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Relativistic runaway electrons are produced in plasmas when the electric field 1s
larger than a certain critical field (£.). The anisotropy of the runaway electron
distribution can lead to destabilization of plasma waves through wave-
particle resonant interaction.

Recent work [ 1] has shown that even in disruptions the electric field in the core
region of the plasma 1s only slightly above the critical electric field. This work
considers whistler wave instability driven by an anisotropic electron distribution
in near-critical field.

Dispersion of the waves

The dispersion relation of high frequency plasma waves with the electromagnetic
and cold plasma approximation [2]:
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Generalized version of the wave
from Refs. [5-7]
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The electron-whistler 1s 1n agreement with the
whistler wave of S. Sazhin [3] for B<3 T.
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Runaway contribution

Runaway electron population: taken into account with their susceptibility [2]
Firstorder perturbative analysis
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Distribution function
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The runaway distribution for near-critical electric field 1s [4]:
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where a = E/E. ,Zistheeffectiveionchargeand ¢, = o —
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Tohave apositive distribution: C, < o+ 1.
The condition f. — 0 as p| — oo requires that C;>2.

This gives anarrow region in the & - Z space where the distribution function 1s valid.

Resonance condition

When evaluating the runaway
susceptibility:

Wy dispersion of the wave

B WoY — NWee v :relativistic factor
P = 2 w_ : electron cyclotron
|C frequency

c :speedoflight

This 1s an implicit condition for the resonant momentum.

Previously [5-7] the ultrarelativistic limit was used, now a general formulais derived.

Degree of resonance: n=1  Doppler,
=-1 anomalous Doppler,
n=0 Cherenkov resonance.

Most unstable wave
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Maximum: 1nthe magnetosonic-whistler region

corresponds to 10 MeV runaway energy

Mostunstable wave: clectron-whistler

destabilized by the maximum energy runaways
(white dots denote the energy of 2.6 Mel’)

Stability: growth rate compared to the
collisional and convective damping [6,8] 15
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Conclusions

By studying the runaway electron - whistler wave interaction in a near-critical
electric field, we came to the conclusion that the results (growth rate, stability
diagram) are qualitatively similar to the high electric field case study [5-7].

In order to investigate this case, many aspects needed to be generalized (wave
dispersions, resonance condition), and this opened the way to the numerical study of
this interaction.
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