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OUTLINE
 Unexpected (nonlinear) effects in ARAKS, Zarnitsa-2, 

Echo, Polar-5, … rocket experiments with electron beams
 Artificial Aurora and near-rocket glow
 Artificial radio emission
 Suprathermal electrons 
 Elevated electron temperature 
 Beam scattering and prompt electron echo  (PEE)

 Beam-Plasma discharge theory
 Threshold (beam energy, current, pitch angle, and neutral density)
 Saturation: Beam-trapping and Strong Langmuir Turbulence regimes
 Optical and radio emissions from the BPD region
 Artificial auroral rays and natural (Enhanced) aurora

 Summary
• Based on E. Mishin et al. (1989), Interaction of electron fluxes with the ionospheric 

plasma, Hydrometeoizdat, Leningrad (in Russian). 
• Galeev, A., E. Mishin, R. Sagdeev, V. Shapiro, and V. Shevchenko (1976), Discharge 

in the near-rocket region during electron beam injections in the ionosphere, Sov. 
Phys. Doklady.
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ARAKS, ECHO-7, Electron 2, Polar 5

Similar to Polar 5 [Grandal

et al., 1980]

“mother” -“daughter(s)” 

experiments 
 On-site UHF radio 

receivers

Winckler, 1989

Plasma source 5A 
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Zarnitsa-2 (Aurora-2) 

4

Dokukin et al., 1981



5DISTRIBUTION STATEMENT A – Unclassified, Unlimited Distribution

UNCLASSIFIED

Collisional (single-particle) interaction 
in the E/F-region ionosphere

Beam (primary) electrons excite & 

ionize neutral particles via collisions 

(Beam-Atmosphere Interaction)

Luminosity altitude-profile calculated for   εb = 
7.2 keV by Monte Carlo method. The dashed 
line shows MSIS neutral density.
• Peak altitude and thickness are explicitly 

determined by the electron beam energy εb
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Optical emissions
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ECHO-7 
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Near-rocket glow vs. altitude

7

Greatly exceeds Monte Carlo  (single-particle) values near the 
rocket 
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Near-rocket glow

Shape & dimensions are 
similar to Zarnitsa-2  Greatly exceeds Monte Carlo  (single-

particle) values near the rocket 

Zarnitsa 2
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Beam Plasma Discharge

elastic 

collisions

electron lifetime
heated electrons

The ionosphere is a weakly ionized plasma

avalanche 
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Beam Plasma Discharge near a rocket 

collisional
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Zarnitsa-2: UHF radio emission

upleg downleg

altitudeDokukin et al., 1981
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Beam Plasma Interaction

Injection II B0
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Beam Distribution Function

 Bump-in-tail in || direction and beam of “oscillators” in ┴ direction (el. ring)

 Instabilities of a radially bounded beam at small and large injection pitch-

angles

 Linear theory: Alekhin, Karpman, Ryutov, Sagdeev, 1972 

 Lab. experiments: Jost et al., 1982; Bernstein et al., 1983

Much 

greater 

than 

the beam 

diameter
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Modulation by the rocket spin 

Zarnitsa-2

Zarnitsa-2

A
R

A
K

S

Mishin and Ruzhin, 1980
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BPD initial stage

[DeGroot and Katz, 1973]
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BPD development
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ARAKS : UHF radio emission

 Consistent with the BPD ionization rate

Mishin and Ruzhin, 1980
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BPD

Altitude and neutral density range over 

which BPD is expected [Linson, 1982]
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 Greatly-elevated electron 
temperature
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Strong Langmuir Turbulence
SLT

19

 Waves are trapped inside density cavities
 Collapsing cavities transfer the wave 

energy  toward short scales
 In saturation, the wave energy is

 Short-scale waves are absorbed 
by plasma electrons, leading to  
non-Maxwellian suprathermals

Ionization by accelerated 
electrons
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Suprathermal Electrons

ECHO 5 Polar-5

collisional 

flux x 250

beam

 Flat suprathermal spectra
 Many more suprathermal electrons than collisional values 
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Artificial Aurora Rays

Zarnitsa-2

BPD

Mishin et al., 1981
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SLT Auroral Rays

Effects of collisions on  SLT

22

As the collapse rate  is smaller  than b , the beam  can excite waves but the 
trapped waves  are damped faster than collapsing. As nonlinear transfer is 
reduced,  the Langmuir wave energy grows until collapse will be possible.

Wave energy density

Volokitin and Mishin , 1979
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Plasma Turbulence Layer

Schematic of altitude-profiles

23

55 events

EISCAT UHF  ISR

Te

ne

Schlezier et al., GRL 1997

Mishin and Telegin, 1989
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Enhanced Aurora

sharp upper boundary

Double-peaked auroral rays

Hallinan et al., 1995

Dzyubenko et al., 1980
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Beam-Plasma Instability

bum
p-in

-ta
il

Inverse Landau  

damping

Bryant et al., 1978

Natural Auroras
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Beam scattering near the rocket

 Greatly exceeds collisional 
scattering  near the rocket 

 Prompt Electron Echo ( PEE)                 
[Hendrikson et al., 1975; Winckler 
et al., 1975; Maehlmn et al., 1980;  
Wilhelm et al., 1985] with time 
delays < 100 ms during upward 
beam injections
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Prompt Electron Echo SLT model

Mishin et al, 1989
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PEE calculations
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Strong LT in auroral plasma

SLT
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Acceleration of secondary electrons

Flat accelerated electron spectrum 

Joining condition

ns is the density of secondary electrons 

Mishin & Telegin, 1989
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SUMMARY

 Limited survey of nonlinear beam-plasma interactions during active 
experiments with electron beam injections in the ionosphere is given.

 Artificial aurora and near-rocket glow, artificial radio emission, accelerated and 
albedo electrons, rocket potential and electron temperature near a rocket, and 
telemetry damping.

 Theory of beam-plasma discharge
 Enhanced aurora
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Collisionless Beam Plasma Interaction

Langmuir waves gain energy at the expense of the beam

Relaxation length

QL-saturated wave energy  (no wave-wave 
coupling)

Inverse Landau
damping


