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Solar Flare of 14 July 2000

Solar Flare of 14 July 2000
Biggest Solar Storm in
Nine Years

Caused very large
magnetic storm and
ionospheric effects
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GPS Loss ofi Lock at Millstone

Local Westward lon Velocity at Millstone Hill
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TEC Disturbances on 15 July 2000
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GPS Total Electron Content Map
lllustration of Storm Enhanced Density.




A Decade Of Storm Enhanced Density

Day 77, 1990 Day 90, 2001

log Electron Density @ 500 km Altitude [10.2,12.2] (m—3) GPS TEC Map 31 March 2007 12:05 UT
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Geodetic Latitude, Deg

Day302 @ PM

C ) MIT Haystack Observatory
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Aurora in New Brunswick, Canada
30 October 2003




Aurora as seen Iin Big Bend, Texas
30 October 2003




Oct 30, 2003 21:00 UT
Plume Appears over Northern Eurpoe

GPS/TEC 21 UT October 30, 2003

Q
=]
>
+
=
@®©
—
[S]
=
Q
©
@)
o
O

|
300
Longitude




Oct 30, 2003 21:00 UT
Plume Appears over Northern Eurpoe

Oct 30, 2003 21:35 UT
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Outline

s INntroduction

= Magnetospheric-lonospheric
Coupling

s Storm-time Electric Fields

= Monitoring Space Weather Events
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GPS TEC (10 TECu contours) 12:05 UT April 11, 2001

Magnetosphere
lonosphere
Atmosphere
Coupling




GPS samples the ionosphere and plasmasphere to
an altitude of ~20,000 km

TEC is a measure of integrated density in a 1 m? column

1 TEC unit = 10! electrons m™




Plasmasphere

extension of ionosphere and part
of the inner magnetosphere.

filled with ionospheric plasma
from the mid- and low latitudes

plasma gas pressure is equalized
along the entire field line.

plasma co-rotates with the Earth
and its motion is dominated by
the geomagnetic field.

Plasma on magnetic field lines
associated with higher latitudes
(— above 60 deg. geomagnetic
lat.) is convected to the
magnetopause

magnetosphere

Plasmasphere

Quiet conditions - plasmapause may
extend to — 7 Earth radii

Disturbed conditions — plasmapause
can contract to —3 or less Earth radii.




Before Storm After Storm

2001 Apr 11 O00: 2001 Apr 12 02:25




Next 5 slides and photograph of Einstein
Bagel are from Jan Sojka
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Plasmaspheric Boundary Layer: Plasmapause

magnetosphere

asmasphere
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The Standard
Plasmasphere View
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Starting
Location

At the boundary layer and in the plasmasphere the cold plasma
Interacts with hot plasma: radiation belts and the ring current.
These hot particles are guided by a “changing” magnetic fields.
The cold boundary layer also has a “hot outer zone” that has a
rich ion composition. Did | mention E&M waves.....
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Plasmasphere & Ring| Current

Bow shock

Solar wind

Nightside
magnetopause
current

Plasma —/
mantle

Plasma sheet boundary
layer current




IMAGE Data of Plasmasphere

Bafore Storm After Storm
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2003 Oct\ 29 21:48:00
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Day324 @ PM

MIT Haystack Observatory

AAYSTACK

GPS TEC Map from 20-Nowv-2003 19:00:00 to 20-Nov-2003 19:20:00 Log10(TEC)
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TEC Disturbances on 15 July 2000
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Inner Magnetosphere — Low Latitude View

May 30, 2003 01:00 UT TEC [10,100],TECu
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Storm-time Electric Fields

s Cross-tail electric fields energize and inject
particles into the inner magnetosphere
forming the disturbance Ring Current

Strong penetration eastward electric field
uplifts equatorial ionosphere
e Eqgquatorial anomaly enhanced

Radial/Poleward Polarization Jet Electric
Fields form (Sub Auroral Polarization
Stream). As the Polarization Stream
overlaps the outer plasmasphere

e« Storm-Enhanced Density (SED)

e Detached plasmas/plasma tails




Plasmasphere / Ring Current Interactions

April 17, 2002
NASA IMAGE

SAPS Channel

(Merged image courtesy J. Goldstein) Plasmasphere Erosion Plume




Eastward E Field Uplifts Equatorial lonosphere

Florida

Brazil

SAPS Erodes Outer Plasmasphere

Figure courtesy of J. Foster




Inner Magnetosphere — Low Latitude View

May 30, 2003 01:00 UT TEC [10,100],TECu
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Plasmaspheric Tails and Storm Enhanced
Density

IMAGE EUV  21:21 UTC

Equatorial Projection
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GPS TEC / IMAGE EUV/ DMSP

Oct 31, 2003 01:35 UT DMSP F14 01:10 UT  |og TEC (TECU
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A Decade Of Storm Enhanced Density

Day 77, 1990 Day 90, 2001

log Electron Density @ 500 km Altitude [10.2,12.2] (m—3) GPS TEC Map 31 March 2007 12:05 UT
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Northern Europe and American Sector SED Plumes

Northern
Europe

American
Sector

02 Oct 2001
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20 Nov 2003 18:20 UT

Day324 @PM _n'"”MIT Haystack Observatory Day324 @PM MIT Haystack Observatory

Geodetic GPS TEC Map Geodetic GPS TEC Map
from 20-Nov-2003 18:10:00 to 20-Nov-2003 18:20:00 from 20-Nov-2003 18:10:00 to 20-Nov-2003 18:20:00




Conjugacy Examples
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GPS TEC Map from 02-0ct-2001 11:00:00 to 02-0ct-2001 11:30:00
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Conjugacy Examples
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From the Sun to the Earth

Space Weather Podcasts

www.haystack.mit.edu/swifx
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