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Abstract

The effect of runaway electrons, NB ions and alpha particles is estimated
by calculating the reduced ablation rates due to these particles in fusion plasmas
and using the ablation rate induced by thermal electrons as reference quantity.
Calculations were made for various energy content (i.e. beta) ratios and for a

fusion-relevant electron temperature range (T, up to 25 keV).




In a previous study [1], the effect of non-thermal particles that may be present
in fusion plasmas on the ablation rate of pellets was estimated for the electron
temperature range from 200 eV to 2 keV. It was found that the relative impor-
tance of all non-thermal species considered (NB ions, alpha particles, runaway
electrons) rapidly decreases with increasing plasma electron temperature. Since
runaways may affect pellet ablation quite substantially also at high temperatures,
it became of interest to extend the calculations described in |1] to a fusion-relevant

temperature range (for T, up to 25 keV).

As in Ref. [1], the simplified ablation model of Vaslow [2| was applied. According
to this model, the ratio of the ablation rates caused by species k£ and thermal
electrons e can be expressed in terms of the energy fluxes Q carried by these
particles to the pellel surface and their stopping lengths A in the solid pellet:
Ny B (Qk)1/3()\k)2/3
Nc Qe /\e '
The expressions used in calculating @ and A are given in Ref. [1].

The ablation rate ratios Ny /N, are given in Figs. 1 to 9 as functions of the (ther-
mal) electron temperature for the temperature range 2keV < T, < 25keV, for dif-
ferent non-thermal particle energies Ej, and for different beta ratios 8* = fi/fe.

The following particle energies and beta ratios were considered:

NB ions (Figs. 1-4): 80, 120, 160, 175 keV, 0.2 < #* < 1.0;
Alpha particles (Figs. 5-7): 1.0, 2.0, 3.5 MeV, 0.2 < p* < 0.5;
Runaway electrons (Figs. 8-9): 0.5 and 1.0 MeV, iD* L g* £ 1072,

For the sake of completeness, the results of Ref. [1| covering the electron tem-
perature range 0.2keV < T, < 2.0keV are reproduced in this report as well (see
Figs. 10 to 18: Figs. 10 to 13 for NB ions, Figs. 14 to 16 for alpha particles, and

Figs. 17 and 18 for runaway electrons).

As can be seen, the relative importance of the non-thermal particles increases with
increasing particle energy and beta ratio, monotonically decreases with increasing
bulk electron temperatures, and becomes negligible under thermonuclear plasma
conditions. However, it should be noted that at intermediate electron temperatures
the synergetic effect of the two particle species (k,e) may become important, an
effect that is not taken into account in this estimate. Furthermore, the validity

of the present approximation is limiled to particle energy ranges in which the




2

condition of surface ablation is fulfilled: the penetration depths of the energetic

particles must be small compared with the characteristic pellet dimension.

The results of these ablation rate ratio estimates can be summarized as follows:

(a)

NB ions: For Ej; > 80keV one has Nj;/N, > 1 in the temperature region
T, < 1.3keV for all beta ratios considered. For Ep; = 175keV and Bsi/fe =~
0.6 one obtains ]\'Tb,-/]\'fe ~1at T, ~ 2.5keV and ~ 0.1 at T, =~ 12.5keV.

Alpha particles: For E, = 3.5 MeV,Na/Nc was found to be unity for
Ba/Be = 0.2 and 0.5 at T. = 3.TkeV and 4.4keV, respectively. With E, =
1.0MeV, the ablation ratio becomes less than unity for 7. 2 1keV for all beta

ratios considered.

Runaway electrons: The results show that for E.. > 0.5MeV and ;. /8. >
102 one has N, /Ne > 500 in the electron temperature range 7, < 500eV
(alternatively, if Bee/B. > 1072, or E.. 2 1 MeV one has Nee/Ne 2 10%). At
T, = 25keV and with Be./B. = 103 one still has Ne./N, ~ 2.5.

However, since the stopping range of 1 MeV electrons in condensed hydrogen is

~ 25mm (and ~ 1.6 mm at E.. ~ 200keV), the validity of the results is limited to

low runaway energies and large pellet sizes. At high energies and small pellet sizes

one rather has volumetric heat deposition, which could leat to pellet disintegration

as well as partial shine-through, neither of which phenomenon was taken into

account in the model. Nevertheless, the results indicate that runaway electrons

may have a significant effect on pellet ablation.
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