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SUMMARY 

It is generally accepted that thick-target electron beams play 

a major role in the production, by collisional bremsstrahlung, of 

hard X-ray bursts during the impulsive phase of solar flares. The 

large electron flux demanded by the observed X-ray photon flux in 

such an interpretation requires that a beam-neutralising return 

current be set up. Ohmic dissipation of this return current increases 

the energy loss of the beam electrons in addition to the energy lost 

in Coulomb collisions with the ambient plasma. We investigate the 

effect on the hard X-ray signature when the return current is unstable 

to the generation of low-frequency electrostatic plasma waves (i.e. 

waves giving rise to anomalous plasma resistivity). Specifically, 

we compare the thermal emission, which rises due to enhanced plasma 

heating, with the non-thermal yield from the beam, which falls when 

turbulence is excited. 

Chapter 1 constitutes a brief summary of the solar flare 

phenomenon, setting the return current problem in context. A review 

of beam-plasma systems theory is then presented in Chapter 2 together 

with a discussion of the two relevant wave modes for return current 

instability: ion-acoustic and ion-cyclotron. 

In Chapter 3 a detailed description of our flare beam-return 

current model is given. Dimensionless electron and ion heating 

equations are derived and the fundamental parameters of the problem 

are discussed. The importance of including the effect of direct 

collisional heating by the beam, although in an approximate manner, 

is clearly shown. 
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Chapter 4 is an investigation of ion-acoustic (IA) instability 

of the return current in an unmagnetised plasma utilising a marginal 

stability approach. This method is discussed in some detail before 

being applied to the model. Our analysis leads to two distinct 

types of IA unstable heating: 

Type ti): a well behaved marginally stable heating for which 

the electron-ion temperature ratio at onset of instability, i.e. 

(T /T.) , exceeds 4.8. Detailed numerical results of two sample 
e 1. onset 

cases are given. 

Type (ii): a "catastrophic" heating, where (T /T.) < 4.8, 
e 1. onset 

for which the marginal stability hypothesis fails. 

We provide an explanation for this failure and suggest an 

alternative method to describe such cases of catastrophic IA heating. 

(The work of Chapters 3 and 4, now submitted to Solar Physics, is 

a collaborative effort by P. McQuillan, D. Cromwell and J.C. Brown). 

However, confusion exists in the solar (and, indeed, plasma) 

literature on the question of whether or not the unstable IA mode 

can actually be generated when T /T. s 5. To clarify this issue, 
e 1. 

in Chapter 5 we solve the dispersion relation describing our return 

current system for various values of T /T. and relative electron-ion 
e 1. 

drift, vd. We assume Lorentz distributions for the electrons and 

ions and show that the IA mode will go unstable at low values of 

T /T. ~ 5, provided vd is sufficiently large. 
e 1. 

A wave growth analysis of IA return current instability is 

developed in Chapter 6. We first apply this method to examples of 

marginally stable heating and find that the two approaches give 
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mutually consistent results. Cases of catastrophic heating are 

then investigated using this wave growth technique. Finally, a 

unified description, incorporating both approaches, is successfully 

applied to sample cases of return current heating. 

The problem of return current instability in a magnetised plasma, 

where the ion-cyclotron mode may also be excited, is considerably 

more complex. An exploratory approach ~s adopted in Chapter 7 wnich 

reveals possible interesting behaviour of a flaring beam-plasma system 

(e.g. rapid oscillations in the hard X-ray signature). 

Chapter 8 provides an overview of the thesis and indicates where 

improvements and refinements in the original model could be made. 

In particular, the need for incorporating spatial, as well as temporal, 

dependence of the plasma parameters in a more advanced treatment is 

stressed. 

The two appendices contain relevant background plasma theory: 

appendix A, on the Landau initial value problem and dispersion 

relations, and appendix B, on transport in both classical and weakly 

turbulent plasmas. 
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