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The Voice of Physics in South Africa
BACKGROUND

The SA Institute of Physics (SAIP) is a non-profit, voluntary and professional physics society 
that was established in 1955. 

The SAIP has a membership of over 600 made up of professionals, academics and students. 

Over 10% of the membership are in other African countries and further abroad. 

SAIP is dedicated to increasing the understanding and application of physics in South Africa.

CONTACT DETAILS

For further Information about the 
South African Institute of Physics 

please contact us:

OUR OBJECTIVES

To promote study and research in physics and the encourage applications thereof

To further the exchange of knowledge among physicists by means of publications and 
conferences. To uphold the status and ensure a high standard of professionals conduct among 

physicists 

To do all such other lawful things as many be necessary to attain the above objectives including 
the co-operation with other institutes, companies, organisations or societies, to the benefit of

both

To offer a wide range of services addressing many levels of involvement with the Physics
community and related stakeholders

Web: http://www.saip.org.za
Email: info@saip.org.za
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Accommodation at St. George Hotel:
Bedrooms will be available for occupancy from arrival 
and is handled by the Hotel Reception. 

Wifi:
Wifi is available, please ask the Hotel Reception for 
access details.

Emergency contact numbers:
Lyttelton Police Station: 012 644 8600
Ambulance: 012 310 6400
Fire Brigade: 012 542 1500
Security: 082 888 0470
Airport Information: 086 727 7888

Hospitals / Doctor:
Kloof Hospital: 012 367 4000
Unitas Hospital: 012 677 8000
Tembisa Hospital: 011 923 2000
Doctor - Cornwall: 012 345 5800

Language:
The official conference language is English.

Insurance:
The SAIP Conference and its representatives accepts 
no liability for any personal injury, loss or damage of 
property belonging to or additional expenses incurred by 
congress participants either during the conference or as 
result of delays, strikes or any other circumstances. 
Participants are requested to make their own 
arrangements with respect to health and travel 
insurance.

Transportation:
Transportation to and from the nearest mall - Irene mall 
can be arrange between 14:30 and 18:00 at reception.

Poster Sessions:
During poster session drinks will be served. You are 
allowed two beverages per session. Please bring along 
your beverage ticket for each poster session. You will 
find your tickets in your name badge pouch.
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General Information
Welcome to Pretoria and St. George Hotel and Conference 
Centre.

Conference venue:
St. George Hotel and Conference Centre.

Registration:
The registration desk is operated by the SAIP Local Organising 
Committee and will be open on Sunday in front of the reception 
area and will be located next to the Tea & Coffee serving area 
on the Spartan Hall patio throughout the duration of the rest of 
the conference. It will be open between 15:00 and 18:30 on 
Sunday and between 8:00 and 8:30 each other day. The 
registration desk is the first port of call for all conference-
related enquiries.   

Name badges are to be worn at all times during the conference. 
Lost and found items are handled by the registration desk staff.

Welcome Dinner:
Sunday 10 July, Salonica at 18:30.

Official Opening:
Monday 11 July, Spartan 1, 8:30 to 9:30.

Conference Banquet (Hosted by City of Tshwane): 
Wednesday 13 July, Freedom Park, 18:30.
Buses will be departing to Freedom Square for the Banquet 
dinner between 16:20 and 16:35.





Registration (Sunday):  Reception Entrance
Registration:    Spartan Patio
Welcome Dinner:   Salonica
Official Opening:    Spartan 1
Conference Banquet:   Freedom Park
Plenary Venue:    Spartan 1
Parallel Session 1:   Acropolis 3
Parallel Session 2:   Acropolis 1
Poster Sessions:   Spartan 1
Lunch:     Asteria
Tea:      Spartan Patio
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Abbreviations
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 Observation

LRI   - Laser Research Institute 

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 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 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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Message from the SAIP President

Greetings on behalf of the co-organizing academic societies

Azwinndini Muronga
President of the South African Institute of Physics (SAIP)

It is my pleasure to welcome you all to the 28th IUPAP Conference on 
Computational Physics in 2016.  In 2013 the South African Institute of 
Physics (SAIP), through the leadership of Prof Nithaya Chetty 
successfully bid for this prestigious conference to be brought to Africa for 
the first time. Hence the 2016 International Conference on Computational 
Physics (CCP2016) is held in South Africa, 10-14 July 2016.

The Conference on Computational Physics (CCP) is held every year under the auspices of the C20 
Commission for Computational Physics of the International Union of Pure and Applied Physics 
(IUPAP).

In solving great scientific challenges of today, computational physics forms part of the modern 
approach alongside experiment and theory. Examples of such grand challenges are found across 
various complex systems ranging from the smallest – the fundamental structure of nature, through 
material and biological sciences, to the biggest - cosmology and astrophysics. Computational 
physics connects the fundamental issues of science with the practicalities of delivering 
communication technologies and a sustainable clean energy for the future.

CCP2016 is coming at a time when the country is embracing one of the world’s biggest scientific 
instruments – the Square Kilometre Array (SKA). The country will need the expertise in 
computational physics for it to make full use of the SKA.

South Africa has great socio-economic challenges. Computational physics would play an important 
role in addressing some of these challenges. I am excited to note that there will be an outreach 
session attached to the conference where I expect the educators and learners to benefit from the 
expertise within this conference. The outreach is synchronized with some of the activities pre-
organized by the SAIP. The SAIP is having its annual conference a week before 2016.
On behalf of the SAIP I want to welcome our distinguished computational physicists and scientists to 
CCP2016. You will have a successful and fruitful conference here in South Africa.  I would like to 
thank Prof Nithaya Chetty for bringing CCP to Africa. Let also thank the IUPAP for the opportunity and 
support and the C20 Chair Prof Lin for guidance. Thank you to the local organizing team for steering 
work you did.

I acknowledge and thank our financial sponsors that include City of Tshwane, NRF, SKA and APS.

I am looking forward to seeing you all in Gauteng, South Africa

AZWINNDINI MURONGA
PRESIDENT: South African Institute of Physics
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Message from the Conference Chair

South Africa is delighted to host the first ever IUPAP Conference on 
Computational Physics on the African continent. It is apt that we 
should do so given South Africa’s growing interests and strengths in 
this important area of physics, which impacts broadly on science and 
development in Africa.

CCP is the premier annual world conference in computational physics, 
and this conference series has established a tradition for breakthrough 
science over the years, with many ground breaking computational 
techniques and results presented of physical systems and now 
increasingly in areas beyond physics. This year is no different, and on 
behalf of the local organising committee for CCP2016, I wish to 
welcome our many visitors from around the world, and look forward to 
your contributions and engagements.

The techniques of computational physics are applicable to a range of different disciplines, and 
has enormous pedagogical value especially in a developing region such as ours. Many 
scientists in Africa are working in isolation, with little scientific infrastructure and critical mass, i.e. 
fellow scientists to talk with. However, computational physics opens a new horizon for many of 
these scientists and students since all they need is access to moderate computing hardware 
and the internet, and a modicum of enthusiasm and interest. Many scientific software packages 
are freely available today, and through virtual group meetings, international scientific 
collaborations and joint supervision of research students have been growing in Africa, and 
indeed in the developing world. This is setting a strong basis for scientific development more 
broadly in Africa. 

The Centre for High Performance Computing, based in Cape Town, is actively involved in 
making excellent computing resources available for African scientists and students located 
around the continent, and nowhere is this more evident than in the field of Astronomy. With 
South Africa having won the bid to host the Square Kilometre Array (SKA) radio telescope, 
which will be the biggest scientific experiment on the planet when this is completed by 2022, a 
new computing endeavour in big data science is emerging that is revolutionising the manner in 
which we process, store, access and interact with the extremely large data sets that is at the 
very heart of the SKA. This new development is set to irrevocably change the nature of 
computing the world over for many years to come.

I am especially grateful that the metropolitan City of Tshwane has partnered with us in hosting 
this important conference. The City is beginning to establish itself as a smart city with strong 
commitments to computing, and there is no doubt that hosting CCP in Pretoria will help build 
lasting legacies for computation in Africa for many years to come.

It is against this backdrop that I welcome you to Pretoria for the XXVIII IUPAP Conference on 
Computational Physics.

Prof. Nithaya Chetty
Chair Local Organising Committee CCP2016

06
THE VOICE OF PHYSICS IN SOUTH AFRICA

PHYSICS



Guidelines for Authors
Proceedings CCP2016

The proceedings of the 28th IUPAP Conference on Computational 

Physics will appear in Open Access Journal of Physics: Conference 

Series (JPCS), which is part of IOP Conference Series. All papers 

published in IOP Conference Series are fully citable and upon 

publication will be free to download in perpetuity.

For more information on how to prepare your paper please visit the 

CCP2016 website at 

http://events.saip.org.za/internalPage.py?pageId=4&confId=72

or scan the QR Code below:

Or to get the author guidlines directly go here: 

http://conferenceseries.iop.org/content/authors OR scan the QR Code 

below: 

NOTE: You need a QR Code Scanner to scan the code above. This can be 

downloaded in your smart phones general App store.

[i.e. Google Play Store, etc.]
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Ÿ Slots of length 20 minutes have been allocated for orals: 15 minutes for presentations and 5 minutes for questions. 

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

Ÿ Technicians will be available in each room to assist speakers on uploading their presentations. Please do this well    
before your session, such as the day before. Inform the technician if your presentation has sound or video clips. 

Ÿ Be on time and report to the chair. 

Ÿ Is your talk part of a group presentation? Are you a student completing for one of the prizes?

Ÿ You are not permitted to move your presentation to any other slot.

Ÿ Please respect the time-keeping of the chair. 

Guidelines

Guidelines for Speakers

Ÿ Please keep to the scheduled times.

Ÿ 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. 

Ÿ 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 cell phones are to be switched off.

-  The title and name of the speaker.

-  Whether it is a group presentation.

-  Whether the speaker is competing for an MSc or PhD prize. 

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

Ÿ Thank all the speakers at the end of the session.

Ÿ Report problems to the session assistant.

Guidelines for Session 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
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Plenary Speaker

Prof A. Russ 
Taylor, University 
of Cape Town

Biography:  Prof. Taylor moved from Calgary, where he was the head of SKA-
Canada, to Cape Town 2 years ago to take up a Research Chair position. Here, he 
has founded the Institute for Data Intensive Astronomy (IDIA), which is designed to 
help South Africa meet the Big Data challenge arising from the Square Kilometre 
Array project, which is the world's largest telescope to be built mostly in South 
Africa. The data rates from the full SKA, planned to be complete in the late 2020's, 
are so large that current computing in the world cannot meet these requirements. 
Even South Africa's SKA precursor telescope, MeerKAT, currently being constructed 
in the Karoo, will be a major challenge. Taylor would give an engaging talk on the 
immensity of this challenge and how South Africa and the international astronomy 
community are rising to meet it.
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PLENARY: The Square Kilometre Array: Big Telescope, Big Science, Big Data.

Abstract
The Square Kilometre Array (SKA) is a next generation global radio telescope currently 
undergoing final design by a collaboration of institutions in 11 countries.  The SKA will 
be one of the largest scientific projects ever undertaken, designed to answer some of 
the big questions of our time: What is Dark Energy? Was Einstein right about gravity? 
What is the nature of dark matter? Can we detect gravitational waves? When and how 
did the first stars and galaxies form? What was the origin of cosmic magnetic fields?  
How do Earth-like planets form? Is there life, intelligent or otherwise, elsewhere in the 
Universe? 

The SKA radio telescope dish array is coming to South Africa toward the end of this 
decade.  When completed it will consist of thousands of radio antennas spread out over 
an area of thousands of kilometres in Southern Africa. The SKA will create 3D maps of 
the universe 10,000 times faster than any imaging radio telescope array ever built.  
Precursor telescopes based on SKA technologies are under construction here in South 
African and in Western Australia and will begin scientific investigations in late 2016. 
These developments foreshadow one of the most significant big data challenges of the 
coming decade and the beginning a new era of big data in radio astronomy, in which 
researchers working at the forefront of data science will be a critical part of 
astronomical discovery. An integral part of the SKA design is the systems and 
infrastructure to enable collaborative research on big data sets by globally distributed 
research teams.
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Plenary Speaker

Prof. Predrag 
Cvitanović, 
Georgia Institute 
of Technology

Biography:  Prof. Predrag Cvitanović is an expert in chaotic dynamics who studies 
turbulence using a combination of theoretical tools and direct numerical simulation 
(DNS) methods. His goal is to describe and control physical turbulent flows in terms 
of numerically exact solutions of the Navier-Stokes, with no probabilistic 
assumptions or low dimensional modelling. The requisite theory -nonlinear 
dynamics, chaos, periodic orbits, group theory - is described in ChaosBook.org and 
in the open online courses ChaosBook.org. The open source Channelflow.org and 
OpenPipeflow.org codes make it possible to determine hierarchies of "recurrent 
flows", computationally demanding but numerically exact unstable time-periodic 3D 
fluid flows. These form the backbone of turbulent flows and explain turbulent states 
observed experimentally.
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PLENARY: Recurrent flows: The clockwork behind turbulence

Abstract
Turbulence is THE unsolved problem of classical physics. For almost two centuries we 
have had the equations that describe the motion of fluids, but partial differential 
equations are in principle infinite-dimensional dynamical systems, numerical 
simulations track millions of computational degrees of freedom - what are we to make 
out of all this data? Well, in the world of moderate Reynolds numbers, everyday 
turbulence of fluids flowing across planes and down pipes a velvet revolution is taking 
place. Experiments are almost as detailed as the numerical simulations, DNS is 
yielding exact numerical solutions that one dared not dream about a decade ago, and 
dynamical systems visualization of turbulent fluid's state space geometry is 
unexpectedly elegant. What emerges is a picture of low-Reynolds turbulence as a walk 
among a set of unstable invariant solutions.

We shall take you on a tour of this newly breached, hitherto inaccessible territory. The 
talk is aimed at anyone who had ever wondered why - if no cloud is ever seen twice - 
we know a cloud when we see one? And how do we turn that into computation? Now, 
once you get home, you can do it yourself: all results and numerical software are 
available through our group's collaborative e-book ChaosBook.org and open-source 
Computational Fluid Dynamics codes available on Channelflow.org and 
Openpipeflow.org.
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Plenary Speaker

Prof. Phuti 
Ngoepe, University 
of Limpopo

Biography:  Phuti Ngoepe obtained his first degree at the University of the North 
(now University of Limpopo) and completed a PhD in Physics at the University of 
Witwatersrand. He spent sabbatical at the University of Keele, UK where he 
commenced with work on computational modelling of materials. He is Professor of 
Physics at the University of Limpopo and Director of Materials Modelling Centre and 
holds a SARChI Chair in Computational Modelling of Materials. His research 
activities range from electronic to nano scales and cover energy storage, mineral 
processing and alloy development. He has worked with local and international 
collaborators – in the UK, USA, France and Japan. He has produced several 
publications in this field, including chapters in three books, and presented invited 
papers at local and international conferences. He has also contributed significantly 
to science policy formulation in South Africa. He is a member of several science 
societies and Founder Member of the Academy of Science of South Africa. Amongst 
honours bestowed on him are the National Science and Technology Forum award, 
National Research Foundation Presidential award, National Order of Mapungubwe 
Silver. 

PLENARY: Simulated synthesis, characterisation and performance of nano-
architectured energy storage materials.

Abstract
An increasing demand for energy and a shifting to renewable energy resources, has accelerated development 
of energy generation and storage for use in solar energy harvesting, electric vehicles, electricity grid backups. 
Enhanced performances of lithium ion rechargeable batteries, such as higher capacity, improved rate capability 
and sustained capacity retention for longer cycles are now achieved with various nano-architectures and were 
studied with a wide range of experimental techniques [1]. 

Electronic structure and atomistic simulations are capable of elucidating structural, transport and predicting 
performance of battery electrodes [2]. A major challenge associated with generating atomistic models is to 
capture the wealth of microstructural features observed experimentally and to follow evolvement of lithiated 
phases obtained after intercalation, associated with charging and discharging of batteries. One technique that 
is capable of spontaneously generating various nanostructures and introducing complex microstructures is the 
atomistic simulated amorphisation and crystallization method [3]. 

In this presentation such technique, which is based on molecular dynamics, used in conjunction with classical 
force fields, is employed to illustrate simulated synthesis and characterisation of different nano-architectures, 
i.e. nano- spheres, sheets, rods, porous and bulk of binary metal oxides such as MnO<sub>2</sub> and 
TiO<sub>2</sub>. Furthermore, the nano-architectures are lithiated, to imitate charging and discharging, and 
their structural aspects and performance are characterized by simulated X-ray diffraction patterns and voltage 
profiles respectively. In particular, the relationship between mechanical properties, microstructural features and 
electrochemical activity in nanoporous and bulk structures is highlighted.  Such connection is extended to why 
the ternary nano Li<sub>2</sub>MnO<sub>3</sub>, an end member of high voltage composite cathodes, is 
electrochemically active whilst its bulk form is inactive [4]. Lastly, nano-architectures, associated with the Li-Mn-
O ternary were synthesised from amorphous spinel nanosphere. The resulting crystallised nano-architectures 
are characterised and the presence of a composite consisting of the layered 
Li<sub>2</sub>MnO<sub>3</sub> and spinel LiMn<sub>2</sub>O<sub>4</sub> together with a variety of 
defects, including grain boundaries and ion vacancies are observed, from XRDs and microstructural features. 
This is a step towards addressing the challenge of voltage fade in the composite layered spinel cathodes, 
which have high capacity and energy density [5]. Preliminary work beyond Li-ion batteries, particularly related 
to Li-S, will be introduced.
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Plenary Speaker

Prof. Shiping 
Feng, Beijing 
Normal University

Biography:  Dr. Shiping Feng is currently serving as Professor of Physics at Beijing 
Normal University, China. He was born in Ningxia, China, and received his scientific 
training at Beijing Normal University (the B.S. degree, 1982, the M.S. degree, 1984, 
and the Ph.D. degree, 1987), Texas Center for Superconductivity at University of 
Houston, USA (post-doc, 1987-1989), and International Centre for Theoretical 
Physics at Trieste, Italy (research associate, 1992-1994). He has been working on 
Condensed Matter Theory, Superconductivity, Strongly Correlated System.
 
He assumed his appointment at Beijing Normal University in 1989. He was 
Chairman of Physics Department at Beijing Normal University between 2000 and 
2003. He has trained 18 Ph. D. and 19 master’s students and sponsored 3 
postdoctoral research associates. He was a recipient of the Qiushi Prize (1997) in 
China. His research activities extend beyond superconductivity to magnetism and 
strong electron correlation. His work has resulted in the publication of more than 
150 papers in refereed journals. He serves on the editorial boards of various 
professional journals in China and is associate editors-in-chief of Science China 
Physics, Mechanics & Astronomy.

PLENARY: Kinetic-energy driven superconductivity in cuprate superconductors

Abstract
Superconductivity in cuprate superconductors occurs upon charge-carrier doping Mott 
insulators [1], where a central question [2] is what mechanism causes the loss of 
electrical resistance below the superconducting transition temperature? In this talk, we 
attempt to summarize the basic idea of the kinetic-energy driven superconducting 
mechanism in the description of superconductivity in cuprate superconductors [3,4,5]. 
The mechanism of the kinetic-energy driven superconductivity is purely electronic 
without phonons, where the interaction between charge carriers and spins directly from 
the kinetic energy by the exchange of spin excitations induces the superconducting-
state in the particle-particle channel and pseudogap state in the particle-hole channel, 
therefore there is a coexistence of the superconducting gap and pseudogap. This 
kinetic-energy driven d-wave superconducting-state is controlled by both the 
superconducting gap and quasiparticle coherence, which leads to that the maximal 
superconducting transition temperature occurs around the optimal doping, and then 
decreases in both the underdoped and overdoped regimes. The kinetic-energy driven 
superconducting mechanism also indicates that the strong electron correlation favors 
superconductivity, since the main ingredient is identified into a charge-carrier pairing 
mechanism not from the external degree of freedom such as the phonon but rather 
solely from the internal spin degree of freedom of the electron. 

12
THE VOICE OF PHYSICS IN SOUTH AFRICA

PHYSICS

A
B

S
T

R
A

C
T



Plenary Speaker

Prof. Jianwei Sun, 
The University of 
Texas

Biography:  Jianwei Sun received his Ph.D in physics from Tulane University in 
2010 and did his postdoc work there till 2013. He then moved to the College of 
Science and Technology at Temple University as a Research Assistant Professor of 
Physics (promoted to Research Associate Professor of Physics in 2015). He will 
move to the University of Texas at El Paso as an Assistant Professor on July 2016. 
Jianwei Sun has been working on the development of density functional theory 
(DFT) and its applications for more than 10 years. He has designed several efficient 
and accurate nonempirical functionals that are drastically different from old seminal 
work and stimulating the rethinking and reconstruction of the old seminal work. The 
recently developed SCAN density functional is potentially useful throughout 
materials science, condensed matter physics, chemistry, and biology. He received 
the 2016 Young Scientist Prize of the Commission 20 (C20) of the International 
Union of Pure and Applied Physics (IUPAP).

PLENARY: Efficient and accurate first-principles predictions of structures and 
energies for Materials Science, Chemistry and Biology

Abstract
In materials science, chemistry, and biology, it is of critical importance to know if one 
atom or molecule can bind to another and with how much energy. The strengths of 
different types of bonds between atoms and molecules can vary from several meV to 
several eV. Although some first-principles methods can provide accurate descriptions of 
all bond types, those methods are not efficient enough for studies of complex systems 
(e.g., large systems, ab initio molecular dynamics, and high-throughput searches for 
functional materials). We show here that the recently developed non-empirical strongly 
constrained and appropriately normed (SCAN) meta-generalized gradient 
approximation (meta-GGA) within the density functional theory framework predicts 
accurate geometries and energies of diversely-bonded molecules and materials 
(including covalent, metallic, ionic, hydrogen, and van der Waals bonds), significantly 
improving over its predecessors, at comparable efficiency, the GGAs that dominate 
materials computation. Often SCAN matches or improves upon the accuracy of a 
computationally expensive hybrid functional, at almost-GGA cost. SCAN captures the 
intermediate-range van der Waals (vdW) interaction, which is largely missed by the 
conventional GGAs and hybrid functionals. The addition of the long-range vdW 
correction to SCAN results in a versatile vdW functional that is accurate and 
outperforms its competitors for a variety of vdW-dominated systems, including layered 
materials and organic molecules adsorbed on metal surfaces.
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Plenary Speaker

Prof. Shobhana 
Narasimhan, 
Jawaharlal Nehru 
Centre for Advanced 
Scientific Research

Biography:  Prof. Shobhana Narasimhan did her PhD at Harvard University, under 
David Vanderbilt, and post docs at Brookhaven and the Fritz Haber Institut in Berlin. 
Since 1996, she has been on the faculty at the Jawaharlal Nehru Centre for 
Advanced Scientific Research in Bangalore, India, where she is currently a 
Professor and Dean of Academic Affairs. Her area of research is the computational 
design of nanomaterials. She is also actively interested in issues related to science 
education in developing countries, and promoting women in science.

PLENARY: Understanding and designing novel nanomaterials from first 
principles

Abstract
Advances in theoretical methods for calculating the properties of materials from first principles, aided 
by the ever-continuing development of faster computers, now enable us to gain insight into why 
materials possess the properties they do. Such insights can then be leveraged so as to enable us to 
"rationally" design new materials that are tailored for specific applications.

After a brief general survey of recent advances in such methods, with special emphasis on ab initio 
density functional theory, I will cite some examples from work in my group. For example, in the field of 
nanoscale alloys, we have shown that Fe and Au, though bulk-immiscible, form a two-dimensional 
surface alloy that is stabilized by magnetic interactions; this prediction was confirmed by experiments 
in the group of Sylvie Rousset. Another prediction, that conceivably has applications for 
nanocatalysis, was our prediction that depositing gold nanoparticles on an oxide substrate that has 
been doped with an electron donor would change the morphology of the particles from three-
dimensional to two-dimensional;  this idea was subsequently shown to work by experiments in the 
group of Hajo Freund. We have also shown that there is reason to believe that the change in 
morphology is accompanied by an improvement in catalytic properties. We have also recently shown 
how the oxidation state of nanomaterials can be tuned by varying their size and environment; as a 
part of this study, we have suggested a novel yet simple way to interpret experimental data from 
XANES.

In the field of computational design of materials, one is increasingly placing greater emphasis on the 
development of 'descriptors', which can then be utilized to screen a large number of candidate 
materials quickly. I will describe some efforts in our group to develop such descriptors.

I will conclude my talk with some brief remarks about the relevance of carrying out programs of 
computational physics in a developing country, and the possibility of carrying out interesting research 
even with modest computational resources.
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Plenary Speaker

Dr. Wei-Min Wang, 
Chinese Academy 
of Sciences

Biography:  After his Bachelor, Dr. Wei-Min Wang has been working on theoretical 
and simulation investigation on laser plasma physics mainly by use of the particle-
in-cell simulation code KLAPS developed by himself, which is applied to advanced 
schemes of inertial confined fusion, laser-plasma based particle accelerators, and 
novel radiation sources from terahertz to gamma-rays. Dr. Wang got his PhD from 
Institute of Physics, Chinese Academy of Sciences (CAS), Beijing, China in 2009 
and then he became an Assistant research scientist in the institute immediately after 
graduation. In this year he won the S. T. Tsai award for excellent PhD thesis in 
plasma physics. In 2012, he became an Associate Research Scientist in Institute of 
Physics, CAS. In 2015 he won IUPAP Young Scientist Prize in Computational 
Physics. He has co-authored over 60 papers published in refereed journals 
(including 6 in Phys. Rev. Lett. and 1 in PNAS).

PLENARY: Development of particle-in-cell code KLAPS and its applications in 
laser plasma physics

Abstract
In this talk, I will introduce the development of our particle-in-cell (PIC) code KLAPS[1] for laser-plasma physics studies 
and its applications in fast ignition for inertial confined fusion[2] and MV/cm terahertz (THz) radiation generation[3-5] etc. 
With the help of PIC simulation, the cooperation with experiments of femtosecond X-ray generation and complete 
absorption of intense laser pulses will be briefly introduced. 

Fast ignition scheme was proposed in 1994 to rapidly heat a compressed fusion fuel by a short-duration (10ps=10-11s), 
high-power (PW=1015watt) ignition laser and then gain huge energy by nuclear fusion. It requires that fast electrons of 
MeV produced by the ignition laser are transported over 100mm distance to heat a high-density core region. The key is 
how to achieve a coupling above 10% from the laser to the core. Coupling of 20% was demonstrated experimentally in 
2001 [Nature 412, 798] with a cone-inserted target. However, recent experiments reported much lower coupling of only a 
few percent. The very different results could be related to different preplasmas formed by the ignition laser prepulses in the 
cones. To clarify this point, we firstly developed an integrated PIC simulation approach [1] (named two-system PIC) to self-
consistently include the whole heating physics of fast ignition. Our simulation showed that different presplasm levels 
caused significantly difference in the coupling. To reduce the preplasma effect, we propose a magnetically assisted (MA) 
fast ignition scheme [2] using a cone-free target supplemented by an external 20-megagauss magnetic field to confine the 
fast electron motion. Such a target also does not suffer from asymmetry in target compression, as is the case for a cone-
inserted target. The MA scheme was demonstrated by our integrated PIC simulation[1]. With this PIC approach we directly 
obtained the laser-to-core coupling of 14%. Quantitative comparison among the MA scheme, the cone-inserted scheme, 
and the original scheme was performed, for the first time via integrated simulations. It is shown that the coupling can be 
enhanced by 7-fold with the magnetic field, which can even exceed that obtained with the cone-inserted scheme.

Thz radiation sources with tunable polarization and frequencies are in high demand for diverse THz technologies such as 
THz spectroscopy and coherent control. Currently the widely studied two-color laser scheme can provide a powerful THz 
source. Such a source basically has linear polarization and a broad bandwidth[3,4]. Here, we propose an approach[5] to 
generate circularly polarized, narrow-band THz radiation with continuously tunable frequency. In this approach, a 100-tesla 
magnetic field is imposed along the propagation direction of the two-color linearly polarized laser driver. Stable magnetic 
fields of this order are already experimentally available. In the proposed approach, the radiation frequency is linearly 
proportional to the magnetic strength. The rotation direction of the new radiation can be controlled by the magnetic field 
sign. This radiation has a many-cycle waveform rather than the usual single-cycle waveform as in the case without the 
magnetic field. This approach is demonstrated by PIC simulations (with KLAPS code) and further explained by theoretic 
analysis.
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INVITED SPEAKER: Replica Exchange Wang-Landau Simulation of Lattice Protein Folding 
Funnels

Parallel Track A: Astrophysics and Space Physics, Plasma, Gravitation and Cosmology - Tuesday 12 July 2016 
14:00
Primary author: SHI, Guangjie "Jerry" (The University of Georgia)
Co-authors: WUEST, Thomas (ETH Zurich); LANDAU, David (The University of Georgia)

Understanding protein folding remains a Grand Challenge problem of modern science. The 
resolution of Levinthal’s paradox concerning the ability of proteins to fold rapidly postulates the 
existence of a rough, “folding funnel” in free energy space that “guides” the protein to its lowest 
free energy, native state. The funnel is always portrayed schematically as a function of some 
unknown reaction coordinate and has never actually been observed. We have studied the folding 
of the protein ribonuclease A by mapping it onto a 124 monomer, coarse-grained lattice HP 
model [1] and an H0P model [2] that includes “neutral” 0-mers in addition to the
hydrophobic H-mers and polar P-mers. (Amino acids are mapped onto one of the three different 
kinds of monomers, according to hydrophobicity.) Using Replica Exchange Wang-Landau 
sampling [3], we determined the density of states g(E) to high precision. From g(E) we then 
calculated the free energy of the protein vs end-to-end distance as a function of temperature. The 
HP model shows a rather shallow and flat free energy minimum, reflecting the high degeneracy 
of the ground state. In contrast, the H0P model develops a clear, rough free energy funnel with a 
relatively low degeneracy ground state. Unlike the common, schematic figures, we find an 
asymmetric folding funnel that also changes shape substantially as the temperature decreases. 
Even the location of the free energy minimum shifts as the temperature decreases. To our 
knowledge, this is the first actual observation of a folding funnel, and its dynamic nature alters 
our perception of this fundamental concept.[1] K. A. Dill Biochemistry 24, 1501 (1985).[2] G. Shi, 
A. C. K. Farris, T. Wuest and D. P.Landau. J. Phys: Conf. Ser. 686, 012001 (2016) [3] T. Vogel, Y. 
W. Li, T. Wuest and D. P. Landau, Phys. Rev. Lett. 110, 210603 (2013)

INVITED SPEAKER: Quantum vs classical optimization: A status update on the arms race

Parallel Track A: Astrophysics and Space Physics, Plasma, Gravitation and Cosmology - Tuesday 12 July 2016 
09:30
Primary author: KATZGRABER, Helmut G. (Texas A&M; University)
Co-authors: HAMZE, Firas (D-Wave Systems Inc.); MANDRA, Salvatore (Harvard University);
MUNOZ-BAUZA, Humberto (Texas A&M; University); OCHOA, Andrew J. (Texas A&M; University);
PERDOMO-ORTIZ, Alejandro (NASA); SCHNABEL, Stefan (Leipzig University); WANG, Wenlong (Texas
A&M; University); ZHU, Zheng (Texas A&M; University)

Can quantum computers indeed meet the promise of doing complex calculations faster than 
classical computers based on transistor technologies? While the holy grail of a programmable 
universal quantum computer will probably still take decades to reach, one can already begin to 
answer this question by testing programmable quantum annealing machines that are currently 
being built. These machines, such as the D-Wave 2X, use a non-mainstream method known as 
adiabatic quantum annealing to perform optimization tasks. In this talk I summarize the most 
recent benchmarking results on quantum optimization machines.
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INVITED SPEAKER: Computational Heliospheric Physics; A South African Perspective

Parallel Track A: Astrophysics and Space Physics, Plasma, Gravitation and Cosmology - Monday 11 July
2016 11:30
Primary author: STRAUSS, Du Toit (Centre for Space Research, North-West University)

In heliosheric physics, and space physics in general, we sometimes need to model the transport 
of charged particles in turbulent plasmas, for example, when simulating cosmic ray propagation in 
the heliosphere. The resulting equations are Fokker-Planck type partial differential equations that 
must be solved numerical due to the complexity and multi-dimensionality of the processes 
involved. Except for using standard finite-difference
numerical schemes, we have, in recent years, successfully applied a stochastic differential 
equation based solver. The latter approach leads to an algorithm that is ideally suited for parallel 
computation. Recently, a CUDA version of this algorithm was also implemented. In this talk, 
details and results of various numerical models, all developed in-house and applied to different 
space physics problems, will be discussed. The wider context of computational physics in South 
Africa is also discussed: How can we, as South African researchers, contribute to knowledge 
creation? What is the role of computational physics in human capacity development? What, 
uniquely South African, obstacles do we face and how can these be overcome?

INVITED SPEAKER: The role of kinetic scales: particle acceleration from shocks and 
reconnection

Parallel Track A: Astrophysics and Space Physics, Plasma, Gravitation and Cosmology - Wednesday 13 July
2016 10:45
Primary author: KILIAN, Patrick (North-West University)
Co-authors: SPANIER, Felix (NWU); BÜCHNER, Jörg (Max-Plank-Insitute for Solar System Science);
SCHREINER, Cedric (North-West University); MUNOZ, Patricio (Max-Plank-Institut for Solar System
Science); GANSE, Urs (Helsinki University)

Non-thermal particles are ubiquitous in astrophysics, but by their very nature can not be 
described by fluid approximations and require a more detailed description on the kinetic scale. To 
understand the dynamics it is necessary to study the processes responsible for acceleration and 
transport of these particles.The interplay of particle distributions and fields is too complex for an 
analytic, self-consistent description as they are non-linearly coupled so computer simulations are 
required. Typically computer models for kinetic plasmas try to solve the Vlasov equation by either 
representing the distribution function of energetic particles as fields on a grid or via pseudo-
particles. This talk focusses on the popular Particle-in-Cell method, where the plasma is 
represented by pseudo-particles interacting with a grid based electromagnetic field.While PiC is 
used for many problems in kinetic plasmas, we focus on the two kinds of acceleration 
mechanisms, that are most likely responsible for the major fraction of all energetic particles 
observed in space: Shock fronts and reconnection events. It will be especially highlighted, how to 
handle the large gap of length scales between the kinetic plasma scales and the outer scales of 
astrophysical objects.
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INVITED SPEAKER: Why and how to calculate momentum dependent self-energy for 
strongly correlated materials

Parallel Track B - Wednesday 13 July 2016 10:45
Primary author: DAS, Tanmoy (Indian Institute of Science, Banaglore)

Dual nature of electronic spectrum is observed in many correlated electron systems in which 
‘wave’-like (itinerant) and ‘particle’-like (localized) electronic states coexist. This universal 
behavior is observed in a large class of correlated materials including copper-oxide 
superconductors, actinides, iron-pnictides, iron-chalcogenides, various complex-oxides, and 
transition metal di-chalcogenides. Modeling such correlated systems was challenging since both 
Fermi liquid theory and dynamical mean-field theory become inadequate here. One needs to go 
beyond and include the full momentum dependence of the self-energy due to non-local
density-density correlations. We introduce a momentum-resolved density-fluctuation (MRDF) 
theory appropriate for this problem.[1-3] Our MRDF model allows us to calculate momentum-
dependent self-energy due to various density-density fluctuations. Here, I will present results for 
several representative correlated materials including cuprate superconductors, actinide 
compounds, and various complex oxides. The momentum-dependence of self-energy turns out 
to be crucial to these materials reproducing ‘Fermi-arc’ feature; universal ‘waterfall’-like 
dispersion as seen in many materials; unique (experimental and theoretical) identification of Mott-
gap and antiferromagnetic gap being separated at different energy scale (this is unexpected from 
the typical Mott physics). We find a generic trend in the dispersion and spectral weight anomaly 
across all these materials, despite their low-energy properties being very different. [1] T. Das, J.-
X. Zhu, M. Graf, Phys. Rev. Lett. 108, 017001 (2012).[2] T. Das, R. S. Markiewicz, A. Bansil, Adv. 
Phys 63, 151 (2013).[3] R. S. Dhaka, et al., Phys. Rev. B 92, 035127 (2015).[4] X. Yin, et al. 
Phys. Rev. Lett. (in production 2016).

INVITED SPEAKER: Paradigms for Electronic Structure Codes

Parallel Track B - Monday 11 July 2016 14:20
Primary author: CHETTY, Nithaya (University of Pretoria)
Co-authors: ANDREW, Richard (University of Pretoria); SALAGARAM, Trisha (University of Pretoria)

In most solid state physics research groups today powerful desktop computers and sophisticated, user-
friendly electronic structure codes (ESC) basedon density functional theory (DFT) enable students to study 
complex physical systems with ease. During the course of their study these students learnabout DFT and how 
to use ESC, but seldom get an opportunity to understand the algorithms that make these codes accurate and 
efficient. As a resultthey do not develop the necessary computational skills that makethem transferable to 
other scientific
working environments. In an attempt toaddress this, we have developed paradigms to the electronic structure 
problemthat involve self-contained mini computational problems that enhance students’ understanding of 
particular key aspects of ESC.In this talk we give an overview of the mini projects developed thus far aswell 
as those we will work on in future.
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INVITED SPEAKER: From 2D to 3D and 1D: Manipulating charge and spin at oxide 
heterointerfaces

Parallel Track B - Wednesday 13 July 2016 10:15
Primary author: COOPER, Valentino (Oak Ridge National Laboratory)

Advances in thin film growth techniques, which allow for the precise layer-by-layer growth of 
epitaxial materials, have opened the door to numerous discoveries which were not previously 
achievable through bulk synthesis techniques. Pertinent examples include emergent phenomena 
at perovskite oxide heterointerfaces such as two-dimensional electron gases, interfacial 
superconductivity and novel magnetic properties. In this presentation, I will discuss the use of first 
principles calculations to explore how chemical identity, interface density and overlayer 
nanostructuring can be used to modulate the density, dimensionality and mobility of charge 
carriers as well as magnetism at oxide heterostructure interfaces. For example, using first 
principles simulations, we demonstrate that in La d-doped SrTiO3 (STO) superlattices with 
relatively thin STO layers, three-dimensional conductivity can be achieved in a transparent oxide 
material. This 3D transparent conductivity is a direct result of the appreciable overlap of the 
quantum mechanical wavefunctions between neighboring d-doped layers with negligible changes 
to the STO electronic band structure. Furthermore, I will discuss our efforts to understand how 
nanostructured patterning of the LaAlO3 overlayer can be used to create a 1 dimensional 
electron gas. Finally, I will discuss how the injection of charge at the interface between two 
antiferromagnetic oxides fosters the emergence of interfacial ferromagnetism. Together, these 
results demonstrate an unprecedented control over charge and spin at an interface thus opening 
the door for the use of these materials in a wide range of applications. This work was supported 
by the U.S. Department of Energy, Basic Energy Sciences, Materials Sciences and Engineering 
Division through the Office of Science Early Career Research Program.

INVITED SPEAKER: Computational modeling of cosmic rays in the neighbourhood of the Sun

Parallel Track A: Astrophysics and Space Physics, Plasma, Gravitation and Cosmology - Monday 11 July
2016 11:00
Primary author: POTGIETER, Marius (North-West University)

The heliosphere is defined as the plasmatic influence sphere of the Sun and may stretch far 
beyond the solar system. Cosmic rays, as charged particles with energy between 1 MeV and 
thousands of GeV, arriving from our own Galaxy and beyond, penetrate the heliosphere and 
encounter the solar wind and imbedded magnetic field so that when observed they contain useful 
information about the basic features of the heliosphere. In order to interpret these observations, 
measured on and close to the Earth and farther away by several space missions, and to gain 
understanding of the underlying physics, we need to simulate the heliosphere and the 
acceleration, propagation and transport of these cosmic rays with numerical models. These types 
of models vary from magnetohydrodynamic (MHD) based approaches for simulating the 
heliospheric geometry to using standard finite-difference numerical schemes to solve transport-
type partial differential equations with a varying complexity. How these models have been 
developed locally to do internationally competitive research and as a major training tool for 
human capacity development will be discussed. How they are applied to various astrophysics, 
cosmic ray and heliospheric space physics issues with interesting examples will be illustrated.
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INVITED SPEAKER: Modelling the progenitors and environments of stellar
explosions

Parallel Track A: Astrophysics and Space Physics, Plasma, Gravitation and Cosmology - Wednesday 13 July
2016 10:15
Primary author: MOHAMED, Shazrene (SAAO)
Co-authors: BOOTH, Richard (Oxford University); PODSIADLOWSKI, Philipp (Oxford University)

Smoothed Particle Hydrodynamics (SPH) is a Lagrangian technique particularly suited to 
simulating hydrodynamical flows with arbitrary geometries. We briefly highlight the physics 
behind the method and its application to a wide range of problems in astrophysics. We then focus 
on 3D SPH models of the progenitors and environments of stellar explosions, with RS Ophiuchi, 
a symbiotic nova system consisting of a red giant and an accreting white dwarf which undergoes 
thermonuclear outbursts every 10-20 years, as the primary example. Our results show that the 
circumstellar outflow is highly asymmetric with evidence for a dense, equatorial component and 
bipolar ejecta morphology. The white dwarf is thought to be close to the Chandrasekhar mass 
making the system a likely Type Ia supernova progenitor. We discuss the origin and formation of 
the circumstellar structures in detail, and the observable spectroscopic and photometric 
signatures we expect from their collision with the explosive supernova ejecta.

INVITED SPEAKER: The yielding transition in amorphous solids

Parallel Track A: Astrophysics and Space Physics, Plasma, Gravitation and Cosmology - Tuesday 12 July
2016 14:30
Primary author: SASTRY, Srikanth (Jawaharlal Nehru Centre for Advanced Scientific Research)
Co-authors: LEISHANGTHEM, Premkumar (Jawaharlal Nehru Centre for Advanced Scientific Research);
PARMAR, Anshul Deep Singh (Jawaharlal Nehru Centre for Advanced Scientific Research)

Amorphous solids are ubiquitous in nature and among man made materials. Glasses, gels, and granular 
matter offer broad classes of examples. Many other soft materials, such as foams, emulsions, pastes, 
dense colloidal suspensions, biological assemblies such as the cytoskeleton in cells, and geophysical 
bodies such as the earth’s crust, indicate the range and variety of matter in amorphous solid forms. Since 
many types of glasses, e. g. polymer glasses and metallic glasses, are used as structural materials, the 
mechanical behavior of glasses under application of external stresses is a very important characteristic to 
understand. In the context of both crystalline and amorphous solids, mechanical response is sought to be 
understood in terms of reversible, elastic response to applied stress, and irreversible, plastic 
deformations. In the context of crystalline solids, plasticity has been analyzed and understood as arising 
from the presence of dislocation defects in the crystal structure. In the case of amorphous solids, since 
the microscopic structure is disordered, there is no meaningful way in which defects analogous to 
dislocations can be identified. An aspect of the mechanical response that is of particular significance is 
yielding. From a theoretical point of view, much interest has also focused on whether one may 
understand yielding in amorphous solids as a non-equilibrium phase transition in a driven system. Many 
investigations have addressed plasticity, and the nature of yielding, in amorphous solids through atomistic 
computer simulations. A particular approach has been to consider amorphous solids subjected to large 
amplitude oscillatory strain in the limit of zero temperature and strain rates. Results from extensive 
simulations exploring the dependence of system size and amplitude of the cyclic deformation on the 
steady state of the deformed amorphous solids, and what the reveal about the nature of the yielding 
transition, will be discussed.
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INVITED SPEAKER: Massively parallel Monte Carlo simulations with population annealing

Parallel Track A: Astrophysics and Space Physics, Plasma, Gravitation and Cosmology - Tuesday 12 July
2016 10:00
Primary author: WEIGEL, Martin (Coventry University)

While Moore's law of semiconductors has ensured for over forty years that the next generation of 
processors works significantly faster than the current one, for the last ten years or so serial code 
has not seen any speed-up from new hardware which, instead, achieves performance 
improvements only from packing more and more cores onto a single die. As a consequence, 
scientists working with computer simulations need to move away from intrinsically serial 
algorithms to find new approaches that can make good use of potentially millions of 
computational cores. Population annealing, that was initially suggested by Hukushima and Iba [1] 
and more recently was studied systematically by Machta [2], is a sequential Monte Carlo scheme 
that is potentially able to make use of such highly parallel computational resources. Additionally, it 
promises to allow for the accelerated simulation of systems with complex free-energy 
landscapes, much alike to the much more well known replica-exchange or parallel tempering 
approach. The relative performance with respect to such more traditional techniques, the 
appropriate choice of population sizes temperature protocols and other parameters, the 
estimation of statistical and systematic errors and many other features, however, are essentially 
uncharted territory. Here, we use a systematic comparison of population annealing to Metropolis 
as well as parallel temperingsimulations for the Ising model to gauge the potential of this new 
approach, and we suggest a range of heuristics for its application in more general 
circumstances.[1] K. Hukushima and Y. Iba, in The Monte Carlo
Method in the Phys-ical Sciences, Vol. 690 of American Institute of Physics ConferenceSeries, 
edited by J. E. Gubernatis (2003), pp. 200–206.[2] J. Machta, Phys. Rev. E 82, 026704 (2010).

INVITED SPEAKER: From carbon speciation to transport properties of carbon rich liquids 
of the upper mantle from molecular dynamics simulations

Parallel Track A: Astrophysics and Space Physics, Plasma, Gravitation and Cosmology - Thursday 14 July
2016 09:00
Primary author: VUILLEUMIER, Rodolphe (Ecole Normale Supérieure - UPMC)

Although the carbon content of the mantle is very low it plays an important role in the mantle 
dynamics. In the upper mantle, carbon has mainly the form of carbonates and at the onset of 
fusion the molten fraction of the mantle are carbonate rich liquids or even molten carbonates. 
Upon reaching shallower depths, the liquid formed gets richer in silicate content. These 
carbonate rich liquids have a very low viscosity and low density and thus impact the mantle 
dynamics. They are also characterized by high ionic conductivity, about four order of magnitude 
larger than that of molten silicates. This property led to evidence of the presence of these liquids 
at a few hundred kilometers depth through magnetotelluric experiments. These properties are 
directly linked to the microscopic structure of these liquids. Here, we employ two levels of 
molecular dynamics simulations, first-principle molecular dynamics and classical molecular 
dynamics, to identify the microscopic structures of carbonate rich fluids and predict their density 
and transport properties. Some consequences on the mantle geophysics will then be 
discussed.Furthermore, we show that molten carbonates can solvate CO  and we found a new 2

mechanism for CO  transport through fast O - exchange. This may have implication for Co2 2 2 

capture and storage.
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INVITED SPEAKER: Impacts of interlayer and substrate interactions on low dimensional 
crystals

Parallel Track B - Wednesday 13 July 2016 14:00
Primary author: SON, Young-Woo (Korea Institute for Advanced Study)

One- and two-dimensional crystals experience strong perturbations from their nearby 
environments exhibiting unique realization of new electronic structures and interaction driven 
states. In this talk, I will review my recent computational studies exploring possible alternations 
of fundamental electronic structures of low dimensional crystals under influences of stacking, 
external mechanical forces, and substrate screenings, etc.

INVITED SPEAKER: Thomas Dietel (University of Cape Town) for the ALICE Experiment at 
the LHC

Parallel Track B - Tuesday 12 July 2016 09:30
Primary author: DIETEL, Thomas (University of Cape Town)

The ALICE Collaboration studies the Quark-Gluon Plasma, a new state of nuclear matter at 
extreme temperatures and densities which is created in high-energy collisions of heavy nuclei at 
CERN's Large Hadron Collider (LHC).The LHC is one of the largest producers of scientific data, 
and the ALICE Experiment alone has collected more than 10 petabytes of data since 2010. The 
processing and analysis of this data requires online processing in the High-Level Trigger as well 
as offline processing using the Worldwide Large Computing Grid (WLCG). We will discuss the 
current computing strategy of ALICE and outline selected tools and methods used in the 
processing of this data volume. Upgrades to the LHC and the ALICE apparatus
scheduled for a long shutdown in 2019/20 will enable ALICE to inspect 100 times more 
collisions, requiring a rethinking and redesign of the ALICE computing model, including a tighter 
integration of online and offline computing and new software algorithms, communication 
protocols andsystem architecture.

INVITED SPEAKER: Simulating the formation of the first galaxies and black holes in the 
Universe

Parallel Track A: Astrophysics and Space Physics, Plasma, Gravitation and Cosmology - Thursday 14 July
2016 10:50
Primary author: DI MATTEO, Tiziana (Carnegie Mellon University)

I will discuss recent progress in cosmological hydrodynamic simulations of galaxy formation at 
unprecedented volumes and resolution. I will focus on predictions for the first quasars and their 
host galaxies and their contribution to reionization from the BlueTides simulation. BlueTides is a 
uniquely large volume and high resolution simulation of the high redshift universe: with 0.7 trillion 
particles in a volume half a gigaparsec on a side. This is the first simulation large enough to 
resolve the relevant scales relevant to the formation of the first large galaxies and quasars. 
These massive objects at high redshifts will be investigated with the next generation telescopes 
(Euclid, JWST and WFIRST).
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INVITED SPEAKER: Challenges for Parallel Programming Models and Languages of post-
petascale and exascale computing

Parallel Track B - Thursday 14 July 2016 10:30
Primary author: SATO, Mitsuhisa (AICS, RIKEN)

Europe, the US, Japan and China are racing to develop the next generation of supercomputer – 
exascale machines - capable of a million trillion calculations a second by around 2020. To realize 
exascale systems, there are many challenges and issues including architectures and 
programming models to exploit billions of parallelism and the limitation of power consumption. 
Toward a post-petascale system as the next of Japan's petascale facility, the K computer, the 
project, FLAGSHIP2020, has been launched to develop and deploy the post-K computer the last 
year. While there are two major different approaches for exascale, manycore-based and 
accelerator-based, we take manycore-based approach for our Post-K computer. OpenMP is a 
key to make use of manycore efficiently, and is to be evolved for exploiting large parallelisms and 
integration with communication layers. In this talk, projects for post-petascale and exascale 
computing in Japan will be described, and challenges for parallel programming models and 
languages in these projects will be addressed.

INVITED SPEAKER: Quantum critical behavior of a superfluid-insulator transition

Parallel Track B - Wednesday 13 July 2016 14:30
Primary author: VOJTA, Thomas (Missouri University of Science and Technology)

We investigate the quantum phase transitions as well as the phase diagram of a two-
dimensional quantum rotor model with off-diagonal disorder by means of large-scale Monte-
Carlo simulations. In contrast to the exotic critical behavior found in other random quantum 
systems, this Hamiltonian features a conventional (finite-disorder) critical point with power-law 
scaling but with critical exponents that differ from the clean ones. We also address the 
percolation quantum phase transition across the lattice percolation threshold, and we relate our 
findings to a general classification of phase transitions with quenched disorder. Moreover, we 
discuss technical aspects of our computational approach that permit the efficient simulation of 
random quantum systems including anisotropic finite-size scaling and improved Monte-Carlo 
estimators.

INVITED SPEAKER: High Performance Computing Developments in South Africa and the 
Continent in support of increasing demands of Research

Parallel Track B - Thursday 14 July 2016 11:00
Primary author: SITHOLE, Happy (Chpc)

South Africa has a growing demand of computational resources to enable research in various 
domains of science and engineering. The research areas aim at addressing challenges and 
opportunities ranging from climate change, energy security, manufacturing, health and 
geographical advantages. As a response to these demands, the Department of Science and 
Technology has invested in National Cyber-Infrastructure, to accelerate progress in these fields. 
In this paper, success in deploying high-end computing resources in South Africa and the region, 
will be discussed. Furthermore, the paper will also address the steps taken in building the 
necessary human capital to support these developments. The recently completed petascale 
HPC system will also be presented.
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OFFICIAL OPENING PROGRAMME 
Monday 11 July 2016 @ Spartan 1

09:00 - 09:05 :  Welcome remarks from LOC Chair   
- Prof. Nithaya Chetty

09:05 - 09:10 :  Welcome Remarks from SAIP President  
- Prof. Azwinndini Muronga 

09:10 - 09:15 :  Welcome remarks from City of Tshwane representative.
- City of Tshwane Representative.

09:15 - 09:20 :  Remarks from IUPAP C20 Chair   
- Prof. Lin

09:20 - 09:45 :  Official Opening by DST DG    
- Dr. Phil Mjwara

WELCOME DINNER PROGRAMME
Sunday 10 July 2016 @ Salonica

18:00 - 18:30 :  Arrival

18:30 - 18:35 :  Welcome remarks. - Prof Chetty  (LOC Chair)

18:35 - 18:40 :  Welcome remarks. - Prof Muronga (SAIP President)

18:40 - 20:30 :  Dinner and Traditional Entertainment

20:30 :  General Announcements on the Conference Logistics.
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Poster Sessions 1 & 2



Monday 11 July 2016 

Poster Session: Poster Session 1 (16:30-17:30) 

- Chair: Prof. Muronga, Azwinndini

Board #  Presenter Title [For Award] 

001 ALEMAYEHU, Cherkos Effect of viscosity on propagation of MHD waves in astrophysical plasma 

003 RAMNATH, Vishal Numerical Study of Microfluidic Transitional Flow Regime Curvature Effects for 
Compressible Isothermal Gases using Generalized Slip Boundary Conditions 

007 ALYABEV, Danila  Processes of decollimation of the beam of fullerenes during scattering on it beam of 
hydrogen. 

010 MOHAMED SALEH, 
Ashraf Elsayed 

Plutonium Rock-Like Oxide fuel (ROXf) system , their once-through burning and 
usage. 

019 ATAMAS, Nataliia 
GAVRUSHENKO, 
Dmitryi 

Investigation of the radiation emission influence on properties of liquid water 
systems 

023 BELHADJ, 
Abd-Elmouneïm 
ABUDURA, Salam 

Mechanical properties and energy absorption characterization of compressive 
deformation of Tin-Lead metallic foam with open cells 

028 RAMNATH, Vishal Computational Study of Rocket Thrust Vectoring Propulsion Control System 
Characteristics for Surface Landing Trajectory Paths 

044 DZHUMAGULOVA, 
Karlygash 

Sustainable numerical scheme for molecular dynamics simulation of the dusty 
plasmas in an external magnetic field 

045 DZHUMAGULOVA, 
Karlygash 

The capture cross sections at the electron collisions with hydrogen atom and proton 
in the dense semiclassical plasma 

046 RUDYAK, Vladimir Multiscale simulations of structure and thermomechanical properties of phthalonitrile 
heat-resistance resins 

049 STELMAKH, Vasiliy 
2

Deposition of C, C  ,
 
 CH, CH 

2 
   and CH

3 
 onto graphene: structures and structural

graphenechanges of 
055 JULE, LETA Computational and theoretical study of Cd doped ZnO phase separation 

060 NAJAFI, Amin The SAPBC method on local, non-cluster updates algorithms of Monte Carlo 
simulation: A study on more convergence of spin correlation at critical temperature 

061 KODANOVA, 
Sandugash 

Development of software package for the computer simulation of the dynamic 
properties of dense ICF plasmas 

063 LAJKO, Peter Entanglement entropy of the Q  4 quantum Potts chain 

067 SACKS, Marc The Introduction of Heterogeneous Computing Platforms into the ATLAS Trigger at 
CERN 

080 PEREPELKINA, 
Anastasia 

Plasmon excitation in OLED with the DTMaxwell code 

081 MAPASHA, Edwin Ab initio studies of isolated boron substitutional defects in graphane 

=

POSTER SESSION 1
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Tuesday 12 July 2016 

- Chair: Dr.  Adler,  Joan 

Board #  Presenter Title [For Award] 

082 TAKAHASHI, Masayuki Development of Plasma Fluid Model in Microwave Rocket Supported by Magnetic 
Field 

083 DESPOTULI, Alexandr 
ANDREEVA, Alexandra  

Structure-dynamic approach of nanoionics. Theory and computer exploration. 

084 DIMA, Ratshilumela 
Steve with ruthenium (Ru) and Calcium 

Density function theory study of TiO
2   

Brookite (100), (101) and (210) surfaces doped
for application in dye sensitized solar cell (Ca) 

087 JAIN, Poonam Systematic study of the anomolous feature of actinide region 

089 TAKAHASHI, Masayuki Asymmetric Shock Wave Generation in Microwave Rocket Using Magnetic Field 

091 POTAPOV, Alexander  Fractal - Scaling approaches in Radar and Radio Physics 

099 KAURAV, Netram Analysis of temperature dependent thermopower of iron chalcogenide 
superconductors 

100 KAURAV, Netram Pressure-induced structural phase transition of zinc oxide 

103 HERZING, Christian 
RUHL, Hartmut 

Radiative Molecular Dynamics: First concept 

104 MOLEPO, Mahlaga First-principles study of Fe impurities in MgO 

110 BUYADZHI, Vasily Computing radiation parameters for atoms and multicharged ions within relativistic 
energy approach: Advanced code 

111  BUYADZHI, Vasily Non-linear dynamics of quantum and laser systems with elements of a chaos: 
Advanced computational code 

112 BUYADZHI, Vasily Chaos-dynamical computational method of forecasting evolutionary dynamics of 
environmental systems: Atmospheric pollutants dynamics 

113 GLUSHKOV, Alexander 
GURSKAYA, Marina 

Computational Code in Atomic and Nuclear quantum optics: computing multiphoton 
and autoionization resonances in a strong external electromagnetic field 

114 GLUSHKOV, Alexander 
GURSKAYA, Marina 

Computational modelling of electroweak interaction effects in atomic and molecular 
systems within Nuclear-QED perturbation theory 

115 GLUSHKOV, Alexander 
GURSKAYA, Marina 

New computational dynamical approach to Earth system modelling: energy and 
angle momentum balance, teleconnection, atmospheric radiowaveguides 

119 FURUKAWA, Nobuo Domain Wall Structure and Electric Polarization in BiFeO
3

Poster Session: Poster Session 2 (16:30-17:30) 
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Dr. ABEBE, Amare O26

Mr. ABEDIGAMBA, Patrick Oyirwoth O20

Dr. ADLER, Joan O41

Mr. ALEMAYEHU, Cherkos P1

Mr. ALYABEV, Danila P7

Mr. AMBLER, Michael O79

Prof. AN, Xizhong O22

ANDREW, Myers O107

Dr. ANDREW, Richard O40

Mr. ANEJA, Sahil O6

Dr. ATAMAS, Nataliia P19

Prof. BANERJEE, Varsha O59

Mr. BELHADJ, Abd-Elmouneïm P23

Dr. BENECHA, Evans O106

Prof. BHATTACHARYA, Rupayan O71

Mr. BUYADZHI, Vasily P111

Mr. BUYADZHI, Vasily P110

Mr. BUYADZHI, Vasily P112

Dr. CHIKATAMARLA, Shyam O69

Mr. CHIRWA, Robert O94
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