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lonosphere: imaging

RAME NUMBER: 5.200000e+01 FRAME NUMBER: 6.300000e+01
30—-Dec—2013 30s frames 3 S 15—Dec—2013 30s frames
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What is it and why do we care?

1950s formally defined as: “the part of the earth’s upper atmosphere where
ions and electrons are present in quantities sufficient to affect the propagation
Encyclopedia Britannica

of radio waves”

lonized layer(s) in the upper
atmosphere,

altitudes between 50 and 1000 km
Long distance radio transmission: bouncing
via ionosphere

Gamma rays, X-rays and ultraviolet
light blocked by the upper atmosphere
(best observed from space).

1nm 10 nm 100 nm 1pum

Visible light
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from Earth,
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atmospheric
distortion.
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from Earth.
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Maximum distance for
an F layer reflection
is about 4000 km

Maximum distance for
an E layer reflection
is about 2000 km

Figure 6—Signals reflected by the E and F layers.

lan Poole, G3YWX



Electron Density

Electron density/Total integrate electron density (TECU: 1016 e/m?)
Typical values @ 52° for integrated TEC along LOS: ~ 5(night) - 30(day) TECU

CODE’S GLOBAL IONOSPHERE MAPS FOR DAY 181, 2012 — 00:00 UT Ionization thI'Ollgh solar radiation
(X+EUV)
Recombination at night

Depth of radiation + Molecular
densities + composition:

Layered structure

Maximum around 300 km (F-layer)
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Solar Cycle

| R

lonospheric Variability -

The ionosphere is highly dynamic:

lonization through solar radiation (UV+X-ray)
Recombination at night

— diurnal pattern

large gradients @ dusk and dawn
Solar activity cycle
Space Weather events
Scintillation (high turbulence):

(often) after sunset
Pressure + composition lower atmosphere
Traveling lonospheric Disturbances (TIDs)
Small Scale Structures: Kolmogorov turbulence

Structures moving with speeds ~ few 100 km/hr
When observing: tracking through the ionosphere




Solar Cycle

lonospheric Variability

The ionosphere is highly dynamic:

lonization through solar radiation (UV+X-rav) 606 B 09 ;

Recombination at night

— diurnal pattern . 69 : . 2 2

large gradients @

Solar activity cycle \O\.

Space Weath~ a

Scintill~*
P ‘\66 _aiter sunset

Pre\Q 6‘ _iuon lower atmosphere
Travi .uspheric Disturbances (TIDs)

Small Scale otructures: Kolmogorov turbulence

Structures moving with speeds ~ few 100 km/hr
When observing: tracking through the ionosphere




Electromagnetic Propagation

21y
Total integrated propagation Dion = c (n—1) dl
delav LoS Approximation for
Refractive index in ionized plasma frequencies well above
the plasma frequency
q : Ne q3 n.,Bcos6
n=1l- o= TS E 3,2, 3
Smemeey VvV 16" mze 1%
q* n’ q* n.B”*(1 + cos? 6)
1287r4m§6§ v 64ntmle YA

Appleton—Hartree equation (Taylor expansion)
Credits: F. de Gasperin



Electromagnetic Propagation

2my
Total integrated propagation Dion = o (n—1) dl
delav LoS Approximation for
Refractive index in ionized plasma frequencies well above

ma frequency
B?(1 + cos? 6)
64r4m; € % ’

Appleton—Hartree equation (Taylor expansion)




Electromagnetic Propagation

Calibration: Jones matrices ( Gis Gy ) B ( cos(a)  sin(a) 0
i )

—sin(a) cos(a ny

Refractive index in ionized plasma

4 ’

Appleton—Hartree equation (Taylor expansion)



Phase effects

Lonsdale (2005)
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Phase effég
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Polarisation Effects
Faraday rotation
B/’

/ 'l Rotation angle:

Image credits: wikimedia commons

8=RMy2, RM =

See Polarimetry Lecture (M. Brentjens)
on Wednesday

Plasma + magnetic field:
phase shift between right and left circular
components

Equivalently:
Rotation of linearly polarized components

e3
8rlegm?c

/ ’ ne(s)B, (5)ds
0



Differential Faraday Rotation

Thin layer approximation: RM;,,, = TEC'B,,  Selfcal: either

Different LOS: dTEC and dB;; — dRM * solve full polarization matrix

Rotation of the signal from XX,YY to XY,YX due to « diagonal gains + 1 rotation

different Faraday rotation angles for different matrix

antennas  converttocircular
polarization:

>100MHz: small rotation most of the time difference in R and L phases gives

<100MHz: significant effect Faraday rotatlon angle
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Faraday rotation: Polarised emission

WMM2010 Declination (min)

Polarized emission
Time variability of
ionospheric Faraday
rotation causes
depolarization
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Model RM, ., by combining
geomagnetic and
ionospheric models

180

Eg: https://github.com/lofar-
astron/RMextract Thin layer approximation: RM,,,, = TEC-B,



Faraday rotation: Polarised emission

Sam% VJelic et al A&A 568, A101 (2014)
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Amplitude Effects

Amplitude solutions LOFAR CORE (3km)

T2 T3 T4 T5
e ©° o ©
o] 9]

@ a o S

" . ° ¢

o
o
&

F. de Gasperin et al. 2018
2013-08-18T21:05:00.000

Amplitude scintillation:

Due to lensing effect (Fresnel scale: ~2 km @LOFAR)
Rapid varying station amplitudes
DI calibration

freq (MHz)

80

time since start observation (hr)

FOV variations?

Excellent diagnostic tool for ionospheric conditions



Characterization of the ionosphere: Autocorrelations of the calibrator (3C196, HBA)
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Conclusion

* When doing radio astronomy @ low frequencies, you cannot ignore the ionosphere
* Mainly phase effect
* Variations in time, frequency and space
* You need to choose your calibration strategy well

* Time, frequency solution interval

* Transfer of calibrator solutions not sufficient »> selfcal on target
* Rapid DD phase calibration necessary in many cases
* Polarised emission can be precorrected for ionospheric Faraday rotation

using external data



Tutorial

* Download lofim.def, put it in an empty directory cd to that directory
e Start docker: sudo service docker start
* Check: docker ps
* Ifyou get permission denied : try sudo chmod 666 /var/run/docker.sock
* Build image: docker build -t lofim_soft -f lofim.def ./ (this will take about an hour!)

Hopefully these first steps were already completed

* cdtodirectory with notebooks and materials (ionospheric_effects)

* Runimage with docker: run -it -v $PWD:/data -p 8000:8000 lofim_soft

* cd/data && jupyter lab --ip 0.0.0.0 --port 8000 --no-browser --allow-root
* Open browser: open link from terminal

e Start notebook (lonospheric Phase Effects.ipynb)



