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Foreword

Recent progress in the confinemen® of hct plasmas in tokamak experiments
throughout the world has intensified interest and research in the physics
of deuterium=tritium burning plasmas, especially in the wide range of u:.-
resolved theoretical as well as experimental questions associated with the

role of alpha particles in tokamak devices.

Since several years, theoretical res-~arch concerning those problems has
been carried out at the Institute for Electromagnetic Field Theory and
Plasma Physics, Chalmers University of Technology, Goteborg. This efforc
has developed into a NET contract initiated by Prof. F. Engelmann and
Prof. H. Wilhelmsson. The aim of this contract has been to give an over-
view of the present knowledge on alpua particle effects in a thermonuclear

tokamak plasma.

As part of our work a symposium on "The Role of Alpha Particles in Mag-
netically Confined Fusion Plasmas™ was organized by our institute and hel!
at Aspeniszarden near Gdteborg, June 24-27, 1986. The full texts of the
papers have been rnublished in a special issue of Physica Scripta {(Vel. Tl6,
1987; edirors: M. Lisak and H. Wilhelmsson).

The present report completes the contract work by giving an overview of
several important aspects of the alpha particle physics and diagnostice in

a fusion tokamak plasma.

The authors of this report express their sincere gratitude tc Prof.
H. Wilhelmsson whose continuing encouragement and advice have beea [n’alu-
able. It is also a pleasure toc acknowledge a fruitful and most enjoyzble
collaboration with Dr. K. Borrass and Prof. F. Engelmann at the VNIT Team.
Finally, we would like to give our warmest thanks to Mrs. B. La-sson for

her patience and her excellent work in typing the manuscript.
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# > 0.5 the instability i: completely suppressed. Assuming that Alfvén
waves are primarily damped by plasma electrons, the threshold alpha density

above which the instability occurs can be estimated as
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which for the parameters n = 5x10 cm , T = 10 keV, B = 3.5T (VTE =

ax109 cm's_l; Vq = 5*108 cm 5*1) becomes n;r/n ~ 10-2.

In the case of wave excitation by trapped alpha particles the instabilitv
growth rate increases with increasing wvalues of u &nd it becomes sigz-
nificantly large at p > 0.6. The maximum growth rate occurs at almost

longitudinal propagation and is of the order of
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with the corresponding alpha density threshold
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Taking the same parameters as above and u = 0.9, @ = 0.7%10" s ~, eq. (29)

gives n;rfn = IO-Q.

A quasi-linear theory of the shear Alfvén instability excited by trapped
alpha particles, at the wave frequency satisfying Wy L= kuvA =iy,
was developed in [19]. The linear evolution of this instability was de-
scribed in [l?}. A self-consistent numerical solution of the system of a
quasi-linear equation for the alpha particle distribution, and an equation
for the waves together with a particle conservatinn equation, showed that
the quasi-linear evolution of the instability results in an anomalous re-
laxation of alpha particles. The enhanced electromagnetic perturbations

can produce rapid spatial losses of alpha population and energy. Figure 3
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shows the time dependence of the alpha particle loss coefficient R, =

L
1 - na(t)f(Sat) and the alpha particle enerzv loss coefficient R"L =
o
A(r £ i = 3 ad * E i } al = I \
(ﬁaEa)f( asat)‘ where Sa a0, <cv> and (nana) is the tctal alpha enerzv
lost from the svstem at time t. The following tokamak parameters weare
13 -3

used: B = 50 kG, a/R = 120/400, q(a) = 2.5, n, = 510" cm °, T, =T, =
15 keVv, I = 3.6 MA. It was also assumed that the instability develops on

the second bounce harmonics (p = 2).
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Fig. 3. Alpha particle and energy loss rate coefficients versus cime.

M9]
RNL and REL are defined in the text, ' 191.

Figures 4, 5 and 6 show the scaling of R_ with increasing of B, n, and T,

NL
respectively.
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Fig. 4. Scaling of R with magnetic field 8, [191.
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Fig. 5. Scaling of RNL with electron densitv, ne, f131,
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Fig. o. Scaling of RVL with plasma temperature T, r19‘.1.
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Overall, Figs. 4 = 6 indicate that the anomalous alpha losses can be re-

duced by working at large values of magnetic field, high density, and low
temperature. All of these conditions are favoured in a very high- current,
high-magnetic~field, high density Ohmic tokamak without blanket, but may be
very difficult to achieve in a practical fusion reactor. In a finite
system, the alpha particle losses prevent the alpha velocltv distribution
from attaining a stable collisicnal equilibrium, thus maintaining a steady-

state turbulence level.



