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Coronal Magnetic Field and the
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® At solar maximum the large polar coronal holes disappear and are
replaced by smaller, generally short lived coronal holes at all latitudes.

Ulysses observed fast and slow wind at all latitudes in the southern
hemisphere.
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Compositional Variations in the Solar Wind
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Paradigm of Solar Wind Composition
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’-Iellum Varlatlons in the Solar wind
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at causes the variability in the compos
the slow and fast solar wind?

hat are the sources of the slow solar win



WSA -Wang Sheeley Arge

Solves Potential Field Source Surface
and Schatten Current Sheet model

Assuming:
e VxB =0
B=_V¢
Vg =0
T Solution domain: 1 Rs to 21.5 Rs

Uses NSO Kitt Peak Magnetograms

Calculates the solar wind speed on the
outer boundary (21.5 Rs) based on:
~~expansion factor
~~magnetic foot point
boundary distance



Enlil (Heliosphere Model)

Solves 3D ideal Magnetohydrodynamic
equations

Solution domain: 0.1AU - 1.5 AU

Grid Resolution: 4 degrees

N Inner boundary (21.5 Ry, ~ 0.1AU):
Carrington Rotation, 1894 ' *Uses velocity and magnetic field from
equatorial cut plane of Solar Wind Speed (km/s) \WSA
*Assumes momentum flux conservation
and pressure balance to calculate
~~mass density
~~temperature



Solar Minimum: 1995-1997
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Solar Minimum: 2007-2008
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1. 1.5
Co*/C>*

Solar Minimum, 2(

Black: ACE lonic Chairc
Ratios

Red: V, > 600 km/s
(pristinely fast wind)

Blue: 500 km/s < V< 400

Green V,< 400 km/s:




Not so Shocking Revelation

* The Solar wind speed ‘evolves’ as it
propagates through the heliosphere

 But how does this help us to understand solar
wind compositional variations?
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Solar Minimum: 1995-1997
V,y at 0.1 AU (km/s)
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Solar Minimum: PO7—2008
V,, at 0.1 AU (km/s) Avie (%)
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ations in the
Solar Wind
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lonic Charge State Ratios and A,,.
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ind Structure

Global Solar W
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Summary/Conclusions

3

The solar wind evolves as it propagates outward,
observations

uddying in-situ

There are 2 slow solar wind populations, defined by A,z and arising
from different locations in the corona.

* Low A, values, isothermal temperature ratios and oxygen depletion in the SCW-II
strongly indicate the source of this wind is within the cores of streamers

« SCW:-l — edge of streamer belt/coronal hole boundary, evidence of wave particle
interactions, low ionic charge states.

Observed variations in A,,, are caused by varying frequency of
contributions from three A, populations from different source
regions.

» Seemingly linear relationship between A,z and speed

* Increase in A, with heliographic latitude during 1995 Minimum



Azimuth from ecliptic
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STEREO-A: 12/11/2008 00:00:00

Solar elongation

Video Curtesy of Craig DeForest
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Ulysses Fast Latitude Scan Comparison
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