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Overview 

•  Background on measuring the solar 
wind with 4 spacecraft 

•  Methods for finding discontinuity 
planes 

•  Observations of the June 22nd CME 
•  Case study: Booker and Dan 

•  Conclusion: ICME current sheets are 
not planar 
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The importance of solar wind    

n  Extreme natural laboratory present in coronal mass 
ejections and the solar wind 
n  Study properties of ionized gas 

n  Dynamic range of electromagnetic phenomena  
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n  GPS, electric grids 

n  Astronaut & pilot safety 

Image credit: news.discovery.com 



+
Spacecraft involved 

8/11/15 

4 

n  ACE, Wind, and DSCOVR 
equipped with magnetometer 

n  SOHO and the rest can make 
density and velocity 
measurements 

n  Multi-point observations can 
give spatial and temporal 
insight to structure of CMEs 

image credit: noaa.gov (DSCOVR) 
kc4cop.bizland.com (ACE) 
nascom.nasa.gov (SOHO) 
heasarc.gsfc.nasa.gov (Wind) 
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Lagrangian point 1 
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June 22nd CME overview 

n  Features of interest 
shown in blue 
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Onset of shock front 

Big shock front 



+ Plan of attack: finding the normal 
vector to the current sheets 

n  Planar timing calculations 

 

 

n  Minimum variance analysis 

n  Construct orthonormal basis to align minimum variance 
component to z and maximum with x. 

n  Better perspective of event 
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n  CME events during the week of June 21 became source of all of my 
data 

n  Selection of 11 events with similar density and magnetic field 
characteristics 

n  Measured upstream and downstream B-fields and velocities 

Decreased 
velocity 
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Sign switch Density spike 
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Planar timing calculations 

n  Work very well for shocks, but for current sheets the outcome is 
unphysically slow (also, not all sheets were seen at all 4 spots) 

n  Planar, steady state assumptions are probably not valid for ICME 
current sheets! 
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Transformed B-fields 

n  Applying minimum 
variance analysis 
yields a minimized 
B-z component 

n  Allows us to see 
changes in velocity 
relative to a steady 
B field 
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https://en.wikipedia.org/wiki/Magnetic_reconnection 
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Agreement between spacecraft 

n  Minimum variance analysis method produces similar results 
in Wind, ACE, and DSCOVR for Booker event 
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Transformed 

Original 
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Velocity transformations 

n  Outflows shown in x, inflows 
shown in z 

n  Mean outflow/jet velocity 
calculated to be ~75 km/s 

n  Less than Alfven speed, 
calculated from  

 

 

    to be 126.8 km/s 

n  Agrees with model 
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Shearing layer event Dan 
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Velocity 

Day 
174.206 174.207 174.208 174.209 

Proton velocity spectra 

n  Dan is not an obvious reconnection 
exhaust crossing1 
n  No outflows 

n  But, there are double-peaked 
proton spectra 

n  Best described as a shear layer 
passing through spacecraft 

1Stevens et al. 2015 
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So, why aren’t we seeing sheets? 

n  Significant discrepancy between normal vector and ez vector 
n  From timing calculations and MVA, respectively 
n  Indicate that the planar assumption fails; we must have curved 

structures 

n  Uncertainties for each set of basis vectors were calculated using 
bootstrapping method 
n  Most errors are ~+/- 1%  
n  Gives credibility to minimum variance analysis method 
n  These are the best fit planes 
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https://upload.wikimedia.org/wikipedia/commons/thumb/5/53/
Surface_normal_illustration.svg/2000px-Surface_normal_illustration.svg.png 

n  Angle uncertainty is 3-10 
degrees 

n  Speed uncertainty is 10-40 
km/s 
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n  We didn’t expect these to be planar anyway since 3 of the 
regions don’t even cross Wind! 
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Closing remarks 

n  In general, ICMEs don't have a trivial geometry 

n  Booker and Dan are not sheet-like due to turbulent environment, 
even on scale of 50 Re 

n  Booker is likely a reconnection region 

n  Velocity outflows are main indicator 

n  Dan is definitely a shear layer 

n  No local reconnection directly detected 

n  Double-peaked proton spectra 

8/11/15 

18 



+
Many, many thanks! 

n  I'd like to extend my gratitude to my mentors, Mike and Tony, 
for a productive and exciting summer project  

n  Kathy and Trae for guidance, for not shunning our weird 
habits, and for the free food 

n  This work is supported under the NSF-REU solar physics 
program at SAO, grant number AGS-1263241, and Wind 
MODA (Mission Operations and Data Analysis) at NASA. 
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