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PHAZE 2 Movie

Arnoldy et al., JGRA, 1999; Semeter et al., JGRA, 2001
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Color Separation

• Brightness ratio (e.g. red/blue) is also 
indeterminate from single station
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Geographic Projections
Assumes thin layer at constant altitude

• Misinterpretation can result from
– Erroneous altitude assumption
– Vertical distribution of emission

Semeter et al., JASTP, 2001
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The Rayleigh:  A Tomographic Unit

“Because of a lack of general understanding of the units, there was some confusion and 
misuse of the observational data.”
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Joseph Chamberlain, 1961

I = Surface brightness =

= 1 Rayleigh =

is the integrated volume emission rate when the 
source is isotropic and there is no scattering or 
extinction in the lower atmosphere.  In that case
it is also then the integrated rate of atomic or 
molecular energy transitions related to some 
excitation process.
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Forward Model of Auroral Optical Emissions
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Overview

• Energy transport, energy conversion, and auroral 
production

• Atmospheric response to energetic particles

• Inferring the incident energy spectrum from 
ground-based observations

⇒ The tomographic approach

⇒ The multispectral approach

• Simultaneous spatial-spectral-temporal analysis
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Energy Conservation in Auroral Magnetosphere
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Large Scale Magnetospheric Energy Transport

After Vaivads, Ph.D. Dissertation



Energy Transport in the Auroral Zone

Vaivads, Ph.D. Dissertation, 1997



Velocity Distribution Functions for Energetic Aurora

Semeter et al., JASTP, 2001
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Current-Voltage Relationship
of the Acceleration Region
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φE /v2 for PHAZE 2

The simple relationships 
predicted by kinetic theory do 
not hold in regions where  
is non-Maxwellian, i.e.,

Semeter et al., JGRA, 2001

• When the aurora is very 
weak

• When the aurora is very 
energetic

• When the aurora is very 
turbulent

φE(E)

φE

E0

φE /v2



Atmospheric Response to Energetic Particles
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Volume Production Profiles

Semeter et al., JASTP, 2001

q(z)  =  ∫allE Q(E,z)φ(E)dE

ne (z)  =  qe(z) / α(z) vλ (z)  =  
qλ (z)

∑ j kjn j(z)



The Auroral Tomography Problem

Semeter et al., IEEE TGARS, 1997.

b(θ ) =  L(r,θ )v(r )dr
Ω
∫

b(θk ) =  k(r,θk )v(r)dr
Ω
∫

b(θk )  =  ∑ j L(rj ,θk )v(rj )∆rj
b  =  Lv

Continuous problem

Ill-posed problem

Ill-conditioned problem



Forward Auroral Tomographic Equation
with Pixel Basis
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A Unifying Perspective:  Tikhonov Regularization
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Estimating φn(E) from ne(z)

Consider a classic inverse 
problem associated with the 
left-hand side of this chart, 
namely

Can φn(E) be recovered from a 
measured E-region auroral 
ionization profile?

– UNTANGLE
(Vondrak & Baron, 1975)

– CARD (Brekke et al., 1989)
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Forward Model of Arc-Related Ionization
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CARD Analysis

Semeter and Kamalabadi, Radio Science, 2005

11 energies, min SV = 142 44 energies, min SV = 13 176 energies, min SV = 0



Direct Estimation of φn(E)
from Ground-Based Photometry

Semeter and Kamalabadi, Radio Science, 2005



Experimental test of φn(E) from ne(z)

Fujii et al., 1995 

24 energy bins

140 altitude bins



Single Site Measurements:  Perspective Effects

From Romick and Belon, JATP, 1967

  

v(lat,alt) = (H)(V )

b  =  10–6 HV sec χ
A1

A2
∫



Optical Characteristics of Nonlinear
Current/Voltage Relationships
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5577 Å images



Considerations for Red Line Modeling

Semeter et al., JASTP, 2001

Unlike prompt emissions redline does not vary linearly with energy flux:

• The low excitation energy (1.96 eV) of O(1D) means that heating 
results in significant production.

• The long radiative lifetime (126 s) of O(1D) causes hysteresis in
the emission.

• O(1D) is excited in both proton and electron precipitation.



Red Aurora of April 11, 1997

Lummerzheim et al., JGRA, 2001



C�OTIF Tomographic Analysis
of April 11, 1997

Lummerzheim et al., JGRA, 2001



Explanation for Low Redline Emission Altitude

Lummerzheim et al., JGRA, 2001



The Simultaneous Multispectral Imager (SMI)

Semeter et al., JASTP, 2001
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