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Outline JICAMARCA
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* Introduction
* JRO Research Themes and Mission
* ISR Modes at Jicamarca: Oblique vs. Perpendicular

* Coherent Scatter Echoes and Their Implications for
ISR Modes

* ISR Examples
* Limitations of Jicamarca ISR Modes

* Examples of Coordinated Science at Jicamarca



The Jicamarca Radio Observatory ] [CAMARCA

CEDAR June 19, 2006

* Operating frequency: 50 MHz

* Antenna type: array of 18,432
dipoles, organized in 8x8
cross-polarized modules.

* Pointing directions: within 3
degrees from on-axis. Phase
changes are currently done
manually.

* Transmitters: 3 x 1.5 MW pea-
power with 5% duty cycle.

* Located “under” the magnetic

equator (dip 1°).
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JRO Themes 2004-2009 (1) JICAMARCA
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* Understanding the stable ionosphere

Topside: What controls the light ion distribution? Why are the equatorial
profiles so different from those at Arecibo? What 1s the storm time
response of the topsider?

Fregion: Do current theories fully explain electron and ion thermal
balance? Do we understand the electron collision effects on ISR theory
now? What 1s the effect of F-region dynamics near sunset on the
generation of ESF plumes? What are the effects of N-§ winds on inter-
hemispheric transport?

E region: What are the basic background parameters in the equatorial E
region? What is the morphology of the density profiles in this difficult to
probe region? How does this morphology affect the E-region dynamo?

D region: What effects do meteor ablation and mesospheric mixing have
on the composition in this region?
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JRO Themes 2004-2009 (2) JICAMARCA

CEDAR June 19, 2006

®* Understanding equatorial instabilities

— Fregion: What are the fundamental plasma processes, including nonlinear
processes, that govern the generation of plasma plumes? What are the
precursor phenomena in the late afternoon F region that control whether
or not an F-region plume will be generated after sunset?

— Daytime Valley echoes (or so-called 150-km echoes). What are the physical
mechanisms causing them? (still a puzzle after more than 40 years!).

— E region: What are the nonlinear plasma physics processes that control the
final state of the electrojet instabilities? To what extent do these
instabilities affect the conductivity of the E region, and by extension, the
conductivity of the auroral zone E region, where similar, but stronger and
more complicated, instabilities exist?
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JRO Mission ] [CAMARCA
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The Jicamarca Radio Observatory exists today with the goals of:

deepening our understanding of the equatorial and low-latitude
atmosphere and ionosphere and the systems to which they are

coupled

fostering the creation of avant-garde radar and radio remote
sensing techniques

training and educating new generations of space physicists and
radio scientists and technicians

expanding its own capabilities through upgrade and invention

increasing its influence internationally
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Student Participation at JRO ] [CAMARCA

Radic Observatory
CEDAR June 19, 2006

Hysell, Farley, Swartz, Students

Jicamarca
Radio

Observatory
Chau, Woodman,
Engineers, Physicists
Students

Other

Institutions

e.g., Kudeki, Basu,
Fejer, Meriwether,
Anderson, Kelly
Reinisch, Oppenheim,
Valladares, Students,

ctc.

Clustered
Instruments
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Oblique vs. Perpendicular ISR: Geometry ]ICAMARCA
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k k

Depending on a:
— Oblique: « > 0
— Perpendicular: o« = 0

What is the « boundary between
modes?

What are the antenna patterns used?

What are the differences on ACFs

and spectra between modes?

How 1s the polarization of returned
signals?

How are the modes affected by
coherent scatter echoes?

What can be measured?



Oblique ISR: Antenna Patterns

JICAMARCA
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Ng Total Pattern for Chligue ISR On—axis

.05

* +

0100 km
Q00 km
1000 km

QO | YA

Weat to North

—2.05 ¥

—a

—0.05 0.00 0.085

West to Sauth
Crver Jicamarca: 17 —Mov—2005 (137

Three standard beam positions
are used:

— On-axis (a = 1.99)

_ 4.5 (0 = 3.59

_ «6.0” (a = 5.29
Maximum antenna gain 1s

obtained with “On-axis’” and
less with “6.0”.

Be careful of possible sidelobes
pointing perpendicular to B,
since locus of perpendicularity
changes from year to year.

Scattered signals will be
convolved with the antenna
pattern.
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Perpendicular ISR: Antenna Patterns JICAMARCA
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Ng T-I::-JLGI

Paottern for East—West

2005

|* Three standard beam positions
are used:

Q ] — Vertical (both polarizations)
—18"

e S — “East” (3.6° with respect to
% 0500 km vertical). One linear
° 1600 km polarization.

O — “West” (~2.1°). The other

linear polarization

Q @ * Maximum antenna gain is

.05

¢.00 obtained with “Vertical” and

. less with “East”.

1* Either Vertical or East-West
1 modes are run at the time,

- unless wider beams are used
| (te., smaller antennas).

; & 1* Recall that the scattered signals
I - ] will be convolved with the
|

Weat to North

—2.G5 7

* antenna pattern.

| | | | | | | | L—'—\—l-._ | | |

—0.05 0.00 0.05
West to Sauth

Crver Jicamarca: 17 —Mov—2005 (137



Oblique vs. Perpendicular: AC

Fs

JICAMARCA
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[from Woodman, 2004]

o = 2.00° 1 AT) o = 0'250,;(7) o = 0.00° o)
17 — 4 S

08

o 06

4 0.4

™ _..-"'co1lf§c aless %, o2
0004 -00ms o2 0008 ooz oocz 0004  -0.002 0002 0004
ms 2 4 T mase ms 2 4

Oblique Perpendicular

* ACFs are narrow
* 1 ms =150 km (for monostatic measurements)

*  ACFs are very similar to the non-collisional,
unmagnetized case seen in previous talks.

* ACFs are dominated by the dynamics of the ions

e Within the pulse (or IPP) estimation is needed to
avoid range ambiguity

* Critcal angle: « = 0.334° (where ions and

electrons behave as they had equal “mass”).

ACFs are very wide. Coulomb collisions and
magnetic field effects need to be considered.

ACFs dominated by the dynamics of the electrons
(electrons behave “heavier” than ions).
Very quickly gets wider (small o values).

Due to long correlation times, pulse-to-pulse
estimation can be performed, and very accurate
vertical and zonal drifts are estimated.



Oblique vs. Perpendicular: Spectra
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JICAMARCA
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<10 ISR Spectrum for Different aspect angles
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Oblique
* Spectra are wide (>1000 m/s or 300 Hz at )
50 MHz) and independent of a within

typical antenna beam widths.

ISR Spectrum for Different aspect angles
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with electron collisions
005 see tutorial by Prof. E. Kudeki
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Perpendicular

Spectra get narrower (less than 150 m/s) for
smaller o and change very quickly.
Measured spectra results from a convolution

of spectra with different widths due to finite
antenna beam width.
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Oblique vs. Perpendicular: Faraday Rotation

Faraday “rotation” arises from the difference between the
indices of refraction corresponding to the two
characteristic modes of a magnetoionic medium.

Phase difference between these modes of propagation is
proportional to the integrated electron density.

Given Jicamarca’s 50 MHz frequency (the lowest of all
ISRs), significant “rotation” from ionospheric signals is
observed and from this absolute electron densities are

obtained.

Oblique
Quast-longitudinal approximation is
valid for o > 0.4°.

Two-circular polarizations are
transmitted and received.

Small “cross-talk’ due to elliptical
modes need to be corrected for a < 2.0°
We do this correction by flipping every
other pulse.

Ne(h) = Krdo/dh.

[from Farley, 1969]

Perpendicular

Quasi-transverse approximation.

A linear polarization is transmitted to
excite both quasi-transverse modes
(parallel and transverse to B).

On reception two linear polarizations
are received.

Each linear polarization 1s a
convolution of linear and highly
elliptical modes due to the finite beam

width. [from Kudeki et al., 2003]
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Oblique vs. Perpendicular: Power JICAMARCA

measurements CEDAR June 19, 2006

* Electron density
measurements can also be
obtained from absolute ISR
power measurements.

- 0.7

e However, the absolute ISR
power 1s also highly

Temperatureratioc T/ T
2
[=y]
Efficiency factor (1)

dependent on the pointing
angle with respect to B. In
addition, 1t 1s dependent on

0 1 2 3 4 :

electron to ion temperature eerete aspe':::g'?fffi Milla and Kude&i, 2006
ratio (Te/T1). See specific ,
details in the talk by Prof Ps(h) = KsNe(h)one(h)/h

Erhan Kudeki later this week.
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Oblique vs. Perpendicular: Altitude issues JICAMARCA

CEDAR June 19, 2006

(b) Spectogram w1th0ut EEJ [dB]

* Depending on the altitude of interest, 14.0
collisions, temperatures and differention 195
composition, are the main parameters ﬁf
that changed the ISR spectrum shape. E e
This is particularly true for Oblique i 05
measurements. .

* Perpendicular spectra show very little, or A0 B, e [from Chan and Kudek, 2006]
none, dependence on these parameters. §L g g —

] | [from Hysel et a/., 2006]

* For example: St 1400

— at E and D region altitudes, collisions * — ? I B |
with neutrals are important, the specttum  _=----- | |
gets narrower as the altitude decreases. _ “ —— _3 'I _g 1_000_

— At valley altitudes, in addition to typical E : — _-ﬁ ii*-.ll _é Eﬁ
[O*], [INO*] and [O,*] need to be — \ i
considered [see Nicolls et al.]  N— \ ,'

— At topside altitudes, more ion species are === ’ yan il
present [O*],[H*] and [He*] [see Rodrignes ===+ /& |~ 200

et al.) ) e | | ] iy
3 oz _-:-.l ETE i ”"'5-"a BT i TC,TI Composltlon
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Coherent scatter echoes over Jicamarca (1) ]ICAMARCA
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km

* Field-aligned 7o
irregularities

B EEJ 120

Electrojet Plasma Turbulence -— 2-stream instability, varies
| too fast for pulse compression to work properly,
U Steve Franke{|’ saturated color scale

— Non-specular meteor

trails (short-lived EE]Js)

— Valley echoes B e £ g
turbulence - | 7%
— ESF s
60
¢ Meteor head €ChO€S atmosphere & below the |anhl:;.~,|er: h

40

* Atmospheric echoes

e Mountains 20
e Satellites

e Moon
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SNR (dB)

* Field-aligned
irre

=
Py

Altitude (km)

— Non-specular meteor
trails (short-lived EE]Js)

21:00 21:30 22:00 22:30
Local Time (20-Oct-1993 (293))

L o SRR T LS TR LA AN A T TS
23:00 23:30

JULIA ETI Flot on January 23, 2006

 Meteor head echoes

* Atmospheric echoes

e Mountains i S

e Satellites 2 J Iy P :

 Moon f”‘wl v U
T N i
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Coherent scatter echoes over Jicamarca (3) ]ICAMARCA
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Mean SNR (dB)

¢ Field—ahgned 120 I: | Il B | |

. . 110 I. | il | .‘ Ll H'I'I | |II|':'
irregularities 8 i n!"'|-.|"\-|"'k.".'r'|" | e ‘l\ ,|| | R

/*7 o o B:58 @58 T:00 T:0L THE THE OTH4 THOH TH6 THOT TO0B 08 TI0 T:AIL T:IB T:IR
'~ L ~ dod- “ N 'l A Local Time
(1O L1 AU BN BVl VR IND Day: 18-Now-2001

a) Jicamarca Power p_wlC (dBE
. P

HE]

Height {km]

Atmospherlc eChoeS Iﬁ-li‘l 2:00 0 4:00 ﬁﬂ- Cllﬁ-m-f}ﬂ 120G 14:00 16:00 1300 QGGD 22 I:II:I

Local Time: 19=Sep—-2031 (262)

e Mountains

e Moon
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Altitude (km)

Altitude (k)

Electren Temperature [k lon Terperature [°K)

1000

| I 1
800 II [}

4043

204

18600 13

B0C '

(Al
1

40a
10

2040

200 16:00 2:00 : a-00 16:00 B:00 0-00

Lacal Time Local Time
nnnnnnnnnnnnnnnnnnnnnnnn

2000,

1000,

* This is the traditional mode
(since 1960’s) to get:

-densities from Faraday rotation
and power.

-Temperatures and
Composition from ACFs
obtained with Double Pulse
sequences.

* This mode doesn’t use the
available duty cycle.
*Composition is hardly
obtained.

e Atter Sulzer and Gonzalez [1999]
work, temperatures estimates
have been improved and the
data reanalyzed since 1996.
*c.g., This mode is ideal for
studying the Midnight
temperature maximum (MTM).

(Farley, 1969]
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Faraday DP — Alternating codes
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Altitude (km)

Altitude (km)

e FiAr R 1T LN [ WS Iy
1400-.'.' HE H{Ir R l.ll qg i
|I| ] 3 WL !

1200 [

1000 [y

5] -

Plasma Density (log m™

Local Time

H* fraction (%)
DRI - .:I“:H[. i: I-'ill e D

len Temperature [®
[ ST AT T

i I"I-ulu I.IE? l_rIH -ﬁ- C ol
.I':. . g

..........

0:00 16:00
Loczl Tirme

1.00

2000,

1000,

*This modes combines the
Faraday DP mode with an
alternating code mode [e.g.,
Hysell, 2000]. Allowing us to use
the available duty cycle. It
provides:

-Density and temperatures
below 500 km from Faraday
Double Pulse

-Density, temperatures and
composition above 500 km.
*Altitudinal coverage it is better
at the expense of bottom side
temperature estimates with
slightly less accuracy.

*Very good for removing
satellite clutter from raw
voltages.
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Faraday DP — Long Pulse

Plasma Density (leg m™)
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1.00

*This modes combines the
Faraday DP mode with a long
°®  pulse mode, again allowing use

1500

of the available duty cycle.
oo *Altitudinal coverage it is better

]
[}
[}

Altitude (km)

than previous two modes at the

500 expense of less altitudinal

10
resolution.
*Similarly it provides:
-Density and temperatures
below 500 km
-Density, temperatures and
@ composition above 500 km.

*Preliminary results (Hyse// and

o gt I it LERAN g

1500 [

w.  Rodrignes, work in progress)
-Good for Topside work and
sunrise observations.

-Hard to deal with satellite
clutter.

2000.

Altitude (km)

10a0. § 1000,

14 15 16 14 15 15

Lacal Time Local Tirme
Ermras | 53S9 d STy 4 1A —arm—"1Nd F2E0%
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Zonal Drifts owver Jicamarca (ms“‘]

eSimultaneous measurements of vertical

300,
and zonal drifts, with 15 km and 5 min
resolutions. 150,
*Modes to get electron density £
measurements from phase [Kudek: at al. 5 o
2003, Feng et al. 2003] and absolute power =
=150,
[Chau et al.] are bein ng developed
(a) JRO 5 pow( .
! 100,
s00
50,
22,5 -
£
2
600 1‘-; o8
£ 400t S - - SRR o T
3
z 150 WG SR BN NN ) N 0
) 400
e e T A N e, YR ST e e e bl —106.
MO0 200 400 SO0 S00 10:00 1200 1400 1600 18:00 Z0:00 2200 000
Local Time: Sap—19—2001 {263)
. I'-.de-::n F—regmn ‘v’er'tm:-::ll Drifts (ms"j [218(] 5?80 km]
200 1) rRRRORTASRMR AT ISR RIRIATRIRAAFRIRIRERARIFRSRNTE - RS ISR 3
. 20 ; ................................. ;
S oo [P T R o
B ] R T R TR FET R e L | e EEEAEE: 7—:
: ~ =, 000 200 400 600 800 1000 12:00 1400 16:00 1800 20:00 22:00 000
1800 1830 1900 15930 200 20030 21:00 2130 200 21300 2300 Lacal Tirma- SHP—1Q 200 {262)

Local Time: 18—Sep—-2001 (261)

JRO, Wed Mav 17 17:37:43 2008
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Vertical Drifte over Jicomarca {m s™)

160,
*This mode uses
antenna pointing 1500
) 50,
perpendicular to B
and long pulses. T
*Drifts are obtained g 1000} a.
from pulse-to-pulse =
analysis. ;
. . S0 —F[
*Altitudinal coverage -
1s increase at the o : : : : : : : : :
F, L L1 1 11 L Il1 ! 11 11 L : 11 11 1 11 1 11 1 L1 11 : L 11 L1 L 11 11 L1 1 L1 : —1 DD

expense of resolution.
1500 1800 1700 1EDZ  1HOD 2000 200 2200

*It is currently being Leeal Tme: 16—Hov—2004 (321)

evaluated to see if Mean F—r‘egl'c:-n Vertical Drifts (m 57" [JGD.I.:I —500.0 l-z:n] ..
usefulness in drift e e
studies as function of %.".*.-rf-.q-.:-:_-i_-f'.'.’.'.'.'T'.'.:'.'.‘ ..... N . "’ L =
altitude and/or | cOTPRPSUUURUE SORURTY e, e, S PRURENE
latitude [Fejer and Y] IR SR TR ST SR ST R B
Chasi) 1800 1EDD 170D &G0 1800 ( 3.221D:I:Gﬂ P00 200



Oblique vs. Perpendicular: Limitations

JICAMARCA
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Oblique
Reliable measurements above 200 km.

Below 200 km, echoes from field-
aligned irregularities are a problem. Not
as much though, as the perpendicular
modes, since these echoes come via
antenna sidelobes. Ways of reducing the

field-aligned clutter are being evaluated
[Chau et al.

Drift measurements so far have not
been possible, due to transmitter chirp
and what appears to be more important,
external FM radio interferences [Hysel/ et

al.]

“Overhead” measurements, no
scanning capabilities.

Perpendicular

Reliable measurements above 200 km
due to field-aligned irregularities below.

Temperature and composition
measurements so far have not been
possible. Spectra show very weak
dependence on these parameters. Kudek:
et al. are working on that [see talk later
this week].

Density measurements from phase
differences are not straight forward as
in the Oblique modes, a fitting
procedure is needed.

“Overhead” measurements.
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T TR RS A KA A A
Top

E Top ; ?

On-going improvements
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* JRO provides the most precise ionospheric electric fields of all ISRs. See talks later
this week on the use of this electric fields [e.g., Penetration electric fields and
ionospheric storms workshop].

* Calibration campaigns for satellite measurements overhead JRO, mainly for
electric fields and densities [e.g., C/NOFS, COSMIC], but also for topside
densities, compositions and temperatures [e.g., DMSP].

* Validation campaigns for global ionospheric models [e.g., Equatorial Ionosphere
and Scintillation Workshop]

* Comparison campaigns with the Arequipa ground-based Fabry Perot

measurements of temperatures and zonal velocities [e.g. Recent Progress in Fabry-
Perot Applications to CEDAR Science Workshop].

* Support of multi-instrument (GPS, ionosondes, scintillation receivers, optical
instruments, ...) campaigns/projects [e.g., CADRE, MISETA, LISN]

e Support of rocket campaigns [e.g., EQUION, CONDOR]

* Coordinated studies with other ISRS, e.g., penetration electric fields with Arecibo,
Millstone Hill, and Sondy; topside composition studies with Arecibo; meteor-head
studies with Arecibo, Millstone Hill, and Sondy, ...

* More on equatorial acronomy and Jicamarca will be covered at the “opportunities
tor Equatorial Aeronomy” and “Jicamarca Friends” workshops.
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Coherent Scatter Imaging
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