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OvaCon	Comparison	

Note	the	factor	of	10	in	scale	

Q	[erg/cm2/s]	 Q	[erg/cm2/s]	



Regional	Energy	



Aurora	PrecipitaCon	Input	into		
ITM	Models	

OvaCon	Prime	Model	

THEMIS	ASI	array	

Global	assimilaCve	models	do	not	capture	the	
complexity	of	auroral	structure	and	dynamics	



Methods	to	determine	e-	
precipitaCon	parameters	

current acceleration region. However, it is possible for the
theories explaining the different regions to fit together. Lysak
et al. [2009] use a magnetohydrodynamic (MHD) code to
show that perturbations in the magnetotail can create fast mode
wavefronts which, upon encountering the plasma sheet
boundary layer, convert to shear Alfvén waves and produce a
field-aligned current. It is shown byWygant et al. [2002] that
these waves can cause particle acceleration. Streltsov and
Lotko [2008] discuss how an Alfvén wave ponderomotive
force can produce further density cavitation. In their paper they
discuss evidence of auroral cavities associated with quasi-
static inverted-V aurora [Persoon et al., 1988; McFadden
et al., 1999]. The cavity associated with Alfvénic aurora is
thought to develop from the auroral cavity associated with the
inverted-V aurora through convection in the ionosphere
[Streltsov and Lotko, 2008].
[5] As seen in Figure 1, along the Cascades-2 trajectory,

prior to the two PBI crossings is a crossing of a broad diffuse
arc at the equatorward edge of the auroral oval. Similar dif-
ferences in the types of aurora are presented in a case study by
Olsson and Janhunen [1998] and categorized by Paschmann
et al. [2002]. The Cascades-2 flight provides the opportunity
to compare and contrast these different signatures and study
their evolution from one type to another, as well as to place
them in a magnetospheric and ionospheric context. The
Poker Flat Advanced Modular Incoherent Scatter Radar
(PFISR), providing ionospheric context, was operated in a

mode specifically chosen to support the Cascades-2 mission.
For the magnetospheric context, the rocket trajectory foot
points map to within close conjunction of three THEMIS
satellites, providing the magnetotail processes and locations
associated with PBIs.
[6] This paper focuses on three specific times in the rocket

flight. We show that event 1 is an inverted-V, event 2 is
a combination of inverted-V and Alfvénic processes, and
event 3 is purely Alfvénic. We also argue that event 2
developed out of an event 3-like arc, therefore illustrating a
case study where Alfvénic acceleration mechanisms do not
always occur separately from quasi-static parallel potential
drop acceleration mechanisms. The current understanding of
auroral acceleration regions has, for the most part, kept quasi-
static systems separate from time-varying systems, as noted
by Paschmann et al. [2002, and references therein]. There
are a few notable observational exceptions [e.g., Marklund
et al., 2001, 2004; Aikio et al., 2004, 2008;Hull et al., 2010],
and no theoretical models of this evolution. In this paper we
look at the details of the flight with an overview of the
event, consider specific observations to address the goals
of this study, and discuss interpretations of the data and
how they relate to other studies.

2. Methodology

[7] On 20 March 2009 the sounding rocket, Cascades-2,
was launched northward from Poker Flat Research Range

Figure 1. (a) White light keogram with the rocket trajectory overplotted and (b, c) two images from the
all sky camera at Kaktovik. Auroral light associated with events 1, 2, and 3 is noted.
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How	to	esCmate	the	input?	
(Ground-based)	

Two	parameters	needed:	
Energy	flux	(erg/cm2/s)	
Average	energy	per	e-	(eV)	
[=	2	x	characterisCc	energy	
for	a	maxwellian]	



427.8	nm	intensity	∝	energy	flux		
(mulCple	researchers)	

Both	models	(Rees	&	Luckey,	and	
Strickland	et	al.)	and	measure-
ments	(KasCng	&	Hays)	show	that	
the	raCo	is	consistently	200	to	250	
(+/-	quite	a	bit	for	the	measure-
ments)	for	anything	above	1	keV.	

For	a	given	intensity	(I4278)	
and	characterisCc	energy	(α),	
calculate	the	total	energy	

flux	in	erg	cm-2	sec-1	

I 4
27
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Q
	



Energy	Flux	vs	Blue	line	
(Hot	off	the	presses)	

From	the	GREECE	rocket	
campaign:	
•  High	resoluCon,	mulC-

spectral	ground-based	
imaging	and	on-board	
e-	detecCon.	

•  ParCcle	detector	data	
integrated	for	average	
energy	<E>	and	total	
energy	flux.		

•  427.8	nm	is	measured	
at	the	rocket	
footpoint.	

•  Model	is	B3C	
(Strickland)	Grubbs	et	al,	2016	
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RaCos	(2)	
•  RaCos	of	key	wavelengths	vs.	average	energy	have	been	modeled	

Rees	&	Luckey,	1974	

Strickland	et	al.	1989	

I4278	
•  This	only	works	for	raCos	of	

emissions	from	the	ENTIRE	arc!	
•  Oblique	views	will	results	in	

incorrect	energy	esCmates.	
•  Regional	coverage	requires	a	large	

number	individual	observing	sites	



											AlCtude	Profiles	
									CASCADES-2	

Toolik	
Event	2	

Kaktovik	

N	

Event	3	
Toolik	

Use	an	electron	transport	code	to	
calculate	expected	profiles	
[Lummerzheim	&	Lilensten,	1994]		

Trajectory	
(approx)	

While	apparently	accurate,	this	method	requires	much	“hands-on”	work	to	accomplish.	
Automated	tomography	may	enable	real-Cme	esCmaCons,	but	this	is	not	currently	
implemented.	



Scanning	Doppler	Imager	(SDI)	
Temperature	Maps	

•  A	standard	product	of	the	SDI	is	emission	temperature		of	557.7	nm	
emission	in	115	zones	

•  	Rapid	temperature	changes	are	regularly	seen	associated	with	auroral	
e-	precipitaCon	

•  Not	a	funcCon	of	heaCng	–	result	of	change	in	peak	emission	alCtude	&	
strong	thermospheric	gradients	

We	exploit	this	
to	esCmate	the	
characterisCc	
energy	of	the	
precipitaCon.	
	



Convert	Temperature	to	
CharacterisCc	Energy	

*	

Convolve	the	MSIS	temperature	
profile	with	green-line	emission	
alCtude	profiles	for	several	
energies	from	GLOW	to	get	the	
effecCve	temperature	as	
measured	by	the	SDI	for	each	

Dashed	–	convolved	
(Solid	–	peak	alCtude)	



Putng	it	all	together	

400	km	

Use	20	km	cells	
	
Interpolate	SDI	
temperature	data	
onto	the	grid	
	
Convert	T	to	E0	
	
Re-bin	427.8	nm	
emission	onto	grid	
and	average	over	
SDI	integraCon	
Cme	
	
Convert	to	Q	based	
on	I4278/Q	relaCon	

Geographic	grid	



Examining	Dynamics	



Comparison	to	PFISR	data	at	zenith	

Kaeppler	et	al.	2015	



The	fine	print	

•  Assumes	Maxwellian	distribuCon	
–  Not	all	aurora	is	Maxwellian	

•  Uses	I4278/Q	in	oblique	views	
–  Cell	size	is	approximately	the	emission	alCtude	profile	
width	for	energeCc	parCcles	

•  Strongly	dependent	on	MSIS,	which	does	not	always	
do	well	during	acCve	(rapidly	changing)	condiCons	and	
SDI	temperature	measurement	errors	

•  Conversion	is	only	as	good	as	the	imager	calibraCon	
•  Method	underesCmates	the	characterisCc	energy	
compared	to	PFISR	analysis,	but	matches	photometer	
results	quite	well	

•  Strongly	E-region	(“high”	energy)	centric.		
–  Need	a	similar	method	for	low	energy	=>	F-region	



Moving	ahead	

•  Use	other	instruments	and	methods	to	validate	and	
train	the	method	
–  PFISR	[✓],	zenith	emission	raCo[✓],	satellite	overpasses,	
off-zenith	determina4ons	

•  Beuer	implementaCon	of	MSIS[✓]	and	transport	
codes	[in	progress]	

•  Use	other	transport	models[✓]	or	GREECE	[✓]	rocket	
results	for	determining	flux	

•  Figure	out	how	to	do	something	similar	for	low	energy	
precipitaCon	that	affects	the	F-region	

•  MulC-SDI/ASI	implementaCon	
•  Combine	with	SuperDARN	data	(Bristow,	2015)	
•  Lead	to	an	empirical	model	of	auroral	energy	
deposiCon	with	realisCc	Cming	and	dynamics?	



MulC-SDI	possibiliCes	


