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Preface 

 

The study of nonlinear phenomena in plasmas has ever been an exciting and challenging area of 
research and over the last several decades has provided a rich variety of novel discoveries and 
important insights into the collective behavior of complex systems.  Contributions in the areas of 
formation and dynamics of coherent structures (solitons, double layers, shocks etc.), magnetic 
reconnection, parametric instabilities, wave induced particle acceleration, turbulent transport 
phenomena etc. have not only advanced our fundamental understanding of plasma behavior but 
have also helped us in making progress in fusion research, in interpreting natural plasma 
phenomena in space and in inventing many new practical applications. It has also resulted in the 
development of sophisticated analytical and numerical simulation tools that have enhanced our 
modeling capabilities.  

  

Finally, nonlinear phenomena have also acted as a convenient bridge linking plasma physics to 
various other disciplines of physics and mathematics and thereby broadening and enriching the 
field. The abstracts of the scientific presentations for this conference, compiled in the present 
volume, reflect this rich diversity of nonlinear phenomena and its applications to plasmas and 
other systems. The invited talks, in particular, highlight recent developments in many of the key 
areas of nonlinear phenomena in plasmas ranging from the coherent to the turbulent in 
consonance with the primary theme of this conference that celebrates the research contributions 
and achievements of Professor Predhiman Kaw. 

 

 

Conveners 
 

Abhijit Sen (IPR, Gandhinagar, India) 
Parvez Guzdar (University Of Maryland, USA) 

A. S. Sharma (University Of Maryland, USA) 
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Tuesday : 12th January 2009 
9:30-10:30 Registration & Tea 
10:30-11:00 Inaugural Session 
11:00-12:30 Session 1 : Chair : Abhijit Sen 
11:00-11:30 INV-1-01 Bikash Sinha VECC, Kolkata, India  
11:30-12:00 INV-1-02 A. Thyagaraja Culham Science Centre, UK 
12:00-12:30 INV-1-03 Mahendra K. Verma IIT Kanpur, India 
12:45-13:45 Lunch 
14:00-15:30 Session 2 : Chair : P. N. Guzdar 
14:00-14:30 INV-2-01 Steve Cowley  CCFE, UK 
14:30-15:00 INV-2-02 Xavier Garbet  CEA, IRFM, France  
15:00-15:30 INV-2-03 John A. Krommes  Princeton Uni., USA  
15:30-16:00 Tea Break 
16:00-17:30 Session 3 : Chair : P. I. John 
16:00-16:30 INV-3-01 Amita Das IPR, Gandhinagar, India 
16:30-17:00 INV-3-02 Abhijit Sen IPR, Gandhinagar, India 
17:00-17:30 INV-3-03 R. Singh IPR, Gandhinagar, India 
    
Wednesday : 13th January 2009 
9:00-10:30 Session 4 : Chair : R. K. Varma 
9:00-9:30 INV-4-01 Nathaniel J. Fisch Princeton Uni., USA 
9:30-10:00 INV-4-02 G. Ravindra Kumar TIFR, Mumbai, India 
10:00-10:30 INV-4-03 K. Avinash Delhi Univ, India 
10:30-11:00 Tea Break 
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11:00-11:30 INV-5-01 Dennis Papadopoulos Univ. Of Maryland, USA 
11:30-12:00 INV-5-02 Gurudas Ganguli NRL, USA 
12:00-12:30 INV-5-03 Surja Sharma Univ. Of Maryland, USA 
12:30-13:00 INV-5-04 G. S. Lakhina IIG, Mumbai, India 
13:00-14:00 Lunch 
14:00-16:00 Poster Session 
16:00-16:45 High Tea 
17:00-19:30 Felicitation Session 
20:00 Conference Dinner 
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9:00-10:30 Session 6 : Chair : Ajai Kumar 
9:00-9:30 INV-6-01 Kunioki Mima  Osaka University, Japan 
9:30-10:00 INV-6-02 P. Mulser Univ. of  Darmstadt, Germany 
10:00-10:30 INV-6-03 P.D. Gupta RRCAT, Indore, India 
10:30-11:00 Tea Break 
11:00-12:30 Session 7 : Chair : A. S. Sharma 
11:00-11:30 INV-7-01 D.F. Escande Marseille Université, France 
11:30-12:00 INV-7-02 P. N. Guzdar  Univ. Of Maryland, USA  
12:00-12:30 INV-7-03 S. K. Sharma Dilla University, Ethiopia 
12:30-13:30 Lunch 
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Friday : 15th January 2009 
9:00-10:30 Session 8 : Chair : Y. C. Saxena 
9:00-9:30 INV-8-01 Fabrice Doveil Univ. de Provence, France 
9:30-10:00 INV-8-02 R. Jha IPR, Gandhinagar, India 
10:00-10:30 INV-8-03 N. Chakrabarti SINP, Kolkata, India 
10:30-11:00 Tea Break 
11:00-12:30 Session 9 : Chair : S. K. Mattoo 
11:00-11:30 INV-9-01 S. Chaturvedi  BARC, Vishakapatanam, India  
11:30-12:00 INV-9-02 Dhiraj Bora ITER, France 
12:00-12:30 INV-9-03 S. Deshpande ITER-India 
12:30-13:00 Concluding Session 
13:00-14:00 Lunch 
14:00-16:00 Lab Visits 
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Mean Flows And Avalanches In Magnetized 
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Current Challenges In The Theory Of Zonal-
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Electron Magnetohydrodynamic Studies in an 
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INV-3-03 R. Singh IPR, Gandhinagar Synergy of Flow and Edge Plasma Turbulence 
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Compressing Waves In Plasma 14 
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G. Ravindra 
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INV-4-03 K. Avinash University Of Delhi 
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15 

INV-5-01 Dennis 
Papadopoulos 
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Naval Research 
Laboratory, 
Washington DC, USA 

Evolution Of Whistler Turbulence In The 
Magnetosphere 17 
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Dilla University, Dilla, 
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24 

INV-8-01 Fabrice Doveil 
CNRS/Universite de 
Provence, France 
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Chaos In Wave-Particle Interaction 24 

INV-8-02 R. Jha IPR, Gandhinagar 
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Phenomena at the Institute for Plasma 
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25 
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INV-1-01 
Thermometric Signals Of Quark Gluon Plasma 

 
Bikash Sinha 

 
Homi Bhabha Professor, Variable Energy Cyclotron Centre 

1/AF, Bidhan Nagar, Kolkata – 700 064, India 
 

E-mail : bikash@saha.ac.in 
 

Abstract 
 
It is expected that after collision of two nuclei at extreme energies (Large Hadron Collider, for 
example) commonly known, hadronic matter, may go through a phase transition to the 
fundamental constituents quarks and gluons, referred to as quark gluon plasma (QGP). 
Thermometric signals such as photons and dileptons and particularly the ratio of the two are 
efficient and definitive cursors of quark gluon plasma. Relevance of early universe scenario will 
also be discussed. 
 

 
INV-1-02 

Conservative Regularisation of Ideal Hydrodynamics and MHD 
 

A. Thyagaraja 
 

EURATOM/CCFE Fusion Association, Culham Science Centre, Abingdon, OX14 3DB, UK. 
 

E-mail : athyagaraja@googlemail.com 
 

Abstract 
 

Inviscid, incompressible hydrodynamics and incompressible ideal magnetohydrodynamics 
(MHD) share many properties such as time-reversal invariance of equations, conservation laws 
and certain topological features. In three-dimensions these systems may lead to singular 
solutions (involving vortex and current sheets). While dissipative (visco-resistive) effects can 
regularise the equations leading to bounded solutions to the initial-boundary value (Cauchy) 
problem which presumably exist uniquely, the time-reversal symmetry and associated 
conservation properties are certainly destroyed. The present work is analogous to (and suggested 
by) the Korteweg-de Vries regularization of the one-dimensional, nonlinear kinematic wave 
equation. Thus the regularizations applied to the original equations of hydrodynamics and ideal 
MHD retain conservation properties and the symmetries of the original equations. Integral 
invariants which generalize those known for the original systems are shown to imply bounded 
enstrophy. The regularisation developed can also be applied to the corresponding dissipative 
models (such as the Navier-Stokes equations and the visco-resistive MHD equations) and may 
imply interesting regularity properties for the solutions of the latter as well. The models 



9 
 

_________________________________________________________________________________________________________ 
International Symposium On Waves, Coherent Structures & Turbulence In Plasmas 
12-15, January, 2010, Institute For Plasma Research, Gandhinagar 382 428 (India) 

 

developed thus have intrinsic mathematical interest as well as possible applications to large-scale 
numerical simulations in systems where dissipative effects are extremely small or even absent. 

 
 

INV-1-03 
Dynamo Transition 

 
Mahendra K. Verma, Rakesh K. Yadav, Mani Chandra, Supriyo Pal, Pankaj Wahi 

 
 Department of Physics, IIT Kanpur 208106, India 

 
Email : mkv@iitk.ac.in 

  
Abstract 

    
We perform direct numerical simulation of dynamo transition using pseudo-spectral simulation. 
 We apply Taylor Green forcing for the velocity forcing.  We observe variety of states of the 
magnetic field: constant, periodic, quasiperiodic, chaotic.  There are many windows of such 
behaviour, and one of the chaotic transition is through period-doubling route to chaos.  The 
numerical results are being investigated using several low-dimensional models. 
 

 
 

INV-2-01 
Can You Ever Have Too Much Shear Flow? 

 
Steve Cowley 

 
Culham Centre for Fusion Energy (CCFE), Culham Science Centre, Abingdon OX14 3DB, UK. 

 
E-mail : steve.cowley@imperial.ac.uk 

 
Abstract 

 
There is ample evidence that moderate sheared flow helps stabilize tokamak turbulence. 
However at large flow the parallel velocity shear drives an instability.  I will examine the 
competition between these instabilities in MAST and the consequences for confinement. At high 
Beta the MAST equilibrium is well described by the analytic theory that Professor Kaw, Russell 
Kulsrud and I developed twenty years ago.  I will examine the effect of high Beta on the flow 
shear instabilities. 
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INV-2-02 
Mean Flows And Avalanches In Magnetised Plasma Turbulence 

 
Xavier Garbet 

 
CEA, IRFM, F-13108 Saint Paul Lez Durance, France 

 
E-mail : xavier.garbet@cea.fr 

 
Abstract 

 
Structure formation is known to be important for turbulent transport in magnetized fusion 
plasmas. Two well known examples are zonal flows, which affect turbulence via vortex shearing, 
and avalanches, which are potentially detrimental to confinement. This subject is notoriously 
difficult to address because of its multi-scale character. In the case of mean and zonal flows, one 
needs to address the competition between collisional friction and Reynolds stress. For 
avalanches, the heat source drive is an important ingredient. It turns out the recent 
implementation of collision operators and heat sources in gyrokinetic codes have brought some 
new insight into these topics. 
 
 First, it will be shown that the mean velocity stays close to the value predicted by collisional 
theory (“neoclassical” transport), even for turbulent states. However it turns out that the shear 
rate of the mean flow changes a lot when the plasma becomes turbulent, due to mesoscale 
corrugations of the velocity profile driven by the Reynolds stress. Hence turbulence is not only 
affected by zonal flows, but also via corrugations of the mean shear flow. Regarding flux driven 
simulations, it appears that the turbulence dynamics is governed by avalanche-like events. These 
bursts propagate at velocities of the order of the diamagnetic velocity on radial distances much 
larger than the turbulence correlation length. The propagation speed agrees with theoretical 
expectations. Profiles are found to be stiff, i.e. gradients stay close to the stability threshold when 
the heat source increases. Profile relaxation is mediated by the excitation of avalanches, which 
thus appear as a manifestation of profile resilience. Nevertheless the mechanism responsible for 
avalanche propagation is not fully understood. This question will be discussed in detail. 
 

INV-2-03 
Current Challenges In The Theory Of Zonal-Flow Generation 

 
John A. Krommes 

 
Princeton University, Plasma Physics Laboratory, 

P.O. Box 451, M.S. 28, Princeton, NJ  08543-0451 USA 
 

E-mail: krommes@princeton.edu 
 

Abstract 
 
The paradigm of coupled drift waves and zonal flows is already more than a decade old, yet 
confusion remains in some of the most fundamental aspects of the theory.  In this lecture an 
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attempt is made to assess the current state of affairs and to suggest new directions for future 
research.   
  
First, a brief review is given of the statistical theory of zonal-flow generation [1], with emphasis 
on the justification and interpretation of the popular algorithm based on wave kinetics.  The 
assumption of scale separation between the drift waves and the zonal flows allows a clean 
asymptotic calculation, the results of which do not agree in all aspects with heuristic proposals 
for the wave kinetic equation.  Consideration of the nonlinear interaction in terms of a 
Hamiltonian formalism leads to a discussion of the relevance of Casimir invariants to the proper 
choice of wave action [2].  An open issue is how best to proceed when scale separation does not 
hold.  
 
A related topic of current interest is the fidelity of extant gyrokinetic formalisms for the 
description of long-wavelength flow generation.  The unusual way in which Reynolds stresses 
are contained in the gyrokinetic description is described.  Then an attempt is made to assess the 
recent arguments of Parra and Catto [3] that nonlinear gyrokinetics as usually truncated cannot 
faithfully predict the evolution of flux-surface-averaged momentum on the transport time scale.  
Finally, outstanding challenges are indicated.  
 
References:  
 
[1] J. A. Krommes and C.-B. Kim, Interactions of disparate scales in drift-wave turbulence, 

Phys. Rev. E 62, 8508-39 (2000). 
[2] J. A. Krommes and R. A. Kolesnikov, Hamiltonian description of zonal-flow generation, 

Phys. Plasmas 11, L29-32 (2004). 
[3] F. I. Parra and P. J. Catto, Non-physical momentum sources in slab geometry gyrokinetics, 

Plasma Phys. Control. Fusion (submitted).  
 

INV-3-01 
Electron Magnetohydrodynamic Studies In An Inhomogeneous Plasma 

Medium: Relevance In   Fast Ignition Experiments  
 

Amita Das 
 

   Institute for Plasma Research, Bhat, Gandhinagar   382 428, India 
 

E-mail : amita@ipr.res.in 
 

Abstract 
 

Electron Magnetohydrodynamic (EMHD) model is a simplified fluid depiction of fast  time scale 
phenomena in plasmas at which  only electron response is of importance. The heavier ions in this 
case merely provide for a stationary neutralizing background.  With the advent of high power 
femto-second lasers and availability of fast diagnostics it is now possible to conveniently trigger 
the plasma at these time scales and also the response of the plasma can be watched in 
considerable detail.  This has led to increased research activity in the domain of EMHD model.  
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I will focus on our recent studies on EMHD phenomena for a plasma medium with   
inhomogeneous density [1].  Numerical simulations of the propagation of electron current pulse 
structure  through plasma density inhomogeneity will be presented. Novel observations of (i) the 
trapping of  electron current pulse structure in a high density plasma region,  (ii) the formation 
sharp magnetic field shock structures when the electron current pulse moves through the 
inhomogeneous plasma density region etc., will be reported. It is observed that intense energy 
dissipation takes place in the shock region. It is shown that the amount of energy dissipation in 
the shock region is independent of the mechanism (resistive and/or viscous) and also the 
magnitude of the dissipation coefficient [2]. 
 
These observations have direct relevance to Fast Ignition (FI) [3] experiments, as it provides a 
rapid  mechanism of electron energy dissipation during the ignition phase. Our observations are 
consistent with several PIC studies [4-5] which show efficient ion heating invariably at the 
location of plasma density gradient region of the target.  A recent experiment at ILE Osaka 
provides a further direct support for this mechanism [6].  
 
References : 

 
[1] S. K. Yadav, A. Das, P. Kaw, Phys. Plasmas, 15, 062308 (2008). 
[2] S. K. Yadav, A. Das, P. Kaw and S. Sengupta, 16, 040701 (2009). 
[3] M. Tabak, J. Hammer, M. E. Glinsky, W. L. Kruer, S. C. Wilks, J. Woodworth, E. M. 
Cambell and M. E. Perry, Phys. Plasmas, 1 , 1626 (1994). 
[4] R. B. Campbell, R. Kodama, T. A. Melhorn, K. A. Tanaka, D. R. Welch, Phys. Rev. Letts., 
94 055001 (2005); J. J. Honorubia and J. Meyer-ter-Vehn, Nuclear Fusion , 46 , L25 (2006). 
[5] M. Honda, J. Meyer-ter-Vehn, A. Pukhov, Phys. Rev. Letts., 85 , 2128 (2000);Honda, J. 
Meyer-ter-Vehn, A. Pukhov 7, 1302 (2000). 
[6] T. Yabuuchi, A. Das, G. R. Kumar, H. Habara, P. K. Kaw, R. Kodama, K. Mima, P. A. 
Norreys, S. Sengupta and K. A. Tanaka, New Journal of Physics 11, 093031 (2009). 

 
 

INV-3-02 
Collective Dynamics Of Strongly Coupled Dusty Plasmas 

 
Abhijit Sen 

 
  Institute for Plasma Research, Bhat, Gandhinagar 382428, India 

 
E-mail : abhijit@ipr.res.in 

 
Abstract 

 
Dusty plasmas – an ensemble of electrons, ions and small solid matter – are ubiquitous in nature 
– from the near earth environment, to planetary rings, to large scale astrophysical objects like 
galaxies and nebulae. While historical interest in this topic has been inspired by space and 
astrophysical applications, more recent studies have been directed towards exploring some of the 
novel properties of this system under laboratory conditions. Since a dust grain can hold a large 
number of electrons, the average potential energy of the dust component can substantially exceed 
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its average kinetic energy thereby leading to a strongly coupled plasma component for ordinary 
density and temperatures.  Such a component can display liquid or solid like properties and these 
phase transitions can be easily seen with the naked eye. At our Institute we have carried out a 
series of theoretical and experimental investigations on collective dust dynamics and have 
studied the effect of strong correlations on them. Some of the interesting results include the first 
experimental demonstration of shear waves in the liquid state of a dusty plasma and the 
excitation of solitons in such a medium. In my talk I will review some of these results and also 
discuss our current work on extending the `generalized hydrodynamic model’ to describe 
nonlinear excitations in the strongly coupled regime. 

 
INV-3-03 

Synergy Of Flow And Edge Plasma Turbulence In Density Limit Physics 
 

1R. Singh, 1P. K. Kaw, 2M. Tokar & 3P. H. Diamond 

 

1Institute for Plasma Research, Bhat, Gandhinagar  382 428, India 
2Institute for Plasma Physics, Forschungszentrum Juelich GmbH, EURATOM Association, 

Trilateral Euregio Cluster, D-52425 Juelich, Germany 

3University of California, San Diego, La Jolla, California 92093-0319, USA 

 
E-mail : rsingh@ipr.res.in 

 
Abstract 

 
Physical mechanism and theoretical model for the density limit in H-mode plasmas, seen 
normally as a back H-L transition, are presented. It is demonstrated that sheared flows, which 
develop during L-H transition and suppress anomalous transport at the plasma edge in the H-
mode state, start to decay by generating tertiary modes like Kelvin-Helmholtz instabilities when 
the plasma density exceeds a critical level crn . The dependence of crn on the plasma current pI ,    ~   .   implies that for not to high currents crn is lower than the Greenwald density limit    ~  . This offers an explanation for the experimental observations on the H-mode density 
limit often happening noticeably lower than Grn  which is actually an ultimate limit.  
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INV-4-01 
Compressing Waves In Plasma 

 
Nathaniel J. Fisch 

 
Princeton Plasma Physics Laboratory, Princeton University, Princeton, NJ 08543, USA 

 
E-mail: fisch@princeton.edu 

 
Abstract 

 
Waves can be compressed in plasma either through nonlinear interactions with other waves or 
through adiabatic changes in time of the plasma medium.   
 
The nonlinear interaction is particularly valuable in compressing high intensity light, which may 
be better compressed using plasma rather than material gratings.   The compression occurs 
through irradiating plasma by a long pump laser pulse, carrying significant energy, which is then 
quickly depleted by a resonant nonlinear Raman process in the plasma by a short counter-
propagating pulse. At high power, pulses in the range of many picoseconds can be compressed 
through resonant Raman backscattering to pulses in the range of many femtoseconds.  The 
technique can also be extended, in principle, to shorter wavelengths, possibly even in the x-ray 
regime.    
 
Alternatively, waves with small group velocity, such as Langmuir waves, can be compressed in 
plasma as the plasma itself is compressed, so long as the compression time is short compared to 
the collision time, but long compared to the wave period.  As the Langmuir wave grows, the ratio 
of the field energy to the plasma kinetic energy changes, which can in turn govern a variety of 
plasma processes.  
 

INV-4-02 
High Energy Density Science With Femtosecond, High Intensity Lasers 

 
G. Ravindra Kumar 

 
Tata Institute of Fundamental Research, Colaba, Mumbai 400 005, India 

 
E-mail: grk@tifr.res.in 

 
Abstract 

 
Table top, femtosecond terawatt lasers have sparked of great leaps in the understanding of 
intense light interaction with matter because they provide more detailed, more precise and 
readily repeatable experiments on all phases of matter.   As the pulses get shorter, we can study 
the ‘instantaneous’ dynamics of the plasma that is created.  In this talk, we will look at examples 
of such high energy density science with a focus on the generation and transport of relativistic 
hot electrons in solid media.  Specifically, we will focus on (a) methods to enhance the yields 
and energies of hot electrons, (b) time and space evolution of the giant magnetic pulses that are 
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generated, (c) the  extraction of transport parameters from the  magnetic pulses and (d) the 
dynamics of the critical surface on ultrafast timescales. 
 
After a general introduction to the subject (with pointers to applications in fast ignition of laser 
fusion and versatile tabletop photon and particle sources), results from the joint work of TIFR, 
IPR, Osaka University and Chinese Academy of Sciences will be presented.   We hope that our 
results on the observation of magnetic field turbulence in intense laser produced plasmas will 
connect with one of the themes of the conference.  
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Abstract 
 
A composite thermodynamic system where a group of cold charged particles confined in a 
volume PV  within a larger warm electron-ion plasma of volume V ( PV < V) is constructed. The 
charged particles repel each other via shielded repulsion. It is argued that this shielded repulsion 
between particles behaves like a pressure force i.e., electrostatic pressure  By constructing 
equivalent Carnot cycle we show that the expansion/compression of these particles under ES 
pressure  converts plasma heat into mechanical work and mechanical work into plasma heat 
consistent with laws of thermodynamic.  Two applications of this theory are discussed. First, we 
explore the possibility of a pumping device which heats plasmas by an adiabatic/isothermal 
compression of charged particles. Second, we discuss the possibility of constructing a practical 
heat engine using ES pressure. Some results from MD simulations will be presented. 
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Abstract 

 
Ionospheric heaters located in the polar-regions have been used extensively to generate waves in 
the ULF/ELF/VLF range by modulating the auroral electrojet at D/E region altitudes.  In this 
paper we present a completely different concept that can generate and inject waves in the earth-
ionosphere and Alfvenic waveguide at ULF/ELF frequencies without relying in the existence of 
ambient currents, such as electrojets. The concept relies on ionospheric heating of the F-region 
from ground based HF heaters.  Periodic F-region electron heating generates an oscillating 
diamagnetic current driven by the localized pressure gradient.  The associated magnetic dipole 
aligned with the ambient magnetic field injects magnetosonic waves in the ionospheric plasma. 
For frequencies between .1-8 Hz the magnetosonic waves are injected in the Alfvenic waveguide 
and propagate laterally in a fashion similar to the Pc1 pulsations. For frequencies above the 
Alfvenic waveguide cutoff the electric field associated with the magnetosonic wave drives Hall 
currents when it interacts with the lower ionospheric E-region below the heated spot. The Hall 
currents act as a secondary antenna that injects ELF waves in the TEM mode of the earth-
ionosphere waveguide as well as helicon waves upwards. The helicon waves are mode converted 
to shear Alfven waves at 120 km and propagate along the magnetic field line towards the 
conjugates. 
 
Recent experiments using the heater associated with the High Frequency Auroral Research 
Program (HAARP) in Gakona, Alaska have confirmed the Ionospheric Current Drive (ICD) 
concept. ULF/ELF waves generated by the F-region HAARP heating have been measured by 
receivers located in Seattle, Washington (~ 2 mM), Hawai (~5 Mm) and Guam (8~Mm). Near 
field measurements at locations closer than 800 km have been used to study ELF scaling and 
injection. 
The paper will conclude with the presentation of a computational model that clearly reveals the 
physics of the ULF/ELF wave generation and injection into the earth-ionosphere and Alfvenic 
waveguides. The model predicts that that HF heaters located at the dip equator (Jicamarca, 
Thumba, etc) will be by more than 20-30 dB more efficient than aural heaters, such as HAARP 
and EISCAT, due to the Cowling effect. Freeing the ionospheric generation of ULF/ELF waves 
from the need of an electrojet will open up the utility of ULF/ELF waves to many practical 
applications including underground and underwater oil exploration. 
 
Acknowledgement: Major contributions by Drs C.L. Chang and I. Doxas of BAE Systems-AT. 
Work supported by ONR MURI N00014-07-1-0789. 
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Abstract 
 
Recent article of Saito et al. [1] points to the importance of whistler turbulence in the 
determination of magnetospheric plasma state and hence the near-earth space weather.  The Saito 
et al. investigation was conducted in a two dimensional (2D) simulation in which the magnetic 
field was in the simulation plane.  They reported that the whistler turbulence cascades towards 
short wavelength (larger frequency), as in the classic Kolmogorov picture.  In this 2D 
configuration the most important nonlinearity which is essentially 3D in nature [2, 3] is missed.  
Hence, we generalize the Saito et al. work by tilting the magnetic field with respect to the 
simulation plane.  The tilt introduces the important nonlinear physics (wave-wave and wave-
particle scattering due to slow plasma density perturbation) which was lost in [1].  We find that 
evolution of whistler turbulence is dominated by scattering in which energy flows from short to 
long wavelengths (towards smaller frequency) instead of the Kolmogorov-type cascade.  This is 
a markedly different physical process than that described in Saito et al..  The ramification of this 
conclusion on the evolution of whistler turbulence and its effects on the magnetospheric plasma 
state will be discussed. 
 
* This work is supported by the ONR and DARPA. 
 
[1] S. Saito, S.P. Gary, H. Li, and Y. Narita, Phys Plasmas, DOI: 10.1063/1.2997339 (2008).  
[2] A. Hasagawa and L. Chen, Phys. Fluids, 18, 1321 (1975).  

 [3] V. Shapiro, V.I. Shevchenko, A.S. Sharma, K. Papodopoulos, R.Z. Sagdeev, and V.B. 
Lebedev, J. Geophys. Res., 98,  1325, (1993) 
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Abstract 
 
Earth’s magnetosphere exhibits complex behavior  with characteristic scales  ranging from the 
electron (10 km)  to  magnetohydrodynamic (10 R

E
) scales. The plasma processes underlying 

such spatio-temporal variability are strongly coupled, due mainly to the electrodynamic nature of 
the interactions in the dipole magnetic field. The multiscale  internal dynamics of the 
magnetosphere, coupled with the turbulent nature of its driver, the solar wind, leads to the  
ubiquitous  nonequilibrium behavior.  Modeling and prediction of  such multiscale systems is a 
challenge, as dynamical as well as statistical approaches require the presence of  dominant 
scales.  The extensive time series data of the solar wind and the magnetosphere   have been used 
for modeling and prediction based on nonlinear dynamical systems theory.  The dynamical 
modeling uses the time-delay embedding technique to reconstruct the phase space and is based 
on an averaging process similar to the mean-field approach, yielding a coherent dynamical 
behavior.    This approach has been used to make near-real time forecasts of  space weather. The 
inherent multiscale nature of the system however requires characterizations of the statistical 
properties using different types of probability distribution functions, especially for understanding 
the  extreme events. The long-term correlations are studied using auto-correlation and mutual-
information functions, yielding features represented by two exponents. The break in the 
exponents reflects the existence of two kinds of behavior, viz. the directly driven and internal 
magnetospheric features. The return intervals of the variations in physical variables for different 
thresholds show long-range correlations, similar to multifractal systems. The dynamical model 
together with the statistical characterizations provide a comprehensive model of the multiscale 
magnetosphere.  Considering Earth's magnetosphere as a proto-typical large scale open system 
this approach combining dynamical and statistical techniques can be used in the modeling and 
prediction of such systems in general. 
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Abstract 
 
Many spacecraft have observed electrostatic solitary waves (ESWs) in the Earth's 
magnetospheric boundary layers, namely, in the magnetosheath, magnetopause, plasma sheet and 
polar cap boundary layers, and also on the cusp and   auroral field lines.  These ESWs have 
usually bipolar, some times tripolar shapes in the electric field component parallel to the 
background magnetic field. Characteristics of the ESWs and their generation mechanism will be 
reviewed. Recently, Cluster spacecraft have observed ESWs through out the Earth's 
magnetosheath region. A mechanism for the generation of these structures in terms of electron-
acoustic solitons and double layers in a multi-component plasma will be discussed  to explain the 
magnetosheath ESWs. The model is based on the multi-fluid equations and the Poisson equation, 
and uses the Sagdeev pseudo-potential techniques to investigate the solitary waves. The actual 
plasma parameters observed by Cluster at the time of ESWs are used as the input to this model. 
 
The electric field amplitudes, the time durations and the propagation speeds of the solitary 
structures predicted by the model are in good agreement with the observations of ESWs by 
Cluster. 
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Abstract 
 
The fast ignition is a new scheme in laser fusion, in which higher energy gain with smaller laser 
pulse energy is expected. The required pulse laser energy depends upon the coupling efficiency 
between short pulse laser energy and core plasma energy. The coupling efficiency depends on 
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the relativistic electron generation, energy spectrum, and transport. The cone target has been 
introduced for realizing higher coupling efficiency. Although, some experiments indicated the 
high coupling and enhancement of high neutron yield, the scaling laws of the coupling efficiency 
on heating laser energy and pulse duration toward ignition scale target are still open question. In 
this concern, the strong electric and magnetic fields associating with the high density relativistic 
electron generated by peta watt lasers play essential rolls. In this presentation, the large scale 
simulations on the electro-magnetic phenomena of relativistic laser interactions with plasmas in 
particular, for double cone target will be presented. By the theory and simulation, it is proposed 
that higher coupling efficiency is expected for the double cone. It was found that electro-
magnetic fields around the vacuum layer and the cone- imploded plasma contact surface and in 
the pre-pulse laser plasmas are important. The anomalous stopping of relativistic electron beam 
in the dense plasmas will be also discussed in relation with the Weibel instability. 
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Abstract 

 
In the introduction connections of recent high-power laser interaction research with the early 
seminal work of Predhiman Kaw in Princeton are elucidated. In this context particular attention 
is devoted to collisionless and resonant processes that link together the interaction with plasmas 
at medium-high and super-high laser intensities. In the main part of the talk a coherent model of 
collisionless absorption in dense matter and clusters on the basis of anharmonic resonance is 
presented. During the last two decades various attempts have been made to explain the high 
degrees of absorption found in experiments and computer simulations with intense laser beams. 
Various models have been constructed, like jxB heating, vacuum heating, anomalous skin layer 
absorption, and wave breaking. Despite partial successes achieved, understanding of 
collisionless absorption remained unsatisfactory. The concept of anharmonic resonance 
represents a substantial progress in understanding the origin of irreversibility and the generation 
of the fast electron spectrum that is characteristic of super-intense laser-matter interaction. It will 
be shown in detail that the model meets all essential requirements one pretends from a coherent 
description of irreversible interaction. As a particular result anharmonic resonance is recognized 
as responsible for a new scenario of extremely efficient wave breaking or breaking of flow on the 
basis of resonant crossing.  
 
  



21 
 

_________________________________________________________________________________________________________ 
International Symposium On Waves, Coherent Structures & Turbulence In Plasmas 
12-15, January, 2010, Institute For Plasma Research, Gandhinagar 382 428 (India) 

 

INV-6-03 
An Overview Of The Work At RRCAT In The Field Of Laser-Matter 

Interaction At Ultra-High Intensities 
 

P.D. Gupta and P.A. Naik  
 

Raja Ramanna Centre for Advanced Technology, Indore  452 013, India 
 

E-mail : pdgupta@rrcat.gov.in  
 

Abstract 
 

Ultra-intense laser-plasma interaction has emerged as a field of wide ranging scientific 
investigations opening up enormous possibilities ranging from setting up table-top laser-plasma 
based electron accelerators, generation of intense coherent soft x-ray radiation, high energy x-
ray, ions, neutrons etc., with applications in a variety of fields. At Raja Ramanna Centre for 
Advanced Technology (RRCAT), we have been involved in studies of laser plasma interactions 
over a large intensity range using a number of in-house developed high power lasers and a 10 
TW, 45 fs Ti-sapphire laser system.  A variety of optical, x-ray, and particle diagnostics systems 
have been developed in-house for this purpose.  A three-dimensional particle-in-cell (3D-PIC) 
simulation code has been set up in collaboration with BARC, to analyze some of the 
experimental results.  
 
Our recent studies include laser wake-field electron acceleration producing mono-energetic, low-
divergence, high energy electron beam in 10-50 MeV range, high order harmonic generation to 
achieve coherent soft x-ray radiation (upto 71st  harmonic in manganese plasma, wavelength of 
11.1 nm), tuning of harmonic frequency and resonance enhancement of single harmonics ( 200X  
intensity enhancement of 13th harmonic in indium plasma),an order of magnitude enhancement 
of harmonic intensity using metal nano-particles and fullerences, odd as well as even harmonic 
generation using two wavelength irradiation,  generation of intense hard x-ray bremsstrahlung 
radiation extending to ~ 2 MeV photon energy, efficient absorption of laser radiation and intense 
x-ray emission from laser-irradiated metal clusters, carbon nano-fibres, and various other nano-
form targets, occurrence of blue spectral shift in scattered laser light during resonant interaction 
phase of laser heated gas clusters, generation of ultra-short pulse monochromatic, high brightness 
K-shell x-ray line radiation etc.   

 
In this talk, we shall present results of our recent studies, and discuss our understanding of the 
laser plasma interaction involved.  
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Abstract 
 

Because of the presence of magnetic turbulence and chaos, the reversed field pinch (RFP) had 
been considered for a long period as a terrible confinement configuration. However, recently a 
change of paradigm occurred for this device. This was symbolically exhibited by the cover story 
of the August 2009 issue of Nature Physics: “Reversed-field pinch gets self-organized” [1]. 
Indeed, when the toroidal current is increased in the RFX-mod RFP in Padua (Italy), a self-
organized helical state with an internal transport barrier (ITB) develops, and a broad zone of the 
plasma becomes hot (above 1 keV for a magnetic field above 0.8 T). This helical state was 
theoretically predicted through MHD numerical simulations [2,3]. The successive topics will be: 
definition of the RFP, recent experimental progress, theoretical view. 
 
The RFP is a magnetic configuration germane to the tokamak, but it produces most of its 
magnetic field by the currents flowing inside the plasma; external coils provide only a small edge 
toroidal field whose sign is reversed with respect to the central one, whence the name of the 
configuration. After describing the above mentioned self-organized helical state and ITBs at high 
current operation, the present theoretical picture of the RFP will be given. It mainly comes from 
3D nonlinear visco-resistive MHD simulations whose dynamics has strong similarities with the 
experimental one. The RFP ohmic state involves a helical electrostatic potential generating, as an 
electric drift, the so-called dynamo velocity field [4]. The magnetic topology can bifurcate from 
a magnetic island to kink-like magnetic surfaces, with a maximum of the safety factor. This 
scenario corresponds exactly to the experimental one leading to the above ITBs at this 
maximum.  
 
The new paradigm for the RFP supports its reappraisal as a low-external field, non-disruptive, 
ohmically heated approach to magnetic fusion, exploiting both self-organization and 
technological simplicity. Furthermore the RFP has the same Greenwald density limit as the 
tokamak, and it is an excellent test bed for the efficient control of multiple resistive wall modes. 
Its helical magnetic structure makes it germane to the stellarator too. As a result the RFP is also 
useful to bring support to the present two main lines of magnetic confinement.  
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Abstract 
 

Recently magnetic fluctuations in the Maryland Centrifugal eXperiment (MCX) plasma have 
been measured by an azimuthal array of sixteen coils in the edge region of the  plasma. A 
detailed analysis of these fluctuations indicates that there is primarily a convection of the low 
azimuthal mode number (dominantly m=2) fluctuations by the azimuthally rotating plasma. 
However the frequency spectrum of this mode is broad and is almost of the same order as the 
frequency. Furthermore bicoherence studies indicate a dominant interaction between these 
modes and a low frequency m=0 mode. We utilize a 2D (radial and azimuthal) MHD code to 
investigate the dynamics of the primary interchange instability which can be unstable in a 
rotating mirror geometry. For very low sheared rotation there is a broad spectrum (in m) of 
unstable modes. However as the sheared rotation is increased the high mode numbers become 
stabilized and the spectrum is dominated by low mode numbers. We will present comparisons of 
spatio-temporal dynamics of our simulations with the data from the sixteen probes.  We will also 
present results from a low-dimensional model which captures the  spatio-temporal features of the 
observations.   
 
* Work supported by DOE 
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Abstract 
  
In this paper we wish to report that Bhanagar Gross Krook collision term of BE extensively used 
in plasmas  and Cohen Harrison Harrison collision term of BE used to investigate the Electron -
Acoustic Wave interaction in solids are completely identical. We also point out that the method 
of characterics used in plasmas to obtain solution of BE is just identical to the RG Chambers 
method used  to solve BE in solids. Interestingly John Dawson's physical explanation of Landau 
damping/ instability is similar to that of A B Pippard's  explanation of absorption/amplification 
of acoutic wave in solids in the presence of external drift.    
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Abstract 

 
Wave-particle interactions are central in plasma physics. The paradigm beam-plasma system can 
be advantageously replaced by a traveling wave tube (TWT) to allow their study in a much less 
noisy environment. This led to detailed analysis of the self-consistent interaction between 
unstable waves and an either cold [1] or warm [2] electron beam. More recently a test cold beam 
has been used to observe its interaction with externally excited wave(s). This allowed observing 
the main features of Hamiltonian chaos and testing a new method to efficiently channel chaotic 
transport in phase space. The successive topics will be: presentation of the TWT and its 
connection to plasma physics, resonant interaction of a charged particle in electrostatic waves, 
observation of particle trapping and transition to chaos, test of control of chaos.   
 
The velocity distribution function of the electron beam is recorded with a trochoidal energy 
analyzer at the output of the TWT. An arbitrary waveform generator is used to launch a 
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prescribed spectrum of waves along the 4m long helix of the TWT. The nonlinear 
synchronization of particles by a single wave responsible for Landau damping is observed [3]. 
We explore the resonant velocity domain associated with a single wave as well as the transition 
to large scale chaos when the resonant domains of two waves and their secondary resonances 
overlap [4]. This transition exhibits a devil’s staircase behavior when increasing the excitation 
level in agreement with numerical simulation [5].  
A new strategy for control of chaos by building barriers of transport in phase space as well as its 
robustness is successfully tested [6]. The underlying concepts extend far beyond the field of 
electron devices and plasma physics [7].  
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Abstract 
 
The observation of intermittency in the turbulent scrape-off layer plasma of ADITYA tokamak 
was first reported about one and a half decade ago [1]. Its initial manifestation was through non-
Gaussian distribution of density and potential fluctuations, but soon, the most dramatic display of 
intermittency phenomena was reported through ‘bursty’ nature of particle transport [2]. The fact 
that the bursty nature of particle transport originates from the existence of short-lived plasma 
objects in the turbulent scrape-off layer plasma was later confirmed on both ADITYA and 
ASDEX-U tokamaks [3-5]. In the last decade or so, several aspects of intermittency-like 
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phenomena have been observed on tokamaks and other fusion devices throughout the world, 
which we shall review in this presentation. We shall also take this opportunity to present our 
analysis of particle flux data in order to test the recently proposed fluctuation theorem, which 
states that the probability of  ‘entropy consuming’ flux events falls off exponentially with the 
averaging time. We take flux events that are directed inward and against the pressure gradient 
force as ‘entropy consuming’ events and show from the analyses of ADITYA and ASDEX-U 
data that fluctuation theorem is validated in the scrape-off layer plasma of such fusion devices. 
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Abstract 

 
Excitation of Geodesic acoustic modes (GAMs) has been a very active area of research in 
plasmas. These modes are low frequency modes that were first predicted theoretically to exist in 
magnetically confined toroidal plasmas and observed later in simulations of Tokamak edge 
plasmas. We have addressed the issue of nonlinear excitation of these modes by three wave 
resonant mode coupling to electron drift waves and ion temperature gradient modes. We have 
extended these calculations to include finite beta effects. The electromagnetic drift waves excite 
GAMs with a zonal field. The zonal field in fact introduces a threshold condition for the 
mitigation of GAM excitation by drift waves. we have also investigated the role of plasma 
inhomogeneity in the edge plasma on the excitation of these modes. The two space scale analysis 
and eigen value studies shows that there is a short scale structure of the GAMs determined by the 
resonant condition and an envelope determined predominantly by the drift wave and ambient 
inhomogeneity of the edge plasmas. 
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Magnetic Flux Compression For Direct Energy Conversion In Pulsed Fusion 

Systems : A Computational Study 
 

Sijoy C.D., S. Madhavan and S. Chaturvedi 
 

Computational Analysis Division, B.A.R.C., Visakhapatnam – 530 012 
 

E-mail : shashankvizag@gmail.com 
 

Abstract 
 

Magnetic flux compression generators have been used for several decades around the world for 
converting the chemical energy of energetic materials into powerful electrical pulses. In such 
systems, a magnetic field is set up in a space bounded by electrical conductors. Chemical energy 
is converted to kinetic energy of a metal liner which, in turn, compresses the pre-existing 
magnetic flux into a progressively smaller volume. Work done by the liner against magnetic 
pressure leads to amplification of magnetic energy, and hence the current, in the system. 
Connection of the conductors to a “load” produces a pulsed current. 
 
Several workers have theoretically studied the use of liquid and plasma liners in high magnetic 
field devices. Plasma liners, having a very low mass, offer the advantage of very high expansion 
velocities. This allows less time for diffusion of the magnetic field through the liner, and hence 
yields higher flux efficiencies. 
 
Rapidly-expanding plasmas carrying high kinetic energy occur in pulsed fusion devices, such as 
the post-fusion-phase expansion in ICF and Magnetized Target Fusion (MTF). Different 
arrangements have been studied, over the years, for extracting the thermal energy in such 
plasmas. 
 
This talk consists of two parts. Part-1 focuses on the physical phenomena relevant to 
conventional flux compression systems and their implementation in self-consistent 
computational models. Part-2 lists the new phenomena that must be included in modelling flux 
compression driven by pulsed fusion output and describes the computational models currently 
under development for such systems. 
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Abstract 
 
ITER is an international collaboration of seven countries including India to build the first 
FUSION SCIENCE EXPERIMENT capable of producing a self-sustaining fusion reaction, 
called “burning plasma”. It is a long pulse tokamak with elongated plasma and single null 
poloidal divertor In the first phase, nominal inductive operation would produce a DT fusion 
power of 500 MW for a burn length of 400 s. Unique features will be its ability to operate for 
long durations and at power levels ~500 MW sufficient to demonstrate the physics of the burning 
plasma in a power plant like environment. It will also serve as a test-bed for additional fusion 
power plant technologies.  
 
The technical scope has been approved by the council as the project specifications. Schedule and 
cost are being discussed so that they also can be finalised and thus an approved baseline is 
established which would serve as the basis for project progress. 
 
India has joined this international project as the seventh member of the team. Each member 
country would contribute about ten percent of the machine construction cost of the machine 
primarily in kind. Cost sharing has been agreed according to the Joint ITER Agreement among 
the partners. Events leading to India’s accession to ITER and  status of ITER project will be 
discussed during the talk. 
 

INV-9-03 
Science & Technology Challenges In The ITER Participation   

 
Shishir Deshpande 

 
Project Director, ITER-India, IPR, Gandhinagar 382428, India 

 
E-mail : Shishir.Deshpande@iter-india.org 

 
Abstract 

 
ITER has a challenging mission of achieving Q=10 figure of merit at 500 MW fusion power 
output. The construction of ITER is structured as a set of ‘in-kind’ procurement packages to be 
executed by the partners. This involves all activities like design, prototyping, testing, shipping 
and assembly with commissioning at the ITER site at Cadarache, France. Currently, ITER 
presents the only opportunity to carry out novel experiments with burning plasmas and the new 
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realms of fusion physics. India’s contribution to ITER includes Cryostat, Cryodistribution & 
Cryolines, Neutron shielding for the Vessel, Diagnostic Neutral Beam, Ion-cyclotron and 
Electron-cyclotron resonance heating sources, their power supplies, some of the diagnostics and 
Cooling Water System. All of these systems have uniqueness: either they have never been built 
before or are being heavily upscaled for some parameters. This talk summarizes the key 
challenges involved in the above packages how these are going provide an academic stimulation 
in the domestic fusion programme. 
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Abstract 
 
The presently known oscillatory real sin() and cos() functions cannot determine non-planar 
periodic motion along a close orbit even for a single particle. Further the well known Fourier-
series expansion completely fails in modeling deterministic chaotic dynamical system and 
turbulence. Here I wish to present a set S of 3 orthonormal 3D vectors of general periodic nature. 
Among its total 9 phase-coupled rectangular components, 6 are well-defined, composite, non-
sinusoidal (synchronized periodic, quasi-periodic or chaotic) oscillatory, continuous real 
functions, 2 are well-known sinusoidal oscillatory sin() & cos() functions and 1 is Zero 
polynomial. In the periodic case, all three unit vectors of S have a common fundamental period 
2nπ (where natural number n is a free parameter). Notably, all infinitely many derivatives of 
above mentioned 8 oscillatory parametric functions are well-defined, composite, continuous or 
piecewise continuous, oscillatory, real functions and one can write the generalized Taylor-series 
expansion of any unit vector of S anywhere in the real domain. The set S is expected to provide a 
complete basis for modeling any deterministic nonlinear periodic or chaotic dynamics. 
Remarkably, the 3 unit vectors of S are exact solutions of a system of three 1st order 3rd degree 
ordinary differential equations (basically a system of 9 coupled, scalar, non-linear ODE’s) in the 
exhaustive, disjoint, uniform intervals of the real domain of an independent variable. 3 new sets 
Ei (i=1,2,3) each having 3 phase-coupled orthonormal 3D vectors (or 33 - 4 = 23 oscillatory 
parametric functions) can be obtained by using the set S. Few applications of E1 are: (i) to 
determine non-planar general periodic or chaotic motion of a particle under a non-central 
dynamic 3D force field, (ii) to determine collective periodic close orbits of 8 identical particles in 
a spherical shell of an autonomous dynamical system (it can be shown that total energy, linear 
momentum and angular momentum of the system are conserved), (iii) to determine orthogonal 
3D vectors E(r,t) and B(r,t) of a turbulent electromagnetic wave, (iv) analysis of deterministic 
chaotic time-series and future predictions. An attempt can also be made to unify gravitation and 
electromagnetism using Ei.  
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Abstract 

 
In the present paper, we have investigated the combined effect of ponderomotive and relativistic 
nonlinearity on the growth dynamics of a Gaussian perturbation superimposed on a Gaussian 
laser beam in a plasma. Nonlinear differential equations for beam width parameter of the main 
beam, growth and width of the laser spike are set up by using WKB and Paraxial ray 
approximation. These coupled ordinary differential equations are solved numerically by using 
Runge Kutta method. Effect of self-focusing/defocusing of the main beam and spike is analyzed 
on the growth dynamics of the spike.   
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Ajai Kumar, D. Raju, Sony George and R.K. Singh 
 

Institute for Plasma Research ,Gandhinagar 382 428, India 
 

E-mail : ajai@ipr.res.in 
 

Abstract 
 

Due to high neutral yield and forward motion of the plume, the laser-blow-off (LBO) technique 
[1] is widely used in trace element ejection in plasma environment, thin film deposition and thin 
film reflectance studies. The geometrical shape of the plume its spatial and temporal variations in 
different experimental condition play crucial roles in above applications, therefore the 
understanding of structural formation of the LBO plume are essential for using these techniques 
in applied research. 
 
Recently, we characterized the expanding LBO plasma plume by imaging overall visible plume 
emission in argon ambient using fast photographic technique [2]. The behavior of the plasma 
plume has been found strongly influenced by the ambient condition. It is observe that at high 
background pressures, structures are developed at edge and also inside the plasma plume due to 
hydrodynamic instability. A combination of Principle Component Analysis (PCA) and Higher 
order spectral techniques has been performed on the image data to study the internal mode 
structures within the plume. Dominant principle components obtained from this analysis suggest 
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us the information about the plume structures and its energy distributions and dynamics. In this 
paper, the effect of ambient pressure along with temporal variations on plume internal mode 
structures and its behavior will be presented in detail. 
 
References : 
 
[1] Ajai Kumar, R.K. Singh, K.P. Subramanian, B.G. Patel, S. Sunil and I.A. Prajapati, J. Phys. 
D: Appl. Phys. 39, p 4860-4866, (2006) 
[2] Sony George, Ajai Kumar, R. K. Singh and V.P.N. Nampoori, Appl. Phys. Lett 94, p 
141501-141503, (2009) 
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Abstract 

       
Ultrashort duration K-α x-ray source produced by interaction of ultra-intense laser pulses with 
solid targets has been a subject of considerable importance for potential applications of this 
radiation in femtosecond x-ray diffraction. It is desirable to have a narrow spectral width of this 
source for applications requiring high energy resolution. For K-α emission from cold material, 
the inner-shell vacancies are created in neutral atoms, which provide the smallest line width. 
However, at high laser intensities, the K-α emission may be spectrally broadened due to blending 
of K-α emission from partially ionized atoms arising from pre-heating of the cold material or the 
temperature of long scale length plasma produced by the prepulse. Practical application of the 
source necessitates in-situ monitoring of ultrashort high intensity laser plasma interaction 
conditions for controlling the K-α spectral profile. We have seen that this can be done from the 
spectral measurements of scattered laser radiation. For instance, the emissions at 2ω and 3/2ω 
arise due to different processes which occur at plasma regions of quarter critical density and near 
the critical density respectively.  
       
We present an experimental study of K-α x-ray line emission from titanium plasma produced by 
Ti: sapphire laser pulses of 45 fs duration focused to a maximum intensity of ~ 1.2 x 1018 Wcm-2. 
The high resolution x-ray spectrum shows K-α line radiation (4510 eV) is broadened (up to ~ 9 
eV), predominantly on the higher energy side. The broadening is studied as a function of laser 
intensity (7 x 1016 - 1018 W cm-2), laser pulse duration (45 fs – 800 fs), and laser fluence (3 x103 - 
6 x104 J cm-2). The spectral width of the K-α radiation increased with increase in the laser 
intensity. At constant fluence, there is no significant difference in their spectral profiles with 
increasing laser pulse duration. The optical spectrum is also measured for the above laser 
intensity and pulse duration parameters. The spectrum has well defined peaks at wavelengths 
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corresponding to 2ω and 3/2ω radiation. The spectral features vary with the laser intensity and 
show increasing blue shift with increasing laser intensity. At constant laser fluence, there is no 
significant difference in the 3/2ω radiation with increase in the laser pulse duration. This shows 
that the spectral broadening of K-α x-ray line is strongly correlated with the optical spectrum of 
the light scattered from a solid surface irradiated by laser pulses. The K-α radiation has smallest 
line width when interaction conditions are such that only 2ω emission can be seen. On the other 
hand, maximum broadening corresponds to presence of only 3/2ω. The generation of 2ω and 
3/2ω radiation depends mainly on the density scale length of plasma created by prepulse. A 
comparison of line shape of K-α x-ray radiation with optical measurements indicates that inner-
shell transitions in the multiply charged titanium ions in the low temperature plasma produced by 
the pre-pulse, have a strong contribution in the observed spectral broadening. The study brings 
out the role of pre-pulse in spectral broadening K-α line emission and suggests a simple method 
for controlling the source properties.   
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Abstract 
 

Micron or sub-micron sized particles immersed in a quasi-neutral plasma acquire a net charge 
due to differential thermal fluxes of ions and electrons. The force on the charged particles due to 
shielded electric fields is like pressure force i.e., it tries to expel particles for the regions of high 
particle density. This expansion/compression energy of these particles can be used for converting 
heat into work or vice versa. An ensemble of particles is characterized by three state variables 
i.e., electrostatic pressure P, V (volume occupied by the particles) and the plasma temperature T, 
two of which are related by the equation of state. Using these concepts it will be shown that it is 
possible to construct an engine using micron-sized particle as “working fluid” which will convert 
plasma heat into work. That is, a certain amount of heat can be extracted from a heat source, part 
of the energy is converted into work (PdV) and the remaining energy is rejected into a sink. 
Examples of Carnot and Otto like cycles will be discussed which show that for reasonable 
particle and plasma parameters, energy and power density comparable to internal combustion 
engines may be obtained with good efficiency. Based on these ideas possibility of a plasma heat 
pump which converts external work into plasma heat, will be discussed. In the talk I will develop 
necessary thermodynamics and show the practical feasibility of the heat pump. 
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POS-06 
Relativistically Streaming Electron Beam In A Multispecies Plasma 
Containing Positive And Negative Ions With Non-thermal Electrons 

 

1Parveen Bala and 2T. S. Gill 
 

1Dept. of Math. Stat. & Physics, Punjab Agricultural University, Ludhiana-141004. India 
2Dept. of Physics, Guru Nanak Dev University, Amritsar-143005. India 

 
E-mail : pravi2506@gmail.com 

 
Abstract 

 
In the present investigation, the author has studied the effect of   relativistically moving electron 
beam on the mode structures in a multispecies plasma containing positive and negative ions and 
nonthermal electrons. Using the standard reductive perturbation method, the dispersion is 
derived which is a polynomial of six degree. Corresponding to that six modes λ1, λ2, λ3, λ4, λ5, λ6  
propagating with different phase velocities are obtained.  Out of which first five modes 
correspond to slow mode while the sixth corresponds to fast mode. In the given parameter 
regime, compressive as well as rarefactive solitons are obtained for slow modes  λ1, λ2, λ3, λ4 and 
λ5-modes, while for fast mode λ6 only rarefactive solitons are obtained.  The relativistic motion 
of electron beam greatly characterize the behavior of solitons  in multispecies plasma.  It is 
observed that the peak amplitude of solitons increases with relativistic factor γr for all the 
modes.  
 

POS-07 
Fluctuation Suppression by Application of Electrode-Biasing at Edge of SINP-

Tokamak Plasmas in Normal-Q Operational Regime 
  

Debjyoti Basu , R.Pal 
  

Saha Institute of Nuclear Physics, 1/AF-Bidhannagar, Kolkata-700 064, India 
  

E-mail : debjyoti.basu@saha.ac.in 
  

Abstract 
  
The SINP-TOKAMAK is a small iron core transformer based tokamak having major and minor 
radii are 30 cm and 7.5 cm, respectively. It has very flexible operational q-regime from ultra 
low-qa to high-qa. Plasma confinement has been tried to improve by biased electrode at the 
plasma edge of this tokamak. Previous bias experiment1 showed that plasma confinement 
improved in low-q operation of the tokamak due to current profile modification and suppression 
of m=2 mode possibly tearing mode. The extension of the same experiment has been done in 
normal-q operation of the tokamak. In this regime various signature of improved plasma 
confinement has been observed such as improved poloidal beta, energy confinement time, 
decrement of intensity level of Hα line etc. Current profile modification has been occurred and 
suppression of electrostatic and magnetic fluctuations has been observed after ~3msec from 
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onset of the electrode bias voltage in the same frequency band which is 40 KHz to 60 KHz. 
Detailed discussions will be done in the paper of presentation.  
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Three Dimensional Modulational Instability of  Electron-Acoustic Solitary 

Waves 
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Abstract 
 

The modulation of electron-acoustic solitary waves (EAW) in magnetized plasmas is studied. By 
using the standard reductive perturbation method, a three-dimensional (3D) Nonlinear 
Schrodinger wave (NLSE) equation is obtained. The modulational instability of EAW described 
by the 3D(NLSE) equation is investigated. Some new and important explicit criterion for the 
modulational instability of EAW described by 3D(NLSE) equation is obtained. It is shown that 
the modulation properties of EAW in 3D plasmas are very different from that in 1D case. 
 

POS-09 
The ‘’Tanh’’ Method : A Tool To Solve Partial Differential Equations  
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Abstract 

 
The hyperbolic tangent method (TANH) is a powerful tool to solve particular evolution and  
wave equations. This method is well suited for problems where dispersion, dissipation and 
nonlinearity  mechanisms play an important role. If one deals with conservative systems, one 
seeks travelling wave solutions in the form of finite series in tanh. Travelling wave solutions of 
Korteweg-de-Vries (KdV) and Burger’s equations are studied and their 3-D plots have been 
investigated.   
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POS-10 
Colour Filamentation And U(1) Magnetic-Field In Relativistic Heavy-Ion 

Collisions 
 

Jitesh R. Bhatt 
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Abstract 
 
When two heavy ions collide with a nonzero impact parameter, (electromagnetic) magnetic field 
of very large magnitude is created in the direction of angular momentum of the collison. For 
example in a Au-Au collision at RHIC with energy 200 GeV/nucleon and impact parameter 4 
fermi (  ), a magnetic field about can be created [1].  Magnetic field with such a high magnitude 
and typical magnetic length may play as important role as the strong-interaction in the relativistic 
heavy-ion collision dynamics in the early-stage of the evolution of the collison.   In this work, we 
propose to study  the filamentation instability arising in a colour-parton system during the early-
stages of the heavy-ion collisions. The instability may produce a significant variation in the 
transverse energy as a function of the azimuthal angle and it may also help in explaining the 
early thermalizaton of quark-gluon plasma as expected in the ultra-relativistic collisions [2].  In 
this work we argue that the presence of U(1) magnetic field may significantly change the 
dynamics of the filamentation instability and produce transverse (elliptical) flow.     
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Abstract 

 
Current trend in today’s physics and technology is miniaturization and studying phenomena at 
reduced distances, with exciting opportunities of investigating new physics in the interface of 
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classical and quantum regimes, and development of miniature products [1, 2]. Experimental 
realization is a challenge because of fabrication and measurement requirements at nanometer 
scales. Ion beams can play an important role for such applications. However the beam 
dimensions need to be scaled down to nanometer scales, with right kinds of energies and current 
densities [3]. Conventional liquid metal ion source based focused ion beam (FIB) systems 
employ only Ga ions, which limits its applicability and functionality. We show that microwave 
plasmas can be utilized to develop FIBs of a variety of elements, which is expected to greatly 
widen the scope of mesoscopic research [4]. 
 
Intense plasmas are created using microwaves launched in minimum B multicusp magnetic 
fields, with dimensions << the free space wavelength of the waves. The plasmas exhibit 
interesting properties upon interaction with electromagnetic waves [5] such as, (a) large 
amplitude electromagnetic standing waves can be supported, where electrons are trapped in the 
potential well of the waves [6], (b) as the bounded waves propagate through the magnetoplasma 
medium, the wave polarization undergoes anisotropic Faraday rotation and (c) the interaction of 
pulsed waves are seen to generate damped electron plasma oscillations in the growing plasma 
medium. 
 
Collimated ion beams at ~ 17 kV are extracted and focused onto substrates with micrometer 
resolutions, with a view to studying mesoscopic systems. Ion energy distribution at the plasma 
meniscus indicates almost monoenergetic ions with an energy spread of ~ 5 eV [7]. The present 
status on the genesis of this novel device will be presented. 
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POS-12 
Parametric Decay Of Pumping Wave Into Two Linear Modes In SINP Maple 

Device 
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Abstract 
 
Parametric decay of the pumping wave into two linear modes of plasma is observed. Experiment 
is performed in SINP MaPLE (Magnetized Plasma Linear Experimental) device with nitrogen 
plasma produced by ECR discharge. A low frequency mode and both the lower and upper 
sidebands are observed. Sideband of the second harmonic is also found. Frequency of the low 
frequency mode is in the range of drift wave. Frequency of the other mode is in the range of ion 
cyclotron frequency and its harmonics. Preliminary studies show it may be ion Bernstein wave. 
Details results will be presented. 
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Hall Instability Of An Accretion Disk With Pressure Stratification And 

Radiation Loss 
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Abstract  
 

We present the Hall instability of a waekly ionised, rotating accretion disk with radial pressure 
stratification. We also consider the thermal effects through radiation loss and viscous heating of 
such a disk and analyse the interplay between the thermal  and Hall instability. We show that 
there is a bifurcation  of the modes and subsequently a transition occurs from the thermal to the 
Hall mode. 
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Large Amplitude Solitary Structures In A Multi-component Dusty  Plasma 

With Electrons, Positrons And Ions 
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Abstract 
 
An electron-positron-ion  plasma is believed to occur in astrophysical environments (e.g., 
magnetospheres of neutron stars, the inner region of accretion discs, the vicinity of black holes,  
solar flair plasmas, and active galactic cores etc.) and laboratory plasma experiments. Dust is 
also an ubiquitous component of space and astrophysical environments. Thus, it is important to 
investigate the characteristics of nonlinear solitary wave structures in such multicomponent 
plasma systems.  The nonlinear propagation of ion-acoustic waves is considered in an 
unmagnetized plasma, composed of positrons, hot electrons, dust grains and an inertial ion fluid. 
A  Sagdeev potential formalism is employed to derive an energy-balance like equation.  The 
range of allowed values of the soliton speed (Mach number) is determined for the existence of 
solitary potential structures. The Mach number range changes under the combined effect of the 
positron density, hot electrons and concentration of dust. The occurrence of the large amplitude 
negative/positive potential structures is observed, while the dependence on the various plasma 
parameters is investigated.   
 

POS-15 
Electron Acceleration In Self-Modulation Regime Using 10 TW, 45 fs 

Ti:Sapphire Laser Beam 
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Abstract 
 
The generation of quasi mono-energetic electron bunch in plasma wakefields produced by the 
interaction of high intensity fs laser pulses with gas jet targets has been a fast growing area of 
research in the past few years. This is due to the possibility of realizing a compact, high energy 
electron accelerator for a variety of research and industrial applications. So far electron energies 
in excess of 1 GeV have been successfully demonstrated [1]. In the laser wake-field, the 
electrostatic field gradients can be as high as 100 GV/m, which is about three orders of 
magnitude larger than in conventional RF based accelerators. Owing to such a huge accelerating 
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field in the laser wake-field, high energy acceleration is achieved over a very short distance of 
few mm to few cm.   
 
At RRCAT, we have carried out experiments on laser wake-field electron acceleration using 10 
TW Ti:sapphire laser pulses of 45 fs duration [2]. For this pulse duration, the main mechanism of 
electron acceleration is by self-modulation of the laser pulse. In this paper, we present a brief 
account of results of our recent experimental studies on electron acceleration using supersonic 
helium gas jet. The laser beam was focussed to an intensity of ~ 2x1018 W/cm2 using an off-axis 
parabolic mirror (f/7.5) with f=30 cm, on a helium gas jet of length 1.2 mm. The laser focal spot 
on the gas jet was 10 m (FWHM), with an energy content of ~ 28% of the full beam. Electron 
beam signal was observed for a He gas backing pressure of above 20 bar. This corresponds to a 
plasma electron density of ~ 3x1019 cm-3 at the gas jet. A well collimated beam with opening 
angle 3-6 mrad was produced at 40 bar backing pressure. The energy of the collimated electron 
beam varied between 20 MeV to 50 MeV.   
       
Electron acceleration was studied at different plasma densities in the gas jet. The beam 
divergence and the number of electrons increased with an increase in the plasma density. The 
charge in the collimated electron beam was measured to be in the range of 10-60 pC, from the 
signal of the integrating current transformer placed after the magnetic spectrograph. Self-
modulation was studied by measuring the anti-Stokes Raman satellites (ω0-ωp) in the laser 
spectrum transmitted through the gas jet, and Thomson side scattering of the laser beam by the 
plasma. The plasma side imaging from the scattered light both at ω and 2ω showed a clear self-
focussed laser channel formation. The channel length was observed to extend up to 900 µm 
(close to the gas jet length) at a He gas pressure of 30 bar. Further, the channel images showed 
interesting features like bending and splitting of these channels varying from shot to shot. These 
images thus showed highly nonlinear regime of plasma self-focussing and self-modulation of the 
laser beam.  
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Electric Field Enhancement At Multiple Densities During Hydrodynamic 

Evolution Of Laser Irradiated Hollow Dielectric Nano-Tubes 
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Abstract 
 

Study of intense ultrashort laser pulse - gas cluster interaction has been widely pursued owing to 
the enhanced coupling of laser energy, leading to bright x-ray emission, generation of MeV ions 
and electrons etc. To explain these features, a variety of models of the laser–cluster interaction 
have been put forward. These include: the inner shell excitation model, the ionization ignition 
model, Coulomb explosion model, and nano-plasma model. The nano-plasma model 
incorporates the absorption cross-section maximization and electric field enhancement in the 
vicinity of Mie resonance at 3nc for the nanometer size spherical clusters. This model has proved 
quite successful in reproducing most of the experimental results concerning laser energy 
absorption. Similar field enhancement has also been reported in other nano-structured targets like 
nano-wires, spherical and elliptical metal nano-particles etc. These targets exhibit shape and size 
dependent field enhancement, which is reflected in the hard x-ray emission from these targets. 
Thus, the shape and size of the nano-sized matter have influence on the field enhancement. 
Presently there is fair understanding of size and shape dependent field enhancement in nano-
structures that are not hollow. Recently hollow targets like carbon nano-tubes have also been 
proposed for laser plasma experiments. These nano-tubes are characterized by their inner and 
outer diameter a0 and b0 respectively. It becomes necessary to investigate the electric field inside 
this hollow nano-cylindrical system, considering it as a dielectric, in a treatment similar to the 
gas clusters.   
 
In this paper we present a calculation of the electric field inside a hollow dielectric nano-tube, 
and the density at which field enhancement occurs in these structures. On laser irradiation of 
these nano-tubes, there will be density dilution on hydrodynamic evolution, with the inner (a) 
and outer radius (b) at any time t given by ao-cst and bo+cst, where cs is the expansion velocity. It 
is interesting to note that like the spherical gas clusters, the nano-tubes also exhibit field 
enhancement on hydrodynamic expansion. However, instead of a single resonance density (3nc 
in spherical clusters), a nano-tube shows field enhancement at three densities. These density in 
the sequence of occurrence are , ,  , where a and b are its instantaneous inner and outer radii. For 
a= 0 (i.e. a nano-cylinder), one gets a single resonance at 2nc, as calculated by Mahan et al (Phys. 
Rev. B 74, 033407, 2006).  As two resonance densities are adjustable, the higher resonance 
density can be increased by choosing a nano-tube with greater degree of hollowness. This is in 
contrast with the gas clusters where the field gets enhanced only at a single density (3nc) which is 
about two orders of magnitude smaller than the solid density. In addition, due to a faster density 
dilution in hollow systems, there is a faster arrival of field enhancement condition, which can 
occur at a higher laser intensity. Lastly, for nano-tubes, if the inner void closure occurs prior to 
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the arrival of the resonance condition, there is a single resonance density at 2nc, as in the case of 
a solid nano-cylinder.  
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Spontaneous Shock Formation in Afterglow Complex Plasma Under 

Microgravity Condition Onboard ISS 
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Abstract 
 
Complex plasmas consist of ions, electrons, highly charged microparticles and neutral gas. The 
name was originally chosen in analogy to complex liquids - which defines the class of soft matter 
systems that exist in the liquid form. In general soft matter is considered as a mixture of 
“supramolecular” and “molecular” components. Considering these basic properties it is shown 
that complex plasmas represent that state of soft matter where the “molecular” components 
(electrons and ions) is gaseous, whereas “supramolecular” component (dust particles) can form 
solid, liquid and gaseous states depending on the relative strengths between interparticle 
interaction and kinetic energy, in an analogous way to regular matter. The microparticles are 
large enough to be visualized individually which allow experimental investigations with high 
temporal and spatial resolution (in terms of the appropriate plasma frequency and particle 
separation). Hence, complex plasma is used as a valuable model system to investigate various 
phenomena (e.g, phase transitions, solid/liquid/superliquid states, self-organizations, rheology, 
waves, transport, etc.) at the most fundamental kinetic level.  
 
In ground based experiments on earth the microparticles are usually suspended against gravity in 
strong electric fields which creates asymmetries, stresses and pseudo-equilibrium states with 
sufficient free energy to readily become unstable. Under microgravity conditions the 
microparticles move into the bulk of the plasma and investigations of the three dimensional 
strongly coupled plasma under substantially stress-free conditions are possible. To enable such 
studies, the ‘PKE-Nefedov’ laboratory, a German-Russian cooperation project, was launched and 
installed on the ISS. The first basic experiments were performed in March 2001. The next 
generation plasma lab ‘PK-3 Plus’ was sent to ISS in December 2005, and is currently operating 
there. It has been observed in different missions under microgravity conditions that spontaneous 
standing shocks form in afterglow complex plasmas. The shocks are horizontal or oblique and 
sometimes become symmetric w.r.t. void (dust free region). It is observed that these standing 
shocks develop only in presence of low frequency excitation (~30-120 Hz) on the electrodes. 
Vortex structures in the dust cloud have also been observed. Detailed analysis over the entire 
parameter regime for all missions have been performed along with SIGLO and MD simulation 
and PIV technique. The possible theoretical explanations have been discussed.    
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Abstract 
 
Using periodic boundary conditions in the reductive perturbation method for ion acoustic cnoidal 
waves in a collisionless, unmagnetized plasma consisting of electorn-positron-ion, evolution 
equations for the first order and second order potential are derived. Determining the nonsecular 
solution of the coupled equations, expressions for wave phase velocity and averaged nonlinear 
ion flux are obtained. Variations of wave phase velocity  and averaged nonlinear ion flux are 
examined for different values of wave frequency. It is found that the wave phase velocity 
increases with an increase in wave amplitude for a given value of frequency 
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Abstract 

 
We study dust ion solitary waves arising out of a balance between the nonlinearity and the 
dispersion of plasmas when the effects of dissipation remains negligible. A fluid model of 
collision less three–component plasma consisting of electrons, ions and negatively charged dust 
grains has been considered. The energy integral related to fully nonlinear density dip and hump 
types of Solitary Kinetic Alfvén Waves (SKAW) is derived under the consideration of electron 
inertia and the most general type of ion motion for a low-b (finite). Possible regions of 
propagation and enhancement/reduction of the density dip/hump solitary structures are 
investigated for dust parameter dd = nd / nio, where nd is the dust grain density and nio is the 
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equilibrium ion density. The presence of the negatively charged dust grains is found to affect the 
amplitude of the coherent structures related to electron density ne in a repulsive way. 
Corresponding widths of these structures are also found to study relevance with data available 
from some recent observations made on electrostatic structures in space/ionospheric plasmas. 
Comparative studies between the sub- and super- Alfvénic Mach numbers show 
flattening/sharpening and widening/narrowing of the potential (Sagdeev) well obtained through 
the energy integral. 
 
Keywords: Solitary Wave, Energy integral, Sagdeev Potential, SKAW, Density dip/ hump, 
Amplitude, Width, Mach number. 
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Abstract 
 
It is very interesting to note that influence of kinetic effects on the finite ion gyroradius ρi results 
in the formation of  Kinetic Alfvén Wave (KAW), in the presence of a magnetic field aligned 
electric field produced by the low frequency dispersive Alfvén Waves. In such situation, the 
wavelength perpendicular to the background magnetic field becomes comparable to ion gyro 
radius at electron temperature or to the electron inertial length. Numerous works 
(experimental/laboratory/theoretical) are found to add magnitude to this very extensive line of 
works. Still, many observations remain to be made for the sake of better understanding of the 
related phenomena that are relevant to particle energization in the ionospheric/auroral regions. 
Here we consider a fluid model of plasma (low-β ) by the taking into account the possibilities, 
when the electron and ion components perform their general motions. The formation and 
propagation of fully nonlinear Solitary Kinetic Alfvén Wave (SKAW) coherent structures are 
studied through the derivation of the Sagdeev potential equation. Different properties of the 
solitary wave structures are explained by measuring potential depth, Mach number, amplitude, 
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width depending on parametric values of the plasma region. The characters of the solitary 
structures in terms of the density dip/hump are studied to enunciate the onset on the dense 
ionospheric side and a gradual relaxation in the auroral cavity. 
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Abstract 

 
Ion – acoustic, lower hybrid, Langmuir wave packets are regularly seen during observations 
made on large amplitude solitary waves in the auroral regions. At low altitutde and at small 
scales, these waves get coupled with the dust acoustic wave modes, which are present at regular 
pace. We have considered Langmuir wave coupling with such dust acoustic wave in warm 
plasma by taking a fluid model for the situation and have derived the energy integral. Our results 
related to the Sagdeev potential, show that both compressive and rarefactive solitary waves exist 
at a time with equal amplitude for a given set of the parameters. Moreover, the amplitude of both 
compressive and rarefactive solitary waves increases with the increase of the temperatureσ, and 
noticeably the amplitude of both compressive and rarefactive solitary waves increases equally. 
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Abstract 
 

In-situ measurements of interplanetary plasma and magnetic field parameters began in late 1962, 
which by now cover more than four solar cycles. These observations, including the most 
commonly used solar activity index Rz (the sunspot number), have helped in establishing several 
useful statistical relationships between them. The product of V and B (VB) has recently been 
reported to be the most effective interplanetary parameter yielding the highest correlation with 
geomagnetic field disturbance indices such as Ap, even though earlier studies covering different 
intervals of time had either advocated for V, or for some other combinations. For the reported 
very long-term correlative study, we have used the 27-day average values of the interplanetary 
indices (V, B, Bz, T, and N), as well as that of the Ap index, for the years 1965 to 2008. The 
averages have been calculated by choosing only those days for which simultaneous data is 
available for all these parameters (V, B, Bz, T, N and Ap). The statistical results so obtained for 
the whole period, can be summarized as: (1) that the sunspot number Rz is strongly correlated 
only with the IMF magnitude B. Even the  product VB is only marginally associated with Rz. (2) 
that only solar wind speed V is strongly associated with its temperature, whereas even marginal 
correlations are not observed amongst other interplanetary parameters either for the whole period 
or for the individual solar cycles. (3) that the  Ap index is found to be equally affected by the 
parameters V, B and T (r ≈ 0.67± 0.03) for the whole period, as well as for many of the 
individual solar cycles. (4) that the Ap index is always very strongly correlated with the product 
VB, with the correlation coefficients as high as 0.86±0.01 ,for the solar cycle 23. As such our 
results indicate that the product VB is the most effective parameter in generating geomagnetic 
disturbances, even when considered on 27-day average basis. Similar results were reported 
earlier on a day-to-day basis, as well as on the yearly average basis. 
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Abstract 
 

We investigate 2D case of a flow shear driven KH instability with an uniform in-plane magnetic 
field in the context of EMHD1-2. For this case whistlers are permitted even in the 2D limit 
unlike the previous studies3-6. A nonlinear simulation has been carried out to understand the role 
of whistlers on the instability. The growth rate of instability observed in the simulation matches 
with that predicted by linear theory and hence validates the code. In the nonlinear regime, 
interactions amongst whistler waves cause an anisotropic spectral cascade7. The smaller scale 
generation along the transverse direction is observed. As a result, considerably reduced mixing 
of the electron fluids flowing in two directions occurs. The effective viscous coefficient arising 
due to the KH induced turbulence is found to be smaller in comparison to the case without in-
plane magnetic field. 
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Abstract 
 
The monotonic shock structures of lattice wave in a hexagonal dusty plasma crystal are studied. 
The nonlinear evolution equation is found to be a Burgers' equation, where the Burgers' term, i.e., 
the dissipation is provided by “hydrodynamic damping” due to irreversible processes that take 
place within the system. Analytical solution of this equation shows the development of 
compressional shock structures in dusty plasma crystal. The dependence of shock strength on the 

increase in lattice parameter is also discussed. The results are discussed in the context of dusty 
plasma crystal experiments. 
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Abstract 

 
Solitons or solitary waves remained ubiquitous for different fields of physics including a highly 
nonlinear medium like plasma providing an excellent manifestation of nonlinear coherent 
structures emerging out of the balance between nonlinearity and dispersion. Born out of the 
brilliance of computational physics [1], solitary waves remained a favorite topic for 
mathematical physicists [2], theoreticians [3],  experimentalists [4], simulations [5], as well as 
satellite observations [6]. While it was well understood that solitons are exact analytical solutions 
for a class of onedimensional nonlinear partial differential equations, like the celebrated 
Korteweg-de Vries or nonliniear Schrodinger equations, their two dimensional generalizations, 
however, posed a nontrivial challenge in the arena of mathematical physics. It was found that the 
solution of corresponding two dimensional equations, like Kadomtsev-Petviashvilli equations, 
are unstable for transverse perturbation. It was first Boiti et al. [7] who discovered that the 
Davey-Stewartson equations (I) can be solved exactly giving rise to exponentially localized 
structures in two dimension. Fokas and Santini [8] showed that such structures are ‘driven by 
their boundaries’ because as they are governed by the time dependent boundary conditions. 
Extensive research work followed providing a sound mathematical foundation for the theory of 
dromions. Its application towards specific problems of physics, however, has received scant 
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attention so far. The author(s) are presently working on electron acoustic dromions and their 
possible application in magnetospheric boundary layers [9]. The authors intend to present an 
overview of the theory of dromions and its possible applications to interpret localized two 
dimensional nonlinear structures observed or obtained via simulations in the arena of plasma 
physics. 
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Abstract 
 
Plasmas with very massive and highly charged dust grains have been focus of research because 
of their role in laboratory and astrophysical environments. Such plasmas called dusty plasmas are 
omnipresent in universe, complex in nature and exhibit several novel features [1]. Dust acoustic 
wave (DAW) and dust ion acoustic wave (DIAW) have been studied extensively with 
Maxwellian, nonthermal and nonisothermal electron/ion distributions as witnessed by large 
number of publications. Although Cairns et.al [2] is shown to have accounts for results in ion 
acoustic soltons with decreased density, however it does not account for general features of 
nonthermal plasmas observed in collisionless space plasmas. The Kappa function characterized 
by spectral index κ is to represent more suitable particles velocity distribution observed in space 
and astrophysical environment [3, 4]. Presence of positively charged dust has also been observed 
in different regions of space [5] further, confirming the co- existence of positive and negative 
dust charged particles[6,7]. The aim of the present investigation is to study the modulational 
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instability (MI) of DAW in four component plasma consisting of positive, negative dust particles 
as well as superthermal electrons and ions. Considering the multi fluid plasma model and 
employing the reductive perturbation technique (RPT) nonlinear Schrödinger equation (NLSE) is 
obtained. The coefficient of nonlinear and dispersive terms, being function of several parameters 
including  positive dusty density, relative temperature ratio, mass ratio, charged ratio and spectral 
indices for electron and ions,  are observed to significantly modify localized envelope 
excitations. The regions of stability/instability are studied for the existence of localized dark, 
bright solitons as well as envelope shock. The results reduce to the earlier ones obtained for 
Maxwellian distribution as κe, κi  approaches infinity   
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Abstract 

 
Observation of nonlinear coherent structures - either in laboratory experiments or in space 
plasma explorations is a very promising field of research. It is therefore our primary aim to 
observe some nonlinear behaviours that occur in laboratory as well as space and astrophysical 
plasmas. Many significant nonlinear phenomena like wave propagation, formation of solitary 
wave, double layers, sheath, stability etc. with multispecies charged particles in plasmas being 
our field of interest. For such studies, we have formulated some feasible mathematical models 
under different physical situations that frequently occur either in laboratory or in space plasmas. 
Our work deals with the total nonlinearity of the plasma as fluid medium and exact solutions of 
the arbitrary amplitude nonlinear plasma structures are investigated through the nonperturbative 
approach. The nonperturbative approach consists of the Sagdeev’s Pseudopotential method, 
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which leads to the renowned Sagdeev Potential (SP) equation. Under some suitable mathematical 
conditions, we can study solitary waves, double layers, sheath formation, stability etc. in plasmas 
with the help of this method. 
 
The formation of large amplitude Kinetic Alfvén Wave Solitons and Double Layers (DL) in 
plasmas is studied. Also, large amplitude electrostatic structures in dust kinetic Alfvén waves are 
investigated under the full dust dynamics including dust temperature. It has been noticed that the 
dust temperature plays a significant role in the behaviour of nonlinear coherent structures. The 
presence of nonthermal electrons may change the nonlinear structures. We have observed dust 
ion acoustic solitary waves and double layers in a plasma with nonthermal electrons and warm 
ions with the help of Sagdeev potential equation. Effects of nonthermal electron parameter and 
ion temperature are also studied in some details. 
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Abstract 
 
Fluctuations of the plasma floating potentials (measured using a Langmuir probe) of a cylindrical 
dc glow discharge argon plasma at an intermediate gas pressure of 0.056 mbar and at the range 
of discharge voltage (300- 700 volts) are investigated to probe the nature of the complex plasma 
dynamics. Over several regions of the discharge voltage, the floating potential fluctuation time 
series data exhibit quasi- periodic oscillations, and irregular chaotic fluctuations. In the present 
experiment, the characteristics of these non-linear oscillations have been observed to be different 
on the two sides of the Paschen minimum In our case, as the control parameter (discharge 
voltage) is increased, the oscillations shows signs of transition from quasi periodicity to turbulent 
oscillations which is in contrast to what has been observed by Jaman..et al [1] . A number of 
effective methods have been proposed to identify the dynamics underlying the time series such 
as Hurst exponent, the largest Lyapunov exponent and correlation dimension calculation. The 
Hurst exponent decreases from about 1 to about 0.7 as we go from the quasi-periodic to chaotic 
state whereas the largest Lyapunov exponent shows an opposite trend.  These results have been 
corroborated using the 0-1 test of Gottwald and Melbourne [2] for the chaotic nature of these 
fluctuations. We have also carried out a detailed statistical analysis to investigate the presence of 
intermittency in these oscillations.  
 
References: 
 



57 
 

_________________________________________________________________________________________________________ 
International Symposium On Waves, Coherent Structures & Turbulence In Plasmas 
12-15, January, 2010, Institute For Plasma Research, Gandhinagar 382 428 (India) 

 

[1] Md. Nurujjaman, et al ‘Parametric Investigation of nonlinear fluctuations in a dc glow 
discharge plasma, Chaos 17, 043121(2007)  
[2] Gottwald G.A., and I.Melbourne, 2003: A new test for chaos in deterministic system, 
Proc.Royal Soc.London A, 460, 603-611  
 

POS-29 
Electron Velocity Shear Driven Instabilities In The Relativistic Regime 

 
Sita Sundar and Amita Das 

 
  Institute for Plasma Research, Bhat, Gandhinagar, 382 428, India 

 
E-mail : sita@ipr.res.in 

 
Abstract 

 
A sheared electron flow velocity is ubiquitous in nature. For instance, the Weibel   separated 
forward and reverse shielding electron currents form sheared electron flow channels in the Fast 
Ignition (FI) experiments, the reconnection layer in astrophysical scenario also  have sheared 
electron flow configuration. The sheared electron flow is, however, unstable to Kelvin – 
Helmholtz (KH) like instability.  This instability has certain  distinctions  from the hydrodynamic 
fluid KH mode due to the current associated with the electron flow. This has been studied and 
discussed in earlier works using a simplified non – relativistic Electron Magnetohydrodynamics 
(EMHD) fluid model1-2. In  FI experiments and also in  astrophysical situations the electron 
flow is often relativistic3. Here, we address the role of relativity on the electron shear flow 
instability.  For this purpose the EMHD fluid model is generalized to incorporate relativistic 
effects. The instability studies for the relativistic electron shear flow  shows certain novel 
characteristics which arise due to the shear in relativistic mass factor.  Unlike the conventional 
non – relativistic case, the unstable wave-number  domain gets   wider in this case. The threshold 
value of the wave- number is higher than the inverse scale length of the shear velocity profile.  
The mode does not remain purely imaginary but acquires a real frequency even for an 
antisymmetric velocity profile.  
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Abstract  
 

Properties of ion- and electron- acoustic solitons are investigated in an unmagnetized multi-
component plasma system consisting of free cold electrons, superthermal free and trapped hot 
electrons, and ions using Sagdeev pseudo-potential technique. The analysis is based on fluid 
equations and the Poisson equation. It is found that the presence of the super thermal hot 
electrons component significantly modify the basic properties of the solitary potential structures. 
Possible applications of this model to the electrostatic solitary structures (ESWs) observed in 
different regions of the Earth’s magnetosphere by several spacecraft will be discussed.  
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Abstract 

 
Plasma response to a fast rising high positive voltage pulse is studied experimentally in uniform 
plasma. The pulse is applied to a metallic disc electrode in an argon plasma (ne ~ 109 cm-3 and Te 
~ 1-2 eV) and the pulse magnitude is much greater than the electron temperature. Experiments 
are carried out for two cases, (i) applied pulse width greater than inverse of ion plasma frequency 
(ωi

-1) and (ii) less than ωi
-1. 

 
Potential perturbations are observed to be excited in both cases. When pulseτ > ωi

-1, the 
perturbations propagate away from the disc electrode with a time-of-flight phase velocity 
vphase≈1.35 ve which, after some distance from the disc electrode, attains a value about 3-4 times 
less than the electron thermal speed. When pulseτ < ωi

-1, the perturbations move towards the 
electrode initially, and after some distance again propagate away from the electrode. It is also 
observed that for increasing plasma density, the speed of these perturbations increases, whereas 
for increasing applying pulse magnitude, the speed decreases for all pulse widths. Spatial 
variations of the perturbations flatten out and are restored to the unperturbed plasma potential at 
large times ~ 3-4 ωi

-1. 
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It is speculated that in our experiments, electron acoustic waves (EAWs) are excited. EAWs are 
nonlinear electrostatic plasma waves which have been observed to exist in neutralized plasmas 
[1], pure electrons [2] and pure ion plasmas [3]. EAWs typically have phase velocity vphase≈1.4 ve 
[1, 4], where ve is the electron thermal speed. Detailed experimental results and their 
interpretation will be presented. 
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Abstract  
 

Electron-acoustic solitary waves are studied in  inhomogeneous plasma consisting of a cold 
electron fluid, hot electrons obeying Boltzmann’s distribution and stationary ions. The properties 
of small but finite amplitude electron-acoustic solitary waves (EASW’s) are studied by 
employing the reduction perturbation Technique (RPT). By using the RPT, the basic set of 
equations is reduced to Korteweg de-Vries (KdV) equation, which has additional term. The 
possibility of formation of different type of solitons is markedly influenced by different 
parameters like density, temperature of cold and hot electrons. The dependence of amplitude and 
width on the system parameters is investigated.  
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Abstract  

 
Guiding of laser beam in a plasma channel formed by short ionizing laser pulse is investigated in 
collisional plasma. Plasma channel  formed is axially nonuniform due to self defocusing of the 
ionizing short laser prepulse. When a delayed second laser pulse propagates through such a 
plasma channel then convergence and divergence of the guided laser beam is observed due to 
refractive and diffractive phenomenon. Second order ordinary nonlinear differential equations 
for the beam width parameters of the prepulse and the guided beam have been setup using the 
WKB approximation and paraxial theory. It has been observed that  guided laser beam 
propagates over several Rayleigh lengths.  
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Abstract 
 
Laboratory as well as PIC simulation experiments reveal strong flow of energetic electrons co-
moving with laser beam in laser plasma interaction. Equation governing the evolution of 
complex envelope in slowly varying envelope approximation is nonlinear parabolic equation. 
Variational approach is used to solve this problem and a Lagrangian for the problem is set up. 
Assuming a trial Gaussian profile, authors solve the reduced Lagrangian problem for beam width 
and curvature. Two scale lengths for inhomogenity along the direction of propagation, one for 
nonlinearity and other for diffraction management are introduced. Self-focusing, self-modulation 
as well as self-trapping of the laser-electron-beam plasma system is studied under variety of 
parameters.  
 
  



61 
 

_________________________________________________________________________________________________________ 
International Symposium On Waves, Coherent Structures & Turbulence In Plasmas 
12-15, January, 2010, Institute For Plasma Research, Gandhinagar 382 428 (India) 

 

POS-35 
Electron – Hole  Plasma  By  Nonlinear  Optics 

             
P.Kour &  S.K.Pradhan* 

 
Dept. of  Applied  Physics/*Dept. of  Mech. Engg., Birla  Institute  of  Technology, Patna, India 

 
E-mail : sudiptabitpatna@gmail.com 

 
Abstract 

 
The mechanism  for  intensity   dependent  refractive  index   have   been   one  of   the   most    
important   subjects   for   the  researches   on   nonlinear optics. As  the  application  on  all  
optical  switching  is  concerned ,not  only  the  nonlinearity, but  also  relaxation  time are  of  
primary  importance. For  resonant  excitation  ,whose  nonlinearity  is  usually  due  to  
absorption  changes  induced  by  photo  excited    quasi particles. The  relaxation   is  limited  
by  the  lifetime  of the  excited   quasiparticles. However  , any  mechanism  that   reduces    the   
lifetime  will  frequently    lower  the   concentration   of  quasiparticles   for   a  given  
excitation  intensity &  therefore  diminish   nonlinearity. On   the   other hand   enhancing   the   
nonlinearity    by   increasing   lifetime  will   reduce  the   switching   speed. In   presence  of   
an  electric  potential   landscape,  the   ground-state  energy   of  the  electron- hole  plasma  can 
be  lowered   against  the  ground-state  energy  of  the  excitons. The  electron-hole  plasma   is  
found  to  be  unstable  at  lower  carrier  densities. The  critical   carrier   density    for  the  
transition  between  these  two  states  can   be   reduced. This   mechanism   can  be   applied  to  
bulk  semiconductors.  
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Abstract 
 

Nonlinear parabolic partial differential equation governing the evolution of complex envelope in 
slowly varying envelope approximation is solved using variational approach. The basic nonlinear 
phenomena of relativistic and ponderomotive self-focusing in a plasma channel are taken into 
account. Self-focusing, self-phase modulation as well as self-trapping of laser beam is studied in 
a variety of situations.  
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Abstract 
 
The interaction of ultrashort few-cycle laser pulses with spatially inhomogeneous plasma in the 
relativistic regime has been studied numerically and analytically. The laser intensity is as high as 
1019-20W/cm2 and the parameter is greater than 1.  The scales of plasma inhomogeneity are 
sufficiently sharp compared to the wavelength.  As a result surface waves are generated in a 
semi-bounded plasma conterminous with vacuum. We limit our analysis to surface waves in a 
plasma having either sharp boundary or oscillatory boundary. The reflected wave generated by 
the mirror plasma exhibits the presence of a wakefield which is non-oscillatory and quasi-static 
propagating in a direction dependent on the angle of incidence. We study the dependence of this 
wakefield on pulse duration, pulse shape, angle of incidence, and number of cycles of the pulse. 
For this we make use of the kinetic equation for the perturbation of the distribution function. 
There are no electric and magnetic fields. The nonlinearity stemming from the relativistic 
kinematics leads to the appearance of HHG in the scattered spectrum. Expressions for the surface 
impedance and dispersion equation for surface waves are derived. The dependence of the 
reflected spectrum on incident angle, electron density, laser intensity, CE phase, shape of 
temporal profile, polarization and number of cycles in a pulse is studied. Numerical results are 
given for Ti:Sa laser of intensity 2x1018 W/cm2, few cycle laser pulse.   
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Abstract 
 
The effect of the spatio-temporal profiles of the ultra-intense, ultra-short TM01 laser pulses 
propagating in vacuum, on the acceleration of the electrons is analytically and numerically 
investigated. The laser pulse propagation is assumed to be beyond slowly varying envelope 
approximation (SVEA). The numerical results predict that the electron acceleration is strongly 
dependent on the temporal profile as well as on the number of cycles of the laser pulse and also 
on the phase of the carrier wave. A laser of intensity ~1022 W/cm2 is found to accelerate the on-
axis electrons in the GeV energy range.  For our calculations we consider the Gaussian, 
Lorentzian, and hyperbolic-secant temporal profiles to get an insight into the scheme of 
acceleration of charged particles. Our results show that a single cycle Lorentzian pulse may 
mainly be used to obtain the higher values of possible electron acceleration.  
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Abstract 
 
Ion –acoustic solitons has been studied in plasma consisting of warm positive and negative ion 
species with different masses, concentrations and charge states along with two electron 
temperature distributions. Using reductive perturbation method Korteweg de-Vries (KdV) and 
modified- KdV (m-KdV) equations are derived for the system .The soliton solution of the KdV 
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and m-KdV equations are discussed  in detail .The effects of  negative –ion concentration ratio 
and temperature ratio on the characteristics of the solitons  (namely amplitude and width) are 
discussion in detail.  
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Abstract 
 
We theoretically study the dynamics of the nonlinear MHD waves in the magnetosphere. We 
adopt the approach of the simple waves, generally used in the ordinary fluids to examine the 
time-dependent propagation of arbitrary initial impulses.  We find that multiple ‘real’ solutions 
occur once the shock is formed. We study how the various nonlinear impulses differentially 
evolve and propagate in time for the different timescales of the driving source. 
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Abstract 
 

The  effect of steady flows on the profiles of velocities as well as on the heating rates of the fast 
MHD kink modes (surface and body modes) is examined for the in-homogeneous coronal loops. 
We model the coronal loop geometry as a slab: z-axis of the slab is along the background 
magnetic field with density stratification perpendicular to the direction of the magnetic field. We 
find that for the longitudinal propagation, only body waves are present. However, for the oblique 
propagation, both surface and body waves are generated.  We evaluate the dissipation rate of 
these surface and body waves due to viscosity and heat conduction in solar coronal loops by 
invoking the presence of steady flows and compare the results with the minimum required 
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optically thin radiative cooling rate in the light of the loop parameters observed by TRACE, EIS, 
SOT on board SOHO and HINODE spacecrafts recently. 
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Abstract 

 
The Rayleigh Taylor instability in case of three superposed fluids with effective surface tension 
at the interfaces is analyzed. Using normal mode analysis expression for the growth modes is 
derived and discussed for special cases. It is found that the growth modes for inverse density 
profile remains invariant only when densities are taken in certain ratio. 
 
We have examined the growth rate of R-T instability of a three fluid system in which a fluid 
layer of finite thickness is sandwiched between two semi-infinite fluids of different densities 
having effective surface tensions at the two interfaces. For perturbations of very long wave 
lengths the density of intermediate fluid layer becomes ineffective though the surface tensions at 
both the interfaces succeed in stabilizing a potentially unstable system. The frequency of 
maximum instability depends on the sum of the surface tensions of both the interfaces. For short 
wave lengths the perturbations grow classically at each interface with Atwood number and 
surface tension.   
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Abstract 
 

The instability in short-pulse laser produced plasmas has been of interest in the recent years. This 
interest is largely due to its importance in the theoretical study of plasma formation and its 
expansion which involve hydrodynamics as well as magneto-hydrodynamics. Although, 
experimental and theoretical investigations related to the expansion of laser induced plasma 
plume in ambient environment have been done, however, a small number of experimental 
measurements have revealed an oscillatory behavior of plume expansion / plume pulsations, 
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which is strongly dependent on the molecular weight of the ambient gas [1, 2]. Moreover, Mont 
Carlo simulations [3] have shown the importance of collisions between the laser-ablated species 
and the background gas particles. The pressure gradient of plume seems to influence 
significantly the mixing of the ambient gas, hence oscillations in the plasma plume.  
Laser-blow-off (LBO) of thin film involves the laser beam interaction with thin film supported 
on a thick transparent substrate, and the ablated material propagates along the direction of 
incident laser beam. Due to the differences in the ablation mechanism and therefore thermal 
history of the LBO plume, it consists of large number of neutrals in comparison to conventional 
laser produced plasma plume [4]. 
Recently, triple probe technique [5] has been used to study the instabilities (oscillations) in 
plasma plume formed by laser-blow-off (LBO) of multi-component LiF-C target. . Strong 
oscillation in the trailing portion of the expanding LBO plume is observed in vacuum, which are 
varied with experimental conditions. The effect of different experimental parameters, e.g. 
ambient gas pressure, spatial position, magnetic field and laser fluence on the growth of observed 
instability are presented.  A plume oscillation in vacuum is an important observation because 
oscillations/instabilities in the expanding plasma plume are normally observed in the presence of 
magnetic field or ambient gas. Therefore it is interesting to investigate the role of slow moving 
neutral in producing observed instabilities. Present study based on qualitative understanding of 
above phenomenon, revealed that ablated neutral density is sufficient to cause pressure driven 
instabilities/ oscillations in laser-blow-off plasmas plume.   
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Abstract 
 
The effect of external magnetic field on discharge properties for the cylindrical-coaxial electrode 
configuration has been investigated experimentally. A 20 ms continuous positive half wave train 
was used for discharge formation. Uniform axial magnetic field was imposed externally using 
Helmholtz coils. While the discharge current increases with the magnetic field, the plasma 
density hovers around 108 cm–3 with Te ~ 1eV. It is observed that the voltage required for 
initiating the discharge increases with the magnetic field. The floating potential exhibits 
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interesting characteristics. In the cathode proximity, potential is seen to attain a certain positive 
value and then drop to lower value after maintaining that top for some time. As the magnetic 
field increases, the flat top increases. On the other hand, near the anode region, the floating 
potential maintaining equilibrium positive value during the discharge jumps to a higher value 
and slowly decays when the discharge is cut-off. This indicates diffusive character near the 
anode. Both observations point to a potential well structure where ions are trapped. As the 
external magnetic field increases, ions get more and more magnetized. (ri ~ 4 c.m. to 1.3 c.m. for 
B = 50-150 gauss) At much higher magnetic fields, ions are trapped long enough in order not to 
facilitate the discharge during the pulse. Detailed results related to the observed phenomena will 
be discussed.   
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Abstract 

 
Plasmas support a great variety of collisionless nonlinear coherent structures, which are observed 
both in laboratory and space plasmas. The physics of collisionless plasmas is well described by 
self-consistent solution of a system of Vlasov Maxwell equations. Due to its non-linearity in 
many physical situations no analytical solutions of the Vlasov equation can be found, therefore, 
numerical Vlasov simulation is necessary. A one dimensional Vlasov code has been used to 
investigate the formation of nonlinear coherent structures like double layers and electron holes in 
multi-component plasmas. It is also used for the study of nonlinear development in the Scrape-
Off Layer transport in tokamak plasma. This code is based on time splitting and flux balance 
algorithm. The main emphasis is on the conditions under which these coherent structures form. 
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