
Life Impact – Sciences

Virtual Reality Up Close

Discipline of Physics
School of Chemistry and Physics

Faculty of Sciences



Life Impact – Sciences

Derek Leinweber

• Head of School 
• School of Chemistry & Physics

• Deputy Director of:
• Centre for the Subatomic Structure of 

Matter (CSSM)
• South Australian Partnership for 

Advanced Computing (SAPAC)

• Professor of Physics University of Adelaide
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••AstrophysicsAstrophysics

••Interstellar Ion ChemistryInterstellar Ion Chemistry

••Atmospheric PhysicsAtmospheric Physics

••Biological ChemistryBiological Chemistry

••NanoNano--science & Medical Physicsscience & Medical Physics

••Optics and PhotonicsOptics and Photonics

••ChemistryChemistry

••Nuclear and Particle PhysicsNuclear and Particle Physics

••Quantum Field TheoryQuantum Field Theory

••Quantum Chromodynamics (QCD)Quantum Chromodynamics (QCD)

Chemistry & Physics
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Programs in the Chemical Sciences

• BSc (Nanoscience & Materials) 
- Core training in chemistry enhanced by 

specialist training in nanoscience
- Nanoscience – design and manipulation 

of materials at the molecular level

• BSc (Ecochemistry)
- Core training in chemistry with 

emphasis on understanding our 
environment
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Programs in the Physical Sciences
• BSc (Space Science & Astrophysics)

- examines the exploration of our Universe from 
Earth’s upper atmosphere to the most distant regions 
of space

• BSc (Optics & Photonics)                                        
- emphasizes the application of optical physics in the 
exploration, development, and usage of laser light

• BSc (High Performance Computational Physics)   
- focuses on advanced physics, applied mathematics 
and computer science
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Examples of Career Opportunities 
Research 
Patent Attorney
Journalism
Mathematical Modelling
Commerce / Finance 

Industry
Mineral Exploration
Meteorology 
Aviation Research 
Optical communications
Consulting
Management

Satellite Project Scientist
Defence Industry
Pharmaceutical companies
Operations Analyst
Teaching
Information technology 
Industry
Chemical and Biotechnology 
Industries
Environmental Management
Mining Industry
Policy Advisors 
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Fundamental Forces
Everyone knowsEveryone knows

•• Opposite electric charges attractOpposite electric charges attract
•• Same charges repelSame charges repel

How does one charge know the other charge is there?How does one charge know the other charge is there?

They exchange particles called photons!

??!! + charge+ charge −− chargecharge
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Building Blocks of the Universe
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Building Blocks of the Universe

• Each quark 
comes in 3 
“colours”: red, 
green and blue.

• Leptons do not 
carry color 
charge and do 
not see gluons.

• Everything in 
our universe is 
made out of 
these particles!
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Force Carriers of the Universe



Life Impact – Sciences

Gluons carry the colour charge
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Quantum Chromodynamics (QCD)

• Photons do not carry electric 
charge.

• Gluons do carry colour charge!

• Gluons can directly interact with 
other gluons!

• The structure of QCD is 
complex.

• Supercomputer simulations are 
are required to reveal how QCD 
makes the world around us.

••A red quark emitting A red quark emitting 
a a redred--antianti--blueblue gluon gluon 
to leave a to leave a blueblue quark.quark.
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•• Quarks are bound by gluons to Quarks are bound by gluons to 
form protons and neutrons.form protons and neutrons.

•• The theory describing the The theory describing the 
interactions between quarks and interactions between quarks and 
gluons is called gluons is called QuantumQuantum
ChromoChromodynamicsdynamics (QCD).

•• Nuclei consist of protons and Nuclei consist of protons and 
neutrons bound together by the neutrons bound together by the 
strong interactions of strong interactions of QCD..

•• The elements (and thus all of The elements (and thus all of 
chemistry) are determined by chemistry) are determined by 
which nuclei are stable.which nuclei are stable.

Key Concepts
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Atomic 
Structure

• Warning:  Sketch not 
to scale!

• If the protons and 
neutrons are 10cm 
across then

• the nucleus is about 
1m across,

• the electrons and 
quarks are less than 
0.1mm across,

• and the atom is the 
size of Adelaide!
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QCD and the Origin of Mass

Where does the rest of the proton mass come from?Where does the rest of the proton mass come from?

ThinkThink E = m cE = m c 22 oror

m = E / cm = E / c 22
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The QCD Vacuum
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The QCD Vacuum
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Orion Supercomputer
••Sun Technical Compute FarmSun Technical Compute Farm

••Fastest computer in Australia in 2000Fastest computer in Australia in 2000

••160 processors160 processors
••HighHigh--speed speed MyrinetMyrinet networknetwork

••160 160 GbytesGbytes RAMRAM

••144 144 GflopsGflops

••1 1 GflopGflop = 1,000,000,000 calculations= 1,000,000,000 calculations
per second  per second  

••Exclusively dedicated to Lattice QCDExclusively dedicated to Lattice QCD
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Hydra Supercomputer

••IBM IBM eServereServer 1350 Linux cluster1350 Linux cluster

••Installed in 2003Installed in 2003
••Ranked 2nd in AustraliaRanked 2nd in Australia
••Ranked 106 in the worldRanked 106 in the world

••256 Intel Xeon (2.4 GHz) 256 Intel Xeon (2.4 GHz) procsprocs..
••HighHigh--speed speed MyrinetMyrinet 20002000
••256 256 GbytesGbytes RAMRAM

••1200 1200 GflopsGflops = 1.2 = 1.2 TflopsTflops

••Serves SA ResearchersServes SA Researchers
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Aquila Supercomputer
••SGI SGI AltixAltix 30003000

••Installed in 2004Installed in 2004

••160 Intel Itanium 2 processors160 Intel Itanium 2 processors

••NUMAlinkNUMAlink networknetwork

••160 160 GbytesGbytes RAMRAM

••830 830 GflopsGflops

••Serves SA ResearchersServes SA Researchers
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APAC Supercomputer
••SGI SGI AltixAltix 3700 Bx2 cluster3700 Bx2 cluster

••Installed in 2005Installed in 2005
••Ranked 26th in the WorldRanked 26th in the World

••1680 Intel Itanium 2 processors1680 Intel Itanium 2 processors
••NUMAlinkNUMAlink networknetwork
••3.2 3.2 Gbytes/sGbytes/s

••3360 Gigabytes RAM3360 Gigabytes RAM

••11,000 11,000 GflopsGflops = 11 = 11 TflopsTflops

••Serves AustraliaServes Australia
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Corvus Supercomputer
••New SGI New SGI AltixAltix XE1300XE1300
••Installed in May 2007Installed in May 2007

••136 Intel “136 Intel “clovertownclovertown” processors” processors
••544 computational cores544 computational cores
••1,088 1,088 GbytesGbytes RAMRAM

••HighHigh--speed speed InfiniBandInfiniBand networknetwork

••Ranked 2Ranked 2ndnd R&D in AustraliaR&D in Australia
••Equivalent to 166 in top 500Equivalent to 166 in top 500

••6 6 TflopsTflops = 6,000,000,000,000 flops= 6,000,000,000,000 flops

••70,000 70,000 GbytesGbytes Data StorageData Storage

••Serves SA ResearchersServes SA Researchers
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The QCD Vacuum
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Instantons
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Gluon field winding
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Bound States of Quarks



Life Impact – Sciences

Bound States of Quarks
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Gluon flux tubes
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Confinement
••It is impossible to isolate a quark.It is impossible to isolate a quark.

••Quarks are “Quarks are “ConfinedConfined””
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Exotic States of Matter
• QCD predicts the 

existence of exotic 
mesons.

• Glueballs are mesons 
dominated by pure self-
interacting gluons 
stuck together.

• Other exotics involve 
the excitation or 
vibration of gluons.
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Gluon flux tubes
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• Supernova & Star Dust

• Star Formation

• First Atoms

• First Nucleii

• First Protons and Neutrons

• Quark Gluon Plasma

• Big Bang

Time
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• Supernova & Star Dust

• Star Formation

• First Atoms

• First Nucleii

• First Protons and Neutrons

• Quark Gluon Plasma

• Big Bang

Time
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Proton Structure
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Strangeness in the Proton
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Pre-requisites
BSc

Two science subjects, one chosen from 
Chemistry, Maths Studies, Specialist Maths, Physics 

& one from 
Biology, Chemistry, Geology, Physics

Specialist Programs with Physics
• Physics,
• Maths Studies and 
• Specialist Maths
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Further Information
Visit the web and explore
• Visual QCD or
• The Origin of Mass
at
• www.physics.adelaide.edu.au/

theory/staff/leinweber
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