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EISCAT in the PITHIA e-Science Centre

ÅA search for EISCAT gives seven results:
ÅEISCAT Svalbard Dynasondeanalysed data

ÅEISCAT Svalbard Radar Data in the Madrigal Database

ÅEISCAT Tromsø Dynasondeanalysed data

ÅEISCAT UHF Radar Data in the Madrigal Database

ÅEISCAT UHF Radar Vector Data in the Madrigal Database

ÅEISCAT VHF Radar Data in the Madrigal Database

ÅEISCAT VHF Radar Vector Data in the Madrigal Database

ÅWhat is this?



ÅEISCATis short for EuropeanIncoherentScatter

ÅEISCAT is an international organisation 
performing fundamental researchin solar-
terrestrial and atmospheric physics using radar 
systems.

ÅEISCAT was founded as an organisation in 1976. 
The first EISCAT radars started operations in 
1981.

ÅThe EISCAT membersare research organisations
in Finland, Japan, China, Norway, UK and 
Sweden. They finance EISCAT through annual 
fees.

EISCAT ScientificAssociation



Longyearbyen, Svalbard

UHFtransmitter and receiver (500 MHz)
Twoparabolicdishes(32m and 42 m)
Peak transmitpower: 1.0 MW



Tromsø, Norway

VHFtransmitter and receiver (224 MHz)
Paraboliccylinder (40m × 120 m)
Peak transmitpower: 1.6 MW UHFtransmitter and receiver (929 MHz)

Parabolicdish(32m diameter)
Peak transmitpower: 2.0 MW



Sodankylä, Finland Kiruna, Sweden

UHFreceivers (929 MHz), 1981ς2011
VHFreceivers (224 MHz), 2011ς2022

Parabolicdishes(32m)



Whatis a radar?

ÅRADAR: Radio Detectionand Ranging
ÅTransmit a radio signal towards what 

you want to study

ÅAnalyse the radio signal coming back



Data from an EISCAT receiver

ÅThe analogsignal is down-converted in two steps

ÅIt is then digitised using I/Q samples (complex values)

ÅDigital signal is down-converted into base-band

ÅThe signal received after pulse Ὧ:  • ὸ

ÅAuto-correlation of the signal: ὃ ὸȟὸ • ὸ•ᶻὸ

ÅAnother notation: ὃȟ† • ὸ•ᶻὸ †
ÅThis type of data is stored by EISCAT (level 2)

ÅFrequency spectrum: ὛȟὪ ╕ὃȟ†

EISCAT UHF



Coherencetime

ÅThe coherence time is the †corresponding to the first zero crossing by 
the auto-correlation function.



Coherent / incoherent scatter

ÅCoherent scatter: The coherence time is much longer than the time 
between radar pulses.

ÅIncoherent scatter: The coherence time is much shorter than the 
time between radar pulses.

ÅLower atmosphere: The coherence time is determined by turbulent 
ŦƭǳŎǘǳŀǘƛƻƴǎ Ҧ ҔҔ р ms

ÅIonosphere: The coherence time is determined by thermal 
ŦƭǳŎǘǳŀǘƛƻƴǎ Ҧ ғғ р ms



Coherent / incoherent scatter method

ÅRadar measurements require summing over several pulses to 
minimise variance

ÅCoherent scatter measurements:
ÅFirst sum the signal from many pulses, then do auto-correlation of the result

ÅIncoherent scatter measurements:
ÅPhase information lost between the pulses, but statistical information 

retained

ÅFirst do auto-correlation for each pulse, then sum the results



Illuminating a free electron

ÅElectric field transmitted from the radar 
transmitter (at the origin):
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ÅThe electron (at ►) is accelerated due to 
the electric field:
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Radiation from an accelerated electron

ÅExpression for the electric field seen by an 
observer:
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Thomson scattering

ÅElastic scattering of electromagnetic radiation

ÅNon-relativistic (for electrons: less energetic than X-ray)

ÅThe Thomson scattering cross-section can be calculated:

„ = 6.65×10-29 m2

ÅThis small cross-section is the main reason the Incoherent Scatter 
Radar systems have to be so large (sensitive) and powerful.



άbŀƠǾŜέ ƛƴŎƻƘŜǊŜƴǘ ǎŎŀǘǘŜǊ ǎǇŜŎǘǊǳƳ

ÅUse Thomson cross-section to determine electron density, from the 
total received signal power.

ÅUse doppler spread of the spectrum to determine electron 
temperature:
ÅAssuming Maxwellian velocity distribution of the electrons

ὊὺᶿὩ
Åwe expect a Maxwellian spread in the spectrum, with a width corresponding 

to the thermal velocity ὺ ὯὝȾά

ÅThis width is , or about 0.3 MHz for 2000 K electrons 

measured by EISCAT VHF



First incoherent scatter radar system

ÅArecibo, Puerto Rico
ÅIn operation 1963 ς2020

Å305 m in diameter

ÅThe spectrum did not look as the 
naïve approach predicted
ÅSignificantly narrower main feature

ÅSignificantly higher spectral peak



What are the electrons really doing?

ÅWe need to consider the ionosphere a plasma, not a gas

ÅCollective effects!



Thermal fluctuations in a plasma

ÅElectrostatic fluctuations of the electric field in an isotropic 3D 
collisionlessplasma:
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ÅὊ ό is the one-dimensional projection of the distribution function 
on an axis parallel to ▓.
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Plasma dielectricfunction

ÅDispersion relation for electrostatic waves in unmagnetized plasma
‭▓ȟ‫ π

ÅPeak in fluctuation spectrum near inherent wave modes!

ÅElectron density follows the electric field fluctuations when the waves 
are electrostatic



Incoherent scattering from a volume

ÅThe radar illuminates a volume, different 
parts experience different phases of the 
incoming radio signal

ÅWe have constructive interference when 
the Bragg condition is satisfied for density 
enhancements (wave fronts) in the plasma 
(▓):

▓ ▓ ▓

ÅHence, fluctuations of a specific 
wavelength propagating in a specific 
directions are picked up by the radar 
system
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Inherent wave modes

ÅThe dominating electrostatic inherent wave modes in a plasma:
ÅIon-acoustic waves

‫ ὺ ȿ▓ȿ
Åὺ is the ion-acoustic speed, essentially the speed of sound

ÅLangmuir waves (plasma waves)

‫ ‫
σὺ

ς
▓

Å‫ is the electron plasma frequency, ὺ is the electron thermal speed

ÅSpectral peaks expected at these frequencies
Åάƛƻƴ ƭƛƴŜέΣ άǇƭŀǎƳŀ ƭƛƴŜέ



Incoherent scatter spectrum

ÅExample spectrum for ne=1.5×1011 m-3, Te=2000 K, Ti=1000 K, O+ ions, 
EISCAT VHF frequency.



Incoherent scatter spectrum

ÅThe continuum spectrum, corresponding to the naïve approach, is 
visible



Incoherent scatter spectrum

ÅάLƻƴ ƭƛƴŜέ ƛǎ рл ǘƛƳŜǎ ǎǘǊƻƴƎŜǊΣ ŀƴŘ олл ǘƛƳŜǎ ƴŀǊǊƻǿŜǊ 



Incoherent scatter spectrum

ÅάtƭŀǎƳŀ ƭƛƴŜέ ƛǎ ǾŜǊȅ ǎǘǊƻƴƎΣ ōǳǘ ƛǘǎ ŦǊŜǉǳŜƴŎȅ ƛǎ ǾŜǊȅ ŘŜǇŜƴŘŜƴǘ ƻƴ 
electron density



The ion line

ÅThe ion line is usedto extractuseful
information about the plasma!
ÅThe ratio between the electron and ion 

temperatures (ὝȾὝύ ŦǊƻƳ ǘƘŜ άǇŜŀƪ-to-
ǾŀƭƭŜȅέ ǊŜƭŀǘƛƻƴ

ÅThe ratio between the temperatures and 
the ion mass (Ὕ ὝȾά ) from the width 
of the spectrum

ÅThe electron density (ὲ) from the total area 
under the spectrum

ÅThe ion velocity (plasma flow) (ὺ) from the 
frequency shift
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EISCAT data                                  _

ÅThisis how EISCAT data is 
usuallypresented

ÅRange dependenceof
plasma parameters

ÅThesedata arestored
(level3 data)

Electrondensity

Electrontemperature

Ion temperature

Ion drift velocity (line-of-sight)

(Radar system parameters)



Thingsto note

ÅHavingreceivers in three separategeographicallocationsmakes it 
possibleto measurefull vector velocity of the plasma drift

ÅTemperaturesand velocitiesaredeterminedfrom spectralshapeand 
doppler shift. The electrondensitymayrequireextra calibration
efforts.
ÅFor exampledueto different antennagainthan expected(often wet snow)

ÅFor calibrationpurposes EISCAT, has alsobeenoperating Dynasondes



EISCAT in the PITHIA e-Science Centre

ÅBack to the list of EISCAT data from the beginning:
ÅEISCAT Svalbard Dynasondeanalysed data

ÅEISCAT Svalbard Radar Data in the Madrigal Database

ÅEISCAT Tromsø Dynasondeanalysed data

ÅEISCAT UHF Radar Data in the Madrigal Database

ÅEISCAT UHF Radar Vector Data in the Madrigal Database

ÅEISCAT VHF Radar Data in the Madrigal Database

ÅEISCAT VHF Radar Vector Data in the Madrigal Database



EISCAT radar data

EISCAT Svalbard/UHF/VHF Radar Data in the Madrigal Database

EISCAT UHF/VHF Radar Vector Data in the Madrigal Database

ÅAccess to the standard set of ionospheric data is from Madrigal

https://madrigal.eiscat.se

ÅThe link in the e-science centre takes you to directly to a list 
containing all available EISCAT level 3 data obtained by the chosen 
radar system
ÅYou may at some point need to enter name, email and affiliation before you 

can download the data

https://madrigal.eiscat.se/


Madrigal interface

ÅFrom this list youcanclickon the experiment youareinterestedin



Madrigal interface

ÅHereyouneedto selectthe data file from a list

ÅThe fileswith a namebeginningwith MAD6400 arethe ones
containingthe electrondensities, the temperaturesand the ion drifts.



Madrigal interface

ÅIn ά{ǳǇǇƭŜƳŜƴǘ ŦƛƭŜǎέ ȅƻǳ ŦƛƴŘ ŀ ƭƛǎǘ ƻŦ ǇǊŜ-made plots, and other useful files.

ÅLƴ ά5ƻǿƴƭƻŀŘ ŦƛƭŜέ ȅƻǳ Ŏŀƴ ŘƻǿƴƭƻŀŘ ǘƘŜ ŘŀǘŀΦ
ÅThe available data formats are Hdf5, netCDF4 and ASCII.
ÅThere are also possibilities to select which parameters to include, and to filter the data before 

downloading.

ÅLƴ άtǊƛƴǘ CƛƭŜέ ȅƻǳ Ŏŀƴ ŘƛǎǇƭŀȅ ǘƘŜ ŎƻƴǘŜƴǘ ƻŦ ǘƘŜ Řŀǘŀ ŦƛƭŜ ƻƴ ȅƻǳǊ ǎŎǊŜŜƴ

Åά±ƛŜǿ ŦƛƭŜ ƛƴŦƻέ ŀƴŘ ά/ƛǘŜ ǘƘƛǎ ŦƛƭŜέ ƎƛǾŜ ǳǎŜŦǳƭ ƳŜǘŀŘŀǘŀ ŀōƻǳǘ ǘƘŜ Řŀǘŀ



Madrigal interface



Madrigal interface



Madrigal interface



EISCAT dynasonde data

EISCAT Svalbard/Tromsø Dynasondeanalysed data

ÅAccess to the dynasonde data is throughan EISCAT portal

https://dynserv.eiscat.uit.no

ÅThe link in the e-science centre takes you to a login page.

https://dynserv.eiscat.uit.no/


Dynasonde interface

ÅYou need to be registered as a user to enter
ÅThis is an immediate process

ÅDO NOT USE A USERNAME-PASSWORD-EMAIL COMBO YOU USE ELSEWHERE
ÅThe user data are stored unencrypted(!)



Dynasonde interface

ÅThe system remembers your earlier requests (hence the need for registration)


