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Aurora: What

lukeobrien.com.au



https://www.youtube.com/watch?v=mWRnvzodCOO0

http://www.abc.net.au/news/2017-09-25/the-aurora-
borealis-as-seen-from-the-iss/8980768

We see that auroras:

e Occurin both hemispheres
e Can take quiet (diffuse) or very active forms
* Quiet forms look like east-west arcs or bands

* Active forms look like curtains and rays pointing up
magnetic field lines

Can be bright (~ full moon)

Colours vary with altitude

Can pulsate rapidly

Appear to extend into dayside


https://www.youtube.com/watch?v=mWRnvzodCO0
http://www.abc.net.au/news/2017-09-25/the-aurora-borealis-as-seen-from-the-iss/8980768

Auroral forms tend to be
aligned east-west and
occur over an oval-shaped
region centred on the
magnetic pole — the
auroral oval.

Southern auroral oval [NASA]

Fig. &

THE SOUTHERN AURORAL OVAL
By F. R. Boxp* and I. L. THOMASY

Awust. J. Phys., 1971, 24, 97-102
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The latitudinal extent of auroras depends on magnetic activity
How Far North Can Au?oré Be Observed?

G is the NOAA Geomagnetic Storm Index (0-5) e
Kp is the Planetary K Index (0-9}1; i

NOAA Spac eather Predic nter, Boulder CO, USA
..-“‘l o



Auroral Oval Prediction Tool
Kaus Index UT Date UT Time
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Aurora: What causes it?

e o o <7 clectrons hit
= air molecules

7

. * * ..mulﬁcult:-'.

are "excited"

molecules give off light
as they calm down

magnetosphere

Source: NASA



Sources of the electrons and ions

SOLAR ACTIVITY AND ITS EFFECTS ON EARTH
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Quiet, diffuse and subvisual aurora are due to particles from the
solar wind raining down on the ionosphere.

Diffuse aurora seen over Minnesota in July 2013 [Bob King, universetoday.com]




This does not explain active auroral displays
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1.1. Polar Upper Atmosphere and the Quter Magnetosphere

ACt|Ve auroras are a The polar upper atmosphere is unique in that it is connected to the outer magneto-

. . sphere by geomagnetic field lines. The magnetosphere may be divided into two parts:
manifestation of (o dimer s sGosphere, Whert enrgiti charghlpasticos a6 ecaporarly Iriped,
and the outer magnetosphere.

There appears to be an almost continuous acceleration of charged particles near
the boundary of the inner magnetosphere and the outer magnetosphere. Some of the
accelerated particles are able to penetrate deep into the polar upper atmosphere,
being guided by the geomagnetic field lines which lie near the boundary, and interact
with atoms and molecules there. The interaction manifests itself in various phenomena

substorms and storms

Fig. 1. Noon-midnight cross-section of the magnetosphere showing the structure of the magneto-
sphere and its relation to the auroral oval. The auroral oval delineates the projection of the boundary
of the trapping region and the outer magnetosphere onto the polar atmosphere.



Auroral substorms evolve

in a defined manner:

* Quiet arcs

* Expansion phase with

e westward travelling
surge

 followed by rapidly
moving forms and

* ending with breakup
into pulsating patches.

Substorms accompany
magnetic storms.

S-l1 Akasofu, Planet. Space
Sci., 12, 4, 1964

E. T=30MIN-IHR F T=I-2HR



The energy for substorms comes from accumulation of magnetic
flux in the tail due to reconnection from the streaming solar

wind. Particles in the tail region come from the solar wind or the
underlying ionosphere, forming a plasmasheet and tail current.
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Sudden disruption of the tail current, or reconnection in the
distant tail, releases this magnetic tension (i.e. ‘shorts out’ the
plasma sheet current), causing dipolarisation of stretched field
lines. The released energy accelerates charged particles along
magnetic field lines. Plasma waves likely also play a role.

Auroral Eruption

Current Disruption

(100 km alutude) (60,000 km away from Earth's surface)

| J Magnetic Reconnection
v : = | Wave (120,000 km away from Earth’s surface)
g A

Earth = (

€ Sun (far off the page)

Ground Based
Observatornies (In
Canada and Alaska)

R e ; |
o O e & < o
P3 ; Flows THEMIS satellites S1-S5
P3 P2 Pl
P5 | P4

Which happens first in the magnetotail? THEMIS,
representing the Goddess of Justice, will impartially decide.




Expandable Tippy
Thundermug analogy for
substorm behaviour
[Davis, 1970]. Particles
are trapped in the Van
Allen radiation belts and
substorm occurs (‘bucket
dumps’) when the
interplanetary magnetic
field turns southward.

Davis, 1970, from Russell, C.T., Solar wind
and magnetospheric dynamics, 1974
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Aurora: What are its effects?



Auroras are part of a complex, interacting system
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* Energetic particle precipitation into ionosphere - optical
emission

* lonospheric substorm - enhanced density, absorption,
heating, generation of irregularities

HF radar returns

Field aligned currents (FACs)
* Auroral electrojet & GICs

e Auroral heating and generation of TIDs



Precipitation and generation of optical emissions

THE CoLOR OF THE NORTHERN LIGHTS DEFENDS

ON THE TYPE OF ATOM INVOLVEDIN THE COLLISORN.

OUR ATMOSPHERE CONSISTSMAINLY OF OXYGEN

ANMND N]THOGEF\J ATOMS. BECAUSE THE COMPOSITION Oxygen
OF QUR ATMOSPHERE VYARIES, DIFFERENT COLOURED

AURORAS OCCUR AT DIFFERENT HEIGHTS.

RED LIGHTS 240 KM & ABOVE -

P TO
GREEN LIGHTS 160 Km
gen (green)
n (blue)
PURPLE LIGHTS OS5 KM & ABOVE

BLUE LIGHTS UP TO 95 KM .

nitrogen




Sub-visual stable auroral red (SAR) arcs and airglow occur

at lower latitudes (e.g. Melbourne)

Image: Yuri Beletsky, EarthSky, Dec 2015



Particles causing auroras are moved by electric fields. Meridian
scanning photometer observations show active auroral forms
are modulated by ultra-low frequency plasma waves.

LYR M5SP 5577, day 361, 2007
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Sounding rockets release vapour to study such auroral convection

Shortly after 4am on Thursday,
June 29, after numerous delays
and scrubs, NASA's Wallops
Flight Facility has a successful
rocket launch which triggered
colorful, glowing clouds for many
to see over the Mid Atlantic.

The NASA Terrier-Improved
Malemute sounding rocket

brought a payload of canisters
more than 90 miles above the Earth’s surface; these canisters deployed various
substances to trigger the glowing clouds high in the sky. The Ampoule Test
Launch is designed to support science around the study of aurora. The vapor
tracers are formed through the interaction of barium, strontium, and cupric-oxide.
Because these tracers are released at altitudes of 96-124 miles high, NASA says
they “pose absolutely no hazard to residents along the Mid-Atlantic coast.”



lonospheric effects: changes in electron density, ion and electron
temperatures and flow speeds = irregularities

altitude (km)

altitude (km) altitude (km)

altitude (km)

0:59 1:01 1:03 1:05 1:07 1:09 111
time (UT hra)




Substorm particle precipitation causes field aligned currents
which flow from the magnetosphere into, through and return
out of the ionosphere. The ionospheric conductivity is
associated with a cross-cap potential difference of 10s kV.

lectrojet
Heee field-aligned currents : magnetopause —
near-Earth neutral line

negative auroral oval positive
terminal "- terminal

primary

current i current

tail current

11994 Encyclopaedia Britannica, Inc.



The auroral electrojets
are mega-Amp currents
which connect the field-
aligned currents via the
ionospheric E region
(~110 km altitude).

Day

Auroral oval

Night

FIELD ALIGNED
/ CURRENTS

AURORAL

/N
FIELD ALIGNED //_,_/’g ELECTROJET

CURRENTS COUPLED -+
TO MAGNETOSPHERE

S
"\ PARALLEL ELECTRIC
- FIELDS, PLASMA
TURBULENCE

QUIET MIDLATITUDE '
CURRENTS DRIVEN . §
BY SOLAR HEATING

EQUATORIAL
ELECTROJET

' AURORAL OVAL
OLAR RADIATION




The electrojets produce geomagnetic induced currents (GICs) in
pipelines and power grids.
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Field-aligned irregularities form in the ionosphere and return
signals from HF radars. A multinational consortium, SuperDARN,
operates a global network of such research radars.

Northern Hemisphere Southern Hemisphere

Mognetic coordinates
Magnetic coordinates

—4.5° -30° -15° 0° 15° 30° —-135° —-150° -165° 180° 165° 150° 135°

[ High-latitude I Mid-latitude [ Polar cap
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The radars measure ionospheric flows (convection) and
the cross-polar cap potential.

Example of SuperDARN “Disturbed”
Geomagnetic Activity

25 Mar 2007 ) 210000 - 210200 UT
" "r.._. *2

3
=
=

2000 S "1 06T
2000 mis =
— - L S am
AR s 2 - i = L M "
0 mis

APL MODEL
6<BT<12

By+
SuperDARN &
JHUAPL Settware by L] Barnas. hepffsuperdarn jhuapl adu
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The radars also detect ionospheric disturbances caused (in part)
by heat energy deposited into the auroral region.

TIGER Beamn #7, July 2-3, 2000

22 0 2 4 B a 10
Universal Time (Hours)

Fig. 1. Range-time plot of sea-echo power recorded using TIGER beam 7
from 2200 UT on 2™ July to 1000 UT on 3™ July, 2000. The powers were
band-pass filtered over the period range 10 to 100 min. Magnetic latitudes of
60°, 65°, and 70°S correspond to ranges 486, 1041, and 1581 km, respective-
ly. An HF propagation factor, » = 0.5, was used in all of the calculations in
this paper.

He and Dyson, Proc. Workshop on Applications of Radio Science (WARS02), 2002



Westward flows occur in the F-region near the auroral oval.

AWFC /SAPS
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Parkinson et al., Annales Geophys, 2007.

] Hours

30



Models using all available data sets (optical, satellite particle and
imaging, HF radars) are used to predict the location and intensity of
auroral activity ~1 day in advance.

NORTHERN HEMISPHERE SOUTHERN HEMISPHERE

Aurora Forecast: For 20 (=11-15 1200 to 1500 UT Aurora Forecast For 201? -11-151200 to 1500 UT
Forecast Kp Indek=3™ _! JLITH _ : Forecast Kp Index: 3 -~ HP 25 GW

i o !_‘ |4 / \ ;
Solar Terminator e My GERL =V b 4 Solar Terminator
i A" ._.__".J-':. _, .
Visible-Aurora Rl T T .o P Visible*Aurora

2 1 = 4 '\.
Less Likely More Likely F'orecaé frade At 2017-11-13 01:00 Less Likely Moré Likely\, Forecasi Made At: 2017-11-13 01:00

Preliminary 3-day auroral forecasting tool: swpc.noaa.gov/products/aurora-3-day-forecast
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