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Head of School’s Report

The year 2003 began on a sad note with the
sudden death of Associate Professor Graeme
Russell. Graeme had been associated with

the School for more than four decades. He
served on the staff for over 30 years, and has
been one of its most influential members,

not only as First Year Director for over two
decades but also as a vigorous and engaging
colleague. He will be deeply missed. The newly
renovated courtyard entrance to the School is
to be named “The Graeme Russell Lawn” in his
memory.

In broad terms the year was one of change
and challenge. The new Vice Chancellor,
Professor Rory Hume, initiated a process of
Vision Planning that engaged the School in

a review both of its own priorities and its
interaction with the broader community. Three
research “focus areas” that will guide the
School’s future development, were identified:
Astrophysics, Biophysics, and Quantum
Physics.

The newly appointed Dean of Science,
Professor Dennis Lincoln, stepped down after
less than 18 months in the position. Leadership
of the Faculty then fell to Associate Professor
Aldo Bagnara, who successfully navigated us
for the remainder of the year.

Professor Jaan Oitmaa, who had served as
Head of School from 1993 - 1998, retired mid-
year, along with Associate Professor Robert
Stening. Both remain closely associated with
the School however, and maintain active
research programs. We are delighted that the
University has bestowed the title of Emeritus
Professor upon Jaan, in recognition of his long
and distinguished service.

Highlights include the award of an Australian
Government Federation Fellowship to Professor
Michelle Simmons. Michelle joins Professor Bob
Clark as the second member of the School to
win one of these prestigious awards, and the
School can now boast that it hosts the only two
Federation Fellows in the Faculty.

The School’s Department of Astrophysics

has now been ranked in the top 1% of space
science groups world-wide by the international
ranking agency ISI. The ranking is based on
the total number of citations to published
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papers. Interestingly, when the ranking is done
on the basis of citations per paper (which takes
into account the relatively small size of our
group), we actually surpass Caltech, MIT and
Oxford.

Teaching innovation continued apace, with
particular focus on our laboratories and their
role in promoting “active learning”. The first
stage of our teaching space refurbishment was
almost complete by the end of the year, with
the entire First Year Laboratory being rebuilt
as the “Alpha” laboratory and flexible learning
space.

As the year drew to a close, the School was
confronting a major financial deficit, brought
on by a sudden drop in income as a result

of changes to our funding formula at the
beginning of 2003. The School’s previously
sound financial position is now under serious
threat, and innovative solutions will be needed
in coming years to maintain our position as
one of Australia’s leading physics schools.

Professor John Storey
Head of School
May 2004






Why you can’t understand sopranos on high notes

In singing or speech, periodic vibrations of the
vocal folds produce a sound rich in harmonics,
whose frequency determines the pitch. The
vocal tract acts like a variable megaphone,
one of whose roles is to match the acoustic
impedance between the lower vocal tract (high
impedance) and the radiation field (low). It
does this most effectively at the resonances of
the tract, so the harmonics falling near those
resonances are boosted. The frequencies of the
resonances depend on the mouth shape and
tongue position and we can distinguish vowel
sounds and other details of the voice from
hearing which harmonics get boosted.

Normally, these processes are independent:
we can sing “la la la la 1a” on different notes
(constant resonances with varying pitch),

and the monotone Daleks on Dr Who can

be understood (“Ex-ter-min-ate”: varying
resonances at constant pitch). However, there
is a problem in the high range of women’s
voices, because the pitch frequency of the
notes enters the range of the lowest vocal tract
resonance. If the singers did nothing about this
problem, then notes would be louder or softer
depending on how well the pitch coincided with
a resonance in the tract and the voice quality
would be uneven. It has been suspected that
sopranos actually tune the resonance of their
vocal tract to the note that they are singing:
the evidence for this is that they tend to open

Soprano Kristen Butchatsky with the sound
source and microphone at her mouth.
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the mouth wider as they sing successively
higher notes. However, this could not
previously be confirmed because there was no
way to measure the acoustics of the tract while
it was being used for singing. The technique
developed recently by our Acoustics Laboratory
does this by injecting a carefully synthesised
broad band acoustic current into the mouth
and measuring simultaneously the voice and
the response of the tract to this signal.

In the low range of the voice, sopranos do

just what we all do in speech and singing: the
pitch and the vocal tract resonances are largely
independent. In the high range, however, they
tune the lowest resonance of the vocal tract to
match the pitch they are singing.

This resonance tuning gives them uniform
loudness and vocal quality, but it also means
that vowel sounds become very similar.
However, the amount of intelligibility sacrificed
is not great. In the high range, it is very
difficult to understand vowel sounds anyway,
because of the wide spacing of harmonics.
Berlioz’ famous treatise on orchestration warns
opera composers about the high pitch problem.
And it is possibly one of the reasons why the
opera house uses surtitles even when the
words are in the language of the audience.

Elodie Joliveau, John Smith and Joe Wolfe
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Centre for Quantum Computer Technology

In 2004 the Centre for Quantum Computer
Technology was expanded to become an ARC
Centre of Excellence (COE). The COE involves
18 research programs across 6 Australian
Universities, (Universities of NSW, Melbourne,
Queensland, Sydney, Griffith, Macquarie), the
Australian Defence Force Academy and the
Department of Defence.

Research at UNSW is focussed on electronic
silicon-based solid state quantum computing in
which the quantum bits (qubits) are comprised
of single phosphorus atoms embedded in
silicon, with quantum information encoded
onto the spin or charge state of the atoms.

Constructing these atomic-scale devices is

a major challenge, and UNSW houses some
of Australia’s most advanced capabilities in
nanotechnology. Device fabrication is being
pursued using two parallel strategies: a “top-
down” approach using single ion implantation,
and a “bottom-up” approach which uses
scanned probe lithography and epitaxial
semiconductor growth to achieve atomically
precise construction.

During 2003 a number of key milestones were
achieved:

e We showed that it is possible to incorporate
individual phosphorus dopants into a silicon
surface with atomic precision with an STM
(scanning tunnelling microscope), a key
requirement for making qubit arrays.

e We demonstrated a new technique to
construct silicon devices with atomic precision
using UNSW'’s new STM/ MBE system, and
used it to construct a fully functional quantum
wire in silicon.

e We constructed ion-implanted Si:P double
quantum dot devices to demonstrate gate-
controlled single electron transfer, a key
requirement for all Si-based qubits.

¢ We demonstrated coincident detection of
single electron transfer between buried Si:

P quantum dots using two single electron
transistors, and used radio-frequency
electronics to allow detection on ms timescales.

e We developed high-level logic design for high
speed circuitry required to control a quantum
processor, facilitating operation of general
quantum algorithms.

“Bottom-up” STM fabricated devices

This approach involves using an STM tip to
position single P dopant atoms in silicon in

an ordered atomic array before they are
encapsulated in high quality crystalline silicon
grown by MBE. In 2003 we published our work
demonstrating the incorporation of single P
atoms in silicon with atomic precision.

A second highlight was the construction of

a fully functional nanoscale device using the
custom-built STM-SEM-MBE system that was
installed at UNSW in late 2002. This enabled
the development of the first registration
process that allows us to locate and make
electrical contact to an STM-patterned device
once it is outside the vacuum environment.

Figure 1. STM fabricated quantum wire. (A) Optical microscope image of the completed device. (B) and
(C) SEM images of the STM tip aligned to registration markers. (D) STM image of a nano-wire created

by STM.
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Figure 1 shows a schematic of a quantum wire
constructed with this process. Low temperature
magnetoresistance studies of a 4 x 4 pm
square and a 90 nm-wide quantum wire
showed clear differences between the electrical
properties of these two devices, revealing

a beautiful demonstration of the cross-over
from two-dimensional to one-dimensional
electron transport in a quantum wire as the
temperature is reduced. These results open the
way to creating single atom electronic devices
with the STM.

Single electron motion in “top-down” Si:P
test devices

In 2003 we constructed and demonstrated a
novel double quantum dot structure in silicon
using phosphorus ion implantation, a critical
test device to assess the potential of Si:P
qubits (Figure 2a). Application of a differential
bias to the surface gates causes periodic
single electron tunneling between the two
dots, which is detected with two nearby single
electron transistors (SETs) as a discontinuous
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Figure 2. a) Micrograph of ion-implanted
twin-SET double quantum dot device with

an adjacent AFM image of the central gate
area. b) Measurements with an rf-SET

of quasi-periodic electron transfer in this
device, obtained as a function of time while a
differential bias is applied to gates B and S,,.
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step in the SET current (Figure 2b). This signal
repeats periodically, and using two SETs makes
it is possible to detect the charge transfer in
coincidence, ensuring that the signal is coming
from the vicinity of the double dot system.
Single atom devices were fabricated using the
Centre’s single-ion implantation technology,
which uses in-situ ion detector electrodes to
produce a signal each time a P* ion enters the
device.

Quantum measurement: high speed
single electron transistors

Measurement of quantum bits will require
extremely sensitive electrometers able to
detect a fraction of an electron charge on sub-
microsecond timescales. We have developed
twin radio-frequency single electron transistors
and were able to detect single electrons
moving between two buried Si:P dots on
microsecond timescales (Figure 3). These
results show that it is possible to read-out the
state of silicon based qubits, and augur well for
the future.

Alex Hamilton, Michelle Simmons
and Robert Clark
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Figure 3. Characterisation of rf-SETs.

a) Bias spectroscopy of a rf-SET in the
superconducting state (B = 0) where A is the
superconducting gap for Al. b) Single-shot
response of the rf-SET to a small step in gate
voltage creating an induced charge 0.1e at the
SET island.



Theoretical studies of strongly correlated quantum
states in novel condensed matter systems

Discoveries in condensed matter physics during
the last 15-20 years have revealed many
new phenomena and materials of remarkable
richness and diversity. These include the high
temperature superconductors with transition
temperatures at least five times higher than
previously known, “heavy fermion” systems,
the “colossal magnetoresistance” (CMR)
materials, quantized conductance in quantum
wires, the integer and fractional quantum Hall
effects, fullerene systems, and the whole field
of organic conductors and superconductors.

These phenomena all appear to be
manifestations of strong electron correlation
effects, and they present a severe challenge
to the traditional understanding of condensed
matter.

Theoretical models exist, at least in basic
form, and must form the foundation of our
understanding of these phenomena. The

team of Jaan Oitmaa, Chris Hamer, Oleg
Sushkov and Robert Bursill was awarded an
ARC Discovery grant of approximately

$750 000 over the five year period 2003-2007
to determine the properties of these models, in
a manner that is systematic and reliable, and
to match them with experiment.

In addition to Weihong Zheng, who has been
part of our group for many years and is an
expert in series expansion methods, we have
appointed two recent German PhD graduates,
Jesko Sirker and Alexander Weisse, to the
team.

Experimental magnetization curves (Nikuni
et al., Phys. Rev. Lett. 84, 5868 (2000)) and
quasiparticle spectrum (Rlegg. et al., Nature
423, 62 (2003)) compared to our theoretical
calculations (solid lines).
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During the past year we have progressed on a
number of fronts:

Oleg Sushkov and Valeri Kotov (a former
postdoc in our group, and now at the
University of Lausanne) have obtained an
analytic solution, valid at low doping, for

a model of strongly correlated electrons in
2-dimensions, and have demonstrated the
coexistence of spiral magnetic ordering and
superconductivity.

We have investigated models for several
recently discovered new materials, including
Na,CoO,yH,0 which was recently discovered
to be superconducting for a range of doping
(1/4<x<1/3).

The material TICuCl, was discovered a few
years ago to have a gap in the magnetic
excitation spectrum, but to undergo a
transition to a field induced magnetically
ordered state. This has been interpreted as

a Bose condensation of magnons. We have
shown that the proposed simple BEC scenario
gives results in disagreement with experiment.

We have also continued to develop humerical
methods for calculating energies and spectral
weights of multi-particle excitations.

Jaan Oitmaa, Chris Hamer,
Oleg Sushkov and Robert Bursill

Experimental structure factors for
Cu(NO,),2.5D,0, showing both one-
magnon and two-magnon contributions, and
corresponding model calculations.
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Producing an anti-melanoma vaccine

Principal researchers from the Department

of Biophysics, Drs Galina Kaseko and Tohsak
Mahaworasilpa, and Professor Hans Coster, are
researching methods for producing an anti-
melanoma vaccine.

Cancer cells are the body’s cells which
proliferate uncontrollably and become
abnormal. They survive in the body partly
because they escape detection by the body’s
usually very efficient immune system.
Melanoma is one of the more aggressive
cancers.

Our strategy is to put a suite of “markers” on
melanoma cells to enhance the recognition and
response of the immune system to these cells.
The concept is that, if stimulated properly, our
own immune system can then successfully
deal with the cancer cells. Indeed in people
who have had spontaneous remissions from
such cancers, it is known that this is correlated
to the presence of antibodies - the “magic
bullets”of the immune system - directed
against tumour-associated antigens.

We have developed techniques for creating
human cell lines that express on their

surface the cardinal attributes of a super-

set of melanoma antigens. Cell membrane
preparations of such engineered cells
expressing multiple idiotypic melanoma
tumour antigens could be used as a potent
and tissue-generic melanoma vaccine.
Alternatively, radiation inactivated whole cells
from such a cell line could provide the basis of
such a vaccine. Our technology has important
advantages in that:

e The vaccine so derived will contain a super-
set of melanoma antigens.

e The antigens can be produced from the
culture of a single cell line.

¢ The vaccine will be produced in human cells
(grown in culture).

Our research has the potential to develop a
product with the potential to slash the national
and personal cost of melanoma cancers, which
is of particular importance in Australia.

Galina Kaseko and Tohsak Mahaworasilpa

In June 2003 the Federal Minister for Science and Technology, the Hon Peter McGauran, visited the
melanoma research laboratory in the School of Physics. With him are Dr Galina Kaseko, Dr Tohsak

Mahaworasilpa and Prof Hans Coster.
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A Multi-Aperture Scintillation Sensor for Antarctica

“How can we measure the turbulence in the
Antarctic atmosphere at an altitude of between
one and 20 kilometres?” This turns out to be

a crucial question when deciding where to
build the new generation of Extremely Large
Telescopes (ELTs).

A group of us were huddled around a table
pondering this question at the 25th General
Assembly of the International Astronomical
Union meeting held in Sydney during July
2003. The group included colleagues from

the Cerro Tololo Inter-American Observatory
(CTIO), Caltech, and the Jet Propulsion
Laboratory (JPL). We hatched an ambitious
plan to build a suitable instrument to make the
crucial measurement.

The instrument had to be able to work in an
environment where the ambient temperature
reaches -75C. It had to locate bright stars and
measure them without any human intervention
for 10 months. It had to be aligned in bright
sunshine during the Antarctic summer. It had
to work completely automatically and transmit
data back to UNSW using an Iridium satellite
phone.

And it had to be designed, built, and shipped to
Antarctica before the end of the year.

Our colleagues from CTIO built the detector
package, JPL provided some funding, and
UNSW designed and built the telescope, CCD
acquisition camera, star-tracking mount, and
computer control.
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The instrument, called MASS (Multi-Aperture
Scintillation Sensor), started to come together
in November. With two weeks to go before
shipping, we desperately needed one or two
clear nights to test the instrument on the roof
of the Physics building. The clouds cooperated
between Christmas and New Year, on the day
before we had to ship.

MASS was installed by Jon Lawrence, Tony
Travouillon and Colin Bonner at Dome C in
Antarctica in January 2004. We are now
waiting for the sun to set...(stop press 18
March 2004: MASS has seen its first star!).

Michael Ashley, Jon Lawrence,
Suzanne Kenyon and John Storey

The Multi-Aperture Scintillation Sensor installed
in the UNSW AASTINO facility at Dome C,
Antarctica.
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The Quantum Electronic Devices Group

The field effect transistor plays an important
role in modern electronic appliances

such as computers and mobile phones.
These transistors use a thin, almost two-
dimensional sheet of highly mobile electrons
or holes to carry electric current. Despite
their technological importance many of the
fundamental electronic properties of these 2D
systems are not yet fully understood.

Our studies of electronic interactions focus

on high quality devices fabricated at UNSW
featuring two 2D conducting channels
separated by an insulating barrier only 2.5nm
thick. In these bilayer devices, competition
between intralayer and interlayer Coulomb
interactions leads to new many-body quantum
states similar to those in the fractional
quantum Hall effect. In our samples we have
the unique ability to tune both the relative
strength of these interactions and the balance
between the number of electrons in each

of the two layers simply by adjusting gate
voltages. Our focus in 2003 was the analysis of
data obtained from an experiment where we
mapped the stability of the bilayer coherent

v = 1 quantum Hall state as electrons were
gradually shifted from one layer into the other.
PhD student Warrick Clarke spent early 2003
correlating our results with detailed theoretical
calculations by Prof Charles Hanna from Boise
State University in the US to reach a better

Honours student Tom Sobey performing
low-temperature measurements of quantum
contributions in high-mobility FET devices.
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understanding of the physics in this system.
In late 2003 our focus in this project has
shifted to investigating interactions between
closely spaced 1D quantum wires, and we are
currently fabricating devices for these studies.

The search for a metallic ground state in

2D systems naturally leads to the question

of what the precise role of electron-

electron interactions is in determining the
conductivity. In particular, recent theoretical
work suggests that the metallic behaviour
observed in these systems may be entirely
the result of these interactions, and that a
signature of this is consistent behaviour in the
quantum mechanical contributions to both
the longitudinal and Hall conductivity of 2D
systems. To test this hypothesis, Tom Sobey
(Session II Honours student) and Carlin Yasin
(PhD student) performed a careful experiment
to compare these quantum contributions to
the longitudinal and Hall conductivity of high-
mobility FET devices. They found that these
corrections are consistent, thereby confirming
an important theory and taking us a step
closer to understanding the origin of metallic
behaviour in 2D systems.

Warrick Clarke, Tom Sobey, Carlin Yasin, Sean
McPhail, Romain Danneau, Adam Micolich,
Alex Hamilton and Michelle Simmons

PhD student Warrick Clarke in the SNF
cleanroom fabricating samples for the closely
spaced quantum devices project.
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Why do bell plates ring?

What is surprising when you hit a bell plate is
the loudness, clarity and sustain of the sound.
Bell plates are polygonal metal plates that are
played like handbells but are rather cheaper.
However, only a limited class of shapes works
for bell plates: in general, polygons with a
handle at one corner just go “clunk”. The
dependence on shape is critical.

This sensitivity to shape — which is quite
astonishing when one holds two slightly
different shapes in the hand — is explained by
the modes of vibration and the requirements
of supporting a percussion instrument. First,
the handle must be at a node of vibration:

a place where vibrational velocity is zero.
Otherwise, translational energy is transmitted
to the player’s hand and quickly lost. But

this condition is insufficient: local rotation or
torques at the handle are also effective at
quickly damping the vibration.

This shape rings for several seconds. Plates
with slightly different geometry are quickly
damped.

14

The standard bell plate shape can be
considered as a rectangular plate with two
corners removed and a tang for the handle
attached. The lowest vibrational mode of a
rectangular plate has two nearly parallel nodes.
Removing successively larger pieces from the
corners gradually bends these nodes towards
each other. In a family of shapes, which
includes that used for commercial bell plates,
these nodes fuse at the tang, providing an
extended region with neither translational nor
rotational motion.

The sonagrams below (amplitude in a
logarithmic grey scale vs time and frequency)
show the sounds made by striking the plates
shown with a rubber mallet. A standard shaped
bell plate (top) has several short transients,
but its lowest mode rings for much longer than
several seconds. After a 25 mm strip was cut
from the low edge (bottom), the lowest mode
is heavily damped.

Daniel Lavan, John Tann and Joe Wolfe
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Sonagrams showing the sounds made by
striking the plates shown with a rubber mallet.
(Reproduced from our article in Acoustics
Australia.)

UNSW SCHOOL OF PHYSICS ANNUAL REPORT 2003



Ultra Compact Dwarfs:

discovery of a new type of galaxy

In its pursuit of understanding objects that are
many light-years away, astrophysics inevitably
suffers from the “tyranny of distance”. The
distances are so vast that from our perspective
here on Earth, stars are reduced to point
sources of light, galaxies cannot generally be
resolved into their individual stars, and planets
around other stars can only be detected by
indirect means (eg. through the motion they
induce or the obscuring effects they have on
their parent star).

Taken to its extreme, it is conceivable that this
problem could cause even galaxies to appear
as point sources, particularly those that are
rather small and compact. Consequently, such
objects would be missed in traditional surveys,
where galaxies are identified by their extended
and resolved structure. Indeed the notion of

a compact, “star-like” galaxy is completely
absent from all the morphological schemes
used to classify galaxies, for the very reason
that none have been found.

The first clues that such a population of
galaxies might exist were obtained by Dr
Michael Drinkwater (formerly of UNSW, now at
Uni of QId) and his collaborators, when they
used the Two Degree Field (2dF) spectrograph
on the 3.9m Anglo-Australian Telescope to
survey the nearby Fornax cluster of galaxies.
This survey was unusual in that it included all
objects, be they point-like, extended, or fully
resolved spiral and elliptical galaxies. Quite
surprisingly, seven of the point-like objects

- assumed to be stars in our galaxy - turned
out to be members of the Fornax cluster, some
60 million light-years away! The question then
was: what were they? Given that they were so
faint, were they actually galaxies, or were they
just massive star clusters associated with the
dominant galaxies in the centre of Fornax?

We demonstrated that these objects are
indeed galaxies in their own right, based on
further observations made with the Keck and
VLT 8-10m telescopes and the Hubble Space
Telescope. Remarkably, they are ~10,000
times less luminous than our galaxy and only
~300 light-years across - a type of system
previously unknown and which led us to dub
them “ultra compact dwarf” (UCD) galaxies.
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Through the numerical simulation work of Kenji
Bekki, UNSW has made a critical contribution
to this study by providing crucial insights into
what the origin of these UCDs might be. The
most compelling formation mechanism would
appear to be one of galaxy “threshing”, where
the tidal forces acting within the Fornax cluster
strip away the outer envelopes of (the well
known) nucleated dwarf galaxies, leaving
behind only their naked compact cores. This
scenario is captured in the accompanying
picture, which shows the Fornax cluster, two
of the UCD objects, and a typical orbit (as
indicated by the trail of debris) that leads to
this destruction.

Warrick Couch and Kenji Bekki

An image of the Fornax cluster in which the
new class of ultra compact dwarf galaxies
(UCDs) were found. Images of two of the UCDs
are shown in the insets. Numerical simulations
conducted at UNSW would suggest that they
were once bigger galaxies that were stripped
down by tidal forces as they orbited within the
cluster; the resulting trail of debris predicted
by the simulations is superimposed.
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How to spot a varying constant

For many years, scientists have endeavoured
to find out whether the fundamental constants
of physics are really constant, or whether
they have changed over the course of time.
The search has mainly focused on the fine
structure constant, known by the Greek letter
alpha (a), which involves the speed of light, as
well as the charge of the electron and another
parameter from quantum mechanics known
as Planck’s constant. Back in 1998, Vladimir
Dzuba, Victor Flambaum, and John Webb

of UNSW suggested a method of searching
quasar spectra for varying o that would
improve sensitivity by a factor of about one
hundred over previous methods. Subsequent
measurements provided the first hint that o
was different in the distant past.

This unexpected result has inspired much of
the work that we do. For example, we are
trying to find systematic effects that could
invalidate the conclusion that a is varying.

The leading contender is that the isotopic
abundances in the early universe were
different to those on Earth today, which could
make it look like o was different even though it
was not.

At the same time we are looking for other
ways to determine whether a is varying using
atomic clocks. Atomic clocks can measure
time using different lines in atomic spectra. If
we compare two kinds of atomic clocks and
see that one is losing time with respect to the
other over the course of a few years, we may
be able to conclude that « is still changing
today. We are calculating how big this drift will
be in atoms that are currently of interest to
experimentalists. They will use our calculations
to choose the most promising atomic clocks,
namely those that will stray from each other
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most strongly. Our group has shown that we
can also use atomic clocks to test for variation
in the proton magnetic moment, which is
another fundamental constant.

Our group has led the way in finding methods
that test for changes in other constants

of nature, such as quark masses and the
constants that control the strong interaction.
There are several methods for doing this, all of
which involve probing processes that occurred
in the early universe. The results that suggest
o has varied were obtained by examining

the spectra of very distant quasars, and this
method can also be used to test whether

the proton magnetic moment was different.
Then there is the Oklo reactor, which was

a natural nuclear reactor in Africa that was
working around two billion years ago. Stringent
limits can be placed on variation of constants
because the reactions taking place back then
were the same ones that can happen today.
Had the constants been even slightly different,
some of the Oklo reactions could not have
occurred.

A different method of testing differences in
physical constants at the earliest times comes
from a theory called Big Bang Nucleosynthesis
(BBN), which deals with how the first hydrogen
nuclei fused together to create larger nuclei in
the first minutes of the universe’s existence.
Our group realised that the progress of the
reactions depends strongly on the constants
that control the strong nuclear interaction, as
well as on quark masses. By looking at the
resulting universe, we can infer their values at
the beginning of time.

Julian Berengut
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Millimetre observing with the Australia

Telescope Compact Array

As far as astronomy is concerned, the

radio part of the spectrum encompasses all
wavelengths of light greater than about 0.5
mm. Wavelengths greater than 1 cm have long
been studied by radio observatories around
the world, but the shorter millimetre and sub-
millimetre wavelengths have been relatively
less explored, partly because of the difficulty
of building sensitive receivers in this range
and partly because of the obscuring effects of
the Earth’s atmosphere. However, radiation at
these wavelengths carries crucial information
about the cold dust and molecular gas from
which new stars are born. These wavelengths
are also wel