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The Component Test Facility and Spherical Tokamak Power Plant are next generation 
deuterium-tritium experimental concepts designed to test large power plant 
components for radiation damage under fusion neutron flux, and generate electricity, 
respectively.  Both are next step concepts in the spherical tokamak or compact torus 
line pioneered by Australia and Austria in the 1980’s, and now pursued in earnest by 
the UK and US.  
 
We investigate aspects of the ideal MHD 
stability of the Component Test Facility and 
Spherical Tokamak Power Plant using parameter 
scans across several MHD equilibrium 
conditions.  In particular, we focus on the design 
of algorithms to explore parametric dependency 
with the “safety” factor profile and plasma shape 
subject to constraint of constant stored thermal 
energy. A second aspect we explore is the 
degree to which coupling architecture such as 
the Model Coupling Toolkit can be used to 
expedite such parameter scans, and validate 
stability conclusions by using different ideal 
MHD codes.  Time permitting, we also review 
the application of these tools to assess stability 
implications for ITER.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 : Artist impression of the 
Spherical Tokamak Power Plant. Note the 
person for scale.
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The modeling of many systems of environmental and technological interest relies on 
the incorporation of cross-section data to describe collision processes at the 
microscopic scale. Here we present absolute accurate differential cross section data 
for the excitation of the 3p54s states in Argon by electron impact. The study focuses 
on the near-threshold region, where previous studies have revealed persistent 
disparities between measurement and theory [1-4]. The time-of-flight (TOF) 
technique is employed, allowing scattered electrons to be measured over a broad 
range of energies with constant transmission, thereby eliminating a potential source of 
error in relating relative intensities of elastic and inelastic transitions inherent to other 
techniques. The experimental results are compared to those from previous 
experimental and theoretical studies. As well as to new calculations. These include a 
relativistic distorted-wave (RDW) calculation and two separate calculations based on 
the R-matrix approach. In spite of improvements to both experimental and theoretical 
techniques, significant disparities remain between all theories and all experimental 
data. This finding, once again, highlights the challenges posed in the near-threshold 
region and underlines the need for further improvements in both theoretical and 
experimental techniques. 
 
[1] Filopovic D M, Marinkovic B , Pejcev V and  Vuskovic L, 2000 J. Phys. B 33 677. 
[2] Filopovic D M, Marinkovic B, Pejcev V and  Vuskovic L, 2000 J. Phys. B 332081. 
[3] Khakoo M A, Vandeventer, P., Childers J G, Kanik I, Fontes C J, Bartschat K, Zeman, V., 
Madison D H, Saxena S, Srivastava R and Stauffer A D, 2004 J. Phys. B37 247. 
[4] Balance C P and Griffin D C, 2008 J. Phys. B 41 065201. 
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The particles in a toroidal magnetically confined fusion plasma are (to a good 
approximation) confined to magnetic field lines, which spiral around within a toroidal 
volume. If the plasma is toroidally axisymmetric, the field lines lie within an infinite 
set of nested toroidal ’flux surfaces’. If however the plasma is asymmetrically 
deformed in the toroidal direction, flux surfaces may begin to break up: while some 
field lines still lie in a surface, other field lines lie in cantori (remnant flux surfaces) or 
wander chaotically within a toroidal volume, thereby weakening the confinement of 
plasma ions. 
 
Our group is developing a model which relaxes the plasma energy within potentially 
chaotic regions, using the surviving flux surfaces as separating barriers.[1] Such a 
model is the first variational magnetohydrodynamic model to reconcile the 
coexistence of confinement and chaos in a way fully consistent with nonlinear 
Hamiltonian dynamics theory. Crucial in the development of such a model is the 
ability to predict which axisymmetric flux surfaces are most likely to survive 
toroidally asymmetric deformation, and thereby preserve good confinement. Recently, 
a Hamiltonian formulation of the magnetic field has been constructed  that can be 
used to predict when configurational perturbations destroy flux surfaces.[4]  There is 
more to the problem however, when an annular volume of magnetic field line chaos is 
predicted ideal MHD requires the pressure in that area must be constant, and so for 
the equilibrium to have a non-trivial pressure profile, pressure discontinuities must 
exist at the separating flux surfaces.[2][3], This pressure discontinuity condition also 
has a Hamiltonian formulation.[5] 
 
Both (potentially) chaotic Hamiltonians interact in a very complicated way. Although 
both the geometrical perturbations and the pressure loading tend to destroy flux 
surfaces, there do exist solutions where field lines can reform flux surfaces at a 
pressure higher than is usually allowed. There is evidence that the surfaces become 
critical just as they are about to be destroyed, and at this point it has a fractal 
structure. Further, there is evidence that some field lines, ones that are in the same 
’universality class’ may approach the edge of chaos in the same way. 
 
References 
[1] R. L. Dewar et al, Entropy, 10 (2008) 621 
[2] G. O. Spies, Phys. Plasmas, 10 (2003) 3030 
[3] S. R. Hudson, M. J. Hole and R. L. Dewar, Phys. Plasmas, 14 (2007) 052505 
[4] S. R. Hudson, Phys. Plasmas, 11 (2004) 677 
[5] H. L. Berk et al, Phys. Fluids, 29 (1986) 3281 
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A new 2D motional Stark effect (MSE) imaging system has recently been developed 
at the ANU. This instrument has the unique and unprecedented capability to spatially 
map the internal magnetic field structure of tokamak fusion devices by measuring the 
polarization of the Doppler shifted and Stark-split Balmer alpha hydrogen spectrum.  
The imaging system will allow more accurate equilibrium reconstruction but also has 
the ability to directly image magnetic field perturbations associated with instabilities. 
As this is a new diagnostic technique, the capabilities of the system are still not well 
understood. In this talk I will discuss some of the recent outcomes of analysis and 
modeling of the 2D MSE imaging system. 
 
This analysis establishes the key equation linking the quantity measured the 
polarization angle of the emission produced by neutral atoms injected into the plasma, 
to the properties of the plasma magnetic field. This enables an assessment of both the 
optimum instrument viewing geometry and the information that can be reliably 
extracted. Interpretation of previous experimental data in the light of this analysis is   
considered.  
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 Absorption spectroscopy and hook interferometry  
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From gaseous plasmas to condensed matter: The ionization 
energy  
Approach 
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Electron impact excitation in the upper atmosphere of Titan 
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Emission spectroscopy is a simple diagnostic for detecting the presence of different 
species in a plasma. It provides directly the relative density of the upper level of the 
transition, and with appropriate calibration absolute density can be obtained. In a 
typical processing plasma discharge, only a very small fraction of the various species 
present are in excited states. The quantity of interest is usually, however, the ground 
state density. The determination of ground state density from a knowledge of an 
excited state density is problematic: it requires a collisional-radiative model and such 
models are only well-developed for hydrogen, helium and argon. Some 
simplifications are possible; for sufficiently low electron densities the corona 
approximation, where collisional excitation from the ground state is balanced by 
downward radiative transitions. is applicable; at the other limit of high electron 
densities, where collisional transitions dominate, the Local Thermal Equilibrium 
(LTE) approximation gives a particularly simple relationship between the ground and 
excited level population densities. 
 
Absorption spectroscopy has the advantage that it measures ground state density 
directly. Its sensitivity can be extended to lower density by using multiple pass 
techniques, but it saturates as species density increases. As absorption spectroscopy 
saturates, hook interferometry becomes a suitable technique for direct measurement of 
ground state density. Both techniques require, however, transitions that terminate on 
the ground state and are in an accessible wavelength range. Both techniques yield 
absolute values of the ground state density. Hook interferometry exploits the 
anomalous dispersion in the vicinity of a transition, and has the experimental 
disadvantage of being an interferometric technique. 
 
Traditionally hook interferometry has used photographic film to record dispersed 
interferograms. CCD cameras can now be used, but narrow band tunable sources also 
present other recording possibilities. This talk will compare absorption and hook 
interferometry, and in particular look at experimental techniques for utilizing the 
latter. 
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Self-organization and assembly of nanostructures on surfaces exposed to low-temperature gaseous 
plasmas play crucial roles in the growth of nanostructures with uniform positioning and size 
distributions [1,2]. In addition, plasma-based nanofabrication techniques possess pronounced 
advantages as compared to neutral gaseous, such as the ability to control (deterministically) the 
nucleation (catalyst-free) and morphology (shape and size) of nanostructures [3–5]. 
  
Self-organization in large nanostructure arrays requires the consideration of surface diffusion and 
evaporation in the presence of microscopic electric fields [2], which can be taken into account by 
incorporating the ionization energy parameter into the Ostrikov model of diffusivity [6]. This coupled 
approach has been used to estimate the surface diffusivity of Si and C adatoms in the presence of (Si, 
C) large or (Si, C) small applied electric fields (see figure) and substrate temperatures. This information 
can then be used by the experimenters to fine-tune the delivery rates of any plasma species to 
synthesize condensed matter of any dimension. Such reliable knowledge is indispensable since surface 
diffusion of adatoms is the main driving force for self-organization of nanostructures [1–5].  

We have found the reasons why Si adatoms 
(heavier) diffuses (or evaporates) more 
easily than that of C adatoms (lighter) on (or 
from) the SiC substrate surface for a given 
temperature and pressure, as have been 
observed experimentally [7]. The ionization 
energy theory (IET) [6,8] indicates that one 
can control the incoming plasma precursor 
species with the lowest ionization energy 
(deterministically) since they are the most 
mobile species on any given non-metallic 
surfaces. We can also explain and show how 
one can exploit the applied electric fields 
(bias voltage) to further reduce the 
temperature required to grow nanostructures 
and thin films, which is also in agreement 
with the hybrid numerical simulations 
developed by Rider-Levchenko-Ostrikov [9].  

 
[1] K. Ostrikov, Rev. Mod. Phys. 77, 489 (2005).  
[2] U. Cvelbar, et al., APL 94, 211502 (2009); M. Mozetic et al., Plasma Chem. Plasma Process.  26, 
103 (2006).  
[3] M. Mozetic, U. Cvelbar, M. K. Sunkara, S. Vaddiraju, Adv. Mater. 17, 2138 (2005).  
[4] U. Cvelbar et al., Appl. Phys. Lett. 92, 133505 (2008); M. Keider et al., Appl. Phys. Lett. 81, 1183 
(2002).  
[5] R. M. Sankaran et al., Nano Lett. 5, 537 (2005); I. Levchenko et al., Appl. Phys. Lett. 93, 183102 
(2008).   
[6] A. D. Arulsamy, K. Ostrikov, Phys. Lett. A 373, 2267 (2009). 
[7] Q. J. Cheng et al., Appl. Phys. Lett. 90, 173112 (2007); K. V. Emtsev, et al., Nature Mater. 8, 203 
(2009).  
[8] D. H. Seo, A. E. Rider, A. D. Arulsamy, I. Levchenko, K. Ostrikov, (submitted: J. Appl. Phys.).  
[9] A. E. Rider, I. Levchenko, K. Ostrikov, J. Appl. Phys. 101, 044306  (2007). 
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Electron impact excitation of molecular nitrogen has been shown [De La Haye et al., 2008] to 
be important in the upper atmosphere of Titan. We have repeated the calculations of De La 
Haye et al. using new and updated cross sections for electron impact excitation of N2 and 
have also used a more rigourous method of analysis.  
 
In the previous analysis heating rates due to electron impact excitation of N2 were calculated 
as a function of altitude in Titan’s upper atmosphere. The impacting electrons are 
“magnetospheric” electrons, accelerated by processes in the magnetosphere of Saturn, and 
photoelectrons, produced in the atmosphere of Titan by incident sunlight. We use electron 
flux spectra given in the literature [Gan et al., 1992] for these two sources for particular 
heights and interpolate between them for other heights. These fluxes are then multiplied by 
the electron impact excitation cross sections to determine the excitation rates for N2. After 
excitation the energy is either lost in radiative decay, or transferred to the atmosphere in 
collisions. Applying the ratios that were determined in the previous work for this division, we 
calculated the heating rates in Titan’s atmosphere and verified that we obtained results similar 
to those in the previous work. We made a similar comparison with calculations by Gan et al. 
of the related electron energy transfer rates. 
 
Having verified the methods of calculation, we then repeated them using updated cross 
sections for electron impact excitation of N2 as determined at Flinders University [Campbell 
et al., 2001] and new cross sections for other states that we derived from new differential 
cross sections [Khakoo et al., 2008]. Finally, as in the original calculations of heating rates 
only the most likely paths in the radiative cascade were considered, we applied a statistical-
equilibrium analysis to include all the processes that are involved at the molecular level.  
 
Campbell, L, M. J. Brunger, A. M. Nolan, L. J. Kelly, A. B. Wedding, J. Harrison, P. J. O. Teubner, D. 
C. Cartwright, and B. McLaughlin (2001), Integral cross sections for electron impact excitation of 
electronics states of N2, J. Phys. B: At. Mol. Opt. Phys., 34, 1185. 
 
De La Haye, V., J. H. Waite Jr., T. E. Cravens, S. W. Bougher, I. P. Robertson, and J. M. Bell (2008), 
Heating Titan’s upper atmosphere, J. Geophys. Res., 113, A11314, doi:10.1029/2008JA013078. 
 
Gan, L., C. N. Keller, and T. E. Cravens (1992), Electrons in the ionosphere of Titan, J. Geophys. Res., 
97, 12137. 
 
Khakoo, M. A., C. P. Malone, P. V. Johnson, B. R. Lewis, R. Laher, S. Wang, V. Swaminathan, D. 
Nuyujukian, and I. Kanik (2008), Electron impact excitation of  X1Σg

+   (ν′′=0) to the a′′ 1Σg
+  ,  

b 1Πu, c3 1Πu, o3 1Πu, b′ 1Σu
+  , c′4  1Σu

+  , G 3Πu and F 3Πu states of molecular nitrogen, Phys. Rev. A, 77, 
012704.  
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Tailoring the output pulse characteristics of a DBD based incoherent 
light source emitting in the in the extreme ultraviolet for materials 

processing applications 
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ABSTRACT 

Incoherent light sources emitting in the vacuum ultraviolet (VUV) (λ<200nm) and 
extreme ultraviolet (EUV) (10nm<λ<100nnm) spectral regions are of topical interest. 
Dielectric barrier discharge (DBD) excitation of the rare gases provides a practical 
and efficient method for generating pulsed incoherent EUV/VUV radiation from 
excited diatomic molecules (excimers) at selected wavelengths 60-90nm (He2*), 
84nm (Ne2*), 126nm (Ar2*), 146nm (Kr2*), & 172nm (Xe2*). Due to their high 
electrical to EUV/VUV conversion efficiencies (5%-60%), simple construction, and 
size/output-power scalability, these light sources have a range of applications in 
materials processing/deposition & nanofabrication; surface modification, cleaning & 
etching; and photo-chemistry. In practical terms, Ne2* excimer lamps (λ=84nm) are 
currently of particular interest for development as efficient, high average power EUV 
sources for potential applications in materials processing where energetic photons 
(~15eV) are required to break molecular bonds, and possibly in advanced lithography 
to replace existing sources at λ=193nm for next generation semiconductor chip 
manufacturing. Issues relating to the efficient production of Ne2* species are also of 
interest for the parallel development of high pressure Ne/H2 plasma lamps generating 
relatively narrow line-width VUV emission at 121.6nm (H Lyman α). 

We have investigated the electrical and optical characteristics of a DBD based 
excimer lamp using Neon gas fills to generate output in the EUV spectral range 
(λ=84nm). In this study, the temporal characteristics of the EUV/VUV output pulses 
generated by DBD excimer sources (pulse width, rise-time, instantaneous peak power 
etc.) have been investigated in detail. The results show that the use of pulsed voltage 
excitation waveforms allows greater control of parameters associated with the 
temporal evolution of the EUV pulse shapes (risetime, instantaneous peak power) due 
to a synchronised breakdown of the discharge gap along the electrode length. The 
ability to tailor pulse shapes is important for niche applications in surface cleaning 
applications using EUV/VUV irradiation, for example, in the removal of organic 
surface layers and in dehydroxilation of glass and polymer substrates
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Crystals containing a small number of micrometer-size dust particles are called dust clusters 
or Coulomb clusters [1]. In experiments, such clusters are trapped in the sheath of discharge 
plasma. The confinement in the vertical direction is provided by the sheath electric field that 
forces the particles to levitate against the gravity. In the horizontal plane, the particles are 
confined by a parabolic potential due to, e.g., trough in the electrode and/or additional ring 
electrode. Under such condition, the dust particles form flat 2D cluster structures [2-4]. 
Clusters composed of a finite number of charged particles confined by an external potential 
attract big interest as classical analogs to ion traps [5] and artificial atoms [6]. 
 
In a recent study [7], the first analysis of the normal modes in Coulomb clusters with 
fluctuating charges was performed for correlated fluctuations. This analysis demonstrated the 
normal mode splitting related with the variance of the fluctuations. It was reported that the 
fundamental pure rotational modes are the most affected by the charge fluctuations while the 
least affected were the pure translational modes. 
 
Here, we present results of numerical modeling of the normal mode spectra in small N = 3; 7; 
12 Coulomb clusters. We pay particular attention to the influence of correlated vs 
uncorrelated charge fluctuations on the mode spectra these clusters. We demonstrate that 
there is clear distinction between the influence of uncorrelated and correlated fluctuations. It 
is found that the modes are split/shifted according to the mode number and the weight of the 
shear and compressional parts in their oscillation pattern. The pure rotational modes (with the 
maximum shear component) and the breathing modes with the maximum compression 
component are the most affected. The pure translational modes appear to be the most stable 
irrespectively on the nature of fluctuations. It is found that the distinctive signature of the 
correlated fluctuations is a significant shift of the zero-frequency mode and an overall 
narrowing of the spectrum band. This is useful for diagnostics as the character of dust charge 
fluctuations extracted from the analysis of the cluster mode spectra provides important 
information on the plasma correlation length. 
 
[1] S. V. Vladimirov, K. Ostrikov, and A. A. Samarian, Physics and applications of complex 
plasmas (Imperial College, London, 2005). 
[2] W.T. Juan, J.W. Hsu , Z.H. Huang, Y.J. Lai, and Lin I, Chin. J. Phys. 37, 184 (1999). 
[3] F. Cheung, A. Samarian, and B. James, New J. Phys. 5, 75 (2003). 
[4] A. Melzer, Phys. Rev. E 67, 016411 (2003). 
[5] D. J. Wineland and W. M. Itano, Phys. Today 40, 30 (1987). 
[6] R. C. Ashoori, Nature (London) 379, 413 (1996). 
[7] S. Barkby, S. V. Vladimirov, and A. A. Samarian, Phys. Lett. A 372, 1501 (2008). 
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Silicon quantum dots (QDs) embedded in a dielectric matrix have recently been in the 
spotlight of extensive research efforts owing to their immensely potential applications 
in the third-generation photovoltaic solar cells, light emitting diodes, thin-film 
transistors, and several others. This is because, when the size of the Si quantum dots 
in the confined system is of the order of or less than the Bohr radius of the exciton, 
the electron-hole wave function overlap can be significantly enhanced, which in turn 
increases the probability of radiative electron-hole recombination rates. 
 
The typical preparation method for the growth of the Si QDs embedded in an 
amorphous silicon carbide matrix involves the deposition of a single-layer Si-rich SiC 
or multi-alternating layers of Si-rich SiC/quasi-stoichiometric SiC superlattice by 
chemical vapour deposition, and subsequent thermal annealing in the inert gas 
ambient in the quartz furnace at temperatures of up to 1100 °C. The plausible physical 
mechanism for the achievement of the Si QDs embedded in the SiC matrix in this 
method is due to the thermally activated phase separation and precipitation of Si 
nanocrystals in the matrix. However, this method is a rather complicated process and 
is not compatible with the current thin-film semiconductor manufacturing technology. 
More importantly, this method usually induces a large number of unsaturated Si-
related dangling-bonds and defects originating from the thermally activated 
fragmentation of the partially hydrogen-terminated growth surface. 
  
Here, we propose a simple, effective and innovative approach to rapid (more than one 
order of magnitude higher growth rates compared to what is commonly achieved), 
low- temperature synthesis of device-quality crystalline Si QDs embedded in an 
amorphous SiC based on low-frequency (460 kHz), low-pressure, thermally 
nonequilibrium, high-density inductively coupled plasmas with outstanding precursor 
dissociation efficiency. Moreover, we have shown that the compositional, 
morphological, structural, and optical properties of the synthesized Si QDs embedded 
in the amorphous silicon carbide matrix can be simply and effectively tailored by the 
external experimental parameters. Furthermore, we have also proposed a viable 
physical mechanism for the high-rate growth of Si QDs embedded in the amorphous 
silicon carbide matrix based on the nucleation and growth of Si QDs in the partially 
ionized high-density inductively couple plasma-based process.  
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Abstract 

 
  
The performance of single-walled carbon nanotubes (SWCNTs) devices is mainly 
determined by the specific physical and chemical properties of SWCNTs. 
Unfortunately, SWCNTs grown by most methods display a mixed state of different 
size, conductivity, and chirality, thus limiting the performance of many SWCNTs-
incorporated devices. A precisely controlled, direct-synthesis of SWCNTs with 
uniform size and distribution is therefore imperative for high-performance SWCNTs 
devices. Here we use low-to-medium energy ion beams to pretreat the deposited 
catalyst layer prior to the synthesis of SWCNTs.  
 
Owing to ion-substrate interactions, surface topography of the metallic layer self-
organizes into regular "dot" patterns with uniform size at 1 – 50 nm range. Such self-
organization arises from the balance between the roughening effect induced by ion 
beam sputtering and the smoothening effect by surface diffusion and redeposition. We 
also investigate the effects of various experimental parameters on the formation of 
metal nanoparticles, including ion energy, angle of incidence, and ion fluence. The 
technique demonstrates an alternative way of using ion beam sputtering as an 
effective tool to pretreat catalyst nanoparticles for a controlled synthesis of SWCNTs.
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In many experiments that were performed with the PK-3 Plus setup on board of the 
International Space Station the so called heartbeat instability could be observed. 
Under microgravity conditions the microparticles in a complex plasma arrange 
themselves in a vast cloud that spreads nearly all over the available inter-electrode 
space. In the middle of the plasma chamber a void is often formed1,2. The void is 
completely free of particles. Under certain conditions the complex plasma becomes 
unstable and rhythmically pulsates in the radial direction3,4. In given experiments the 
instability has been observed in a wide parameter range. Measurements where 
performed with MF particles of different diameters from 6.81ìm to 15ìm in Argon as 
well as in Neon plasma at different discharge powers. The gas pressure varies 
between 8Pa and 100Pa. The frequency of the observed oscillation ranges from 0.8Hz 
to 7Hz. A physical model for the Instability will be presented and the correlation of 
the particle motion and the recorded plasma parameters will be discussed.  
 
 

 
 

Figure1. Visualization of microparticle oscillations affected by the heartbeat 
instability 

 

 

1. D. Samsonov and J. Goree, Phys. Rev. E 59, 1047 (1999). 
2. A. Lipaev et. al., Phys. Rev. Lett. 98, 265006 (2007) 
3. M. Kretschmer et. al., Phys. Rev. E 71, 056041 (2005). 
4. M. Mikikian et. al., NJP 9, 268 (2007). 
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In my talk I will compare recent three dimensional (3D) complex plasmas 
experiments (both ground-based and experiments performed onboard  International 
Space Station (ISS)) with the molecular dynamics (MD) simulations. We discuss in 
great detail the first observations of 3D crystallization  Wave in laboratory complex 
plasma and the structural peculiarities of plasma  crystal created on board ISS. 
Finally, we discuss the impact of confinement on  the local order of the crystallized 
Yukawa system. It has been shown that MD  simulations of a simple 3D Yukawa 
system with hard wall confinement reproduce  remarkably well the most important 
experimental structural properties of 3D complex plasmas. 
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We present fully-differential state-resolved experimental data for the dissociative 
ionization of molecular hydrogen induced by electron impact. By performing an 
experiment in which the reaction kinematics are fully determined, we are able to 
extract molecular-frame ionization cross sections for transitions from the X1Σ+

g 
molecular ground state to the 1sσg, 2pσu, 2pπu and 2sσg states of H2

+. The experiment 
reveals a strong dependence of the reaction cross section on molecular orientation for 
transitions to the 2pπu and the 2sσg states. Comparison of the present findings with 
those of recent photoionization studies on H2 will be made and reaction mechanisms 
will be discussed. The results raise the interesting prospect of exploiting molecular 
orientation to optimize certain chemical reactions. 
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Fusion plasmas are energetically rich, complex exothermic physical systems.  
Populations of charged particles can be accelerated well above thermal speeds 
through processes such as resonant wave absorption, charge exchange with injected 
high energy neutral beams, magnetic reconnection, and the fusion process itself.  The 
importance of these energetic populations is that they can drive electromagnetic wave 
which, in turn, can eject the same driving particles from confinement.i  The concern is 
of profound importance to the fusion product population, whose confinement and 
thermalisation is essential to sustaining a burning plasma in ITER and proposed 
fusion power plants.   
 
Most understanding of electromagnetic waves in fusion plasmas is based on a 
perturbation analysis of the ideal MHD model, which describes a plasma in local 
thermal equilibrium.  Such plasmas can support a wide range of electromagnetic 
waves, many of which can be driven unstable by energetic particle – wave resonance.  
In addition to perturbative modes, which are modes of the background thermal plasma 
driven unstable by the energetic populations, there also exist non-perturbative modes 
(Energetic Particle Modes or EPMs) which exist only in the presence of an energetic 
population.ii When driven to large amplitudes, both Alfvén Eigenmodes (AEs) and 
EPMs can lead to a loss of particle confinement. The wave-particle dynamics of this 
system exhibits a rich range of behaviour, from linear growth to saturation, bursty and 
frequency chirping, and explosive wave growth.  
 
To date, the systematic exploration of wave-particle system dynamics, as well as the 
study of weakly unstable plasmas on long-time scales, has proceeded principally by 
studying the Berk-Breizman augmentation of the Vlasov-Maxwell system.iii  This 
formalism solves for the particle distribution function in the presence of a sinusoidal 
electric field, and enables calculation of wave saturation due to a single discrete mode 
driven by an energetic ion beam in 1D, slab and large-aspect-ratio tokamak 
geometries. 
 
This project aims to extend the Berk-Breizman model to a magnetically confined 
plasma in which the confining field is formed, in part, by the wave-resonant energetic 
particle population. Formally, this approach requires an increase in the spatial 
dimension, to enable the plasma to exhibit magnetic, as opposed to geometric, 
confinement. As a first step, we aim to explore whether changes in plasma currents 
associated with wave-resonant energetic particle populations can modify the 
confining field.  A second application of our cylindrical model will be to describe 
wave-particle dynamics in cylindrical plasma configurations such as WOMBAT. 
 
i.  A. Fasoli, S. Sharapov et al, Ch. 5: Physics of energetic ions, ITER Physics Basis, Nuc. Fus., 

47, S264, 2007 
ii.  L. Chen, Phys. Plas. 1(5), 1994. 
iii. H. L. Berk and B. N. Breizman, Phys. Fluids B2(9), 2226-2234 (1990); 2235-2245 (1990), 

2246-2252 (1990). 
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This presentation addresses the fabrication and application of surface-bound chemical 
gradients and surface gradients of biomolecules1,2. Such gradients, of a scale length and shape 
that are relevant to the biological systems, have a broad range of applications in biology and 
biotechnology, where control of interactions between surface or surface-bound biomolecules 
and cultured eukaryotic cells, bacteria and viruses is desirable3.  Furthermore, it is desirable to 
be able to “tailor” the chemical group/biomolecule density along the gradient.  We will 
describe a plasma-based, substrate- and format-independent method4 that can be used to 
produce thin film polymer surface chemical gradients that can be used directly, or as 
platforms for the fabrication of biomolecule gradients, on the millimetre and sub-millimetre 
scale length.   Our method involves the use of mask with a slot, which separates a 
polymerising plasma (the composition of which can be systemically changed) from the 
collecting substrate (e.g. a coverslip, Figure 1).  This method allows the fabrication of 
gradients of a wide range of different chemistries, including carboxylic acid and amine 
functionality5 (which can be used in different biomolecule immobilisation strategies). 
 
In the first example, millimetre scale gradients of functional heparin (as demonstrated by 
binding with TSG-6), are fabricated by passive adsorption directly onto surface chemical 
gradients of plasma-deposited allyl amine6.  In the second example, we have adapted the basic 
method, by “pulsing” of the second monomer, B, to the plasma gas feed, whilst (during the 
pulse) cutting the feed of monomer A. This adaptation has allowed us to fabricate surface 
chemical gradients of < 1mm, to which we have then immobilised an antibody-captured 
ligand, in this case the 9E10 antibody, raised to capture myc-tagged biomolecules (illustrated 
in Figure 2).  The important issues being addressed in this study are the fabrication of 
gradients over shorter, biologically-relevant distances (<1 mm), and the adequate spacing of 
the biomolecules from the solid-phase surface, so that potentially the biomolecules can be 
“internalised” by a cell. 

   
 
Figure 1       Figure 2 
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