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1. Background on Radar Incoherent Scattering theory
2. Natural Enhanced lon Acoustic Lines, NEIAL
3. Polar Mesospheric Summer Echoes, PMSE

4. Langmuir turbulence: decay and cavitating instability
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Thomson Scattering

electron

Oecle — 10_28 m2
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Incoherent Scattering from ionised media
arises from fluctuations of electron density
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Incoherent Scattering from ionised media
arises from fluctuations of electron density
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How does it work?

Electrons reflect
the pulse
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How does it work?
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HOW does it Work? Least squares fitting produces

ionospheric plasma parameters

Typical: 1 Mega Watt tansmitted (10° W)
1 femto Watt received (10~1° W)

Electrons reflect
the pulse

Range

parameter

Time-integration and
Sophisticated signal processing
extracts the frequency spectrum

_ produces a stochastic signal
e / much smaller than the noise
High power pulse Very sensitive receiver
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; 4-days of Incoherent Scatter Above Tromso, Norway
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4-days of Incoherent Scatter Above Tromse, Norway
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The Incoherent Scattering Spectrum

Se(k,w) = N|1 —

41st EPS Plasma Physics Berlin 20014

(w —k'V)dSV—I—Z N;

/ (v

w

kvv

08/30



Se(k,w)

— N,

The Incoherent Scattering Spectrum

Xellow) 7fe(V)5

-k v)dtv+ 3 | Xelow) /fz

dielectric function
e(k,w) = 143, Xa(k,w)

electric susceptibility
wWpe [ k- 0y fa(v)
__ Tpe v/
Xa(kw) = k2 /ﬁ w—k-v v

velocity distribution function
fe,i(v; T€7 T’ia mg, Vin)

Charge densities

Ne=) N

w

k-v)d



S.(k,w) =N, |1 — Xelkow) / f (V)@ —kev)dty + 37 | Xelkow) / £(V)8(w — k- v)dSy

41st EPS Plasma Physics Berlin 20014 09/30



2 2

S.(k,w) =N, |1 — Xelkow) /fe(v)5(w—k-v)d3v + YN Xe(k,w) /fz-(v)é(w—k-v)d?’v

Each charge in the plasma behaves as in vacuum but it
polarises the rest of the plasma resulting in neutralising
clouds around each charge:

the charge and its cloud is a dressed (quasi) particle
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Plasma Line Sp; (k,w)

Se(k,w) =N |1— (k. ) /fe(v)5(w—k-v)d v + ZNi (k. ) /fz-(v)5(w—k-v)d \4

test
electron e = O
with cloud ~1 +1

wp (k) = wpe(14+3 AHk*) <— elk,w)=0

A A
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Plasma Line Sp; (k, w) lon Line S (k,w)

Se(k,w) =N |1— (k. ) /fe(v)é(w—k-v)di%V + ZNi (k. /fz-(v)5(w—k-v)d \4

| B
test 2 test
electron e = O +1® —— 9 ion with
with cloud 1 +1 cloud
Te +31;
wpi(k) & wpe(143 AMk?) <—— ekw)=0 —s  wi(k) = —
A “ A
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no collective interactions: no clouds: y.(k,w)=0

— —Xe/@(’/w)Q v)i(w—k-v)dv -Xe(k/)/ S(w—k-v)d’v
S.(k,w) = N, 1/(1{7@ w3 -kvia + 3N [fiw)6 -k
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no collective interactions: no clouds: x.(k,w)

2
Se(k,w) = Ne (1 — X()/ék’/w)
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no collective interactions: no clouds: x.(k,w)=0

Xe ,CU) Xe (k//)/

Se(k,w) = N, 1_/e(k,w) /fe(v)(S(w—k-V)dgv—l—;Ni/e@(,w) /f,,, S(w—k-v)d’v
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no collective interactions: no clouds: y.(k,w)=0

— —XM)2 v)d(w—k-v)d’v -Xe(k/)/ S(w—k-v)d’v
S.(k,w) = N, 1/6(1{7@ w3 -kvia + 3N [fiw)6 -k

Se(k,w) = Ne/fe(v)é(w —k-v)d’v

Se |

Thermal equilibrium:
Maxwellian

The Arecibo Observatory was designed and built under this premise.
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SNR = 0.005 l signal B noise

a lot of
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the same
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a lot of little '
noise noise _L_
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frequency frequency
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Arecibo Observatory -

‘cost ~I50 M USD
Puerto Rico L :

-

S in today’s $
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2. Natural Enhanced lon Acoustic Lines, NEIAL
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2. Natural Enhanced lon Acoustic Lines, NEIAL
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thermal electron current
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thermal electron current
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 Both shoulders enhanced; but could be up and down currents
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\4 * Needs field aligned currents Jj > 1 mAm~° but... 01
* Most satellites have measured J; ~ 1 yAm™> although ...
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lon acoustic waves
enhanced x102
above thermal level
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Langmuir waves

down- and upgoing
enhanced x102and x103
above thermal level

total power measurements
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Langmuir waves

down- and upgoing
enhanced x10%and x103
above thermal level
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Zakharov equations 1-D

Langmuir (00 +7")E + 0%, F = nP

waves

Ion sound 52 s 2 92 2
( tt—|_/y 8t)n_axxn_axw‘E’

waves
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Zakharov equations 1-D

Langmuir (00 +7")E + 0%, F = P

waves

Ion sound 52 s 2 92 2
( tt—|—/y 8t)n_axaﬁn_axw‘E’

waves

1
Damping and 7 (k) = Sve + Yre(k) — (k)

2
growth rates .
v° (k) = vLi(k)

Bump-in-tail X T Wpe
growth VoK) = % Fy(v)
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Zakharov equations 1-D
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Zakharov equations 1-D
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Zakharov equations 1-D

downshifted
wave-wave interactions
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3. Polar Mesospheric Summer Echoes PMSE
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3. Polar Mesospheric Summer Echoes PMSE
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3. Polar Mesospheric Summer Echoes PMSE

* Only at high latitudes > 67°N & S hemispheres, 80-90 km
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3. Polar Mesospheric Summer Echoes PMSE
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* Only at high latitudes > 67°N & S hemispheres, 80-90 km
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3. Polar Mesospheric Summer Echoes PMSE
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3. Polar Mesospheric Summer Echoes PMSE
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- Up to x10# enhancement above thermal level 10"
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3. Polar Mesospheric Summer Echoes PMSE
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3. Polar Mesospheric Summer Echoes PMSE
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3. Polar Mesospheric Summer Echoes PMSE
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3. Polar Mesospheric Summer Echoes PMSE
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3. Polar Mesospheric Summer Echoes PMSE

200 | -I-I-I__III_III | & 0%
* Only at high latitudes > 67°N & S hemispheres, 80-90 km
* Only in summer: coldest near Earth environment: ~ 140°K
* Up to x10% enhancement above thermal level ~ F 1 10" %
% . Only possibility: Neutral air turbulence; Ne is passive scalar 5 ¢¥ §
%  Problem: NO fluctuations at radar (Bragg) scale || hl %
- Solution: Charged ice extends electron scale: Sc number ;¢;-_-.~'i ; <
- Gravity waves reverse GLOBAL wind circulation 7 Bc'p

- Polar mesosphere is a refrigerator due to adiabatic cooling

* 10-50 nm ice particles form: Noctilucent clouds

* Ice particles are charged: Dusty plasma

[E—y
A

p—

oo =
S N
¢-wr [ON]30T
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3. Polar Mesospheric Summer Echoes PMSE
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Ve =>V;

J=n Vthermal N.=n; Je>J;

Ji+ + Joo=0 = Vd¢0

The mesosphere has free electrons and ions:

thermal current equilibrium results in negative charge on the dust particles
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Ve =>V;

J=n Vthermal N.=n; Je>J;

Ji+ + Joo=0 = Vd¢0

The mesosphere has free electrons and ions:

thermal current equilibrium results in negative charge on the dust particles

Electrons diffuse with the mass of the dust due to Coulomb force
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PMSE Doppler spectra: velocity variance

EISCAT VHF 13 July 2004
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PMSE Doppler spectra: velocity variance

EISCAT VHF 13 July 2004
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PMSE Doppler spectra: velocity variance

EISCAT VHF 13 July 2004
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Possible scattering with enhanced Schmidt number
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Possible scattering with enhanced Schmidt number
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Possible scattering with enhanced Schmidt number
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test the hypothesis by measuring the PMSE
scattering cross section and check that it
requires Sc numbers that are attainable in
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Volume Radar Cross Section 1 m ™

1072

Measured:
Nrea(VHF) = 5250 X 107 m ™"

Fitted

Scattering cross section with S¢ number

Sc = 894 (4470)
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Painting the sky with the EISCAT Heater:
The world’s first

EURORA



Painting the sky with the EISCAT Heater:
The world’s first

EURORA

This unique artificial aurora formation was unexpectedly generated by the super-Heater, operating at 630 MW,
on 12 November 2001 at 16:41:20 UT with the beam tilted 9° South. The wavelength is 557.7 nm and the image
integration is 5 sec.
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ARTIFICIAL AURORA
16 Feb 1999 4.04 MHz ERP =75 MW O-mode

17:40 HF ON

17:40:15 17:40:35

17:44 HF OFF
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advertisement th e fu t u re : E I S CAT_3 D artist concept

- 4th generation IS radar
- in the roadmap of ESFRI
 raising funds at present '="&isg T8 L&
"= -costEUR 130 million %
= . construction 2015-2021 w = =
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incoherent scatter theory is one of the first and
most compelling successes of linear plasma
physics theory.

Don Farley

the predictions of the 2-D Langmuir
turbulence theory in [ionospheric heating] are
now well verified. It is one of the best verified

regimes of plasma turbulence. Don DuBois

thank you !

41st EPS Plasma Physics Berlin 20014 30/30
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The Polar Mesosphere is Colder in Summer than in Winter
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The Polar Mesosphere is Colder in Summer than in Winter
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