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ISR Spectrum — and some other less often
mentioned things you can do with high power
large aperture radars

Juha Vierinen

MIT Haystack Observatory

July 24, 2015



Full ISR spectrum

(k, w)|?

e

(|AN

(2K TR m,)t (2K Tk2/m,)k o, ®
Ficure 2. Diagrammatic sketch (not to scale) of the spectrum of the thermal density fluctua-
tions of the electrons in a collision-less plasma over the whole range of frequencies.

From Dougherty and Farley (1960). Enhancement explained by
Yngvesson and Perkins (1968).
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Plasma line

Plasma resonance frequency f, is to first order a function of plasma
frequency f,, wave number k, electron temperature T, electron
mass me, electron gyrofrequency f. and magnetic field aspect

angle a:
3k% kT,
2 _ g2 ble 2.: 2
fr—fp—i—mme + fSsin“a (1)
Plasma line power:
fm(ve) + fr(ve) + X
To(vo) = T —0 B 2)

fin(v) = KT g folv0) + X

(Yngvesson and Perkins, 1968)
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Haystack plasma lines

Zenith antenna, Tint=6 min
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Haystack plasma lines
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Sondestrom auroral enhancement of plasma lines

2014-08-15 02:13:36 T, =13.82 5

Range (km)
w
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N
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N

=

-10 -5

0
Frequency (MHz)

(Valladares 1988; Heinselman and Vickrey 1992; Showen 1995)
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Sondestrom plasma lines

+1.4105603e9 2014-09-12 22:19:03
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Arecibo plasma lines




Arecibo plasma lines

Line feed 2015-01-25 14:22:18 UTC
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Arecibo plasma lines

w

f=1

(=}
T

Altitude (km)

2

w1
(=3
!

3 Frequency (MHz) 4

150 meter range resolution, 1 kHz frequency resolution, 20

second time resolution.
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Arecibo plasma line, turbopause

Range (k)

Arecibo plasma line 2015-01-25 18:45:17 UTC
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E-region

Range (k)
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Arecibo plasma line 2015-01-25 12:08:38 UTC
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lon line

Range (km)

Arecibo plasma line 2015-01-25 18:45:17 UTC
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Full ISR spectrum

Range (km)

Arecibo plasma line 2015-01-25 11:58:56 UTC
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lonospheric waves

High frequency component (kHz)

S

Altitude (km)

Hour (AST)

(Ganguly and Behnke 1982; Sulzer 1986; Djuth 1997; Dyrud et.al.,
2008)
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Plasma line power

PHOTOELECTRON FLUX (cm®.ster -sec-e

10°

T R

o lo 20 30 40 50 60 70 80 90 100
ENERGY (ev)

(Hernandez et.al., 1983)

fm(ve) + fo(ve) + X (3)
fm(V¢) — KT%fp(Vdﬂ + X

Tp(ve) =T

(Yngvesson and Perkins, 1968)
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Conjugate flow of photoelectrons




Upshifted /downshifted power ratio
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T and v, from plasma lines

Plasma resonance frequency f, is to first order a function of plasma
frequency f,, wave number k, electron temperature T, electron
mass me, electron gyrofrequency f. and magnetic field aspect
angle a:

3k? kpTe
472 m,

2 _ g2
f2 =12+

+ f2sin’a (4)
Up and down shifted wavenumbers:
27
ke = lfo + (o £7)] (5)

Because of slightly different wave numbers:

f 12k, Te
5f:f,—,+¢z£<4ve— Cn‘; ) (6)
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High Resolution Plasma Line and Asymmetry

Using the asymmetry of the up- and down-shifted plasma lines, we can obtain an
independent, high resolution measurement of T,

N
— 10.12 AST, 254.85 km

Asymmetry

Altitide (km)

1 Down-shifted Up-shifted
83-73-63-53-43-33 0 33 43 83 63 73 A3
Frequency (MHz) 3
Te k) i
3
g

a 1000 2000 Theoretical

| |\ Predictions
Full Theary
Kingtic, no B

Altitude (k)
EEEHEEBYBLY

Ahilude (ki)

a

o kHz)

Nicolls et al., GRL, 2006




Radio frequency interference (RFI)

MIT Haystack
ISR spectrum, 10 min integration, Zenith antenna, No RFI mitigation, Compressed dB scale
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RFI mitigation, outlier detection (1/2)

Estimate the variance of raw voltage samples using median.

62 = <g>3median(|zt]2) (7)

Use threshold to detect outliers (eg., spikes in data).

Spikes 25 MHz bandwidth

length(z))

00

0.1
I

seq(min(e(Re(z), IM(z)), max(c(Re(2), Im(z)), length

-02
I
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RFI mitigation, sample variance estimation (2/2)

Range, time, and frequency dependent estimation of variance from
measurements.

N
1
= N1 Z Srt+t/Nw (8)
t=0

Intermediate range, time and frequency dependent sample variance
estimate:

N

R 1

67 = N_1 > IS el (9)
=0

Now we can average the spectra at the output resolution using
variance weighted averaging:

M

1 1
" _ 2 : /
Sr,t”,w - M  ~—2 ~D Sr,t’—i—t”M,w (10)
Zt/:o Ort'w t'=0 Trt'w
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RFI

(zHi) fouenbaiy
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02

0.0

Time (s)
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RFI

MIT Haystack
ISR spectrum, 13 min integration, Zenith antenna, Compressed dB scale

Range (km)

Frequency (MHz)
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D-region, collisional dusty plasma, massive ions, smoke

particles (Fentzke et al., 2009)

Normalized Power Spectral Density

(o]

Normalized Power Spectral Density

0.8

0.6

04

0.2

00

0.8

086

0.4

02

0.0

b
T T T T 1.00 T T T
G Line feed data, 88.3 km @ Line feed ACF, 88.3 km
~ Broad D-region spectrum = ACF of Degion spectrum
— Derived MSP spectrum ) = Fitted MSP AGF
[= Total fitted spectrum oo | - Summed ACF
o 0 w
o ]
L ‘o, 1<
2 i ]
® o & 010 gQ s e
L o 18 ’Q [ ] Ld
e 5 . .
0 /8 z L]
o ]
L oo A5 0 ]
o a5 ol g ©
ey n a o 0
o m o &4 o
e ! & oo
P - | B Ty 0.01 . .
-400 -200 0 200 400 5 10 15 20
Frequency (Hz) Lag Time (msec)
d
T T T T 1.00 T T T
OGreg feed data, 88.3 km @ Creg. feed ACF, 88.3 km
—Broad D-region spectrum o = ACF of D-region spectrum
[~ Derived MSP spectrum ] = Fitted MSP ACF
= Total fitted spectrum - Summed ACF
- &
L 1<
-
@
S 010 ® [ ] 4
o PAa g g ¢
o
. S O i1t Yoo tee
o S L
o 4
o o o
a
L o p ao
be o ty © o2 5 b L
o oo E'Ba Doo o004
Bz R0, f . L R 0.01 . .
-400 -200 0 200 400 5 10 15 20

Frequency (Hz)

Lag Time (msec)

29 /46



Naturally enhanced ion-acoustic lines (Ogawa et al 2011)

A03313 OGAWA ET AL.: RELATION BETWEEN ION UPFLOW AND NEIALS A03313

(a) 20070423 0438:35 UT (b) 20070614 1059:59 UT
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150 km echoes (Chau et al 2007)

Altitude [km] Altitude [km]
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J. L. Chau et al.: Enhanced 150-km ion-line spectra
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Space debris: EISCAT Iridium-Cosmos collision
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Space debris:

Jicamarca
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Space debris: Jicamarca

Space debris detections

o
o _|
wn
o~
o
o © o
S - o
o~
[e]
= o o 8 © o
g o o ° o © o o o o & o o @
o _| o o
% 6 1976 00069%§ %Oﬁgj%&oo%@? @o;ogood%%o 0
I o o
hd o [e] o ® O © o O o o O,
3 O - P © 00 0 @ ) 033
S & oo ) g)@o o?l@@o@ O@Oogo% & Co@EP @ o ® X0
~ |oe D o® Koes ey g
0 63¥08 as (8]
& 0 SEBFL o oot g Fueo o 20"
o ? e o "0 O °" o 500
3 7 © OD@ o 80° @ o o &
o o o
* 'i— &% KO oo, ¢
I I I I I
1284420000 1284440000 1284460000 1284480000 1284500000

as.POSIXct(unix2date(1284415515) + 1:dim(nn)[1] * 337.5. tz = "UT")

34 /46



Space debris: Jicamarca

Space debris detections
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Meteors, meteor head echo

1802 J. Kero et al.
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Figure 2. Histogram of the hourly meteor detection rate and the number of observed Draconids during the MU radar observation from 2011 October 8 05:00
uT to October 9 13:00 uT. The elevation of the Draconid radiant (red) peaks at ~70% around 7 UT. The error bars show the ZHR calculated by G. Barentsen
from 2164 visually observed Draconids collected by the IMO.
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Meteors, meteor head echo
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Meteors, meteor head echo

19-Nov-2002 (323) 07:00:16
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Asteroids
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Asteroids
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Moon 930 MHz
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