

e
p
re

se
n
te

d
 h

e
re

.

2
6
3
 -

 M
o

tt
�s

 V
a
ri

a
b

le
 R

a
n

g
e
 H

o
p

p
in

g
 M

o
d

e
l:

 a
n

 E
a
s
y
 M

e
th

o
d

 f
o

r 
Id

e
n

ti
fi

c
a
ti

o
n

 o
f 

P
h

a
s
e
 T

ra
n

s
it

io
n

D
C

M
P

M
1
 -

 W
e
d
n
e
sd

a
y 

1
0
 J

u
ly

 2
0
1
3
 1

1
:3

0
P

ri
m

a
ry

 a
u

th
o

rs
:

A
K

A
N

D
E

, 
A

m
o
s 

(C
S

IR
 N

a
tio

n
a
l C

e
n
te

r 
fo

r 
N

a
n
o
-S

tr
u
ct

u
re

d
 a

n
d
 M

a
te

ri
a
ls

, 
P

.O
.B

o
x 

3
9
5
, 

P
re

to
ri
a
 0

0
0
1
, 

S
o
u
th

 A
fr

ic
a
 /

D
e
p

a
rt

m
e
n
t 

o
f 

P
h
ys

ic
s 

a
n
d
 M

in
e
ra

l S
ci

e
n
ce

, 
U

n
iv

e
rs

ity
 o

f 
L
im

p
o
p

o
, 

P
ri

va
te

 B
a
g
 x

1
1
0
6
, 

S
O

V
E

N
G

A
 0

7
2
7
 S

o
u
th

 A
fr

ic
a
.)

C
o

-a
u

th
o

rs
:

M
W

A
K

IK
U

N
G

A
, 

B
o
n
e
x 

(D
S

T
/C

S
IR

 N
a
tio

n
a
l C

e
n
te

r 
fo

r 
N

a
n
o
-S

tr
u
ct

u
re

d
 a

n
d
 M

a
te

ri
a
ls

, 
P

.O
.B

o
x 

3
9
5
, 

P
re

to
ri
a
 0

0
0
1
, 

S
o
u
th

 A
fr

ic
a
);

R
A

M
M

U
T

L
A

, 
E

ra
sm

u
s 

(D
e
p

a
rt

m
e
n
t 

o
f 

P
h
ys

ic
s 

a
n
d
 M

in
e
ra

l S
ci

e
n
ce

, 
U

n
iv

e
rs

ity
 o

f 
L
im

p
o
p

o
, 

P
ri
va

te
 B

a
g
 x

1
1
0
6
, 

S
O

V
E

N
G

A
 0

7
2
7
 S

o
u
th

 A
fr

ic
a
.)

T
h
e
rm

a
lly

 in
d
u
ce

d
 m

e
ta

l-
se

m
ic

o
n
d
u
ct

o
r 

p
h
a
se

 t
ra

n
si

tio
n
 n

a
n
o
 c

ry
st

a
lli

n
e
 f

ilm
 o

f 
V

O
2
 w

a
s 

sy
n
th

e
si

ze
d
 b

y 
d
ip

p
in

g
 g

la
ss

 s
u
b
st

ra
te

in
to

 c
o
n
ce

n
tr

a
te

d
 s

o
lu

tio
n
 o

f 
N

H
4
V

O
3
 a

n
d
 e

xp
o
si

n
g
 t

h
e
m

 t
o
 t

h
e
 a

tm
o
sp

h
e
re

 a
t 

ro
o
m

 t
e
m

p
e
ra

tu
re

 f
o
r 

3
 d

a
ys

. 
A

t 
th

e
 e

n
d
 o

f 
th

e
 t

h
ir
d

d
a
y,

 p
a
rt

 o
f 

th
e
 s

o
lu

tio
n
 w

a
s 

e
va

p
o
ra

te
d
 a

n
d
 t

h
e
 r

e
m

a
in

in
g
 f

o
rm

e
d
 t

h
ic

k 
fil

m
 d

e
p
o
si

t 
o
n
 t

h
e
 s

u
b
st

ra
te

. 
T

h
is

 f
ilm

 w
a
s 

th
e
n
 a

n
n
e
a
le

d
a
t 

7
0
0
 d

e
g
re

e
 C

 i
n
 h

yd
ro

g
e
n
 e

n
vi

ro
n
m

e
n
t 

in
 a

 C
V

D
 r

e
a
ct

o
r.

 E
le

ct
ri
ca

l 
m

e
a
su

re
m

e
n
t 

o
f 

th
e
 a

n
n
e
a
le

d
 f

ilm
 w

a
s 

e
xa

m
in

e
d
 f

ro
m

 2
4

d
e
g
re

e
 C

 t
o
 8

0
 d

e
g
re

e
 C

 f
o
r 

h
e
a
tin

g
 c

yc
le

 a
n
d
 8

0
 d

e
g
re

e
 C

 t
o
 2

4
 d

e
g
re

e
 C

 f
o
r 

co
o
lin

g
 c

yc
le

. 
T

h
e
 t

ra
n
si

tio
n
 t

e
m

p
e
ra

tu
re

 (
T

C
) 

o
f

V
O

2
 h

a
s 

b
e
e
n
 r

e
p
o
rt

e
d
 t

o
 b

e
 a

p
p
ro

xi
m

a
te

ly
 7

0
 d

e
g
re

e
 C

 (
3
4
0
K

),
 V

O
2
 a

s 
tr

a
n
si

tio
n
 m

e
ta

l 
o
xi

d
e
 h

o
w

e
ve

r 
e
xh

ib
it 

se
m

ic
o
n
d
u
ct

o
r

p
ro

p
e
rt

ie
s 

b
e
lo

w
 T

C
 a

n
d
 m

e
ta

l 
p
ro

p
e
rt

ie
s 

a
t 

T
C

. 
P

h
a
se

 t
ra

n
si

tio
n
 i

d
e
n
tif

ic
a
tio

n
 w

h
ic

h
 h

a
s 

b
e
e
n
 a

 c
h
a
lle

n
g
e
 i

n
 t

h
e
 s

tu
d

y 
o
f 

p
o
ly

cr
ys

ta
lli

n
e
 m

a
te

ri
a
l 

is
 a

ls
o
 a

d
d
re

ss
e
d
 i

n
 t

h
is

 w
o
rk

, 
u
si

n
g
 M

o
tt

�s
 v

a
ri

a
b
le

 r
a
n
g
e
 h

o
p
p
in

g
 m

o
d
e
l 

(V
R

H
).

 M
o
tt

 i
n
 1

9
7
4
 p

ro
p
o
se

d
 t

h
a
t

ch
a
rg

e
 t

ra
n
sp

o
rt

 i
s 

re
sp

o
n
si

b
le

 f
o
r 

e
le

ct
ri
ca

l 
co

n
d
u
ct

io
n
 a

s 
e
le

ct
ro

n
 h

o
p
s 

fr
o
m

 o
n
e
 l

o
ca

liz
e
 s

ta
te

 t
o
 a

n
o
th

e
r;

 t
h
is

 c
o
n
d
u
ct

io
n
 i

s
m

a
in

ly
 d

u
e
 t

o
 t

h
e
 t

h
e
rm

a
lly

-a
ss

is
te

d
 t

u
n
n
e
lin

g
 o

f 
th

e
 h

o
p
p
e
d

 e
le

ct
ro

n
s 

fr
o
m

 o
n
e
 s

ta
te

 t
o
 a

n
o
th

e
r 

w
ith

in
 t

h
e
 b

a
n
d
-g

a
p
s 

o
f 

a
 m

a
te

ri
a
l.

W
h
e
n
 t

e
m

p
e
ra

tu
re

 is
 lo

w
, 

th
e
 p

ro
b
a
b
ili

ty
 t

h
a
t 

e
le

ct
ro

n
 t

h
e
rm

a
l a

ct
iv

a
tio

n
 e

n
e
rg

y 
b
e
tw

e
e
n
 t

h
e
 s

ta
te

s 
th

a
t 

a
re

 c
lo

se
 in

 s
p
a
ce

 b
u
t 

fa
r 

in
e
n
e
rg

y 
b
e
co

m
e
s 

sm
a
lle

r 
th

a
n
 t

h
a
t 

o
f 

e
le

ct
ro

n
 h

o
p
p
in

g
 b

e
tw

e
e
n
 s

o
m

e
 m

o
re

 r
e
m

o
te

 s
ta

te
s 

w
h
o
se

 e
n
e
rg

y 
le

ve
l h

a
p
p
e
n
 t

o
 b

e
 c

lo
se

 t
o

e
a
ch

 o
th

e
r.

 I
n
 t

h
is

 c
a
se

, 
th

e
 c

h
a
ra

ct
e
ri
st

ic
 h

o
p
p
in

g
 l

e
n
g
th

 i
n

cr
e
a
se

 w
ith

 d
e
cr

e
a
se

 i
n
 t

e
m

p
e
ra

tu
re

 a
n
d
 t

h
u
s 

th
is

 h
o
p
p
in

g
 t

h
e
o

ry
 i

s
re

fe
rr

e
d
 t

o
 a

s 
V

R
H

. 
In

 t
h
is

 w
o
rk

 M
o
tt

�s
 V

R
H

 m
o
d
e
l 

is
 u

se
d
 t

o
 i

d
e
n

tif
y 

p
h
a
se

 t
ra

n
si

tio
n
 i

n
 V

O
2
 f

ilm
 b

y 
fit

tin
g
 t

h
e
 l

o
g
a
ri
th

m
 o

f 
th

e
p
ro

d
u
ct

 o
f 

co
n
d
u
ct

iv
ity

 a
n
d
 t

e
m

p
e
ra

tu
re

 a
g
a
in

st
 t

h
e
 t

e
m

p
e
ra

tu
re

 in
ve

rs
e
 f

o
r 

h
e
a
tin

g
 c

yc
le

 d
a
ta

 a
n
d
 c

o
o
lin

g
 c

yc
le

 d
a
ta

, 
th

is
 r

e
su

lt 
to

st
e
p
s 

in
 lo

o
p
 w

ith
 t

w
o
 s

e
p
a
ra

te
 p

h
a
se

s.
 T

h
e
 f

ir
st

 p
h
a
se

, 
se

m
ic

o
n
d
u
ct

in
g
 (

m
o
n
o
cl

in
ic

, 
e
m

e
rg

e
s 

a
t 

ro
o
m

 3
0
4
 K

, 
a
n
d
 t

h
is

 s
h
o
w

s 
th

a
t

V
O

2
 c

o
u
ld

 e
xh

ib
it 

se
m

ic
o
n
d
u
ct

o
r 

p
ro

p
e
rt

ie
s 

a
t 

ro
o
m

 t
e
m

p
e
ra

tu
re

. 
O

th
e
r 

p
h
a
se

 is
 m

e
ta

lli
c 

ru
til

e
, 

th
is

 e
m

e
rg

e
 a

t 
3
3
2
K

, 
a
 t

e
m

p
e
ra

tu
re

w
h
ic

h
 is

 c
o
m

p
a
ra

b
le

 t
o
 t

h
e
 t

ra
n
si

tio
n
 t

e
m

p
e
ra

tu
re

 o
f 

V
O

2
 o

f 
3
4

0
 K

 in
 li

te
ra

tu
re

.



2
6
5
 -

 S
e
a
rc

h
 f

o
r 

c
h

ir
a
li

ty
 i

n
 1

9
3
T

l

N
P

R
P

 -
 T

u
e
sd

a
y 

0
9
 J

u
ly

 2
0
1
3
 1

4
:5

0
A

u
th

o
rs

:
N

D
A

Y
IS

H
IM

Y
E

, 
Jo

ra
m

 (
S

te
lle

n
b
o
sc

h
 U

n
iv

e
rs

ity
)

C
h
ir
a
lit

y 
re

fe
rs

 t
o
 a

n
 o

b
je

ct
 o

r 
a
 s

ys
te

m
 w

h
ic

h
 is

 n
o
t 

id
e
n
tic

a
l t

o
 it

s 
m

ir
ro

r 
im

a
g
e
 a

n
d
 w

a
s 

p
ro

p
o
se

d
 in

 a
to

m
ic

n
u
cl

e
i b

y 
F

a
u
e
n
d
o
rf

a
n
d
 M

e
n
g
. 

N
u
cl

e
a
r 

ch
ir
a
l s

ys
te

m
 is

 a
 t

ri
a
xi

a
lly

 d
e
fo

rm
e
d
 o

d
d
-o

d
d
 n

u
cl

e
u
s 

w
h
e
re

 t
h
e
 c

o
lle

ct
iv

e
 r

o
ta

tio
n
a
l a

n
g
u
la

r 
m

o
m

e
n
tu

m
 f

a
vo

rs
a
lig

n
m

e
n
t 

a
lo

n
g
 t

h
e
 i

n
te

rm
e
d
ia

te
 a

xi
s,

 w
h
ile

 t
h
e
 o

d
d
 p

ro
to

n
 a

n
d
 o

d
d
 n

e
u
tr

o
n
 (

h
a
vi

n
g
 p

a
rt

ic
le

 a
n
d
 h

o
le

 n
a
tu

re
 r

e
sp

e
ct

iv
e
ly

),
 f

a
vo

r
a
lig

n
m

e
n
ts

 a
lo

n
g
 t

h
e
 n

u
cl

e
a
r 

sh
o
rt

 a
n
d
 lo

n
g
 a

xe
s 

re
sp

e
ct

iv
e
ly

. 
In

 t
h
e
 la

b
o
ra

to
ry

 r
e
fe

re
n
ce

 f
ra

m
e
, 

a
 d

o
u
b
le

t 
∆

I 
=

 1
 b

a
n
d
s 

w
ith

 s
im

ila
r

e
xc

ita
tio

n
 e

n
e
rg

y 
le

ve
ls

 a
n
d
 t

h
e
 s

a
m

e
 s

p
in

s 
a
n
d
 p

a
ri
tie

s 
a
re

 o
b
se

rv
e
d
. 

S
o
m

e
 c

h
ir
a
l d

o
u
b
le

t 
b
a
n
d
s 

w
e
re

 s
u
g
g
e
st

e
d
 in

 d
iff

e
re

n
t 

m
a
ss

re
g
io

n
s 

a
n
d
 i
t 

w
a
s 

re
ve

a
le

d
 a

t 
iT

h
e
m

b
a
 L

A
B

S
 t

h
a
t 

th
e
 T

l 
is

o
to

p
e
s 

fo
rm

 a
 n

e
w

 r
e
g
io

n
 w

h
e
re

 c
h
ir
a
l 
sy

m
m

e
tr

y 
co

u
ld

 d
e
ve

lo
p
. 

It
 w

a
s

re
ce

n
tly

 s
h
o
w

n
 t

h
a
t 

1
9
4
T

l c
o
u
ld

 p
e
rh

a
p
s 

b
e
 t

h
e
 b

e
st

 c
h
ir
a
l c

a
n

d
id

a
te

 u
p
 t

o
 d

a
te

. 
1
9
3
T

l a
s 

a
 n

e
ig

h
b
o
r 

o
f 

1
9
4
T

l i
s 

th
u

s 
lik

e
ly

 t
o
 b

e
 a

ve
ry

 g
o
o
d
 c

h
ir
a
l 

ca
n
d
id

a
te

. 
In

 o
rd

e
r 

to
 e

xt
e
n
d
 t

h
e
 c

h
ir
a
lit

y 
st

u
d
ie

s 
in

 t
h
e
 1

9
0
 m

a
ss

 r
e
g
io

n
 a

n
d
 t

o
 c

o
n
tin

u
e
 t

h
e
 s

e
a
rc

h
 f

o
r 

a
 p

a
ir
 o

f
b
a
n
d
s 

th
a
t 

fu
lfi

ll 
a
ll 

fin
g
e
rp

ri
n
ts

 o
f 

ch
ir
a
lit

y,
 a

n
 e

xp
e
ri
m

e
n
t 

w
a
s 

p
e
rf

o
rm

e
d
 a

t 
iT

h
e
m

b
a
 L

A
B

S
 t

o
 in

ve
st

ig
a
te

 t
h
e
 e

xc
ite

d
 s

ta
te

s 
in

 1
9
3
T

l
u
si

n
g
 t

h
e
 1

6
0
G

d
(3

7
C

l,4
n
) 

re
a
ct

io
n
. 

T
h
e
 a

n
a
ly

si
s 

to
 e

xt
e
n
d
 t

h
e
 le

ve
l s

ch
e
m

e
, 

a
n
d
 t

o
 d

e
te

rm
in

e
 t

h
e
 s

p
in

s 
a
n
d
 p

a
ri
tie

s 
is

 in
 p

ro
g
re

ss
.

W
e
 w

ill
 p

re
se

n
t 

th
e
 r

e
su

lts
 o

b
ta

in
e
d
 s

o
 f

a
r.

2
6
6
 -

 E
ff

e
c
t 

o
f 

s
p

e
c
tr

a
l 

c
h

a
n

g
e
s
 o

n
 I

-V
 p

a
ra

m
e
te

rs
 o

f 
tr

ip
le

 j
u

n
c
ti

o
n

 s
o

la
r 

c
e
ll

s

A
p
p
lie

d
 -

 F
ri
d
a
y 

1
2
 J

u
ly

 2
0
1
3
 0

9
:4

0
P

ri
m

a
ry

 a
u

th
o

rs
:

K
W

A
R

IK
U

N
D

A
, 

N
ic

h
o
la

s 
(N

e
ls

o
n
 M

a
n
d
e
la

 M
e
tr

o
p

o
lit

a
n
 U

n
iv

e
rs

ity
)

C
o

-a
u

th
o

rs
:

V
O

R
S

T
E

R
, 

F
re

d
e
ri
k 

(N
e
ls

o
n
 M

a
n
d
e
la

 M
e
tr

o
p

o
lit

a
n
 U

n
iv

e
rs

ity
);

 O
K

U
L
L
O

, 
W

ill
y 

(M
a
ke

re
re

 U
n
iv

e
rs

ity
)

C
h
a
ra

ct
e
ri
sa

tio
n
 o

f 
m

u
lti

-j
u
n
ct

io
n
 s

o
la

r 
ce

lls
 p

re
se

n
ts

 m
o
re

 c
h
a
lle

n
g
e
s 

co
m

p
a
re

d
 t

o
 s

in
g
le

 j
u
n
ct

io
n
 s

o
la

r 
ce

lls
 d

u
e
 t

o
 t

h
e
 s

e
ri
e
s

co
n
n
e
ct

io
n
 o

f 
m

u
lti

p
le

 s
u
b
ce

lls
. 

In
 m

o
n
o
lit

h
ic

a
lly

 i
n
te

g
ra

te
d

 s
o
la

r 
ce

lls
, 

th
e
 s

u
b
ce

lls
 a

re
 e

p
ita

xi
a
lly

 g
ro

w
n
 a

n
d
 i

n
te

rn
a
lly

 c
o
n
n
e
ct

e
d

th
ro

u
g
h
 t

u
n
n
e
l j

u
n
ct

io
n
s.

 A
s 

a
 r

e
su

lt 
o
f 

se
ri
e
s 

co
n
n
e
ct

io
n
 o

f 
th

e
 s

u
b
ce

lls
, 

th
e
 c

u
rr

e
n
t 

fr
o
m

 t
h
e
 s

o
la

r 
ce

ll 
d
e
vi

ce
 is

 d
e
te

rm
in

e
d
 b

y 
th

e
su

b
ce

ll 
p
ro

d
u
ci

n
g
 t

h
e
 l

o
w

e
st

 c
u
rr

e
n
t.

 E
a
ch

 o
f 

th
e
 s

u
b
ce

lls
 i

n
 t

h
e
 m

u
lti

-j
u
n
ct

io
n
 s

o
la

r 
ce

ll 
is

 o
p
tim

is
e
d
 t

o
 a

b
so

rb
 a

 g
iv

e
n
 r

a
n
g

e
 o

f
w

a
ve

le
n
g
th

s 
o
f 

th
e
 s

o
la

r 
sp

e
ct

ru
m

. 
H

o
w

e
ve

r,
 c

h
a
n
g
e
s 

in
 t

h
e
 s

p
e
ct

ra
l 

co
n
te

n
t 

o
f 

th
e
 i

n
ci

d
e
n
t 

b
e
a
m

 m
a
y 

le
a
d
 t

o
 c

h
a
n
g
e
s 

in
 t

h
e

p
h
o
to

g
e
n
e
ra

te
d
 c

u
rr

e
n
t 

fr
o
m

 t
h
e
 s

u
b
ce

lls
 l

e
a
d
in

g
 t

o
 c

u
rr

e
n
t 

m
is

m
a
tc

h
. 

T
h
is

 w
ill

 a
ff

e
ct

 t
h
e
 c

u
rr

e
n
t-

vo
lta

g
e
 (

I-
V

) 
ch

a
ra

ct
e
ri
st

ic
s,

 t
h
e

o
p
e
ra

tin
g
 v

o
lta

g
e
 a

n
d
 p

e
rf

o
rm

a
n
ce

 o
f 

th
e
 m

u
lti

-j
u
n
ct

io
n
 s

o
la

r 
ce

ll 
d
e
vi

ce
. 

It
 i

s 
th

e
re

fo
re

 i
m

p
o
rt

a
n
t 

to
 i

n
ve

st
ig

a
te

 t
h
e
 e

ff
e
ct

 o
f 

th
e

sp
e
ct

ra
l 

co
n
te

n
t 

o
n
 t

h
e
 d

e
vi

ce
 a

n
d
 p

e
rf

o
rm

a
n
ce

 p
a
ra

m
e
te

rs
 o

f 
m

u
lti

-j
u
n
ct

io
n
 s

o
la

r 
ce

lls
. 

In
 t

h
is

 s
tu

d
y,

 c
u
rr

e
n
t 

a
n
d
 v

o
lta

g
e
 v

a
lu

e
s

w
e
re

 o
b
ta

in
e
d
 w

h
ile

 s
im

u
lta

n
e
o
u
sl

y 
ca

rr
yi

n
g
 o

u
t 

lig
h
t 

b
e
a
m

 i
n

d
u
ce

d
 c

u
rr

e
n
t 

(L
B

IC
) 

m
e
a
su

re
m

e
n
ts

 o
n
 a

n
 I

n
G

a
P

/I
n
G

a
A

s/
G

e
 t

ri
p
le

ju
n
ct

io
n
 s

o
la

r 
ce

ll 
u
n
d
e
r 

d
iff

e
re

n
t 

sp
e
ct

ra
l c

o
n
d
iti

o
n
s 

to
 o

b
ta

in
 p

o
in

t 
ill

u
m

in
a
te

d
 I

-V
 c

h
a
ra

ct
e
ri
st

ic
s.

 A
 c

u
rv

e
 f

itt
in

g
 a

lg
o
ri

th
m

 w
a
s 

th
e
n

a
p
p
lie

d
 t

o
 o

b
ta

in
 I

-V
 p

a
ra

m
e
te

r 
m

a
p
s 

u
n
d
e
r 

d
iff

e
re

n
t 

sp
e
ct

ra
l c

o
n
d
iti

o
n
s 

fr
o
m

 w
h
ic

h
 c

h
a
n
g
e
s 

in
 d

e
vi

ce
 a

n
d
 p

e
rf

o
rm

a
n
ce

 p
a
ra

m
e
te

rs
d
u
e
 t

o
 c

h
a
n
g
e
s 

in
 t

h
e
 s

p
e
ct

ra
l 

co
n
te

n
t 

o
f 

th
e
 b

e
a
m

 p
ro

b
e
 w

e
re

 s
tu

d
ie

d
. 

T
h
is

 p
a
p
e
r 

w
ill

 d
is

cu
ss

 t
h
e
 i

m
p
a
ct

 o
n
 d

e
vi

ce
 a

n
d

p
e
rf

o
rm

a
n
ce

 p
a
ra

m
e
te

rs
 o

f 
In

G
a
P

/I
n
G

a
A

s/
G

e
 t

ri
p
le

 j
u
n
ct

io
n
 s

o
la

r 
ce

ll 
d
u
e
 t

o
 c

h
a
n
g
e
s 

in
 t

h
e
 s

p
e
ct

ra
l 

co
n
te

n
t 

o
f 

th
e
 b

e
a
m

 p
ro

b
e

ill
u
m

in
a
tin

g
 t

h
e
 s

o
la

r 
ce

ll 
d
e
vi

ce

2
6
7
 -

 S
y
n

th
e
s
is

, 
c
h

a
ra

c
te

ri
z
a
ti

o
n

 a
n

d
 g

a
s
 s

e
n

s
in

g
 a

p
p

li
c
a
ti

o
n

s
 o

f 
T

u
n

g
s
te

n
 T

ri
o

x
id

e

D
C

M
P

M
2
 -

 W
e
d
n
e
sd

a
y 

1
0
 J

u
ly

 2
0
1
3
 0

9
:4

0
P

ri
m

a
ry

 a
u

th
o

rs
:

G
O

V
E

N
D

E
R

, 
M

a
lc

o
lm

 (
C

S
IR

)
C

o
-a

u
th

o
rs

:
M

W
A

K
IK

U
N

G
A

, 
B

o
n
e
x 

(C
S

IR
-N

C
N

S
M

);
 M

A
C

H
A

T
IN

E
, 
A

u
g
u
st

o
 (

U
n
iv

e
rs

ity
 o

f 
P

re
to

ri
a
);

 K
U

N
E

R
T

, 
H

e
rb

e
rt

 (
U

n
iv

e
rs

ity
 o

f 
P

re
to

ri
a
)

T
u
n
g
st

e
n
 t

ri
o
xi

d
e
 f

ilm
 w

a
s 

R
F

-s
p
u
tt

e
re

d
 o

n
to

 a
lu

m
in

a
 s

u
b
st

ra
te

s.
 S

E
M

 s
tu

d
ie

s 
o
ve

r 
th

e
 s

a
m

p
le

 a
re

a
 (

1
 c

m
2
) 

sh
o
w

e
d
 u

n
ifo

rm
to

p
o
lo

g
y 

w
h
ile

 F
IB

 c
ro

ss
-s

e
ct

io
n
in

g
 s

h
o
w

e
d
 t

h
e
 t

h
ic

kn
e
ss

 t
o
 v

a
ry

 b
e
tw

e
e
n
 0

.7
5
-1

.5
0
 µ

m
 a

n
d
 t

h
is

 v
a
ri
a
tio

n
 s

te
m

s 
fr

o
m

 t
h
e
 a

lu
m

in
a

ro
u
g
h
n
e
ss

. 
T

h
e
 m

e
a
su

re
d
 f

ilm
 r

e
si

st
a
n
ce

 u
si

n
g
 a

 t
w

o
-p

ro
b
e
 s

e
tu

p
 w

a
s 

fo
u
n
d
 t

o
 b

e
 5

 k
Ω

 a
t 

ro
o
m

 t
e
m

p
e
ra

tu
re

, 
a
n
d
 d

e
cr

e
a
se

d
 t

o
 2

kΩ
 a

t 
3
0
0

o
C

 w
h
ic

h
 i

s 
e
xp

e
ct

e
d
 f

o
r 

n
-t

yp
e
 s

e
m

ic
o
n
d
u
ct

in
g
 m

a
te

ri
a
ls

. 
R

a
m

a
n
 s

p
e
ct

ro
sc

o
p
y 

o
f 

th
e
 f

ilm
s 

sh
o
w

e
d
 R

a
m

a
n
 s

h
ift

s 
a
t

a
p
p
ro

xi
m

a
te

ly
 2

6
7
 c

m
-1

, 
7
0
0
 c

m
-1

a
n
d
 8

0
0
 c

m
-1

w
h
ic

h
 a

re
 i

n
d
ic

a
tiv

e
 o

f 
tu

n
g
st

e
n
 t

ri
o
xi

d
e
. 

T
h
e
 f

ilm
s 

w
e
re

 u
se

d
 t

o
 s

e
n
se

 p
p
m

co
n
ce

n
tr

a
tio

n
s 

o
f 

N
O

2
a
n
d
 N

H
3

g
a
s,

 a
n
d
 i

t 
w

a
s 

fo
u
n
d
 t

h
a
t 

th
e
 f

ilm
 g

a
ve

 b
e
st

 r
e
sp

o
n
se

 t
o
 b

o
th

 g
a
se

s 
a
t 

2
0
0

o
C

. 
T

h
e
 f

ilm
 s

h
o
w

e
d

h
ig

h
e
r 

se
n
si

tiv
ity

 t
o
 N

O
2

th
a
n
 t

o
 N

H
3
, 

p
re

su
m

a
b
ly

 d
u
e
 t

o
 t

h
e
 a

d
so

rp
tio

n
 m

e
ch

a
n
is

m
 b

e
tw

e
e
n
 s

e
n
si

n
g
 a

n
 o

xi
d
iz

in
g
 g

a
s 

a
n
d
 r

e
d
u
ci

n
g

g
a
s.

2
6
8
 -

 S
tr

u
c
tu

ra
l 

a
n

d
 M

a
g

n
e
ti

c
 P

ro
p

e
rt

ie
s
 o

f 
M

g
x
S

rx
M

n
x
C

o
1
-3

x
F

e
2
O

4
 N

a
n

o
p

a
rt

ic
le

 f
e
rr

it
e
s

D
C

M
P

M
2
 -

 W
e
d
n
e
sd

a
y 

1
0
 J

u
ly

 2
0
1
3
 0

9
:2

0
P

ri
m

a
ry

 a
u

th
o

rs
:

O
S

M
A

N
, 

N
a
d
ir
 (

U
n
iv

e
rs

ity
 o

f 
K

w
a
Z

u
lu

-N
a
ta

l)
C

o
-a

u
th

o
rs

:
M

O
Y

O
, 

T
h
o
m

a
s 

(U
n
iv

e
rs

ity
 o

f 
K

w
a
Z

u
lu

-N
a
ta

l)
; 
A

B
D

A
L
L
A

H
, 

H
a
fiz

 M
 I

 (
U

n
iv

e
rs

ity
 o

f 
K

w
a
Z

u
lu

-N
a
ta

l)

A
 s

e
ri
e
s 

o
f 

n
a
n
o
fe

rr
ite

s 
(w

ith
 =

 0
, 

0
.1

, 
0
.2

, 
0
.3

, 
1
/3

) 
w

e
re

 s
yn

th
e
si

ze
d
 b

y 
g
ly

co
l-
th

e
rm

a
l 

te
ch

n
iq

u
e
. 

X
-r

a
y 

d
iff

ra
ct

io
n
 (

X
R

D
)

p
a
tt

e
rn

s 
o
f 

th
e
 a

s-
p
re

p
a
re

d
 s

a
m

p
le

s 
sh

o
w

 s
in

g
le

-p
h
a
se

 c
u
b
ic

 s
p
in

e
l 

st
ru

ct
u
re

. 
T

h
e
 a

ve
ra

g
e
 c

ry
st

a
lli

te
 s

iz
e
s,

 l
a
tt

ic
e
 p

a
ra

m
e
te

rs
,

X
R

D
 d

e
n
si

tie
s 

a
n
d
 p

o
ro

si
tie

s 
w

e
re

 e
st

im
a
te

d
 f

ro
m

 X
R

D
 d

a
ta

. 
T

h
e
 a

ve
ra

g
e
 c

ry
st

a
lli

te
 s

iz
e
s 

w
e
re

 f
o
u
n
d
 i

n
 r

a
n
g
e
 o

f 
7
 t

o
 9

 n
m

.
M

ö
ss

b
a
u
e
r 

sp
e
ct

ro
sc

o
p
y 

m
e
a
su

re
m

e
n
ts

 w
e
re

 p
e
rf

o
rm

e
d
 i

n
 o

rd
e
r 

to
 i

n
ve

st
ig

a
te

 t
h
e
 m

a
g
n
e
tic

 o
rd

e
r 

o
f 

th
e
 m

a
te

ri
a
ls

 a
n
d
 t

h
e

d
is

tr
ib

u
tio

n
 o

f 
F

e
3
+

 i
o
n
s 

in
 t

h
e
 t

e
tr

a
h
e
d
ra

l 
a
n
d
 o

ct
a
h
e
d
ra

l 
si

te
s.

 R
o
o
m

 t
e
m

p
e
ra

tu
re

 m
a
g
n
e
tic

 m
e
a
su

re
m

e
n
ts

 o
f 

th
e
 s

e
ri
e
s 

w
e
re

st
u
d
ie

d
 

u
si

n
g
 

a
 

vi
b
ra

tin
g
 

sa
m

p
le

 
m

a
g
n
e
to

m
e
te

r.
 

T
h
e
 

re
su

lts
 

sh
o
w

 
th

a
t 

th
e
 

va
lu

e
s 

o
f 

th
e
 

co
e
rc

iv
e
 

fie
ld

s 
a
n
d
 

sa
tu

ra
tio

n
m

a
g
n
e
tiz

a
tio

n
s 

w
h
ic

h
 i

n
cr

e
a
se

 w
ith

 i
n
cr

e
a
se

 i
n
 C

o
 c

o
n
te

n
t 

fr
o
m

 1
5
 O

e
 a

n
d
 5

6
.5

1
 e

m
u
/g

 f
o
r 

x=
0
.3

 t
o
 1

1
4
 O

e
 a

n
d
 7

6
.6

1
 e

m
u
/g

 f
o
r

x=
 0

.1
 r

e
sp

e
ct

iv
e
ly

. 
S

ig
n
ifi

ca
n
t 

co
rr

e
la

tio
n
s 

b
e
tw

e
e
n
 m

a
g
n
e
tiz

a
tio

n
s 

a
n
d
 c

o
e
rc

iv
e
 f

ie
ld

s 
a
re

 o
b
se

rv
e
d
. 

A
 s

ig
n
ifi

ca
n
t 

ch
a
n
g
e
 i

n
p
ro

p
e
rt

ie
s 

is
 o

b
se

rv
e
d
 f

o
r 

th
e
 c

o
m

p
o
u
n
d
. 

T
h
e
se

 r
e
su

lts
 a

re
 c

o
n
tr

a
st

e
d

 w
ith

 lo
w

 t
e
m

p
e
ra

tu
re

 m
e
a
su

re
m

e
n
ts

 f
ro

m
 2

 K
 t

o
 3

0
0
 K

 a
n
d

m
a
g
n
e
tic

 f
ie

ld
s 

to
 5

 T
e
sl

a
.

2
6
9
 -

 I
n

v
e
s
ti

g
a
ti

o
n

 o
f 

P
h

a
s
e
 T

ra
n

s
it

io
n

s
 i

n
 T

u
n

g
s
te

n
 T

ri
o

x
id

e

T
h
e
o
re

tic
a
l -

 T
u
e
sd

a
y 

0
9
 J

u
ly

 2
0
1
3
 1

1
:1

0
P

ri
m

a
ry

 a
u

th
o

rs
:

G
O

V
E

N
D

E
R

, 
M

a
lc

o
lm

 (
C

S
IR

)
C

o
-a

u
th

o
rs

:
M

A
C

H
A

T
IN

E
, 
A

u
g
u
st

o
 (

U
n
iv

e
rs

ity
 o

f 
P

re
to

ri
a
);

 M
W

A
K

IK
U

N
G

A
, 

B
o
n
e
x 

(C
S

IR
-N

C
N

S
M

);
 K

U
N

E
R

T
, 

H
e
rb

e
rt

 (
U

n
iv

e
rs

ity
 o

f 
P

re
to

ri
a
)

It
 

is
 

w
e
ll 

kn
o
w

n
 

th
a
t 

tu
n
g
st

e
n
 

tr
io

xi
d
e
 

sh
o
w

s 
te

m
p
e
ra

tu
re

-d
e
p
e

n
d
a
n
t 

st
ru

ct
u
ra

l 
p
h
a
se

s,
 

st
a
rt

in
g
 

fr
o
m

 
a
 

m
ix

tu
re

 
o
f

tr
ic

lin
ic

-m
o
n
o
cl

in
ic

 s
ym

m
e
tr

y 
a
t 

ro
o
m

 t
e
m

p
e
ra

tu
re

, 
a
n
d
 t

ra
n
si

tio
n
s 

to
 t

e
tr

a
g
o
n
a
l 

sy
m

m
e
tr

y 
a
b
o
ve

 9
0
0

o
C

. 
H

o
w

e
ve

r,
 t

h
e
 o

rd
e
r 

o
f

th
e
se

 t
ra

n
si

tio
n
s 

a
re

 n
o
t 

w
e
ll 

u
n
d
e
rs

to
o
d
 w

h
ic

h
 c

a
n
 p

re
d
ic

t 
if 

th
e
 p

h
a
se

 t
ra

n
si

tio
n
 i

s 
re

ve
rs

ib
le

. 
T

h
e
 a

llo
w

e
d
 s

ym
m

e
tr

ie
s 

o
f 

th
e

p
o
ly

m
o
rp

h
ic

 m
o
d
ifi

ca
tio

n
s 

a
ft

e
r 

th
e
 p

h
a
se

 t
ra

n
si

tio
n
s 

a
re

 d
e
te

rm
in

e
d
 u

si
n
g
 g

ro
u
p
 t

h
e
o
re

tic
a
l 

a
rg

u
m

e
n
ts

 i
n
 t

h
e
 f

ra
m

e
w

o
rk

 o
f 

th
e

L
a
n
d
a
u
-L

ifs
h
itz

 t
h
e
o
ry

 o
f 

se
co

n
d
-o

rd
e
r 

p
h
a
se

 t
ra

n
si

tio
n
s.

 T
h
e
 t

h
e

o
re

tic
a
l 

ca
lc

u
la

tio
n
s 

p
re

d
ic

te
d
 t

h
a
t 

th
e
 p

h
a
se

 t
ra

n
si

tio
n
 t

o
 t

h
e

h
ig

h
e
st

 t
e
m

p
e
ra

tu
re

 p
h
a
se

 i
s 

se
co

n
d
-o

rd
e
r 

a
n
d
 i

s 
th

e
re

fo
re

 r
e
ve

rs
ib

le
, 

a
n
d
 t

h
is

 w
a
s 

ve
ri
fie

d
 u

si
n
g
 t

h
e
 e

xp
e
ri
m

e
n
ta

l 
te

ch
n
iq

u
e
s 

o
f

x-
ra

y 
d
iff

ra
ct

io
n
, 

R
a
m

a
n
 s

p
e
ct

ro
sc

o
p
y 

a
n
d
 t

h
e
rm

o
g
ra

vi
m

e
tr

ic
 a

n
a
ly

si
s.

2
7
0
 -

 S
p

e
c
tr

a
l 

s
h

a
p

in
g

 a
n

d
 s

u
b

c
e
ll

 m
o

d
e
li

n
g

 o
f 

th
e
 c

u
rr

e
n

t 
d

e
n

s
it

y
 o

f 
a
 H

C
P

V
 d

e
v
ic

e
 a

s
 a

 f
u

n
c
ti

o
n

 o
f

o
p

e
ra

ti
o

n
a
l 

c
o

n
d

it
io

n
s
.

P
o
st

e
r2

 -
 W

e
d
n
e
sd

a
y 

1
0
 J

u
ly

 2
0
1
3
 1

7
:4

0
P

ri
m

a
ry

 a
u

th
o

rs
:

S
C

H
U

L
T

Z
, 

R
o
ss

 (
N

e
ls

o
n
 M

a
n
d
e
la

 M
e
tr

o
p

o
lit

ia
n
 U

n
iv

e
rs

ity
)

C
o

-a
u

th
o

rs
:

V
A

N
 D

Y
K

, 
E

rn
e
st

 (
N

e
ls

o
n
 M

a
n
d
e
la

 M
e
tr

o
p

o
lit

ia
n
 U

n
iv

e
rs

ity
);

 V
O

R
S

T
E

R
, 

F
re

d
e
ri
k 

(N
e
ls

o
n
 M

a
n
d
e
la

 M
e
tr

o
p

o
lit

ia
n
 U

n
iv

e
rs

ity
)

M
u
lti

ju
n
ct

io
n
 c

o
n
ce

n
tr

a
to

r 
p
h
o
to

vo
lta

ic
 (

C
P

V
) 

ce
lls

 c
o
m

p
ri
se

 o
f 

a
 n

u
m

b
e
r 

o
f 

se
m

ic
o
n
d
u
ct

o
r 

m
a
te

ri
a
ls

, 
w

ith
 m

u
lti

p
le

 m
o
n
o
lit

h
ic

a
lly

ju
n
ct

io
n
s 

in
te

g
ra

te
d
 

in
 

se
ri
e
s.

 
T

h
e
se

 
d
e
vi

ce
s 

o
ff

e
r 

a
 

b
e
tt

e
r 

a
b

so
rp

tio
n
 

o
f 

e
n
e
rg

y 
fr

o
m

 
a
 

w
id

e
r 

sp
e
ct

ra
l 

ra
n
g
e
 

th
a
n
 

th
a
t 

o
f

co
n
ve

n
tio

n
a
l P

V
 c

e
lls

. 
T

h
is

 is
 a

ch
ie

ve
d
 b

y 
m

e
a
n
s 

o
f 

th
e
 m

o
n
o
lit

h
ic

a
lly

 s
ta

ck
e
d
 ju

n
ct

io
n
s 

h
a
vi

n
g
 t

h
e
ir
 o

w
n
 s

p
e
ci

fic
 s

p
e
ct

ra
l r

e
sp

o
n
se

a
b
so

rb
in

g
 i

n
 d

iff
e
re

n
t 

w
a
ve

le
n
g
th

 r
e
g
io

n
s 

(o
p
e
ra

tin
g
 f

ro
m

 3
0
0

-1
8
0
0
n
m

).
 T

h
e
 b

a
si

c 
st

ru
ct

u
re

 o
f 

a
 t

ri
p
le

 j
u
n
ct

io
n
 (

T
J)

 C
P

V
 d

e
vi

ce
co

n
si

st
 o

f 
a
 s

e
ri
e
s 

co
n
n
e
ct

io
n
 o

f 
3
 s

u
b
ce

lls
 w

h
e
re

 t
h
e
 p

h
o
to

 g
e

n
e
ra

te
d
 c

u
rr

e
n
t 

o
f 

w
h
o
le

 d
e
vi

ce
 is

 d
e
te

rm
in

e
d
 b

y 
th

e
 lo

w
e
st

 c
u
rr

e
n
t

p
ro

d
u
ci

n
g
 s

u
b
ce

ll.
 U

n
d
e
r 

A
M

1
.5

D
 a

n
d
 s

ta
n
d
a
rd

iz
e
d
 o

p
e
ra

tin
g
 c

o
n

d
iti

o
n
s,

 t
h
e
 s

u
b
ce

lls
� 
cu

rr
e
n
t 

d
e
n
si

tie
s 

a
re

 w
e
ll 

m
a
tc

h
e
d
. 

C
u
rr

e
n

t
m

is
m

a
tc

h
 w

ith
in

 t
h
e
 d

e
vi

ce
 c

a
n
 o

cc
u
r 

a
s 

a
 r

e
su

lt 
o
f 

ch
a
n
g
e
s 

in
 t

h
e

 in
ci

d
e
n
t 

so
la

r 
sp

e
ct

ru
m

 t
h
ro

u
g
h
o
u
t 

th
e
 d

a
y,

 s
p
e
ct

ra
l a

b
so

rp
tio

n
b
y 

th
e
 o

p
tic

s 
o
f 

th
e
 C

P
V

 s
ys

te
m

 a
n
d
 a

n
 i

n
cr

e
a
se

 i
n
 o

p
e
ra

tio
n
a
l 

te
m

p
e
ra

tu
re

 o
f 

th
e
 d

e
vi

ce
. 

T
h
e
 c

u
rr

e
n
t 

m
is

m
a
tc

h
 i

s 
a
 r

e
su

lt 
o
f 

th
e

co
m

b
in

a
tio

n
 o

f 
th

e
 a

b
o
ve

 r
e
su

lti
n
g
 in

, 
1
) 

a
 d

e
cr

e
a
se

d
 s

p
e
ct

ra
l i

n
te

n
si

ty
 in

ci
d
e
n
t 

o
n
 t

h
e
 d

e
vi

ce
 a

n
d
 2

) 
a
 s

p
e
ct

ra
l r

e
sp

o
n
se

 s
h
ift

 o
f 

th
e

m
a
te

ri
a
ls

 t
o
 l

o
n
g
e
r 

w
a
ve

le
n
g
th

s.
 I

n
 t

h
is

 p
a
p
e
r,

 t
h
e
 c

h
a
n
g
e
 i

n
 t

h
e
 c

u
rr

e
n
t 

d
e
n
si

ty
 o

f 
a
 C

P
V

 d
e
vi

ce
 a

s 
a
 f

u
n
ct

io
n
 o

f 
th

e
 o

p
tic

s 
a
n
d

te
m

p
e
ra

tu
re

 i
s 

d
is

cu
ss

e
d
. 

A
d
d
iti

o
n
a
lly

, 
a
 s

p
e
ct

ra
l 

sh
a
p
in

g
 a

n
d
 s

p
e
ct

ra
l 

re
sp

o
n
se

 s
u
b
ce

ll 
m

o
d
e
l 

is
 p

ro
p
o
se

d
 t

o
 o

p
tim

iz
e
 t

h
e

o
p
e
ra

tio
n
 o

f 
th

e
 d

e
vi

ce
. 

T
h
is

 p
ro

p
o
se

d
 m

o
d
e
l 

co
u
ld

 p
o
ss

ib
ly

 i
n

cr
e
a
se

 t
h
e
 d

e
vi

ce
s 

lo
n
g
e
vi

ty
 b

y 
o
ff

se
tt

in
g
 t

h
e
 s

u
b
ce

ll 
cu

rr
e
n
t

m
is

m
a
tc

h
 b

e
tw

e
e
n
 t

h
e
 m

a
te

ri
a
ls

 w
ith

in
 t

h
e
 C

P
V

 d
e
vi

ce
.

2
7
1
 -

 P
re

li
m

in
a
ry

 r
e
s
u

lt
s
 o

f 
a
 M

o
n

te
 C

a
rl

o
 s

tu
d

y
 o

f 
n

e
u

tr
o

n
 b

e
a
m

 p
ro

d
u

c
ti

o
n

 a
t 

iT
h

e
m

b
a
 L

A
B

S

P
o
st

e
r2

 -
 W

e
d
n
e
sd

a
y 

1
0
 J

u
ly

 2
0
1
3
 1

7
:4

0
P

ri
m

a
ry

 a
u

th
o

rs
:

IM
M

A
N

U
E

L
, 

M
u
la

u
d
zi

 (
U

W
C

)
C

o
-a

u
th

o
rs

:
M

A
L
E

K
A

, 
P

e
a
n
e
 (

iT
h
e
m

b
a
 L

A
B

S
);

 M
A

K
H

U
B

E
L
A

, 
M

a
th

e
w

s 
(U

W
C

);
 M

A
S

W
O

N
D

O
, 

V
u
si

m
u
zi

 (
U

W
C

);
 H

E
R

B
E

R
T

, 
M

a
rk

 (
U

W
C

)

A
b
st

ra
ct

 M
a
n
y 

a
p
p
lic

a
tio

n
s 

in
 n

u
cl

e
a
r 

a
n
d
 a

p
p
lie

d
 n

u
cl

e
a
r 

p
h
ys

ic
s 

re
q
u
ir
e
 w

e
ll-

ch
a
ra

ct
e
ri
ze

d
 f

a
st

 n
e
u
tr

o
n
 b

e
a
m

s 
in

 t
e
rm

s 
o
f 

th
e
ir

flu
e
n
ce

 s
p
e
ct

ra
, 

si
n
ce

 n
e
u
tr

o
n
 i

n
te

ra
ct

io
n
s 

cr
o
ss

 s
e
ct

io
n
s 

a
re

 e
n
e
rg

y 
d

e
p
e
n
d
e
n
t.

 F
a
st

 n
e
u
tr

o
n
 b

e
a
m

s 
a
re

 w
id

e
ly

 u
se

d
 i

n
 r

a
d
ia

tio
n

th
e
ra

p
y 

fo
r 

ca
n
ce

r 
tr

e
a
tm

e
n
t,

 r
a
d
ia

tio
n
 p

ro
te

ct
io

n
 f

o
r 

d
e
te

ct
o
r 

ca
lib

ra
tio

n
 a

n
d
 b

a
si

c 
re

se
a
rc

h
 i

n
 n

u
cl

e
a
r 

p
h
ys

ic
s 

fo
r 

n
e
u
tr

o
n
 c

ro
ss

se
ct

io
n
 m

e
a
su

re
m

e
n
t.

 M
o
n
ito

ri
n
g
 t

h
e
se

 n
e
u
tr

o
n
 b

e
a
m

 f
ie

ld
s 

a
n
d
 d

e
te

rm
in

in
g
 t

h
e
ir
 f

lu
e
n
ce

 s
p
e
ct

ra
 p

o
se

 a
 c

h
a
lle

n
g
e
. 

In
 p

ri
n
ci

p
le

,
th

e
se

 f
lu

e
n
ce

 s
p
e
ct

ra
 c

a
n
 e

ith
e
r 

b
e
 c

a
lc

u
la

te
d
 b

y 
M

o
n
te

 C
a
rl
o
 M

e
th

o
d
s 

o
r 

m
e
a
su

re
d
 e

xp
e
ri
m

e
n
ta

lly
. 

A
t 

re
se

a
rc

h
 f

a
ci

lit
y 

n
a
m

e
ly

iT
h
e
m

b
a
 L

A
B

S
 f

a
st

 n
e
u
tr

o
n
 b

e
a
m

s 
ch

a
ra

ct
e
ri
za

tio
n
 i

n
 t

e
rm

s 
o
f 

th
e
ir
 f

lu
e
n
ce

 s
p
e
ct

ra
 a

re
 i

m
p
o
rt

a
n
t 

fo
r 

d
e
te

ct
o
r 

ca
lib

ra
tio

n
 a

n
d

n
e
u
tr

o
n
 c

ro
ss

 s
e
ct

io
n
 m

e
a
su

re
m

e
n
t.

 M
o
n
te

 C
a
rl
o
 m

e
th

o
d
s 

a
re

 w
id

e
ly

 u
se

d
 t

o
 o

p
tim

is
e
 n

e
u
tr

o
n
 b

e
a
m

 d
e
liv

e
ry

 s
ys

te
m

 o
f 

su
ch

fa
ci

lit
ie

s 
a
n
d
 t

o
 p

re
d
ic

t 
th

e
ir
 s

o
u
rc

e
 s

p
e
ct

ra
. 

In
 t

h
is

 w
o
rk

 it
 w

a
s 

d
e
ci

d
e
d
 t

o
 u

se
 t

h
e
 M

o
n
te

 C
a
rl
o
 C

o
d
e
 M

N
C

P
X

 t
o
 in

ve
st

ig
a
te

 n
e
u
tr

o
n

p
ro

d
u
ct

io
n
 a

t 
IT

h
e
m

b
a
 L

A
B

S
 b

e
ca

u
se

 i
t 

h
a
d
 b

e
 w

id
e
ly

 u
se

d
 a

n
d

 v
a
lid

a
te

d
 i

n
 t

h
e
 e

n
e
rg

y 
ra

n
g
e
 o

f 
in

te
re

st
.T

h
is

 p
a
p
e
r 

p
re

se
n
t

p
re

lim
in

a
ry

 r
e
su

lts
 i

n
 w

h
ic

h
 t

h
e
 M

o
n
te

 C
a
rl
o
 c

o
d
e
 M

C
N

P
X

 w
a
s 

u
se

d
 t

o
 s

im
u
la

te
 n

e
u
tr

o
n
 p

ro
d
u
ct

io
n
 b

y 
d
iff

e
re

n
t 

ta
rg

e
ts

 e
ith

e
r 

L
i

(1
.0

 m
m

),
 B

e
 (

1
0
.0

 m
m

) 
o
r 

C
 (

1
0
.0

 m
m

),
 f

o
r 

fa
st

 n
e
u
tr

o
n
 b

e
a
m

s 
fa

ci
lit

y 
a
t 

iT
h
e
m

b
a
 L

A
B

S
. 

N
e
u
tr

o
n
 p

ro
d
u
ct

io
n
 w

a
s 

in
ve

st
ig

a
te

d
 i

n
te

rm
s 

o
f 

p
ro

to
n
 n

e
u
tr

o
n
 r

a
tio

 a
n
d
 f

lu
e
n
ce

 s
p
e
ct

ra
 a

s 
a
 f

u
n
ct

io
n

 o
f 

ta
rg

e
t 

th
ic

kn
e
ss

, 
in

ci
d
e
n
t 

p
ro

to
n
 e

n
e
rg

y 
a
n
d
 a

n
g
u
la

r 
d
is

tr
ib

u
tio

n
.

2
7
2
 -

 T
u

n
e
a
b

le
 G

a
u

s
s
ia

n
 t

o
 F

la
t-

to
p

 r
e
s
o

n
a
to

r 
b

y
 a

m
p

li
tu

d
e
 b

e
a
m

 s
h

a
p

in
g

P
o
st

e
r1

 -
 T

u
e
sd

a
y 

0
9
 J

u
ly

 2
0
1
3
 1

7
:4

0
P

ri
m

a
ry

 a
u

th
o

rs
:

N
G

C
O

B
O

, 
S

a
n
d
ile

 (
C

S
IR

)
C

o
-a

u
th

o
rs

:
L
IT

V
IN

, 
Ig

o
r 

(C
S

IR
);

 A
IT

-A
M

E
U

R
, 

K
a
m

e
l (

U
n
iv

e
rs

ité
 d

e
 C

a
e
n
);

 F
O

R
B

E
S

, 
A

n
d
re

w
 (

C
S

IR
)

W
e
 o

u
tli

n
e
 a

 s
im

p
le

 la
se

r 
ca

vi
ty

 c
o
m

p
ri
si

n
g
 a

n
 o

p
a
q
u
e
 r

in
g
 a

n
d
 a

 c
ir
cu

la
r 

a
p
e
rt

u
re

 t
h
a
t 

is
 c

a
p
a
b
le

 o
f 

p
ro

d
u
ci

n
g
 s

p
a
tia

lly
 t

u
n
e

a
b
le

la
se

r 
m

o
d
e
s,

 f
ro

m
 a

 G
a
u
ss

ia
n
 b

e
a
m

 t
o
 a

 F
la

t-
to

p
 b

e
a
m

. 
T

h
e
 t

u
n
e

-a
b
ili

ty
 i

s 
a
ch

ie
ve

d
 b

y 
va

ry
in

g
 t

h
e
 d

ia
m

e
te

r 
o
f 

th
e
 a

p
e
rt

u
re

 a
n
d

th
u
s 

re
q
u
ir
e
s 

n
o
 r

e
a
lig

n
m

e
n
t 

o
f 

th
e
 c

a
vi

ty
. 

W
e
 d

e
m

o
n
st

ra
te

 t
h
is

 p
ri
n
ci

p
le

 u
si

n
g
 a

 d
ig

ita
l 

la
se

r 
w

ith
 a

n
 i

n
tr

a
-c

a
vi

ty
 s

p
a
tia

l 
lig

h
t

m
o
d
u
la

to
r,

 a
n
d
 c

o
n
fir

m
 t

h
e
 p

ro
p
e
rt

ie
s 

o
f 

th
e
 r

e
so

n
a
to

r 
e
xp

e
ri
m

e
n
ta

lly
.



2
7
3
 -

 E
le

c
tr

ic
a
l 

a
n

d
 m

a
g

n
e
ti

c
 p

ro
p

e
rt

ie
s
 o

f 
N

d
A

u
G

e
 c

o
m

p
o

u
n

d

P
o
st

e
r1

 -
 T

u
e
sd

a
y 

0
9
 J

u
ly

 2
0
1
3
 1

7
:4

0
P

ri
m

a
ry

 a
u

th
o

rs
:

B
A

S
H

IR
, 
A

im
a
n
 (

U
n
iv

e
rs

ity
 o

f 
W

e
st

e
rn

 C
a
p

e
)

C
o

-a
u

th
o

rs
:

T
C

H
O

U
L
A

 T
C

H
O

K
O

N
T

E
, 

M
o
is

e
 (

U
n
iv

e
rs

ity
 o

f 
th

e
 W

e
st

e
rn

 C
a
p

e
);

 S
T

R
Y

D
O

M
, 
A

n
d
re

 (
U

n
iv

e
rs

ity
 o

f 
Jo

h
a
n
n
e
sb

u
rg

);
 S

N
Y

M
A

N
,

Ja
sp

e
r 

(U
n
iv

e
rs

ity
 o

f 
Jo

h
a
n
n
e
sb

u
rg

)

W
e
 r

e
p
o
rt

 t
h
e
 e

le
ct

ri
ca

l a
n
d
 m

a
g
n
e
tic

 p
ro

p
e
rt

ie
s 

o
f 

th
e
 h

e
xa

g
o

n
a
l N

d
A

u
G

e
, 

th
ro

u
g
h
 t

h
e
 m

e
a
su

re
m

e
n
t 

o
f 

X
-r

a
y 

d
iff

ra
ct

io
n
 (

X
R

D
),

e
le

ct
ri
ca

l 
re

si
st

iv
ity

 
(■

(T
))

, 
m

a
g
n
e
tic

 
su

sc
e
p
tib

ili
ty

 
(■

(T
))

 
a
n
d
 

m
a
g
n
e
tiz

a
tio

n
 

(■
(■

0
H

))
. 

X
R

D
 

d
a
ta

 
in

d
ic

a
te

 
a
 

h
e
xa

g
o
n
a
l

N
d
P

tS
b
■

ty
p
e
 s

tr
u
ct

u
re

 w
ith

 s
p
a
ce

 g
ro

u
p
 P

6
3
m

c.
 R

e
su

lt 
o
f 

e
le

ct
ri
ca

l r
e
si

st
iv

ity
 s

h
o
w

s 
a
 m

e
ta

lli
c 

�
 li

ke
 b

e
h
a
vi

o
r 

b
e
lo

w
 1

5
0
 k

 a
n
d
 a

b
ro

a
d
 c

u
rv

a
tu

re
 a

b
o
ve

 1
5
0
 k

. 
T

h
e
 l

a
w

 t
e
m

p
e
ra

tu
re

 ■
(T

) 
d
a
ta

 i
n
d
ic

a
te

 t
h
e
 o

n
se

t 
o
f 

a
 m

a
g
n
e
tic

 t
ra

n
si

tio
n
. 
■

(T
) 

d
a
ta

 a
t 

lo
w

te
m

p
e
ra

tu
re

 in
 z

e
ro

 f
ie

ld
-c

o
o
le

d
 (

Z
F

C
) 

in
d
ic

a
te

s 
a
 m

a
g
n
e
tic

 p
h
a
se

 t
ra

n
si

tio
n
 a

t 
te

m
p
e
ra

tu
re

 T
N

 =
7
.8

 k
. 

T
h
e
 h

ig
h
 t

e
m

p
e
ra

tu
re

 ■
(T

)
d
a
ta

 f
o
llo

w
 t

h
e
 C

u
ri
e
 �

 W
e
is

s 
re

la
tio

n
 a

n
d
 g

iv
e
 e

ff
e
ct

iv
e
 m

o
m

e
n
t 

va
lu

e
 ■

e
ff

 s
lig

h
tly

 r
e
d
u
ce

d
 f

ro
m

 t
h
e
 e

xp
e
ct

e
d
 v

a
lu

e
 3

.6
2
 ■

B
 o

f 
th

e
fr

e
e
 N

d
+

3
 -

io
n
. 

Z
F

C
 a

n
d
 F

C
 (

fie
ld

 c
o
o
lin

g
) 
■

(T
) 

sh
o
w

s 
a
 b

ifu
rc

a
tio

n
 b

e
lo

w
 T

f 
=

 1
3
 k

.

2
7
4
 -

 N
O

N
-S

P
E

C
IA

L
IS

T
: 

C
la

s
s
ic

a
l 

o
p

ti
c
s
 i

n
 t

h
e
 l

a
n

g
u

a
g

e
 o

f 
q

u
a
n

tu
m

 m
e
c
h

a
n

ic
s

T
h
e
o
re

tic
a
l -

 F
ri
d
a
y 

1
2
 J

u
ly

 2
0
1
3
 1

1
:1

0
P

ri
m

a
ry

 a
u

th
o

rs
:

K
O

N
R

A
D

, 
T

h
o
m

a
s 

(U
K

Z
N

)
C

o
-a

u
th

o
rs

:
G

O
Y

A
L
, 

S
a
n
d
e
e
p

 (
U

K
Z

N
)

T
h
e
re

 i
s 

a
 c

lo
se

 r
e
la

tio
n
sh

ip
 b

e
tw

e
e
n
 p

h
ys

ic
a
l 

o
p
tic

s 
a
n
d
 q

u
a
n

tu
m

 m
e
ch

a
n
ic

s.
 T

h
e
re

fo
re

 p
ro

b
le

m
s 

fo
rm

 o
n
e
 o

f 
th

e
se

 f
ie

ld
s 

ca
n

so
lv

e
d
 b

y 
m

e
th

o
d
s 

fr
o
m

 t
h
e
 o

th
e
r.

 W
e
 r

e
vi

e
w

 t
h
e
 a

p
p
lic

a
tio

n
 o

f 
D

ir
a
c 

n
o
ta

tio
n
 a

n
d
 o

p
e
ra

to
r 

a
lg

e
b
ra

 t
o
 t

h
e
 o

p
tic

s 
o
f 

p
a
ra

xi
a
l 

lig
h
t

b
e
a
m

s 
a
t 

th
e
 e

xa
m

p
le

 o
f 

d
e
ri
vi

n
g
 t

h
e
 l

e
n
s 

e
q
u
a
tio

n
. 

In
 a

d
d

iti
o
n
, 

w
e
 f

o
rm

u
la

te
 p

a
ra

xi
a
l 

o
p
tic

s 
in

 t
e
rm

s 
o
f 

p
o
st

u
la

te
s 

in
 o

rd
e
r 

to
co

m
p
a
re

 t
h
e
m

 w
ith

 t
h
o
se

 o
f 

q
u
a
n
tu

m
 m

e
ch

a
n
ic

s 
a
n
d
 f

in
d
 -

re
m

a
rk

a
b
ly

- 
a

 g
re

a
t 

si
m

ila
ri
ty

, 
e
xc

e
p
t 

fo
r 

m
e
a
su

re
m

e
n
ts

.

2
7
5
 -

 L
E

D
 B

o
a
rd

 f
o

r 
th

e
 m

o
b

il
e
 t

e
s
t 

b
e
n

c
h

P
o
st

e
r2

 -
 W

e
d
n
e
sd

a
y 

1
0
 J

u
ly

 2
0
1
3
 1

7
:4

0
A

u
th

o
rs

:
M

A
S

IK
E

, 
T

itu
s 

(U
n
iv

e
rs

ity
 o

f 
W

itw
a
te

rs
ra

n
d
)

W
its

 i
s 

d
e
ve

lo
p
in

g
 a

n
 e

le
ct

ro
n
ic

s 
la

b
 t

o
 s

e
rv

e
 u

p
g
ra

d
e
 n

e
e
d
s 

o
f 

re
a
d
-o

u
t 

e
le

ct
ro

n
ic

s 
o
f 

th
e
 A

T
L
A

S
 d

e
te

ct
o
r.

 A
 f

ir
st

 s
te

p
 i

n
 t

h
is

p
ro

g
ra

m
 is

 t
h
e
 d

e
ve

lo
p
m

e
n
t 

o
f 

a
 t

e
st

 b
e
n
ch

, 
th

e
 M

o
b
iD

ic
k4

 s
ys

te
m

, 
fo

r 
th

e
 r

e
a
d
o
u
t 

a
n
d
 c

o
n
tr

o
l e

le
ct

ro
n
ic

s 
o
f 

th
e
 T

ile
 C

a
lo

ri
m

e
te

r.
T

h
e
 a

rc
h
ite

ct
u
re

 o
f 

th
e
 M

o
b
iD

ic
k4

 s
ys

te
m

 w
ill

 b
e
 r

e
vi

e
w

e
d
. 

E
m

p
h
a
si

s 
w

ill
 b

e
 m

a
d
e
 o

n
 t

h
e
 r

e
-d

e
si

g
n
 o

f 
th

e
 L

E
D

 c
a
rd

.

2
7
6
 -

 T
h

e
 d

ig
it

a
l 

la
s
e
r

P
h
o
to

n
ic

s 
- 

W
e
d
n
e
sd

a
y 

1
0
 J

u
ly

 2
0
1
3
 1

5
:4

0
P

ri
m

a
ry

 a
u

th
o

rs
:

N
G

C
O

B
O

, 
S

a
n
d
ile

 (
C

S
IR

)
C

o
-a

u
th

o
rs

:
L
IT

V
IN

, 
Ig

o
r 

(C
S

IR
);

 B
U

R
G

E
R

, 
L
ie

sl
 (

C
S

IR
);

 F
O

R
B

E
S

, 
A

n
d
re

w
 (

C
S

IR
)

It
 i

s 
w

e
ll-

kn
o
w

n
 h

o
w

 t
o
 c

o
n
tr

o
l 

th
e
 s

p
a
tia

l 
o
u
tp

u
t 

fr
o
m

 a
 l

a
se

r,
 w

ith
 m

o
st

 s
o
lu

tio
n
s 

to
 d

a
te

 i
n
vo

lv
in

g
 c

u
st

o
m

iz
e
d
 i

n
tr

a
-c

a
vi

ty
e
le

m
e
n
ts

 i
n
 t

h
e
 f

o
rm

 o
f 

a
p
e
rt

u
re

s,
 d

iff
ra

ct
iv

e
 o

p
tic

s 
a
n
d
 f

re
e
-f

o
rm

 m
ir
ro

rs
. 

T
h
e
se

 o
p
tic

a
l 
e
le

m
e
n
ts

 r
e
q
u
ir
e
 c

o
n
si

d
e
ra

b
le

 d
e
si

g
n
 a

n
d

fa
b
ri
ca

tio
n
 e

ff
o
rt

 a
n
d
 s

u
ff

e
r 

fr
o
m

 t
h
e
 f

u
rt

h
e
r 

d
is

a
d
va

n
ta

g
e
 o

f 
b
e
in

g
 i

m
m

u
ta

b
ly

 c
o
n
n
e
ct

e
d
 t

o
 t

h
e
 s

e
le

ct
io

n
 o

f 
a
 p

a
rt

ic
u
la

r 
sp

a
tia

l
m

o
d
e
. 

C
o
n
se

q
u
e
n
tly

, 
m

o
st

 l
a
se

r 
sy

st
e
m

s 
a
re

 d
e
si

g
n
e
d
 f

o
r 

th
e
 u

b
iq

u
ito

u
s 

G
a
u
ss

ia
n
 m

o
d
e
, 

w
h
e
re

a
s 

it 
is

 c
le

a
r 

th
a
t 

th
e
re

 a
re

 m
a
n
y

in
st

a
n
ce

s 
w

h
e
n
 a

 c
u
st

o
m

is
e
d
 m

o
d
e
 w

o
u
ld

 b
e
 p

re
fe

ra
b
le

. 
W

e
 o

ve
rc

o
m

e
 t

h
e
se

 l
im

ita
tio

n
s 

w
ith

 t
h
e
 f

ir
st

 d
ig

ita
l 

la
se

r,
 c

o
m

p
ri
si

n
g
 a

n
e
le

ct
ri
ca

lly
 a

d
d
re

ss
e
d
 r

e
fle

ct
iv

e
 p

h
a
se

-o
n
ly

 s
p
a
tia

l l
ig

h
t 

m
o
d
u
la

to
r 

a
s 

a
n
 in

tr
a
-c

a
vi

ty
 h

o
lo

g
ra

p
h
ic

 m
ir
ro

r.
 T

h
e
 p

h
a
se

 a
n
d
 a

m
p
lit

u
d
e
 o

f
th

e
 h

o
lo

g
ra

p
h
ic

 m
ir
ro

r 
m

a
y 

b
e
 c

o
n
tr

o
lle

d
 a

s 
si

m
p
ly

 a
s 

w
ri
tin

g
 a

 n
e
w

 g
ra

y-
sc

a
le

 im
a
g
e
 (

co
m

p
u
te

r 
g
e
n
e
ra

te
d
 h

o
lo

g
ra

m
) 

to
 t

h
e
 d

e
vi

ce
:

o
n
-d

e
m

a
n
d
 la

se
r 

m
o
d
e
s.

 W
e
 s

h
o
w

 t
h
a
t 

w
e
 c

a
n
 d

ig
ita

lly
 c

o
n
tr

o
l t

h
e
 la

se
r 

m
o
d
e
s 

w
ith

 e
a
se

, 
a
lb

e
it 

w
ith

 h
ig

h
e
r 

ro
u
n
d
-t

ri
p
 lo

ss
e
s 

a
n
d

th
u
s 

re
q
u
ir
in

g
 h

ig
h
e
r 

g
a
in

, 
a
n
d
 d

e
m

o
n
st

ra
te

 t
h
e
 v

e
rs

a
til

ity
 o

f 
th

e
 t

e
ch

n
iq

u
e
 b

y 
sw

itc
h
in

g
 b

e
tw

e
e
n
 s

e
ve

ra
l 

sp
a
tia

l 
m

o
d
e
s 

in
 a

n
o
th

e
rw

is
e
 s

ta
n
d
a
rd

 s
o
lid

-s
ta

te
 la

se
r 

re
so

n
a
to

r.

2
7
8
 -

 G
a
la

x
y
 p

e
c
u

li
a
r 

v
e
lo

c
it

ie
s
 i

n
 t

h
e
 Z

o
n

e
 o

f 
A

v
o

id
a
n

c
e

A
st

ro
 -

 T
u
e
sd

a
y 

0
9
 J

u
ly

 2
0
1
3
 1

4
:1

0
P

ri
m

a
ry

 a
u

th
o

rs
:

S
A

ID
, 

K
h
a
le

d
 (

M
sc

. 
st

u
d
e
n
t 

u
n
iv

e
rs

ity
 o

f 
C

a
p

e
 t

o
w

n
)

C
o

-a
u

th
o

rs
:

K
R

A
A

N
-K

O
R

T
E

W
E

G
, 

R
e
n
e
e
 (

A
st

ro
n
o
m

y 
D

e
p

a
rt

m
e
n
t 

(H
O

D
))

; 
JA

R
R

E
T

T
, 

T
o
m

 (
S

o
u
th

 A
fr

ic
a
n
 R

e
se

a
rc

h
 C

h
a
ir
 in

 A
st

ro
p

h
ys

ic
s 

a
n
d

S
p

a
ce

 S
ci

e
n
ce

)

D
u
st

 e
xt

in
ct

io
n
 a

n
d
 s

te
lla

r 
co

n
fu

si
o
n
 o

f 
th

e
 M

ilk
y 

W
a
y 

p
re

ve
n
t 

th
e
 d

e
te

ct
io

n
 o

f 
g
a
la

xi
e
s 

a
t 

lo
w

 G
a
la

ct
ic

 l
a
tit

u
d
e
, 

cr
e
a
tin

g
 t

h
e

so
-c

a
lle

d
 Z

o
n
e
 o

f 
A

vo
id

a
n
ce

 (
Z

o
A

).
 T

h
is

 h
a
s 

h
a
m

p
e
re

d
 o

u
r 

u
n
d
e
rs

ta
n
d
in

g
 o

f 
th

e
 lo

ca
l d

yn
a
m

ic
s,

 c
o
sm

ic
 f

lo
w

 f
ie

ld
s 

a
n
d
 o

ri
g
in

 o
f 

th
e

C
M

B
 d

ip
o
le

. 
F

o
r 

si
m

ila
r 

re
a
so

n
s,

 t
h
e
 Z

o
A

 w
a
s 

e
xc

lu
d
e
d
 f

ro
m

 t
h
e
 s

o
-c

a
lle

d
 "

w
h
o
le

-s
ky

" 
T

w
o
 M

ic
ro

n
 A

ll-
S

ky
 S

u
rv

e
y 

(2
M

A
S

S
)

T
u
lly

-F
is

h
e
r 

S
u
rv

e
y 

(2
M

T
F

),
 w

h
ic

h
 a

im
s 

to
 p

ro
vi

d
e
 d

is
ta

n
ce

s 
a
n
d
 p

e
cu

lia
r 

ve
lo

ci
tie

s 
fo

r 
a
ll 

b
ri
g
h
t 

in
cl

in
e
d
 g

a
la

xi
e
s 

w
ith

 a
 li

m
it 

o
f 

K
_

s
≤ 

1
1
.2

5
 m

a
g
 in

 t
h
e
 2

M
A

S
S

 R
e
d
sh

ift
 S

u
rv

e
y 

(2
M

R
S

).
 C

o
rr

e
sp

o
n
d
in

g
ly

, 
kn

o
w

le
d
g
e
 a

b
o
u
t 

th
e
 d

e
n
si

ty
 d

is
tr

ib
u
tio

n
 in

 t
h
e
 Z

o
A

 r
e
m

a
in

s
lim

ite
d
 t

o
 s

ta
tis

tic
a
l i

n
te

rp
o
la

tio
n
s.

 W
e
 h

a
ve

 p
u
rs

u
e
d
 t

w
o
 d

iff
e
re

n
t 

su
rv

e
ys

 t
o
 f

ill
 in

 t
h
e
 n

o
rt

h
e
rn

 a
n
d
 s

o
u
th

e
rn

 Z
o
A

. 
T

h
is

 d
a
ta

 w
ill

 f
o
r

th
e
 f

ir
st

 t
im

e
 a

llo
w

 a
 d

ir
e
ct

 m
e
a
su

re
m

e
n
t 

o
f 

g
a
la

xy
 p

e
cu

lia
r 

ve
lo

ci
tie

s.
 W

e
 h

a
ve

 d
e
ri
ve

d
 a

n
 o

p
tim

iz
e
d
 T

u
lly

-F
is

h
e
r 

(T
-F

) 
te

m
p
la

te
re

la
tio

n
 t

h
a
t 

w
ill

 r
e
su

lt 
in

 a
cc

u
ra

te
 m

e
a
su

re
 o

f 
g
a
la

xy
 d

is
ta

n
ce

s 
a
n
d
 f

lo
w

 f
ie

ld
s 

in
 t

h
e
 Z

o
A

. 
D

e
ri
va

tio
n
 o

f 
th

e
 T

-F
 t

e
m

p
la

te
 r

e
la

tio
n
,

m
a
g
n
itu

d
e
s 

a
n
d
 b

ia
se

s 
co

rr
e
ct

io
n
s 

a
n
d
 p

re
lim

in
a
ry

 r
e
su

lts
 o

n
 f

lo
w

 f
ie

ld
s 

in
 t

h
e
 s

o
u
th

e
rn

 Z
o
A

 w
ill

 b
e
 p

re
se

n
te

d
.

2
7
9
 -

 N
e
w

 T
e
c
h

n
iq

u
e
s
 f

o
r 

D
e
te

rm
in

in
g

 D
o

p
a
n

t 
C

o
n

c
e
n

tr
a
ti

o
n

s
 I

n
 N

it
ro

g
e
n

 D
o

p
e
d

 C
a
rb

o
n

 N
a
n

o
s
p

h
e
re

s

D
C

M
P

M
2
 -

 W
e
d
n
e
sd

a
y 

1
0
 J

u
ly

 2
0
1
3
 1

0
:3

0
A

u
th

o
rs

:
M

A
R

S
IC

A
N

O
, 

V
in

ce
n
t 

(U
n
iv

e
rs

ity
 o

f 
th

e
 W

its
w

a
te

rs
ra

n
d
)

C
a
rb

o
n
 n

a
n
o
st

ru
ct

u
re

s 
h
a
ve

 b
e
e
n
 t

h
e
 o

b
je

ct
 o

f 
in

te
n
si

ve
 r

e
se

a
rc

h
 o

ve
r 

th
e
 l

a
st

 t
w

o
 d

e
ca

d
e
s 

d
u
e
 t

o
 t

h
e
ir
 p

o
te

n
tia

l 
to

 h
a
ve

 a
p
o
si

tiv
e
 im

p
a
ct

 o
n
 m

a
te

ri
a
ls

. 
W

h
ile

 c
a
rb

o
n
 n

a
n
o
tu

b
e
s 

h
a
ve

 b
e
e
n

 s
tu

d
ie

d
 e

xt
e
n
si

ve
ly

, 
th

e
re

 is
 s

til
l r

e
la

tiv
e
ly

 li
tt

le
 r

e
se

a
rc

h
 c

o
n

d
u
ct

e
d

o
n
 d

o
p
e
d
 c

a
rb

o
n
 n

a
n
o
sp

h
e
re

s 
. 

A
s 

p
a
rt

 o
f 

a
 c

o
n
tin

u
in

g
 c

h
a
ra

ct
e

ri
za

tio
n
 s

tu
d
y 

o
f 

d
o
p
e
d
 c

a
rb

o
n
 n

a
n
o
sp

h
e
re

s 
a
n
d
 t

h
e
ir
 s

yn
th

e
si

s 
a

n
e
w

 t
e
ch

n
iq

u
e
 i

s 
b
e
in

g
 d

e
ve

lo
p
e
d
 t

o
 d

e
te

rm
in

e
 t

h
e
 q

u
a
n
tit

y 
a
n
d
 q

u
a
lit

y 
o
f 

d
o
p
a
n
t 

co
n
ce

n
tr

a
tio

n
 i

n
 t

h
e
 s

p
h
e
re

s 
u
si

n
g
 d

iff
e
re

n
t

sy
n
th

e
si

s 
te

ch
n
iq

u
e
s.

 T
h
e
 s

p
h
e
re

s 
a
re

 s
yn

th
e
si

ze
d
 i

n
 a

 C
V

D
 r

e
a
ct

o
r 

u
si

n
g
 d

iff
e
re

n
t 

ra
tio

s 
o
f 

re
a
g
e
n
ts

 i
n
 a

n
 a

tt
e
m

p
t 

to
 t

u
n
e
 t

h
e

n
itr

o
g
e
n
 

co
n
ce

n
tr

a
tio

n
 

o
f 

th
e
 

d
o
p
e
d
 

n
a
n
o
sp

h
e
re

s.
 

A
n
 

E
P

R
 

sp
e
ct

ro
m

e
te

r 
a
llo

w
s 

fo
r 

a
n
 

a
cc

u
ra

te
 

d
e
te

rm
in

a
tio

n
 

o
f 

th
e
 

m
a
ss

co
n
ce

n
tr

a
tio

n
 o

f 
p
a
ra

m
a
g
n
e
tic

 s
ite

s 
u
si

n
g
 t

e
ch

n
iq

u
e
s 

d
e
ve

lo
p
e
d
 o

ve
r 

th
e
 la

st
 f

o
u
r 

ye
a
rs

. 
It

 is
 s

u
g
g
e
st

e
d
 t

h
a
t 

th
e
 p

a
ra

m
a
g
n
e
tic

 s
ite

s
a
re

 d
u
e
 t

o
 s

u
b
st

itu
tio

n
a
l n

itr
o
g
e
n
. 

T
h
e
 e

xp
e
ri
m

e
n
ta

lly
 d

e
te

rm
in

e
d
 c

o
n
ce

n
tr

a
tio

n
s 

ca
n
 t

h
e
n
 b

e
 u

se
d
 t

o
 p

ro
vi

d
e
 u

se
fu

l f
e
e
d
b

a
ck

 t
o
 t

h
e

sy
n
th

e
si

s 
p
ro

ce
ss

. 
R

a
m

a
n
 S

p
e
ct

ro
sc

o
p
y 

st
u
d
ie

s 
a
llo

w
 f

o
r 

in
ve

st
ig

a
tio

n
 o

f 
st

ru
ct

u
ra

l 
ch

a
n
g
e
s,

 a
n
d
 t

o
 p

ro
b
e
 t

h
e
 t

yp
e
 o

f 
b
o
n
d
 t

h
e

d
o
p
a
n
ts

 f
o
rm

 w
ith

 t
h
e
 c

a
rb

o
n
 l

a
tt

ic
e
. 

A
C

 s
u
sc

e
p
tib

ili
ty

 s
tu

d
ie

s 
o
n
 t

h
e
 s

p
h
e
re

s 
p
ro

vi
d
e
 c

o
m

p
le

m
e
n
ta

ry
 i

n
fo

rm
a
tio

n
 o

n
 t

h
e
 m

a
g
n
e
tic

p
ro

p
e
rt

ie
s 

o
f 

th
e
 d

o
p
e
d
 n

a
n
o
sp

h
e
re

s.

2
8
0
 -

 A
 S

e
a
rc

h
 f

o
r 

P
u

ls
a
ti

o
n

s
 i

n
 t

h
e
 I

n
fr

a
re

d
 r

e
g

io
n

 o
f 

H
e
rb

ig
 A

e
 s

ta
r 

V
5
8
9
 M

o
n

P
o
st

e
r2

 -
 W

e
d
n
e
sd

a
y 

1
0
 J

u
ly

 2
0
1
3
 1

7
:4

0
A

u
th

o
rs

:
N

T
A

M
E

H
L
O

, 
L
u
vo

 (
U

n
iv

e
rs

ity
 o

f 
N

o
rt

h
 W

e
st

(M
a
fik

e
n
g
 C

a
m

p
u
s)

)

V
5
8
9
 M

o
n
 i

s 
a
 m

e
m

b
e
r 

o
f 

th
e
 H

e
rb

ig
 A

e
/B

e
 s

ta
rs

 t
h
a
t 

h
a
ve

 d
e
lta

 S
cu

ti 
ty

p
e
 p

u
ls

a
tio

n
s.

 T
h
e
re

 a
re

 2
0
 o

sc
ill

a
tio

n
 f

re
q
u
e
n
ci

e
s

d
e
te

ct
e
d
 b

y 
u
si

n
g
 g

ro
u
n
d
 b

a
se

d
 t

e
le

sc
o
p
e
s 

a
n
d
 t

h
e
y 

ra
n
g
e
 f

ro
m

 1
,8

6
9
1
 p

e
r 

d
a
y 

to
 1

1
,1

7
2
3
 p

e
r 

d
a
y 

w
ith

 a
m

p
lit

u
d
e
s 

fr
o
m

1
,1

9
m

m
a
g
 t

o
 1

0
,6

8
m

m
a
g
. 

W
e
 o

b
ta

in
e
d
 t

im
e
 s

e
ri
e
s 

o
b
se

rv
a
tio

n
s 

o
f 

V
5
8
9
 M

o
n
 o

ve
r 

3
 n

ig
h
ts

 i
n
 t

h
e
 i

n
fr

a
re

d
 J

,H
,K

 f
ilt

e
rs

 u
si

n
g
 t

h
e

1
.4

m
 J

a
p
a
n
e
se

 t
e
le

sc
o
p
e
 o

f 
th

e
 S

o
u
th

 A
fr

ic
a
n
 A

st
ro

n
o
m

ic
a
l 

O
b
se

rv
a
to

ry
 i

n
 S

u
th

e
rl
a
n
d
. 

T
h
e
 a

im
 w

a
s 

to
 s

e
a
rc

h
 f

o
r 

p
u
ls

a
tio

n
fr

e
q
u
e
n
ci

e
s 

th
a
t 

w
e
re

 s
e
e
n
 in

 t
h
e
 o

p
tic

a
l b

a
n
d
 b

y 
o
th

e
r 

a
u
th

o
rs

. 
T

h
e
 in

fr
a
re

d
 a

m
p
lit

u
d
e
s 

w
o
u
ld

 b
e
 c

o
m

p
a
re

d
 w

ith
 m

o
d
e
ls

 t
o

 s
e
e
 t

h
e

e
ff

e
ct

s 
o
f 

ci
rc

u
m

st
e
lla

r 
d
is

k 
o
n
 t

h
e
 p

u
ls

a
tio

n
s 

o
f 

th
e
 s

ta
r.

2
8
1
 -

 P
re

li
m

in
a
ry

 r
e
s
u

lt
s
 o

f 
a
 M

o
n

te
 C

a
rl

o
 s

tu
d

y
 t

o
 d

e
te

rm
in

e
 n

e
u

tr
o

n
 f

le
u

n
c
e
 u

s
in

g
 a

c
ti

v
a
ti

o
n

P
o
st

e
r2

 -
 W

e
d
n
e
sd

a
y 

1
0
 J

u
ly

 2
0
1
3
 1

7
:4

0
P

ri
m

a
ry

 a
u

th
o

rs
:

M
A

K
H

U
B

E
L
A

, 
M

a
th

e
w

s 
(U

n
iv

e
rs

ity
 o

f 
T

h
e
 W

e
st

e
rn

 C
a
p

e
)

C
o

-a
u

th
o

rs
:

H
E

R
B

E
R

T
, 

M
a
rk

 (
U

n
iv

e
rs

ity
 o

f 
th

e
 W

e
st

e
rn

 C
a
p

e
);

 E
S

A
U

, 
A

n
d
re

w
 (

D
e
p

t.
 O

f 
H

e
a
lth

);
 M

A
S

O
N

D
O

, 
V

u
si

 (
U

n
iv

e
rs

ity
 o

f 
th

e
 W

e
st

e
r

C
a
p

e
);

 M
U

L
A

U
D

Z
I,

 I
m

m
a
n
u
e
l (

U
n
iv

e
rs

ity
 o

f 
th

e
 W

e
st

e
rn

 C
a
p

e
)

In
 n

u
cl

e
a
r 

p
h
ys

ic
s 

a
p
p
lic

a
tio

n
s,

 s
u
ch

 a
s 

fa
st

 n
e
u
tr

o
n
 r

a
d
io

th
e
ra

p
y 

w
h
e
re

 n
e
u
tr

o
n
 b

e
a
m

s 
a
re

 u
se

d
 f

o
r 

ca
n
ce

r 
tr

e
a
tm

e
n
t 

a
n
d

re
se

a
rc

h
, 

d
e
ta

ile
d
 k

n
o
w

le
d
g
e
 o

f 
n
e
u
tr

o
n
 f

lu
e
n
ce

 s
p
e
ct

ra
 a

re
 r

e
q

u
ir
e
d
 s

in
ce

 n
e
u
tr

o
n
 in

te
ra

ct
io

n
 c

ro
ss

 s
e
ct

io
n
s 

is
 e

n
e
rg

y 
d
e
p
e
n
d
e
n
t.

T
h
e
re

 
a
re

 
a
 

va
ri
e
ty

 
o
f 

m
e
th

o
d
s 

th
a
t 

ca
n
 

b
e
 

u
se

d
 

to
 

m
e
a
su

re
 

n
e
u
tr

o
n
 

e
n
e
rg

y 
sp

e
ct

ra
 

w
h
ic

h
 

in
cl

u
d
e
s 

tim
e
-o

f-
fli

g
h
t,

 
re

co
il

sp
e
ct

ro
m

e
tr

y,
 t

h
re

sh
o
ld

 (
a
ct

iv
a
tio

n
 o

r 
fis

si
o
n
) 

sp
e
ct

ro
m

e
tr

y 
a
n
d
 m

e
th

o
d
s 

b
a
se

d
 o

n
 n

e
u
tr

o
n
 m

o
d
e
ra

tio
n
. 

A
lth

o
u
g
h
 t

h
e
 t

im
e
 o

f 
fli

g
h
t

m
e
a
su

re
m

e
n
t 

is
 m

o
st

 a
cc

u
ra

te
 f

o
r 

in
 a

ir
 m

e
a
su

re
m

e
n
t 

in
 n

e
u
tr

o
n
 r

a
d
io

th
e
ra

p
y 

fa
ci

lit
ie

s 
w

e
re

 f
lig

h
t 

p
a
th

 is
 s

m
a
ll 

d
u
e
 s

p
a
ce

 li
m

ita
tio

n
in

 t
h
e
 t

re
a
tm

e
n
t 

ro
o
m

 t
h
re

sh
o
ld

 (
a
ct

iv
a
tio

n
 o

r 
fis

si
o
n
) 

sp
e
ct

ro
m

e
tr

y 
ca

n
 b

e
 u

se
d
 a

s 
a
n
 a

lte
rn

a
tiv

e
.I

n
 t

h
is

 w
o
rk

 a
 M

o
n
te

 C
a
rl
o
 s

tu
d
y,

u
si

n
g
 M

C
N

P
X

 w
a
s 

ca
rr

ie
d
 o

u
t 

to
 in

ve
st

ig
a
te

 t
h
e
 f

e
a
si

b
ili

ty
 o

f 
u

si
n
g
 n

e
u
tr

o
n
 a

ct
iv

a
tio

n
 t

o
 m

e
a
su

re
 f

a
st

 n
e
u
tr

o
n
 b

e
a
m

 f
lu

e
n
ce

 s
p

e
ct

ra
fo

r 
a
 w

a
te

r 
p
h
a
n
to

m
 a

t 
iT

h
e
m

b
a
 L

a
b
s 

n
e
u
tr

o
n
 b

e
a
m

 l
in

e
. 

M
C

N
P

X
 s

im
u
la

tio
n
s 

w
e
re

 u
se

d
 t

o
 m

o
d
e
l 

th
e
 e

xp
e
ri
m

e
n
ts

. 
In

 t
h
e
se

si
m

u
la

tio
n
s 

th
e
 a

ct
iv

a
tio

n
 r

e
a
ct

io
n
s 

fo
r 

1
 c

m
×

 2
.5

4
 c

m
 d

ia
m

e
te

r 
a
ct

iv
a
tio

n
 f

o
ils

 A
lu

m
in

iu
m

, 
co

p
p
e
r,

 i
ri
d
iu

m
, 

H
o
lm

iu
m

, 
T

a
n
ta

lu
m

,
in

d
iu

m
, 

T
ita

n
iu

m
, 

T
e
rb

iu
m

, 
G

o
ld

 a
n
d
 B

is
m

u
th

 w
e
re

 c
a
lc

u
la

te
d
 a

s 
w

e
ll 

a
s 

th
e
 r

e
sp

o
n
se

 f
o
r 

e
a
ch

 o
f 

th
e
 a

ct
iv

a
tio

n
 r

e
a
ct

io
n
s.

 T
h

e
se

si
m

u
la

te
d
 a

ct
iv

a
tio

n
 r

e
a
ct

io
n
s 

w
e
re

 u
n
fo

ld
e
d
 i

n
to

 n
e
u
tr

o
n
 f

lu
e
n
ce

 s
p
e
ct

ra
, 

u
si

n
g
 t

h
e
 B

a
ye

si
a
n
 u

n
fo

ld
in

g
 c

o
d
e
 M

A
X

E
D

. 
T

h
is

 s
tu

d
y

re
p
o
rt

s 
o
n
 p

re
lim

in
a
ry

 r
e
su

lts
 o

b
ta

in
e
d
.

2
8
2
 -

 T
h

e
 e

la
s
ti

c
 p

ro
p

e
rt

ie
s
 a

n
d

 t
h

e
 p

h
o

n
o

n
 d

is
p

e
rs

io
n

s
 o

f 
T

iP
tC

o
 s

h
a
p

e
 m

e
m

o
ry

 a
ll

o
y
 u

s
in

g
 t

h
e
 s

u
p

e
rc

e
ll

a
p

p
ro

a
c
h

P
o
st

e
r1

 -
 T

u
e
sd

a
y 

0
9
 J

u
ly

 2
0
1
3
 1

7
:4

0
A

u
th

o
rs

:
M

A
H

L
A

N
G

U
, 

R
o
si

n
a
h
 (

U
n
iv

e
rs

ity
 o

f 
L
im

p
o
p

o
)

S
h
a
p
e
 m

e
m

o
ry

 a
llo

ys
 (

S
M

A
s)

 a
re

 c
la

ss
ifi

e
d
 a

s 
a
 g

ro
u
p
 o

f 
m

e
ta

lli
c 

m
a
te

ri
a

ls
 t

h
a
t 

h
a
s 

th
e
 a

b
ili

ty
 t

o
 r

e
ta

in
 o

r 
re

m
e
m

b
e
r 

th
e
ir

o
ri
g
in

a
l 

sh
a
p
e
 o

r 
si

ze
 w

h
e
n
 s

u
b
je

ct
e
d
 t

o
 t

h
e
 a

p
p
ro

p
ri
a
te

 t
h
e

rm
a
l 

d
e
fo

rm
a
tio

n
 p

ro
ce

ss
e
s.

 I
n
 g

e
n
e
ra

l, 
th

e
se

 m
a
te

ri
a
ls

 c
a
n
 e

a
si

ly
 b

e
e
la

st
ic

a
lly

 o
r 

p
la

st
ic

a
lly

 d
e
fo

rm
e
d
 a

t 
so

m
e
 r

e
la

tiv
e
ly

 lo
w

 t
e
m

p
e
ra

tu
re

, 
a
n
d
 u

p
o
n
 e

xp
o
su

re
 t

o
 s

o
m

e
 h

ig
h
e
r 

te
m

p
e
ra

tu
re

 c
a
n
 r

e
tu

rn
 t

o
th

e
ir
 o

ri
g
in

a
l 

sh
a
p
e
. 

T
h
e
 e

ff
e
ct

 o
f 

su
b
st

itu
tin

g
 P

t 
w

ith
 C

o
 a

s 
th

e
 t

h
ir
d
 e

le
m

e
n
t 

in
 t

h
e
 T

iP
t 

sh
a
p
e
 m

e
m

o
ry

 a
llo

y 
sy

st
e
m

 h
a
s 

b
e
e
n

in
ve

st
ig

a
te

d
 u

si
n
g
 t

h
e
 s

u
p
e
rc

e
ll 

a
p
p
ro

a
ch

. 
T

h
e
 e

la
st

ic
 p

ro
p
e
rt

ie
s 

o
f 

th
e
 T

iP
tC

o
 h

ig
h
 t

e
m

p
e
ra

tu
re

 S
M

A
s 

w
e
re

 in
ve

st
ig

a
te

d
 b

y 
u
si

n
g

th
e

a
b
 i

n
iti

o
 a

p
p
ro

a
ch

 e
m

p
lo

ye
d
 i

n
 V

A
S

P
. 

F
u
rt

h
e
rm

o
re

 t
h
e
 e

le
ct

ro
n
ic

 s
tr

u
ct

u
re

 m
e
ch

a
n

is
m

s 
b
e
h
in

d
 t

h
e
 e

la
st

ic
 p

ro
p
e
rt

ie
s 

a
re

d
is

cu
ss

e
d
 b

a
se

d
 o

n
 t

h
e
 p

h
o
n
o
n
 d

is
p
e
rs

io
n
s.



2
8
3
 -

 P
re

d
ic

ti
o

n
 o

f 
fo

F
2
 f

ro
m

 G
P

S
 T

E
C

 o
v
e
r 

A
F

R
IC

A

S
p
a
ce

 S
ci

e
n
ce

 -
 T

u
e
sd

a
y 

0
9
 J

u
ly

 2
0
1
3
 1

4
:1

0
A

u
th

o
rs

:
S

S
E

S
S

A
N

G
A

, 
N

ic
h
o
la

s 
(S

o
u
th

 A
fr

ic
a
n
 N

a
tio

n
a
l S

p
a
ce

 A
g
e
n
cy

 (
S

A
N

S
A

) 
S

p
a

ce
 S

ce
in

ce
 )

)

T
h
e
 I

n
te

rn
a
tio

n
a
l 

R
e
fe

re
n
ce

 I
o
n
o
sp

h
e
ri
c 

(I
R

I)
 m

o
d
e
l 

h
a
s 

b
e
e
n
 o

n
e
 o

f 
th

e
 m

o
st

 c
o
n
si

st
e
n
t 

in
 p

re
d
ic

tin
g
 i

o
n
o
sp

h
e
ri
c 

p
a
ra

m
e
te

rs
o
ve

r 
m

o
st

 o
f 

th
e
 g

e
o
g
ra

p
h
ic

a
l l

o
ca

tio
n
s 

a
ro

u
n
d
 t

h
e
 w

o
rl
d
. 

H
o
w

e
ve

r,
 t

h
e
 m

o
d
e
l f

a
ils

 t
o
 p

re
d
ic

t 
a
cc

u
ra

te
ly

 in
 r

e
g
io

n
s 

w
h
e
re

 d
a
ta

 w
a
s

n
o
t 

a
va

ila
b
le

 d
u
ri
n
g
 it

s 
d
e
ve

lo
p
m

e
n
t,

 h
e
n
ce

 t
h
e
 u

se
 o

f 
d
a
ta

 f
ro

m
 G

lo
b
a
l P

o
si

tio
n
in

g
 S

ys
te

m
 (

G
P

S
) 

re
ce

iv
e
rs

 a
n
d
 o

th
e
r 

m
o
d
e
ls

. 
T

h
is

p
a
p
e
r 

d
e
sc

ri
b
e
s 

a
 m

e
th

o
d
 (

T
E

C
2
F

2
) 

o
f 

e
xt

ra
ct

in
g
 f

o
F

2
 v

a
lu

e
s 

fr
o
m

 G
P

S
 T

o
ta

l 
E

le
ct

ro
n
 C

o
n
te

n
t 

(T
E

C
).

 T
h
e
 m

e
th

o
d
 w

a
s 

fir
st

d
e
ve

lo
p
e
d
 o

ve
r 

th
e
 r

e
g
io

n
 o

f 
S

o
u
th

 A
fr

ic
a
 u

si
n
g
 t

h
e
 a

va
ila

b
le

 I
o
n
o
so

n
d
e
s 

st
a
tio

n
s;

 G
ra

h
a
m

st
o
w

n
 (

3
3
 .

2
0
 S

, 
2
6
.3

0
 E

),
 H

e
rm

a
n
u
s

(3
4
.4

 0
 S

, 
1
9
.2

0
 E

),
 L

o
u
is

va
le

 (
2
8
.5

 0
 S

, 
2
1
 .

2
 0

 E
 )

 a
n
d
 M

a
d
im

b
o
 (

-3
0
.9

0
 S

, 
2
2
.2

0
 E

 )
, 

to
 v

e
ri
fy

 t
h
e
 r

e
su

lts
. 

T
h
e
 a

n
a
ly

si
s 

o
f 

th
e

re
su

lts
 s

h
o
w

e
d
 t

h
a
t 

th
e
 T

E
C

2
F

2
 m

e
th

o
d
 w

a
s 

m
o
re

 a
cc

u
ra

te
 a

t 
p
re

d
ic

tin
g
 t

h
e
 f

o
F

2
 p

a
ra

m
e
te

r 
o
ve

r 
S

o
u
th

 A
fr

ic
a
 t

h
a
n
 t

h
e
 I

R
I-

2
0
0
7

m
o
d
e
l. 

T
h
e
 a

p
p
lic

a
tio

n
 o

f 
th

is
 m

e
th

o
d
 o

ve
r 

th
e
 r

e
st

 o
f 

A
fr

ic
a

 i
s 

p
ro

p
o
se

d
 i
n
 o

rd
e
r 

to
 m

o
re

 a
cc

u
ra

te
ly

 p
re

d
ic

t 
th

e
 f

o
F

2
 p

a
ra

m
e
te

r 
in

re
g
io

n
s 

w
h
e
re

 I
o
n
o
so

n
d
e
s 

d
o
 n

o
t 

e
xi

st
.

2
8
4
 -

 C
o

m
p

a
ri

s
o

n
 o

f 
in

d
o

o
r 

a
n

d
 o

u
td

o
o

r 
c
u

rr
e
n

t-
v
o

lt
a
g

e
 c

h
a
ra

c
te

ri
s
a
ti

o
n

 o
f 

p
h

o
to

v
o

lt
a
ic

 m
o

d
u

le
s

A
p
p
lie

d
 -

 F
ri
d
a
y 

1
2
 J

u
ly

 2
0
1
3
 0

9
:2

0
P

ri
m

a
ry

 a
u

th
o

rs
:

C
R

O
Z

IE
R

, 
Ja

cq
u
i (

N
M

M
U

)
C

o
-a

u
th

o
rs

:
V

A
N

 D
Y

K
, 

E
rn

e
st

 (
N

M
M

U
);

 V
O

R
S

T
E

R
, 

F
re

d
e
ri
k 

(N
M

M
U

)

P
h
o
to

vo
lta

ic
 m

o
d
u
le

s 
a
re

 s
p
e
ci

fie
d
 b

a
se

d
 o

n
 t

h
e
ir
 p

o
w

e
r 

o
u
tp

u
t 

a
n
d
 t

h
u
s 

it 
is

 v
e
ry

 i
m

p
o
rt

a
n
t 

th
a
t 

th
e
 m

a
xi

m
u
m

 p
o
w

e
r 

(P
m

a
x)

,
vo

lta
g
e
 (

V
) 

a
n
d
 c

u
rr

e
n
t 

(I
) 

o
f 

p
h
o
to

vo
lta

ic
 (

P
V

) 
m

o
d
u
le

s 
b
e
 a

cc
u
ra

te
ly

 d
e
te

rm
in

e
d
. 

T
h
e
 p

o
w

e
r 

m
e
a
su

re
m

e
n
ts

 a
re

 m
a
d
e
 a

t 
st

a
n
d
a
rd

te
st

 c
o
n
d
iti

o
n
s 

(S
T

C
) 

o
f 

ir
ra

d
ia

n
ce

 (
1
0
0
0
W

/m
2
),

 t
e
m

p
e
ra

tu
re

 (
2
5
°C

) 
a

n
d
 s

p
e
ct

ra
l d

is
tr

ib
u
tio

n
 (

A
M

 1
.5

).
 T

e
m

p
e
ra

tu
re

 a
n
d
 ir

ra
d
ia

n
ce

ca
n
 b

e
 c

o
rr

e
ct

e
d
 w

ith
in

 a
 c

e
rt

a
in

 r
a
n
g
e
 b

u
t 

sp
e
ct

ra
l d

is
tr

ib
u
tio

n
 is

 r
e
la

te
d
 t

o
 t

h
e
 a

tm
o
sp

h
e
ri
c 

co
n
d
iti

o
n
s 

a
n
d
 t

ilt
 o

f 
th

e
 e

a
rt

h
. 

In
d
o
o
r

P
V

 
m

o
d
u
le

 
te

st
in

g
 

a
llo

w
s 

th
e
 

p
e
rf

o
rm

a
n
ce

 
p
a
ra

m
e
te

rs
 

o
f 

a
 

m
o
d
u
le

 
to

 
b
e
 

d
e
te

rm
in

e
d
 

u
n
d
e
r 

co
n
tr

o
lle

d
 

co
n
d
iti

o
n
s.

 
T

h
e

cu
rr

e
n
t-

vo
lta

g
e
 (

I-
V

) 
ch

a
ra

ct
e
ri
st

ic
 a

re
 d

e
te

rm
in

e
d
 b

y 
m

e
a
su

ri
n
g
 t

h
e
 c

u
rr

e
n
t 

a
n
d
 v

o
lta

g
e
 o

f 
th

e
 m

o
d
u
le

 w
ith

 a
 v

a
ri
e
d
 l

o
a
d
 e

ith
e
r

o
u
td

o
o
rs

 i
n
 n

a
tu

ra
l 

su
n
lig

h
t 

o
r 

u
si

n
g
 a

 x
e
n
o
n
 f

la
sh

 l
a
m

p
 i

n
 a

 s
o
la

r 
si

m
u
la

to
r.

 T
h
e
 s

o
la

r 
si

m
u
la

to
r 

ta
ke

s 
a
ll 

th
e
se

 m
e
a
su

re
m

e
n
ts

d
u
ri
n
g
 t

h
e
 v

e
ry

 s
h
o
rt

 p
e
ri
o
d
 o

f 
tim

e
 t

h
e
 li

g
h
t 

fla
sh

. 
In

 t
h
is

 p
a
p
e
r 

in
d
o
o
r 

a
n
d
 o

u
td

o
o
r 

te
st

in
g
 p

ro
ce

d
u
re

s 
a
re

 p
re

se
n
te

d
 a

n
d

 c
o
m

p
a
re

d
,

a
n
d
 a

d
va

n
ta

g
e
s 

a
n
d
 d

is
a
d
va

n
ta

g
e
s 

o
f 

th
e
 t

w
o
 a

p
p
ro

a
ch

e
s 

a
re

 d
is

cu
ss

e
d
. 

T
h
e
 u

n
ifo

rm
ity

 o
f 

in
te

n
si

ty
 o

f 
th

e
 f

la
sh

 li
g
h
t 

o
ve

r 
th

e
 t

e
st

a
re

a
 is

 in
ve

st
ig

a
te

d
 a

n
d
 d

is
cu

ss
e
d
. 

I-
V

 c
u
rv

e
s 

a
cq

u
ir
e
d
 u

si
n
g
 t

h
e
 d

iff
e
re

n
t 

m
e
th

o
d
s 

w
ill

 a
ls

o
 b

e
 p

re
se

n
te

d
 a

n
d
 d

is
cu

ss
e
d
.

2
8
5
 -

 R
e
c
e
n

t 
R

e
s
u

lt
s
 o

n
 S

p
a
ti

a
ll

y
 R

e
s
o

lv
e
d

 M
o

le
c
u

la
r 

G
a
s
 S

ta
r 

F
o

rm
a
ti

o
n

 L
a
w

 f
ro

m
 C

A
R

M
A

 S
u

rv
e
y
 T

o
w

a
rd

s
In

fr
a
re

d
-b

ri
g

h
t 

N
e
a
rb

y
 G

a
la

x
ie

s
 (

S
T

IN
G

)

P
o
st

e
r2

 -
 W

e
d
n
e
sd

a
y 

1
0
 J

u
ly

 2
0
1
3
 1

7
:4

0
P

ri
m

a
ry

 a
u

th
o

rs
:

R
A

H
M

A
N

, 
N

u
ru

r 
(U

n
iv

e
rs

ity
 o

f 
Jo

h
a
n
n
e
sb

u
rg

)
C

o
-a

u
th

o
rs

:
B

O
L
A

T
T

O
, 
A

lb
e
rt

o
 (

U
n
iv

e
rs

ity
 o

f 
M

a
ry

la
n
d
)

T
h
e
 S

T
IN

G
 i

s 
a
 C

A
R

M
A

 3
m

m
 s

u
rv

e
y 

o
f 

n
e
a
rb

y 
g
a
la

xi
e
s.

 W
e
 w

ill
 p

re
se

n
t 

a
 c

o
m

p
re

h
e
n
si

ve
 a

n
a
ly

si
s 

o
f 

th
e
 r

e
la

tio
n
sh

ip
 b

e
tw

e
e
n

th
e
 s

ta
r 

fo
rm

a
tio

n
 r

a
te

 s
u
rf

a
ce

 d
e
n
si

ty
 a

n
d
 m

o
le

cu
la

r 
g
a
s 

su
rf

a
ce

 d
e

n
si

ty
 a

t 
su

b
-k

p
c 

le
ve

l 
in

 t
h
e
 S

T
IN

G
 s

a
m

p
le

. 
T

o
 c

o
n
st

ru
ct

 t
h
e

tr
a
ce

rs
 o

f 
m

o
le

cu
la

r 
g
a
s 

su
rf

a
ce

 d
e
n
si

ty
 a

n
d
 s

ta
r 

fo
rm

a
tio

n
 r

a
te

, 
re

sp
e

ct
iv

e
ly

, 
w

e
 h

a
ve

 u
se

d
 h

ig
h
 r

e
so

lu
tio

n
 (

3
-5

")
 C

O
 (

J=
1
-0

) 
d
a
ta

fr
o
m

 C
A

R
M

A
 a

n
d
 t

h
e
 m

id
-i
n
fr

a
re

d
 2

4
-m

ic
ro

n
 d

a
ta

 o
f 

co
m

p
a
ra

b
le

 r
e
so

lu
tio

n
 (

6
")

 f
ro

m
 S

p
itz

e
r 

S
p
a
ce

 T
e
le

sc
o
p
e
. 

O
b
se

rv
a
tio

n
a
l

d
e
te

rm
in

a
tio

n
s 

o
f 

th
e
 f

u
n
ct

io
n
a
l r

e
la

tio
n
sh

ip
 b

e
tw

e
e
n
 s

ta
r 

fo
rm

a
tio

n
 r

a
te

 a
n
d
 m

o
le

cu
la

r 
g
a
s 

su
rf

a
ce

 d
e
n
si

tie
s,

 c
o
m

m
o
n
ly

 k
n
o
w

n
 a

s
th

e
 s

ta
r 

fo
rm

a
tio

n
 l

a
w

, 
in

 g
a
la

xi
e
s 

re
q
u
ir
e
 t

a
ki

n
g
 i

n
to

 a
cc

o
u
n

t 
a
 n

u
m

b
e
r 

o
f 

fa
ct

o
rs

. 
E

xt
in

ct
io

n
, 

co
n
tr

ib
u
tio

n
s 

fr
o
m

 n
o
n
 s

ta
r-

fo
rm

in
g

p
o
p
u
la

tio
n
s 

a
ff

e
ct

 m
a
n
y 

m
e
a
su

re
s 

o
f 

st
a
r 

fo
rm

a
tio

n
, 

tr
e
a
tm

e
n
t 

o
f 

th
e
 d

iff
u
se

 e
m

is
si

o
n
, 

a
n
d
 s

ta
tis

tic
a
l 

m
e
th

o
d
o
lo

g
ie

s 
e
m

p
lo

ye
d
 a

ll
h
a
ve

 i
m

p
a
ct

s 
o
n
 t

h
e
 p

re
ci

se
 r

e
la

tio
n
 b

e
tw

e
e
n
 g

a
s 

a
n
d
 s

ta
r 

fo
rm

a
tio

n
.W

e
 f

in
d
 t

h
a
t 

p
re

ci
se

 o
b
se

rv
a
tio

n
a
l 

co
n
st

ra
in

t 
o
n
 t

h
e
 l

in
e
a
r 

o
r

n
o
n
-l
in

e
a
r 

fu
n
ct

io
n
a
l f

o
rm

 o
f 

th
e
 r

e
la

tio
n
sh

ip
 r

e
q
u
ir
e
s 

a
n
 a

cc
u

ra
te

 e
st

im
a
te

 o
f 

th
e
 f

ra
ct

io
n
 o

f 
th

e
 d

iff
u
se

 e
m

is
si

o
n
. 

O
u
r 

re
su

lts
 s

h
o
w

th
a
t 

th
e
 t

re
a
tm

e
n
t 

o
f 

th
e
 d

iff
u
se

 e
m

is
si

o
n
 h

a
s 

si
g
n
ifi

ca
n
t 

im
p
a
ct

 o
n
 t

h
e
 in

tr
in

si
c 

sc
a
tt

e
r 

in
 t

h
e
 S

ch
m

id
t-

K
e
n
n
ic

u
tt

 t
yp

e
 c

a
n
o
n
ic

a
l s

ta
r

fo
rm

a
tio

n
 l

a
w

. 
T

h
e
 s

ca
tt

e
r 

va
ri
e
s 

su
b
st

a
n
tia

lly
 w

ith
 t

h
e
 c

h
o
ic

e
 o

f 
th

e
 s

ta
r 

fo
rm

a
tio

n
 t

ra
ce

r 
u
se

d
. 

F
o
r 

e
xa

m
p
le

, 
th

e
 n

o
n
-l
in

e
a
r

2
4
-m

ic
ro

n
 s

ta
r 

fo
rm

a
tio

n
 t

ra
ce

r 
sh

o
w

s 
th

e
 t

ig
h
te

st
 c

o
rr

e
la

tio
n
 w

ith
 t

h
e
 m

o
le

cu
la

r 
g
a
s 

co
n
te

n
t 

w
h
e
re

a
s 

(a
zi

m
u
th

a
lly

 a
ve

ra
g
e
d
)

e
xt

in
ct

io
n
 c

o
rr

e
ct

e
d
 H

a
lp

h
a
, 

a
s 

a
 t

ra
ce

r,
 a

p
p
e
a
rs

 t
o
 b

e
 t

h
e
 n

o
is

ie
st

. 
M

e
a
su

ri
n
g
 t

h
e
 r

e
la

tio
n
sh

ip
 i

n
 t

h
e
 b

ri
g
h
t,

 h
ig

h
 m

o
le

cu
la

r 
g
a
s

su
rf

a
ce

 d
e
n
si

ty
 (

S
ig

m
a
 H

_
2
 =

>
 2

0
 M

su
n
/p

c^
2
) 

re
g
io

n
s 

o
f 

th
e
 d

is
ks

 t
o
 m

in
im

iz
e
 t

h
e
 c

o
n
tr

ib
u
tio

n
 f

ro
m

 d
iff

u
se

 e
xt

e
n
d
e
d
 e

m
is

si
o
n
.

U
si

n
g
 m

id
-i
n
fr

a
re

d
 e

m
is

si
o
n
 a

s 
a
 t

ra
ce

r 
o
f 

st
a
r 

fo
rm

a
tio

n
, 

w
e
 f

in
d
 a

n
 a

p
p
ro

xi
m

a
te

ly
 l

in
e
a
r 

re
la

tio
n
 b

e
tw

e
e
n
 m

o
le

cu
la

r 
g
a
s 

a
n
d
 s

ta
r

fo
rm

a
tio

n
 r

a
te

 s
u
rf

a
ce

 d
e
n
si

tie
s 

w
ith

 a
 m

o
le

cu
la

r 
g
a
s 

d
e
p
le

tio
n

 t
im

e
 ~

2
.3

0
 G

yr
.

2
8
6
 -

 S
y
n

th
e
s
is

 a
n

d
 C

h
a
ra

c
te

ri
z
a
ti

o
n

 o
f 

C
a
B

x
O

y
:E

u
3
+

 n
a
n

o
-p

h
o

s
p

h
o

rs
 p

re
p

a
re

d
 u

s
in

g
 S

o
lu

ti
o

n
 -

 C
o

m
b

u
s
ti

o
n

M
e
th

o
d

P
o
st

e
r1

 -
 T

u
e
sd

a
y 

0
9
 J

u
ly

 2
0
1
3
 1

7
:4

0
P

ri
m

a
ry

 a
u

th
o

rs
:

S
IT

H
O

L
E

, 
T

H
O

K
O

Z
A

N
E

 M
O

S
E

S
 (

U
n
iv

e
rs

ity
 O

f 
th

e
 F

re
e
 S

ta
te

)
C

o
-a

u
th

o
rs

:
K

O
A

O
, 

L
F

 (
U

n
iv

e
rs

ity
 O

f 
th

e
 F

re
e
 S

ta
te

)

C
a
lc

iu
m

 b
o
ra

te
 (

C
a
B

xO
y:

E
u
3
+

) 
p
h
o
sp

h
o
rs

 w
ith

 d
iff

e
re

n
t 

C
a
:B

 m
o
la

r 
ra

tio
 a

n
d
 h

o
ld

in
g
 E

u
 c

o
n
ce

n
tr

a
tio

n
 c

o
n
st

a
n
t 

h
a
ve

 b
e
e
n

sy
n
th

e
si

ze
d
 b

y 
a
 s

o
lu

tio
n
 c

o
m

b
u
st

io
n
 m

e
th

o
d
 a

t 
re

a
ct

io
n
 t

e
m

p
e
ra

tu
re

s 
o
f 

5
0
0
0
C

 f
o
r 

1
5
 m

in
u
te

s.
 T

h
e
 m

o
rp

h
o
lo

g
y,

 s
tr

u
ct

u
re

 a
n
d

lu
m

in
e
sc

e
n
ce

 p
ro

p
e
rt

ie
s 

o
f 

th
e
 s

yn
th

e
si

ze
d
 n

a
n
o
st

ru
ct

u
re

s 
w

e
re

 i
n
ve

st
ig

a
te

d
 u

si
n
g
 X

-r
a
y 

d
iff

ra
ct

io
n
 (

X
R

D
),

 S
ca

n
n
in

g
 E

le
ct

ro
n

M
ic

ro
sc

o
p
y 

(S
E

M
) 

a
n
d
 

P
h
o
to

lu
m

in
e
sc

e
n
ce

 
(P

L
) 

sp
e
ct

ro
sc

o
p
y.

 
T

h
e
 

X
R

D
 

sp
e
ct

ra
 

o
f 

a
ll 

th
e
 

a
s 

p
re

p
a
re

d
 

sa
m

p
le

s 
sh

o
w

 
a
n

a
m

o
rp

h
o
u
s 

p
h
a
se

. 
S

E
M

 m
ic

ro
g
ra

p
h
 s

h
o
w

 t
h
a
t 

th
e
 s

u
rf

a
ce

 a
sp

e
ct

 a
re

 n
a
n
o

ro
d
 l

ik
e
 f

o
r 

C
a
:B

 m
o
le

 r
a
tio

s 
b
u
t 

th
e
 g

ra
in

s 
b
e
co

m
e

fla
ke

-l
ik

e
 a

s 
th

e
 C

a
:B

 m
o
la

r 
ra

tio
 i

n
cr

e
a
se

d
, 

g
iv

in
g
 r

is
e
 t

o
 t

h
e
 i

n
cr

e
a
se

 i
n
 p

a
rt

ic
le

 s
iz

e
 r

e
su

lti
n
g
 f

ro
m

 a
g
g
lo

m
e
ra

tio
n
. 

P
L
 r

e
su

lts
a
n
a
ly

si
s 

sh
o
w

e
d
 

th
a
t 

a
s 

th
e
 

e
xc

ita
tio

n
 

w
a
ve

le
n
g
th

 
in

cr
e
a
se

s 
th

e
 

lu
m

in
e
sc

e
n
ce

 
in

te
n
si

ty
 

a
ls

o
 

in
cr

e
a
se

s.
 

T
h
e
 

m
a
xi

m
u
m

lu
m

in
e
sc

e
n
ce

 i
n
te

n
si

ty
 w

a
s 

fo
u
n
d
 t

o
 b

e
 m

a
xi

m
u
m

 a
t 

a
n
 e

xc
ita

tio
n
 w

a
ve

le
n
g
th

 o
f 

3
9
5
 n

m
. 

T
h
e
 P

L
 r

e
su

lts
 a

ls
o
 s

h
o
w

s 
th

a
t 

th
e

lu
m

in
e
sc

e
n
ce

 i
n
te

n
si

ty
 o

f 
th

e
se

 e
m

is
si

o
n
 s

p
e
ct

ra
 i

n
cr

e
a
se

d
 w

ith
 t

h
e

 a
d
d
iti

o
n
 o

f 
m

o
re

 C
a
:B

 m
o
la

r 
ra

tio
. 

T
h
e
 n

a
rr

o
w

 e
m

is
si

o
n
s

b
e
tw

e
e
n
 5

9
0
-6

8
8
 n

m
 a

re
 d

u
e
 t

o
 t

ra
n
si

tio
n
s 

E
u
3
+

. 
K

e
yw

o
rd

s:
 C

a
B

4
O

7
:E

u
3
+

, 
N

a
n
o
-p

h
o
sp

h
o
rs

, 
S

o
lu

tio
n
-C

o
m

b
u
st

io
n

2
8
7
 -

 M
a
th

e
m

a
ti

c
a
l 

m
o

d
e
l 

fo
r 

in
te

rf
e
ro

m
e
tr

ic
 n

o
is

e
 i

n
 a

 R
a
m

a
n

 d
is

tr
ib

u
te

d
 f

ib
e
r 

s
e
n

s
o

r

P
o
st

e
r1

 -
 T

u
e
sd

a
y 

0
9
 J

u
ly

 2
0
1
3
 1

7
:4

0
A

u
th

o
rs

:
S

H
IM

A
P

O
N

D
A

, 
M

u
lu

n
d
u
m

in
a
 (

U
n
iv

e
rs

ity
 o

f 
Jo

h
a
n
n
e
sb

u
rg

)

D
is

tr
ib

u
te

d
 

fib
e
r 

o
p
tic

 
se

n
so

rs
 

(D
F

O
S

s)
, 

lik
e
 

a
ll 

o
th

e
r 

fib
e
r 

o
p
tic

 
se

n
so

rs
 

(F
O

S
s)

, 
h
a
ve

 
a
d
va

n
ta

g
e
s 

o
f 

e
le

ct
ro

m
a
g
n
e
tic

in
te

rf
e
re

n
ce

 im
m

u
n
ity

, 
e
xc

e
lle

n
t 

m
e
a
su

re
m

e
n
t 

re
so

lu
tio

n
 a

n
d
 w

a
te

r 
a
n
d
 c

o
rr

o
si

o
n
 r

e
si

st
a
n
ce

. 
S

tr
a
in

, 
p
re

ss
u
re

 a
n
d
 t

e
m

p
e
ra

tu
re

 a
re

so
m

e
 o

f 
th

e
 p

h
ys

ic
a
l 

p
a
ra

m
e
te

rs
 m

e
a
su

re
d
 a

n
d
 m

o
n
ito

re
d
 b

y 
D

F
O

S
s.

 O
n
e

 o
f 

th
e
 t

e
ch

n
iq

u
e
s 

e
m

p
lo

ye
d
 b

y 
D

F
O

S
s 

is
 t

h
e
 O

p
tic

a
l

T
im

e
 D

o
m

a
in

 R
e
fle

ct
o
m

e
tr

y 
(O

T
D

R
).

 I
n
 t

h
is

 t
e
ch

n
iq

u
e
, 

a
 s

h
o
rt

 p
u

ls
e
 o

f 
lig

h
t,

 in
 t

h
e
 o

rd
e
r 

o
f 

n
a
n
o
se

co
n
d
s,

 is
 c

o
u
p
le

d
 in

to
 a

n
 o

p
tic

a
l

fib
e
r.

 M
e
a
su

re
m

e
n
t 

o
f 

th
e
 b

a
ck

sc
a
tt

e
re

d
 p

o
w

e
r 

a
s 

a
 f

u
n
ct

io
n
 o

f 
tim

e
/p

o
si

tio
n
 o

n
 t

h
e
 f

ib
e
r 

g
iv

e
s 

in
fo

rm
a
tio

n
 a

b
o
u
t 

th
e
 l

o
ca

l 
lo

ss
d
is

tr
ib

u
tio

n
. 

H
o
w

e
ve

r,
 t

h
e
 p

o
w

e
r 

o
f 

th
e
 b

a
ck

sc
a
tt

e
re

d
 s

ig
n
a
l i

s 
ve

ry
 w

e
a
k;

 it
s 

a
m

p
lit

u
d
e
 is

 c
o
m

p
a
ra

b
le

 t
o
 t

h
a
t 

o
f 

th
e
 n

o
is

e
, 

a
ff

e
ct

in
g

th
e
 m

e
a
su

re
m

e
n
t 

a
cc

u
ra

cy
. 

T
h
is

 n
o
is

e
 c

o
n
si

st
s 

o
f 

th
e
 d

e
te

ct
io

n
 a

n
d
 s

ys
te

m
 n

o
is

e
 c

o
m

p
o
n
e
n
ts

. 
D

e
te

ct
io

n
 n

o
is

e
 c

o
m

e
s 

fr
o
m

 t
h
e

p
h
o
to

d
e
te

ct
o
r 

a
n
d
 i

s 
e
a
si

ly
 q

u
a
n
tif

ie
d
. 

T
h
e
 m

a
jo

r 
co

n
tr

ib
u
to

r 
to

 t
h
e
 s

ys
te

m
 n

o
is

e
 i

s 
in

te
rf

e
ro

m
e
tr

ic
 n

o
is

e
. 

In
te

rf
e
ro

m
e
tr

ic
 n

o
is

e
re

su
lts

 f
ro

m
 t

h
e
 i

n
te

rf
e
re

n
ce

 o
f 

b
a
ck

sc
a
tt

e
ri
n
g
 w

a
ve

s 
a
n
d
 i

s 
a
 f

u
n
ct

io
n
 o

f 
th

e
 l

a
se

r 
co

h
e
re

n
ce

 l
e
n
g
th

; 
th

e
 l

o
n
g
e
r 

th
e
 c

o
h
e
re

n
ce

le
n
g
th

 t
h
e
 b

ig
g
e
r 

th
e
 i

n
te

rf
e
ro

m
e
tr

ic
 n

o
is

e
 a

n
d
 v

ic
e
 v

e
rs

a
. 

In
 t

h
is

 w
o
rk

, 
w

e
 p

ro
p
o
se

 a
 m

a
th

e
m

a
tic

a
l 

m
o
d
e
l 

fo
r 

th
e
 i

n
te

rf
e
ro

m
e
tr

ic
n
o
is

e
 o

f 
D

F
O

S
 s

ys
te

m
s 

b
a
se

d
 o

n
 t

h
e
 O

T
D

R
 t

e
ch

n
iq

u
e
. 

U
si

n
g
 t

h
is

 m
o
d
e
l, 

w
e
 s

im
u
la

te
 a

 1
0
km

 R
a
m

a
n
 D

F
O

S
 s

ys
te

m
. 

In
p
u
t 

p
u
ls

e
d
u
ra

tio
n
s 

o
f 

2
0
n
s 

a
n
d
 4

0
n
s 

a
n
d
 c

o
n
si

d
e
ri
n
g
 c

o
h
e
re

n
ce

 le
n
g
th

s 
o

f 
4
m

 a
n
d
 8

m
 r

e
sp

e
ct

iv
e
ly

 a
re

 s
im

u
la

te
d
. 

W
e
 r

e
p
o
rt

 t
h
a
t 

th
e
 n

o
is

e
le

ve
l 

d
u
e
 t

o
 a

n
 8

m
 c

o
h
e
re

n
ce

 l
e
n
g
th

 s
o
u
rc

e
 i

s 
a
b
o
u
t 

fo
u
r 

tim
e
s 

g
re

a
te

r 
th

a
n
 t

h
a
t 

d
u
e
 t

o
 4

m
 c

o
h
e
re

n
ce

 l
e
n
g
th

. 
O

u
r 

m
o
d
e
l 

a
g
re

e
s

w
ith

 e
st

a
b
lis

h
e
d
 l

ite
ra

tu
re

 a
n
d
 c

a
n
 t

h
e
re

fo
re

 b
e
 a

p
p
lie

d
 i

n
 R

a
m

a
n
 (

D
F

O
S

) 
sy

st
e
m

 t
o
 a

sc
e
rt

a
in

 t
h
e
 l

e
ve

l 
o
f 

sy
st

e
m

 n
o
is

e
. 

S
tu

d
ie

s
h
a
ve

 d
e
m

o
n
st

ra
te

d
 t

h
a
t 

th
e
 u

se
 o

f 
co

d
in

g
 t

e
ch

n
iq

u
e
s 

in
 R

a
m

a
n

 D
O

F
S

 s
ys

te
m

s 
b
a
se

d
 o

n
 t

h
e
 O

T
D

R
 t

e
ch

n
iq

u
e
 im

p
ro

ve
s 

th
e
 s

ig
n
a
l

to
 n

o
is

e
 r

a
tio

 (
S

N
R

).
 O

u
r 

m
o
d
e
l 

in
cl

u
d
e
s 

tw
o
 c

o
rr

e
la

tio
n
 c

o
d
in

g
 b

a
se

d
 t

e
ch

n
iq

u
e
s,

 n
o
is

y 
p
u
ls

e
 a

n
d
 b

it 
st

re
a
m

, 
to

 e
n
h
a
n
ce

 t
h
e

sy
st

e
m

�s
 S

N
R

, 
a
n
d
 a

ch
ie

ve
 t

e
m

p
e
ra

tu
re

 a
n
d
 s

p
a
tia

l 
re

so
lu

tio
n
s 

o
f 

2
■

 a
n
d
 2

m
 r

e
sp

e
ct

iv
e
ly

, 
su

ita
b
le

 f
o
r 

a
p
p
lic

a
tio

n
 o

f 
te

m
p
e
ra

tu
re

m
o
n
ito

ri
n
g
 in

 p
o
w

e
r 

lin
e
s,

 c
o
n
ve

ye
r 

b
e
lts

, 
o
il 

a
n
d
 g

a
s 

p
ip

e
lin

e
s.

2
8
8
 -

 C
o

rr
e
la

ti
o

n
 b

e
tw

e
e
n

 t
h

e
 s

o
c
ia

l 
b

a
c
k
g

ro
u

n
d

 o
f 

a
 s

e
le

c
te

d
 g

ro
u

p
 o

f 
g

ra
d

e
 1

0
 l

e
a
rn

e
rs

 a
n

d
 t

h
e
ir

 v
ie

w
s
 o

n
th

e
 n

a
tu

re
 o

f 
s
c
ie

n
c
e
.

E
d
u
ca

tio
n
 -

 W
e
d
n
e
sd

a
y 

1
0
 J

u
ly

 2
0
1
3
 1

1
:1

0
P

ri
m

a
ry

 a
u

th
o

rs
:

B
A

L
O

Y
I,

 V
o
n
a
n
i (

U
n
iv

e
rs

ity
 o

f 
P

re
to

ri
a
)

C
o

-a
u

th
o

rs
:

B
R

A
U

N
, 

M
H

W
 (

U
n
iv

e
rs

ity
 o

f 
P

re
to

ri
a
);

 G
A

IG
H

E
R

, 
E

 (
U

n
iv

e
rs

ity
 o

f 
P

re
to

ri
a
);

 N
O

R
D

H
O

F
F

, 
H

I 
(U

n
iv

e
rs

ity
 o

f 
P

re
to

ri
a
)

T
h
is

 p
a
p
e
r 

p
re

se
n
ts

 r
e
su

lts
 o

f 
a
 q

u
e
st

io
n
n
a
ir
e
 o

n
 t

h
e
 n

a
tu

re
 o

f 
sc

ie
n
ce

 c
o
m

p
le

te
d
 b

y 
a
 g

ro
u
p
 o

f 
8
2
 g

ra
d
e
 1

0
 a

p
p
lic

a
n
ts

 t
o
 a

sc
ie

n
ce

 e
n
ri
ch

m
e
n
t 

p
ro

g
ra

m
m

e
 a

t 
th

e
 U

n
iv

e
rs

ity
 o

f 
P

re
to

ri
a
. 

T
h
e
 q

u
e
st

io
n
n
a
ir
e
 w

a
s 

co
m

p
o
se

d
 o

f 
e
le

ve
n
 o

p
e
n
-e

n
d
e
d
 q

u
e
st

io
n
s

e
xa

m
in

in
g
 l

e
a
rn

e
rs

� 
vi

e
w

s 
o
n
 s

e
ve

n
 a

sp
e
ct

s 
o
f 

th
e
 n

a
tu

re
 o

f 
sc

ie
n
ce

. 
W

e
 d

is
cu

ss
 t

h
e
 r

e
su

lts
 o

b
ta

in
e
d
 a

n
d
 i

n
ve

st
ig

a
te

 t
h
e

co
rr

e
la

tio
n
s 

b
e
tw

e
e
n
 t

h
e
 s

tu
d
e
n
t�s

 p
e
rf

o
rm

a
n
ce

 o
n
 t

h
e
 t

e
st

 a
n
d

 p
a
re

n
ts

' 
le

ve
l 

o
f 

e
d
u
ca

tio
n
, 

sc
h
o
o
l 

p
e
rf

o
rm

a
n
ce

, 
a
n
d
 m

a
rk

s 
in

sc
h
o
o
l 

su
b
je

ct
s,

 h
o
m

e
 l

a
n
g
u
a
g
e
, 

a
n
d
 c

u
ltu

re
. 

F
in

d
in

g
s 

sh
o
w

e
d
 n

o
 s

ig
n
ifi

ca
n
t 

d
iff

e
re

n
ce

 i
n
 t

h
e
 t

e
st

 s
co

re
s 

b
e
tw

e
e
n
 g

e
n
d
e
rs

. 
T

h
e

st
ro

n
g
e
st

 in
flu

e
n
ce

 o
n
 t

h
e
 s

co
re

s 
w

a
s 

fo
u
n
d
 t

o
 b

e
 t

h
e
 e

d
u
ca

tio
n
a
l b

a
ck

g
ro

u
n
d
 o

f 
th

e
 p

a
re

n
ts

. 
A

ls
o
, 

le
a
rn

e
rs

 w
ith

 E
n
g
lis

h
 a

s 
a
 h

o
m

e
la

n
g
u
a
g
e
 p

e
rf

o
rm

e
d
 b

e
tt

e
r.

 T
h
e
re

 w
a
s 

n
o
t 

a
 s

tr
o
n
g
 c

o
rr

e
la

tio
n
 b

e
tw

e
e
n
 t

h
e
 g

ra
d
e
 1

0
 m

a
rk

s 
o
b
ta

in
e
d
 in

 M
a
th

e
m

a
tic

s,
 S

ci
e
n
ce

 a
n
d

E
n
g
lis

h
, 

n
e
ith

e
r 

d
id

 t
h
e
 p

a
ss

 r
a
te

 o
f 

th
e
 s

ch
o
o
l c

o
rr

e
la

te
 w

ith
 t

h
e
 t

e
st

 s
co

re
s.

2
8
9
 -

 T
h

e
 d

e
te

rm
in

a
ti

o
n

 o
f 

c
ri

ti
c
a
l 

b
e
h

a
v
io

r 
o

f 
fe

rr
o

m
a
g

n
e
ti

c
 C

e
C

u
G

e
 u

s
in

g
 m

a
g

n
e
to

c
a
lo

ri
c
 e

ff
e
c
t

P
o
st

e
r1

 -
 T

u
e
sd

a
y 

0
9
 J

u
ly

 2
0
1
3
 1

7
:4

0
P

ri
m

a
ry

 a
u

th
o

rs
:

S
O

N
D

E
Z

I,
 B

u
yi

 (
U

n
iv

e
rs

ity
 o

f 
Jo

h
a
n
n
e
sb

u
rg

)
C

o
-a

u
th

o
rs

:
S

N
Y

M
A

N
, 

Ja
sp

e
r 

(U
n
iv

e
rs

ity
 o

f 
Jo

h
a
n
n
e
sb

u
rg

);
 S

T
R

Y
D

O
M

, 
A

n
d
re

 (
U

n
iv

e
rs

ity
 o

f 
Jo

h
a
n
n
e
sb

u
rg

)

C
ri
tic

a
l b

e
h
a
vi

o
r 

o
f 

m
a
g
n
e
tic

 s
ys

te
m

s 
a
ss

o
ci

a
te

d
 w

ith
 a

 s
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b
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p
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e
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h
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 c
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 b
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h
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 t
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 p
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 r
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 t
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p
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 c
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 b
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p
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d
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e
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i d
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p
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RAY, Sekhar Chandra #8
REDDY, Leelakrishna #72
REED, Robert #145, #146
RIGBY, Charles #83, #82
ROHWER, Egmont #104
ROTICH KIPNOO, Enoch #171
SAID, Khaled #278
SAKILDIEN, Muneer #252
SANDERS, Kirsty #508
SCHENCK, Ferdinand #195
SCHULTZ, Ross #270
SCHWARTZ, MJ #179
SCHWOERER, Heinrich #132
SEBITLA, LESOLLE #5
SEHONE, Alfred Mogotsi #183, #185
SENEKANE, Makhamisa #311, #320
SENOSI, KGOTLAESELE JOHNSON #177
SEWELL, Bryan Trevor #573
SEWELL, Trevor #119
SEYFFERT, Albertus #245
SHAAT, Samy #477
SHAI, MOSHIBUDI #133
SHIKWAMBANA, Lerato #158
SHIMAPONDA, Mulundumina #287
SHIRINDA, O. #199
SHONGWE, Nkosinathi Sipho #503
SHONHIWA, Chipo #440
SIBALISO, Mhlanga #207
SIGALAS, Iakovos #225
SIMFUKWE, Joseph #462
SIMO, Aline #187
SIMPEMBA, Prospery C. #444
SINGH, Ann #103
SITHOLE, THOKOZANE MOSES #286
SKELTON, Patricia #76
SMIT, Bart #132
SMITH, Shane #446, #450
SMITS, Derck #9
SOHANFO NGANKEU, Arlette #50
SONDEZI, Buyi #513, #202, #289
SPANGENBERG, Dirk-Mathys #131
SPARROW, RAYMOND WALTER #569
SSESSANGA, Nicholas #283
STEYN, Deon #220
SULEIMAN, Aminat Oyiza #127
SULEIMAN, MOHAMMED S. H. #557
SWARTZ, Jacobus #231
TABAZA, Wael #211
TAKANE, Mpeli #215
TANGWE, Stephen Loh #10
TANGWE, Stephen #11
TCHONANG POKAHA, Marius #516
TEBELE, Angelina Seithati #575
THABETHE, Bongani #528
THABETHE, Thabsile #25
THABEZHE, Nokwethemba Fortunate #64
THETHWAYO, Charles Thulani #549, #95
TIBANE, Malebo #544
TLALI, Spirit #2
TSHABALALA, Modiehi Amelia #88
TSHILANDE, Thinawanga #43
TSHWANE, DAVID #474
TUCKER, Bevan #190
UNGULA, Jatani #293
UNUIGBE, David #140
USMAN, I. T. #251
USMAN, Iyabo #230

VAN DER WALT, Cornelia #118
VENTER, Christo #102
VON FLOTOW, Andrea #132
VORSTER, Frederik #478
WAKO, ALI #466
WALTON, Stanley #572
WAMWANGI, Daniel #449
WASSIN, Shukree #142
WEN, Chih-Fong #21
WHITEHEAD, Andile #565
WILLIAMS, Theodore #532
WINKLER, Hartmut #116, #301, #485
WRIGHT, William #37
YACOOB, Sahal #596
YAGOUB, MYA #57
YOUSIF, A. #87
ZAMBOU, Serges #542
ZULU, Bheki #509

CERN - European Organization for Nuclear Research
CSIR – Council for Scientific and Industrial Research
DUT – Durban University of Technology
FHIT – Fort Hare Institute of Technology
HartRAO – Hartebeesthoek Radio Astronomy Observatory
HMO – Hermanus Magnetic Observatory
LRC – Laser Research Centre
NECSA – Nuclear Energy Corporation of South Africa
NITheP – National Institute for Theoretical Physics
NLC – National Laser Centre
NMISA – National Metrology Institute of South Africa
NMMU – Nelson Mandela Metropolitan University
NWU – North-West University
RU – Rhodes University
SAAO – South African Astronomical Observatory
SANSA – South African National Space Agency
SKA – Square Kilometre Array
SU – Stellenbosch University
TUT – Tshwane University of Technology
UCT – University of Cape Town
UFH – University of Fort Hare
UFS – University of the Free State
UJ – University of Johannesburg
UKZN – University of KwaZulu-Natal
UL – University of Limpopo
UNISA – University of South Africa
UniVen – University of Venda
UP – University of Pretoria
UWC – University of the Western Cape
UNIZULU – University of Zululand
WiPiSA – Women in Physics in South Africa
Wits – University of the Witwatersrand
WSU – Walter Sisulu University
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