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PLASMON

A new, ground based data-assimilative model of the Earth's Plasmasphere — a critical
contribution to Radiation Belt modeling for Space W eather purposes

FP7-SPACE-2010-1
Collaborative Project

E6tvos Lorand
University
(Coordinator)

University of
L'Aquila

Eo6tvos Lorand
Geophysical
Institute

University of
Otago

A new, ground based
data-assimilative model

of the Earth's Plasmasphere —
a critical contribution to
Radiation Belt modeling for
Space Weather purposes

e < Inst. of Geoph,
University of SEVENTH FRAMEWORK - - Polish Ac. of Sc.

K PROGRAMME
Washington

British 7 o > /\,,__) ‘“‘ sansa
0 Antaretic Survey OULUN YLIOPISTO & sLosAlamos NEW MEXICO TECH
§

NATURAL ENVIRONMENT RESEARCH COUNCIL NATIONAL LABORATORY BCIEMCE - ENGINEERING - RESEARCH - UNIVEREITY SPACE AGENCY
EST.1943




Participants

Short name Participant organisation name Country
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Work Packages

Pl\(l:ig Topics WP Ground observation network Lead Institution
Automatic retrieval of equatorial AWDANet
WP1 " q Ground based observation of whistlers (Very LoywEotvos University
elektron densities
Frequency band)
Retrieval of equatorial plasma mass| EMMA + SANSA points
WP2 | densities by magnetometer arrays apdsround based observations of geomagnetic field iodAquila University
cross-calibration Ultra Low Frequency band
WP3 Data ’aSS|m|Iat|ve modeling of the New Mexico Inst.
Earth’s plasmasphere
Modeling REP (Relativistic Electron AARDDVARK . o " .
WP4 S S ) _ | Narrowband VLF receivers are monitoring British Antarctic Survey
Precipitation) losses in radiation beltg :
transmitters.
WP5 Dissemination and exploitation of the Otago University
results
WP6 | Management of the consortium Eotvos University




Introduction and objectives

magnetosphere

e
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Plasmasphere

- plasmasphere

- inner magnetosphere above ionosphere

- consisting of low energy (cold) plasma

http://en.wikipedia.org/wiki/File:Magneto_plasma_sphere:jpg

The plasmasphere plays a central role in magnetospbnosphere dynamics. The plasmashere is influelng¢he
ionosphere and outer magnetosphere.

The security of space assets is affected by the dngrgy charged particle environment in Earth’satazh belts. The
plasmasphere strongly impacts this environmentcyeently, we lack adequate knowledge regardingtitscture. The
PLASMON project attempts to uncover hidden propsrtiethe plasmasphere.

PLASMON will measure plasmaspheric electron andsagssities to monitor the changing compositiorhef t
plasmasphere.

The main objective of PLASMON is to extend and fudstablish the AWDANet, EMMA and AARDDVARK networke t
provide real-time data for mapping and modellingglesmasphere and the REP phenomenon in the Radieits

Perform regular measurements of plasmaspheric efeatrd mass densities.

Develop a data assimilative model of the plasmagphe

Monitor the occurrence of Relativistic Electron Rpgation (REP), and link their occurrence to changeplasmaspheric
densities.



AWDANet — observation of whistlers
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Whistlers

lonosphere e Geomagnetic Field Line
Whastler

mimoring height

Whistlers are VLF (3-30 kHz) emissions initiated by lightning, propagating along magnetic field
lines, observed on ground and in space

Whistlers have particular frequency-time characteristics acquired as they propagate through
the magnetospheric plasma

Propagation time delay of whistlers depends on plasma density along propagation paths =
Possibility to derive plasma density (in plasmasphere) from whistlers measurements



EMMA and SA network — observation of FLR phenomenon
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The quasi-meridional European MagnetoMeter Array + South African stations

» EMMA and SA network - quasi-meridional European MeigMeter Array + South African stations

» The quasi-meridional magnetometer network will pdevField Line Resonance (FLR) observations forl.3-.. 6.4
» The inversion will yield equatorial plasma masssiges.
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Method of FLR detection applied in PLASMON
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Cross-phase method of detection the FLR resonant frequency

The relations between the frequency of FLR phenomenon and plasma density are the following:

fer = va Va = -
2l HULp
- Alfven velocity | - field line length B- magnetic field

- magnetic permeability P - plasma density



Comparison 1-sec data standards: INTERMAGNET vs EMMA-PLASMON

INTERMAGNET
Parameter (draft standard, apply to definitive data) EMMA —PLASMON
Resolution 1pT 1 pT, 10 pT acceptable
Output sampling rate 1 sec. 1 sec.
Noise 10pTAHz at 0.1 Hz 10pT @ 1 Hz
Instrument amplitude range: =+4000nT High LatL.ittBOOOnT Mid/Equat. > 2000 nT, higher at high latitudes
Pass band DCt0 0.2 Hz DC-0.4 Hz (for DAQ)

Analogue anti-alias filter

Minimum attenuation in the stop barwl (
0.5Hz): 50dB
Natural signal (i.e. above the Nyquist) will g

e

Butterworth
cutoff freq.:
between 3 Hz - 30 Hz

attenuated to below the specified noise leyel slope:  24/18 dBloctave
of 10pT
10 ms
Timing Accuracy Samples may be time-shifted to correct for 10 ms
latency

Digital filtration

Gaussian, centered on UT seconds

Gaussian, centered on UT seconds
phase response: linear
cutoff frequency: 0.4 Hz

Phase response

Linear
Maximum group delay +0.01s

Linear

Mains frequency filter

Non-natural signal (e.g. 50/60 Hz) must b

1%

separately attenuated to below 10pT

50/60 Hz mains frequency notch filter




Plasma mass density [atomic mass unit/cm?3]
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Map of the equatorial plasma mass density based on ULF field line resonance observations
made along the MM100 chain on 30 April, 2003. Field lines starting from 45°, 50°, 55°, 60° mag.
lat. and the local time of the observations are also plotted as solid and dotted line, respectively.



AARDDVARK - observations of the lower-ionosphere in polar regions
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The Antarctic-Arctic Radiation-belt (Dynamic) Deposition -VLF Atmospheric Research Konsortium

» Narrowband VLF receivers are monitoring transmitters.

» Provides continuous long-range observations of the lower-ionosphere.

» Changes in the ionosphere cause changes in the received signal.

» Monitoring the occurrence and properties of REP (relativistic electron precipitation).



lonosphere as a precipitation detector

Precipitation

IONOSPHERE
p— T~

h~85km (night) \ \ \ \ \

VLF RADIO WAVE

Transmitter
} ) VLF receiver

‘l—\

EARTH

Energetic Precipitation from the radiation belteatf the lower ionosphere. For
electrons >100keV, the bulk of the precipitatedrgnes deposited into the middle and
upper atmosphere (30-100km), and can be deteatedgih changes in subionospheric

VLF propagation.
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