


Overview

Introduction and Motivation.
— Why particle precipitation is important.

Science background:
— The drift loss cone and the bounce loss cone.

— VLF measurements
— VLF modelling

Apply these methods to the January 2005
electron precipitation event.

Determine flux and location of precipitation.
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The Importance of Particle Precipitation

Particle precipitation
 Particle precipitation is one of

Production of NO, and HO, the routes by which the Sun
| can link to the climate.
Destruction of mesospheric

and upper stratospheric O,  Need to know about natural
climate variation to say

Change in radiation balance anything about human impacts
of mesosphere & stratosphere ’
on climate!

Climate



January 2005 Geomagnetic Storm

Energetic electron precipitation event in January
2005.

Precipitating electron energy spectrum (DEMETER)
Subionospheric VLF (AARDDVARK).
Combine with VLF modelling (LWPC).

Determine nature of precipitation (size and location
of region, precipitating flux, 1onisation rate).






Mean IDP Spectrum as a function of time (08-Jan-2005 to 28-Jan-2005) for the L range L=3.6 to 3.8.
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Typical quiet
spectrum
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ANTARCTIC-ARCTIC RADIATION-BELT (DYNAMIC) DEPOSITION
- VLF ATMOSPHERIC RESEARCH KONSORTIA
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ANTARCTIC-ARCTIC RADIATION-BELT (DYNAMIC) DEPOSITION
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DHO daily median UT00:30 amplitudes, January 2005, 30 min bins.
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VLF Model: LWPC

Long Wave Propagation Code

Models amplitude and phase of a VLF signal
propagating along a path with given ionospheric
conditions.

Specify electron density altitude profiles along part of
path (the precipitation region)

Used to tie VLF and Demeter data together

Profiles determined using a simple chemistry
model...



Neutral Chemistry Model

o Simple attachment and recombination model
— Produces reasonably accurate results
— Computationally fast

e Given a DEMETER electron spectrum, create
electron density profile

» Net precipitating flux unknown, so use a range of
values (from none up to 1x Demeter’s fluxes)

Rodger et al (1998). Relaxation of transient ionization in the lower
ionosphere. Journal of Geophysical Research, 103(A4), 6969-6975.






How intense is

precipitation
zone? (electron
flux rate)

Where does the
precipitation

| zone start?
(Geomagnetic
latitude)

Where does the
precipitation

> zone finish?

(Geomagnetic
latitude)
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UNKNOWN UNKNOWN KNOWN
(All values) (All values) (DEMETER)
Precipitation Precipitation Precipitation

Region Flux \ ?)ectrum
Electron

KNOWN Density Profile

Path info, o

transmitter RWiIN®
Info etc model
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VLF Response | KNOWN
at Receiver (Sodankyla)




Combining all three...

e Use model to combine VLF and satellite data

e Unknowns:

— Geographic size of precipitation zone (upper and lower L
values).

— Intensity of precipitation (ie fraction of Demeter flux)

* Model three cases independently, look for consistent
parameters.

UNKNOWN UNKNOWN ENOWN
(Fine tuns) {All valnes) (DEMETER)

Precipitation
Flux
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Conclusions

Jan 2005 geomagnetic storms, focus on precipitation 17
January 2005.

DEMETER sees very hard drift loss cone electron spectra
during this time period.

VLF responses from ICV and DHO transmitters received in
Sodankyla show large response to precipitation.

LWPC modelling indicates ~0.6% of DEMETER observed
qu>r<]es are precipitating onto L=2.9-4.0 of both propagation
paths.

VLF modelling provides agreement for nighttime data.
Daytime data needs further constraints.

Consequences for understanding dynamics of radiation belt
loss processes and coupling into upper atmosphere.









