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Natural and Artificial Auroras
» Introduction: “Ordinary* and Enhanced Aurora

»  Collisional vs. Collisionless (Beam-Plasma) Interaction

»  SLT Aurora: Plasma Turbulence Layer

<»Underlined text indicates Dennis’s significant
contributions to understanding these problems

HF-induced Airglow

v' HF Modification Experiments at HAARP

v’ Parametric instabilities

4 Electron acceleration
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Emissions stimulated by impact of 777 A nm 10.69 eV
energetic electrons on ambient 5G 9.11eV
species (N,, O, 0,)

» Excitation energy an indicator of
electron energy spectrum 135.6 nm
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& ionize neutral particles via collisions

Energy dissipation rate
{Bethe's formula)
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% Flux of suprathermal
(secondary) electrons

defines brighiness and colors
of aumoral glow

Precipitating (primary) electrons excite
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Auroral Ray Altitude Profile
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Zarnitsa-2 experiment (1975)

ﬁ'fr z;-r Low-light TV Observations
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’ Near rocket glow
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Mishin et al., 1981
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Natural Auroras
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Beam of field-aligned electrons over the II class arc
[Arnoldy et al., 1974]

2

ENERGY (keV)

10% o [. o 2.1
BANKS o®
" ET ALx 250
[’ °
o
®: T TEmeTE °
° eeali®,
L-]
1 1 1 1 1 ] L 1 1 1 [
2 4 ) ] 10 12




-—

."6"- (o§\

2 -

a 11l
oar or I keV

10

Beam of field-aligned electrons oyér the II class arc
[Arnoldy et al., 1974]

Inverse Landau damping
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Flat accelerated electron spectrum

3 2V, & N 2pe — 1 Smin \
r%wp Te min |
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Joining condition (Pa —

Fﬁ{fmin) — F[l (Eﬂ'ﬂﬂ) § secondaries (class Il arc)

/ L [Feldman&Doering, 1975]

> Acceleration of secondary electrons

|

Emin== 30(W /n,T,) —2/5 eV]|

. . I a__ I i lar 1 ISEER
n, is the density of secondary electrons E T6r B I W i

energy, ey

Mishin & Telegin, 1986 10



Mishin +, 1978-1989

> Effects of collisions on SLT

[y >rv, >
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As the collapse rate is smaller than I, , the beam can excite waves but the

trapped waves are damped faster than collapsing. As nonlinear transfer is

reduced, the Langmuir wave energy grow until collapse will be possible.

the limiting collision frequency | 1/, = ), (

Wave energy density | 117 /n, T, ~ '
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Schematic of altitude-profiles
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*180-element phased HF antenna array
«3.6 MW radiated power 21.3 GW ERP

HAARP Research Station, Gakona (62.4 N, 145 w)

http://haarp.alaska.edu
sbeam pointing +/-30 deg off vertical

fromency : M6 MHz peak power : 512 KW
aperture :219.8 m? (16 paneks)

beam width : 4° (north-sonth ), 2.5° (%wmt )




2 optical shelters
6” telescope up and running in open-air
14’ dome; utilizing same CCD cameras

Imager and photometer mounted on
hydraulic lift and motorized stage under
5’ clear dome

Photometer electronics upgraded: 3
channels with one filter wheel

3.5” Optical imager (bare CCD)

4-channel all-sky low-light webcam
operates year-round (except June)
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*Tromsg: 5.423 MHz, 375 MW,
S0AR) i , 4/2-min on/off.
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Electromagnetic Pump Wave EM
Daughter HF (EP,) and LF (EP,) waves
]EII)1 - Langmuir and UpperHybrid/EIectronBernstein

EPZ — Ion_Acoustic and LowerHybrid
Matching Conditions

k, =k +k,

W, =0, + 0,
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Conversion of the pump wave on
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field-aligned density irregularities FAdI

For An — (0 and
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Here o — oy /o (=1- wﬁ / (wg -~ Qﬁ) < ( above/below H,,

€10 < 0 above H,, and hence 0E,;, = 01t An < 0 -
excess heating in density rarefactions and deficit heating in compressions.

Positive feedback:
U H -trapping inside striations— enhanced heating—tfurther depletion

The growth time for the TPI 1s of order seconds
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NN __2GH, 25-Feb-200¢
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Common characteristics of natural and man-made auroras are flat suprathermal
spectra and altitude profiles consisting of two narrow peaks displaced by ~10 km.

These features can be explained by accounting for strong Langmuir turbulence
excited by precipitating/injected electron beams in weakly-collisional ionospheric
plasma.

Up to three parametric instabilities (PDI,, PDI g, @nd TPI) act simultaneously
during HF heating at the magnetic zenith.

Optical and radar observations during a frequency pass through the second GH
show the coexistence of PDI, and PDI g below 2GH and of the parametric decay
and thermal parametric instabilities just above 2GH.

Airglow at MZ persists after the critical F-layer frequency drops below the pump
frequency by ~0.5 MHz, in agreement with the development of the PDIun .
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