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EISCAT In the PITHIS®@ence Centre

AA search for EISCAT gives seven results:
AEISCAT Svalbabynasondenalysed data
AEISCAT Svalbard Radar Data in the Madrigal Database
AEISCAT Trom&¥ynasondenalysed data
AEISCAT UHF Radar Data in the Madrigal Database
AEISCAT UHF Radar Vector Data in the Madrigal Database
AEISCAT VHF Radar Data in the Madrigal Database
AEISCAT VHF Radar Vector Data in the Madrigal Database

AWhat is this?



EISCAZcientificAssociatio E»fg ,ﬁ

AEISCAT short forEuropeanincoherentScatter SR/

AEISCAT is amernational organisation
performingfundamental researchn solar
terrestrial and atmospheric physics usnaglar
systems

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

ATheEISCAT membegseresearch organisations
In Finland, Japan, China, Norway, UK and
Sweden. They finance EISCAT through annuat-
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Whatis a radar?

ARADAR: RadDetectionand Ranging

ATransmit a radio signal towards what
you want to study

A Analyse the radio signal coming back




EISCAT UHF

Data from an EISCAT rece -=i.
e Lo
ATheanalogsignal is dowrconverted in two steps T e s
. . e . p [atJoss 1) oes [EL]
Alt is then digitised using I/Q samples (complex values ®H§“H§H@ |
ADigital signal is downonverted into basdand s g e
¥
AThe signal received after pul&@ e« 0 L
AAuto-correlation of the signab (ofb) (+ (0)+7°(0) 2.0
AAnother notation:d (1) (= (O (0 1)) =
AThis type of data is stored by EISCAT (level 2)
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AThe coherence time is thcorresponding to the first zero crossing by
the auto-correlation function.



Coherent / Incoherent scatter

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

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

ALower atmosphere: The coherence time is determined by turbulent
Tt dzOludzZr m8ya Ib bbh p

Alonosphere The coherence time is determined by thermal
FfdzOUdzZ- Um8ya I s p



2/ Coherent / incoherent scatter method

ARadar measurements require summing over several pulses to
minimise variance

ACoherent scatter measurements:
AFirst sum the signal from many pulses, then do adoelation of the result

Alncoherent scatter measurements:

APhase information lost between the pulses, but statistical information
retained

AFirst do autecorrelation for each pulse, then sum the results



llluminating a free electron

AElectric field transmitted from the radar
transmitter (at the origin):

i D) Ir QL>

AThe electron (a®) is accelerated due to
the electric field:
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\=Z/ Radiation from an accelerated electron

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

AElastic scattering of electromagnetic radiation
ANonrelativistic (for electrons: less energetic thamaX)

AThe Thomson scattering cressction can be calculated:

) ( ) = 6.65102° m?

AThis small crossection is the main reason the Incoherent Scatter
Radar systems have to be so large (sensitive) and powerful.
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AUse Thomson crossection to determine electron density, from the
total received signal power.

AUse doppler spread of the spectrum to determine electron
temperature:

A Assuming Maxwellian velocity distribution of the electrons
ov °Q
Awe expect a Maxwellian spread In the spectrum, with a width corresponding
to the thermal velocityp)  /'Q "6

AThis width is— —, or about 0.3 MHz for 2000 K electrons
measured by EISCAT VHF




AArecibo, Puerto Rico
Aln operation 1963 2020
A 305 m in diameter

AThe spectrum did not look as th
naive approach predicted
A Significantly narrower main featurg

A Significantly higher spectral peak



22/ What are the electrons really doing?

AWe need to consider the ionosphere a plasma, not a gas
ACollective effects!



Thermal fluctuations in a plasma

AElectrostatic fluctuations of the electric field in an isotropic 3D
collisionlesgplasma:

B




Plasmalielectricfunction

ADispersion relation for electrostatic waves in unmagnetized plasma
5555 ) T
APeak in fluctuation spectrum near inherent wave modes!

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




Incoherent scattering from a volume

AThe radar illuminates a volume, different
parts experience different phases of the
Incoming radio signal

AWe have constructive interference when
the Bragg condition is satisfied for density
nhancements (wave fronts) in the plasma

(5):

AHence, fluctuations of a specific
wavelength propagating in a specific *
directions are picked up by the radar
system




Inherent wave modes

AThe dominating electrostatic inherent wave modes in a plasma:
Alon-acoustic waves

| L §
AU is the ionacoustic speed, essentially the speed of sound
ALangmuir waves (plasma waves)

| | ov P
C ]

A1 s the electron plasma frequenay, is the electron thermal speed

ASpectral peaks expected at these frequencies
AGA2Yy fAYSES GLI I ayYl fAYySE




AExample spectrum for,a1.5<10 m3, T.=2000 K, 1000 K, ®ions,
EISCAT VHF frequency.

Incoherent scatter spectrum
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Incoherent scatter spectrum

AThe continuum spectrum, corresponding to the naive approach, is
visible

%1078 Fluctuation spectrum
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Fluctuation power
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Incoherent scatter spectrum
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Incoherent scatter spectrum

Adt €t ayl fAYySEé Aa OSNE adNRpy3a:s

electron density
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Thelonline

ATheion line isusedto extractuseful
Information aboutthe plasmal

=

AThe ratio between the electron and ion o

temperatures (YAYO FNRY -toKS ¢LISEH AT

gl ftfSee NBIIFIGAZ2Y

AThe ratio between the temperatures and °

the ion mass (Y “Y fa ) from the width
of the spectrum

L (THT) m
AThe electron densitye( ) from the total area
under the spectrum

AThe ion velocity (plasma flow) § from the — el
frequency shift !

Transmitter freqg



EISCAT Scientific Association
g EISCAT UHF RADAR

CP, uhfa, beata, 31 January 2022

EISCAT data | '

Electrondensity

Altitude (km)

AThisis how EISCAT data is

usuallypresented
Electrontemperature s
ARangedependenceof
plasma parameters lontemperature £
AThesedataare stored

lon drift velocity (line-of-sight)

Altitud = [km}

(level3 data)
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Thingdo note

AHavingreceivers irthree separategeographicalocationsmakes it
possibleto measurefull vector velocity of the plasma drift

ATemperaturesand velocitiesare determinedfrom spectralshapeand
dopplershift. Theelectrondensitymayrequire extracalibration
efforts.

AForexampledueto different antennagainthan expected(often wet snow)
AForcalibrationpurposes EISCAT, relsobeenoperatingDynasondes



EISCAT In the PITHIS®@ence Centre

ABack to the list of EISCAT data from the beginning:
AEISCAT Svalbabynasondenalysed data
AEISCAT Svalbard Radar Data in the Madrigal Database
AEISCAT Trom&¥ynasondenalysed data
AEISCAT UHF Radar Data in the Madrigal Database
AEISCAT UHF Radar Vector Data in the Madrigal Database
AEISCAT VHF Radar Data in the Madrigal Database
AEISCAT 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

AAccess to the standard set of ionospheric data is from Madrigal
https://madrigal.eiscat.se

AThe link in the escience centre takes you to directly to a list
containing all available EISCAT level 3 data obtained by the chosen
radar system

AYou may at some point need to enter name, email and affiliation before you
can download the data


https://madrigal.eiscat.se/

EISCAT Home Access data~

Instrument name

EISCAT Tromse UHF IS radar
EISCAT Tromse UHF IS radar
EISCAT Tromsa UHF IS radar
EISCAT Tromse UHF IS radar
EISCAT Tromse UHF IS radar
EISCAT Tromse UHF 1S radar
EISCAT Tromsa UHF 1S radar
EISCAT Tromse UHF IS radar

I AT T e e . DI 0 o o

AFromthis list you canclickon the experimentou areinterestedin

Access metadata -

Madrigal interface

Run models~ Documentation

Start

19684-01-17 10:00:50
1984-01-19 00:01:50
1984-01-18 00:00:00
1964-02-07 10:00:30
19684-02-08 00:01:30
19684-06-12 10:03:50
1984-06-13 00:01:30
1984-06-26 07:00:35

AO A S NT AN A DL

Other Madrigal sites-

OpenMadrigal

List of selected Madrigal experiments

End

1984-01-17 23:55:00
1984-01-19 23:57:30
1984-01-19 00:01:40
1984-02-08 00:01:40
1984-02-08 23:57:30
1984-06-13 00:01:40
1984-06-13 07:57:30
1984-06-27 00:16:05

AN A AS T AL AN

Experiment name

1984-01-17_cp3c@uhf
1984-01-19_cp3c@uhf
1984-01-18_cp3c@uhf
1984-02-07_cp3c@uhf
1984-02-08_cp3c@uhf
1984-06-12_cp3c@uhf
1984-06-13_cp3c@uhf
1984-06-26_cp3c@uhf

AN A A AT oL



Madrigal interface

EISCAT Home  Access data~  Access metadata»  Run models~  Documentation Other Madrigal sites~  OpenMadrigal

2015-03-20_beata@uhfa: 2015-03-20 00:00:20-2015-03-21 00:00:00

Pl: Ingemar Haggsirom - please contact before using this data Email me if this experiment OR if any EISCAT Tromss UHF 1S radar experiment is updated. Show non-default files: [

Select file:
| Select file v |

AHereyou needto selectthe datafile from a list

AThefileswith a namebeginningwith MAD6400are the ones
containingthe electrondensities the temperaturesand theion drifts.



Madrigal interface

EISCAT Home  Access data~  Access metadata~ Run models~ Documentation Other Madrigal sites~ OpenMadrigal

2015-03-20_beata@uhfa: 2015-03-20 00:00:20-2015-03-21 00:00:00

PI: Ingemar Haggstrom - please contact before using this data Email me if this experiment OR if any EISCAT Tromss UHF IS radar experiment is updated. Show non-default files: [

Select file:
| MADE400_2015-03-20_beata_40.7@uhfa hdfs: GUISDAP params 0 - Final

Supplement files Download file ~ Print file ~ [ View file info Cite this file

Alna { dzLILX SYSy G T At Sdnade pl@sdandathgrRseful fildsA a
ALY a52¢yf2FR FTAESE &2dz Oy R2éyft2FR I
A The available data formats are Hdf5, netCDF4 and ASCII.

A There are also possibilities to select which parameters to include, and to filter the data before
downloading.

ALY Gt NAYyG CAfS¢é¢ @e2dz OFy RAaALIX @& (GKS ¢
Ab+ASge FAES AyF2¢ YR a/ A0S OUOKA&A FAL S
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Madrigal interface

EISCAT Home  Accessdata~  Access metadata~ Run models~ Documentation Other Madrigal sites ~ OpenMadrigal

2015-03-20_beata@uhfa: 2015-03-20 00:00:20-2015-03-21 00:00:00

Pl: Ingemar Haggsirom - please contact before using this data Email me if this experiment OR if any EISCAT Tromse UHF IS radar experiment is updated. Show non-default files: [

Select file:
| MAD6400_2015-03-20_beata_40.7@uhfa.ndr5: GUISDAP params 0 - Final v

» EISCAT Scientific Association

EISCAT UHF RADAR
CF, uhfa, beata, 20 March 2015

¢ supplement files ) Download file ~ Pir@@g!‘;m“ TR "‘f.ﬁfﬁﬁ}fé;_'Eafrmm‘”ad
« EISCAT 2015-03-20_beata_40 7@uhfa hdfs 2 i i

« 2015-03-20_beata_Nr_uhfa png

« 2015-03-20_beata_callb-foE_uhfa.png

a2_0_T plasmaline.png

ta_uhfa.png

2015-03-20_Deata_calib-plne_uhfa.png

« 2015-03-20_beata_calib-foF2_uhfa png

« 2015-03-20_beata_eclipse_uhfa png

« notes i
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Madrigal interface

EISCAT Home  Access data~  Access metadata~ Run models~ Documentation Other Madrigal sites~ OpenMadrigal

2015-03-20_beata@uhfa: 2015-03-20 00:00:20-2015-03-21 00:00:00

Pl Ingemar Hagastrém - please contact before using this data Email me if this experiment OR if any EISCAT Tromss UHF IS radar experiment is updated. Show non-default files: [
Select file:
| MAD6400_2015-03-20_beata_40.7@uhfa.hdf5: GUISDAP params 0 - Final v
Supplement files Download file - Print file - Cite this file
Asis

Select parametersfﬂlteD

EISCAT Home Access data~ Access metadata ~ Run models - Documentation Other Madrigal sites - OpenMadrigal

Download Madrigal file with selected parameters/filters
Experiment: 2015-03-20_beata@uhfa File: MADG400_2015-03-20_beata_40.7@uhfa hdfs Type of data: GUISDAP params 0

Format output =

Select Parameters to include =

Select Filters to use (optional) =

Download file



Madrigal interface

EISCAT Home  Access data~  Access metadata»  Run models+ Documentation Other Madrigal sites~  OpenMadrigal

Download Madrigal file with selected parametersffilters
Experiment: 2015-03-20_beata@uhfa File: MAD6400_2015-03-20_beata_40.7@uhfa hdf5 Type of data: GUISDAP params 0

Format output =

Select Parameters to include =

Select all parms in original file Unselect all parms in original file

Blue parameters are from the original file § Grey parameters are derivable from those in the original file

The following parameters are automatically included in the Madrigal HdfS format:

VorR Lo

Time Related Parameter
] suonm ] 5o o ] avico DD ] sianiss.
a[ s ORED O OED a5t Q=
O/ X 0 EIEEEE [ Suvser ioue ] Con_suumise 1 [ con=suuser v O
m[5ecur O=m O e O a[72] O EZ

Geographic Coordinate

] o] ] o | ] :ou ] OEm [ cos ] ] o]
Oz OE=3 [ o 5]

Magnetic Coordinate

(W] maGCONJLAT (M) maGCoNILON (W] mAGCONISDWHT (W] TsYG_EQ_XGSM (W] Ts5YG EQ_YGSM (W] TsvG_Fo_XGSE
(W] TsYG_Eq_YGsE (W] E_REG_S_LAT (W] £_reG_s_Lon (W) E_REG_S_SDWHT (M) E_REG_N_LAT (W) £ REG_N_LON




EISCAT dynasonde data

EISCAT Svalbard/Troni3gnasondenalysed data
AAccess to the dynasonde datafhisoughan EISCAT portal
https://dynserv.eiscat.uit.no

AThe link in the escience centre takes you to a login page.


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

Dynasonde Iinterface

| | [5earch]
search EISCAT

EISCAT = EISCAT Tromse Observatory > Heating Facility = DN > Dynasonde Database Login

disclaimer | copyright
- | copvr

Access to the Dynasonde Database

This instance of the Dynasonde Database contains results of dats processing by the autonomous analysis software for EISCAT Tromse station since June 2009, for EISCAT Svalbard station since September 2009, and also contains results of
iﬂ processing for three stations (Bear Lake Obs., Utah from 12 February 2003 to June 2006, EISCAT Tromse from 10 June 2003 to 31 December 2006, and Lycksele, Sweden from 7 March 2004 to August 2003). The Database content |
s continuously subject to normal operation of the stations. Data for the most recent 48 hours is also accessible directly through the web intarface on this site.

% Please enter your User Name and Password below. If you are not a registered user, please register now'.

ﬁ::_l;e: |ander5 |
Password: |-----. |
[ Log In ] [Remind Passwurd]

® You must be registered to use the Database. Registration is free. Registration creates your personal folder on our web server, for temporary storage of resources (datz and information) that you request. If you forget your Passwar
you pravided your e-mail address during registration, you may request an e-mail reminder by entering your User Name in the field above and pressing the button "Remind Password". Alternatively you may register again under a di
vill los2 immediate access to resources requested =sarlier.

AYou need to be registered as a user to enter

AThis is an immediate process

ADO NOT USE A USERNAMESWORBMAIL COMBO YOU USE ELSEWHERE
A The user data are stored unencrypted(!)



Dynasonde interface

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



