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EISCAT in the PITHIA e-Science Centre

* A search for EISCAT gives seven results:
e EISCAT Svalbard Dynasonde analysed data
* EISCAT Svalbard Radar Data in the Madrigal Database
e EISCAT Tromsg Dynasonde analysed data
e EISCAT UHF Radar Data in the Madrigal Database
* EISCAT UHF Radar Vector Data in the Madrigal Database
e EISCAT VHF Radar Data in the Madrigal Database
* EISCAT VHF Radar Vector Data in the Madrigal Database

e What is this?
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* EISCAT is short for European Incoherent Scatter ESR /

e EISCAT is an international organisation
performing fundamental research in solar-
terrestrial and atmospheric physics using radar
systems.

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

* The EISCAT members are research organisations
in Finland, Japan, China, Norway, UK and
Sweden. They finance EISCAT through annual

fees.
S
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What is a radar?

 RADAR: Radio Detection and Ranging

* Transmit a radio signal towards what
you want to study

* Analyse the radio signal coming back




EISCAT UHF

Data from an EISCAT receiver ==,
925 +7 5 RF fﬂ-—
. . . Ié?_; O—=( " TXsample
* The analog sighal is down-converted in two steps Gl RN
* It is then digitised using I/Q samples (complex values) bl By
* Digital signal is down-converted into base-band s g e
test a5 I?F'ﬁ\.; test
¥
* The signal received after pulse k: @, (t;) = =
» Auto-correlation of the signal: 4, (¢;, t;) = (@ (t) @k (t7) E——E
* Another notation: A, (1) = (@ () @i (t — 7)) T
* This type of data is stored by EISCAT (level 2) -
* Frequency spectrum: S, .(f) = F|A, . (7)]

cccccc



Coherence time
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* The coherence time is the T corresponding to the first zero crossing by
the auto-correlation function.



Coherent / incoherent scatter

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

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

* Lower atmosphere: The coherence time is determined by turbulent
fluctuations - >>5 ms

* lonosphere: The coherence time is determined by thermal
fluctuations - << 5 ms



Coherent / incoherent scatter method

* Radar measurements require summing over several pulses to
minimise variance

 Coherent scatter measurements:
* First sum the signal from many pulses, then do auto-correlation of the result

* Incoherent scatter measurements:

* Phase information lost between the pulses, but statistical information
retained

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



lluminating a free electron

e Electric field transmitted from the radar
transmitter (at the origin):

E(T, t) — % ei(k-r—wt)
r

* The electron (at r) is accelerated due to
the electric field:

PO ¢




‘N=~ Radiation from an accelerated electron

* Expression for the electric field seen by an
observer:

E.(Rt) =

a,(t—|R

k' -a(t
()k,
|k’ |

a,(t) =a(t) -




Thomson scattering

* Elastic scattering of electromagnetic radiation
* Non-relativistic (for electrons: less energetic than X-ray)

* The Thomson scattering cross-section can be calculated:

81 e’ : 29 2
o =2 ) =6.65x10% m

4TTEGM C2

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



“Naive” incoherent scatter spectrum

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

* Use doppler spread of the spectrum to determine electron
temperature:

* Assuming Maxwellian velocity distributior21 of the electrons
mev

F(v) e 2ksT
* we expect a Maxwellian spread in the spectrum, with a width corresponding
to the thermal velocity vg = \/kBT/me

e This width is — A7 ~ 2Y0 ,or about 0.3 MHz for 2000 K electrons
measured by EtISCAT VHF




e Arecibo, Puerto Rico
* |[n operation 1963 — 2020
* 305 m in diameter

* The spectrum did not look as the
naive approach predicted
* Significantly narrower main feature
* Significantly higher spectral peak




What are the electrons really doing?

* We need to consider the ionosphere a plasma, not a gas
* Collective effects!



Thermal fluctuations in a plasma

* Electrostatic fluctuations of the electric field in an isotropic 3D
collisionless plasma:

Sty = 3 el ARCLD
’ co IkPleCk, w)?

. Fa(o) (u) is the one-dimensional projection of the distribution function
on an axis parallel to k.

* €(k,w) is the plasma dielectric function: 0)
. e (@)

w2
kw) =1 p“f v _ ;3
ek, w) T k|?), w—k-v v
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Plasma dielectric function

* Dispersion relation for electrostatic waves in unmagnetized plasma
e(k,w) =0

* Peak in fluctuation spectrum near inherent wave modes!

* Electron density follows the electric field fluctuations when the waves
are electrostatic



Incoherent scattering from a volume

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

* We have constructive interference when
the Bragg condition is satisfied for density
enhancements (wave fronts) in the plasma
(k):

k =k, — kg

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




Inherent wave modes

* The dominating electrostatic inherent wave modes in a plasma:

* lon-acoustic waves
W = Fv;q|k|
* V;, is the ion-acoustic speed, essentially the speed of sound
* Langmuir waves (plasma waves)
w? = (‘)z%e 3779 |k|2
* Wpe is the electron plasma frequency, vg is the electron thermal speed

e Spectral peaks expected at these frequencies

/(]

* “ion line”, “plasma line”



Incoherent scatter spectrum

* Example spectrum for n_,=1.5x10%! m3, T,=2000 K, T.=1000 K, O* ions,
EISCAT VHF frequency.
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Incoherent scatter spectrum

* The continuum spectrum, corresponding to the naive approach, i
visible
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Incoherent scatter spectrum

* “lon line” is 50 times stronger, and 300 times narrower

Fluctuation power

% 10727
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Incoherent scatter spectrum

* “Plasma line” is very strong, but its frequency is very dependent on
electron density

%1077 Fluctuation spectrum
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The ion line

e The ion line is used to extract useful
information about the plasmal
 The ratio between the electron and ion

temperatures (T, /T;) from the “peak-to- T /T,
valley” relation

* The ratio between the temperatures and °
the ion mass ((T, + T;)/m;) from the width
of the spectrum

* The electron density (n,) from the total area )
under the spectrum

* The ion velocity (plasma flow) (v;) from the — Frequency
frequency shift Y

Power

Transmitter freq.



EISCAT data

Electron density

Altitude (km)

* This is how EISCAT data is
usually presented

Electron temperature

Altitude [km)

* Range dependence of
plasma parameters lon temperature

Altitude [kmd

lon drift velocity (line-of-sight)

Altitud = [km}

T
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Things to note

* Having receivers in three separate geographical locations makes it
possible to measure full vector velocity of the plasma drift

* Temperatures and velocities are determined from spectral shape and
doppler shift. The electron density may require extra calibration
efforts.

* For example due to different antenna gain than expected (often wet snow)

* For calibration purposes EISCAT, has also been operating Dynasondes



EISCAT in the PITHIA e-Science Centre

* Back to the list of EISCAT data from the beginning:

EISCAT Svalbard Dynasonde analysed data

EISCAT Svalbard Radar Data in the Madrigal Database
EISCAT Tromsg Dynasonde analysed data

EISCAT UHF Radar Data in the Madrigal Database
EISCAT UHF Radar Vector Data in the Madrigal Database
EISCAT VHF Radar Data in the Madrigal Database
EISCAT 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

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

* The 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

* You 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

* From this list you can click on the experiment you are interested in

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 |

* Here you need to select the data file from a list

* The files with a name beginning with MAD6400 are the ones
containing the electron densities, the temperatures and the ion 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

* In “Supplement files” you find a list of pre-made plots, and other useful files.

* In “Download file” you can download the data.
* The available data formats are Hdf5, netCDF4 and ASCII.

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

* In “Print File” you can display the content of the data file on your screen
* “View file info” and “Cite this file” give useful metadata about the data




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/Troms@ Dynasonde analysed data
e Access to the dynasonde data is through an EISCAT portal
https://dynserv.eiscat.uit.no

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


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

Dynasonde interface

| | [Search]
search EISCAT

A
.. 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 data processing by the autonomous analysis software for EISCAT Tromse station since June 2009, for EISCAT Svalbard station since September 2003, and also contains results oF
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 |
continuously subject to normal operation of the stations. Data for the most recent 48 hours is also accessible directly through the web interface on this site.

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

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

* ¥ou must be registerad to use the Database. Registration is free. Registration creates your parsonal folder on our web server, for temporary storage of rescurces (data and information] that you request. If you forget your Passwor
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.

* You need to be registered as a user to enter

* This is an immediate process
DO NOT USE A USERNAME-PASSWORD-EMAIL COMBO YOU USE ELSEWHERE

* The user data are stored unencrypted(!)



Dynasonde interface

| | [Seaﬂ:h]
search EISCAT

EISCAT > EISCAT Tro Observatary > Heating Facility > DN > User anders Home

Dynasonde Database: User anders Home Page

¥ou may either display one of the resources that you requested earlier using the list below, or request a new rescurce. The resource selection procedure consists of several steps, accomplished below.

List of Requested Resources *

[ Type | Station |  Resource Description |  Time of Request | Display | Delete |
[omogram | TR [|2020-03-2000:30:00 I 2moprzzaes [ v || x A
[fomogam [ TR [2020-06-10 10:5000 [ mmesnmssan || v | %
[omogram | TR [|2020-0810 10400 I 2mosrzmsszs [ v || X
Ionosram TR 2020-06-10 10:46:00 2020-06-12 13:55:21 v b
Ionogram TR 2020-06-10 10:44:00 2020-06-12 13:55:15 v o
[fomogram [ TR [2020-08-10 104200 [ omes12m3s500 || v || X
[tomogram | ™ [|2020-06-10 10:40:00 [ 2020061213850 || v | x v
< >

unnecessary rescurces from the list: @ All... or O Reguested Before YYYY-MM-DD

Select New Resource®*

Step 1. Select station name and type of resource:
[EISCATTmmsy o ] [Innngram o ][ Submit ]

i delated eutometlcell}r Resources present in the list may be displayed simply by clicking corresponding /. Since working with a short list is more convenient, you may optimize your effort (and release space on the server), deletlng URMeces =l

4 your list. Just click p{ for that. ~
Y
L]

*%* |Uze this procedure to request & new resource. The number and sequence of steps depend on the type of request. Note that if "Ionogram” is requested, not only the ionogram image is displayed but the antire set of analysis res
ionagram is provided, in their various graphical formats. "20 Plot" means display of a time series for various ionospheric parameters and also provides data for it in plain text format. "30 Plot" is used when a2 parameter depends on
parameter (examples are plasma frequency and irregularity amplitude). "SQL Query" gives you possibility to reguest non-standard data series with arbitrary conditions and without time constraints. Note: if you change any detail of
"Display” or "Execute"), do not forget to press the appropriate "Submit” button again. To complete your selection, press the "Display” or "Execute” button. If yvou return to your home page within the same session, your previous sa
anterad and can be changed, reguiring one or more new "Submits"; "Display” will enter the result as a new Resource.

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



Dynasonde interface

[mmogam | TR [2020-06-10 10:50:00 I 2mosrzmssze [ v | X
[fmogam | T [2020-0610 104500 [ 2omeszmssas || V0 || X
Tomogram TR ||2020-D6-10 10:46:00 2020-06-12 13:55:21 W »
Ionogram TE. 2020-06-10 10:44:00 2020-06-12 13:55:15 \," »
[mmogam | T [2020-0610 104200 [ 2omeszmssee || v || x
[tomogram | TR 20200610 1040000 [ 2020061213850 || v | x v
< >
unnecessary resources from the list: @ All... or O Reguested Before YYYY-MM-DD (R ] ety D [T (R e (T (P
8pBPAI DoY= 79,4270 File= TR879769.BP
Select New Resource®#* 1 15 2 3 4 5 6 7 8 10 12141618
800 T T T T T T T T +lone
&i Uncertairties
Step 1. Select station name and typs.s == % ..
[EISCATTmmsH (V][Innngram V] é :g
0%
g * <6
2 o %7
Step 2. Select year, month and day: « o x8
[2015 ~|  |March v | [20 «| [ Submit | =
e 3
100 | SN i oeg)
Step 2. Select ionogram frem the list of available for %g 2g
2015-03-20: I
= 20 : :
= L1
(2015-03-20 10:15:00 | (Display | 1 15 2 3 4 5 6 7 8910 12 141618
T
- 100 .
5L
;g +100
L) L) L) L) L) [ %g 0
* Accessing specific ionograms is straight-forward
= oo
g x 90
E | oo e
355 10. e e e
£2% 04 ]
1 15 2 3 4 5 6 7 8 10 12141618

Radio and Plasma Frequency (MHz)




Dynasonde interface

unnecessary resources from the list: @ All... or O Reguested Before YYYY-MM-DD

Select New Resource®*

Step 1. Select station name and
[EISCAT Tromss C

Step 2. Select start for the time interval:
Year Month Day Hour

[2015 +| [March v| [20 v] (08 v| [ Submit |

Step 3. Select end for the time interval (5 days maximum

length):
Year Month Day Hour
[2015 +| [March v| [20 ] [12 v| [ Submit |

Step 4. How many plot panels vould you
e Fi)

Step 5. Select 1-3 parameters for this plot:
fzE, Z-mode E layer critical frequency, MHz e
foE, O-mode E layer critical frequency, MHz
fxE, X-mode E layer critical frequency, MHz
fzF2, Z-mode F layer critical frequency, MHz
foF2, O-mode F layer critical frequency, MHz w

* It is also easy to plot time-series e




Dynasonde interface

unnecessary resources from the list: @ All... or

() Requested Before |[YYYY-MM-DD

Select New Resource**

Step 1. Select station name an resou

e TTTESTIE—_
|EISCAT Tromsg Q. ~|(5QLQuery ~ || Syidmit |

Step 2. What parameter(s) would you like to select? (5 items
maximum)

fzE, Z-mode E layer critical frequency, MHz Lal
foE, O-maode E layer critical frequency, MHz

fxE, X-mode E layer critical frequency, MHz

fzF2, Z-mode F layer critical frequency, MHz

foF2, O-mode F layer critical frequency, MHz

fxF2, X-mode F layer critical frequency, MHz w

Step 3. Select start for the time interval:
Year Month Day Hour

[2015 ~| [March v| (20 v| (09 v| | Submit |

Step 4. Select end for the time interval:
Yaar Manth Day Haour

[2015 ~| [March v| (20 v| [12 ¥] [ Submit |

Step 5. Your query is:
SELECT DT, dDay. foE, foFz
from 2015-03-20 09:00:00 to 20135-03-20 12:00:00

[Md condition ] [ Execute ]

» To download the data, choose “SQL Query”



Summary

* EISCAT operates incoherent scatter radars

* EISCAT provides detailed ionospheric data from northernmost
Scandinavia and Svalbard.

* The data are accessible through the PITHIA portal.



PITHIA-NRF TNA programme _ homzon 2020
https //pithia-nrf.eu/pithia-nrf-users/tna

~ Advantages of the TNA access:

PITHIA NRF -

TNA Nodes

* A unique opportunity to learn abor*’ 'ments, data and

models of your interest

* Training and s»— 2ld are included in
the acr-

. r scale, such a

_» 10r one work

201 _» sessions is flexible based on
aq .. NODE)
_avursement for travel and stay in case of physical

_usS (the amount and scope varies based on the NODE and will
be specified if the project is accepted)
* Support of the project available for up to 6 months from its start
» Possibility to apply for access to multiple NODEs
(we encourage using data and models from other NODEs of
PITHIA-NRF during your access to the primary NODE and you
will receive support for those as well)

The PITHIA-NRF project has received funding from the European Union’s Horizon 2020 research and innovation

programme under grant agreement No 101007599



__ HORIZON 2020

Thank you for your attention!
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