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Poleward Boundary
Intensification (PBI) aurora
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Second brightest aurora
behind the substorm

Brightens initially at the
poleward edge of the
auroral oval, and may or
may not pull equatorward
in time A
Frequently seen during
solar minimum
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PBls in general

Term was coined by Lyons in 1998

%« This type of aurora had been
observed for a long time; there is a
2 clear descripfion in a paper by
Davis in 1960

« Classified by its locatfion at the
poleward edge of the auroral oval
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Questions To be addressed:

« What are the sources and acceleration
mechanisms that drive the Poleward
Boundary Intensifications?

 What informnation can be obtained
from rocket observations of particle
dispersions, and how can the in situ
parficle distributions and dispersions e
used to parameterize these
mechanisms?



Method

rocket trajectory in green, themis footpoints are blue diamonds

Nightside auroral sounding |

Cascades-2 was launched L, |
on 20 March 2009 from the AR RSP

T80

Poker Flat Research Range N i@g** g AT AN
in Alaska at 11:04:00 UT i W+ W A e o S T
(about a half hour pre- A R O L

midnight) VA T
Flight time of 12 minutes N S
and 43 seconds C S .
Reached an apogee of — A
o004 kmnat T1:11:11 UT




Cascades-2

* O payload sounding
rocket designed 1o
measure parficles and
electric and magnetic
fields at multiple points

* |Included electfron
tophat detectors (2 eV -
1.5 keV) on three
payloads, plus a foroidal
electron detector (o eV
— 1 keV) looking at the
fleld-aligned population
on the main payload
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Ground optics from two
sequential PBl events

* Equatorward ;" T
extending PBI ;"
(streamer)
marked 2 §
* Non-
equatorward-
extending PBI
marked 3
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Non-e-e PBI — ground optics
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Non-e-e PBI - in situ electron data
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Collisional Transport Code

Lummerzheim and Lilensten, 1994
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Non-e-e PBI - Alfvénic

Polar Cap Boundary

Acceleration Region

1. Variable Currents.

W]

2. Alfvenic electric

fields.
E

-

3. Counter-streaming
electrons.

Ne

4. Ion heating transverse

to B. Intense ion outflow.

-
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acceleration

« Electron signatures on the rocket,
plus ground camera data, along with
sfrong DC E-field fluctuations indicate
acceleration by Alfvén waves
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Streamer aurora (e-e)
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In situ eleciron data fro

m event 2
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Time-energy spectrogram shows
electrons slightly spread in energy

Dispersion still present

Pitfch-energy image shows even
more narrowly field-aligned
population plus an isotropic with
loss cone population
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Collisional Transport Code

Equatorw Lummerzheim and Lilensten, 1994
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Streamer has two electron

Upward
Current Region

1. Upward current.
M
2. Converging electric
field structures.
EE
3. Down-going,
inverted-V”’ electrons.

We

4. Up-going ion
beam. Ion conics.

Mit

Polar Cap Boundary
Acceleration Region

1. Variable Currents.
“WJ

2. Alfvenic electric
fields.
E

-

3. Counter-streaming
electrons.

He

4. Ion heating transverse
to B. Intense ion outflow.
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populations

« Higher energy, isotropic with a loss cone
population typical of acceleration in an

upward current region

« Narrow in pitch angle, spread through a
range of energies population typical of

Alfvenic acceleration

« Cascades-2
observations show a
mixture of two
populations,
indicating a mixture
of fwo separate
acceleration
mechanisms

100

iy

80

0 80 180
pitch angle [degrees]

time of flight = 474,483

[#femA2isris]



The main idead

Non-e-e PBl is quiTe Cledrly Alfvenic aurora
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E-e PBI (streamer) has aspects of both Alfvenic
aurora and inverted-V aurora
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From the ground cameras, It is obwous that ’rhe

sfreamer starfed just like the non-e-e PBI



What are the acceleration
mechanisms that drive the
Poleward Boundary
INntensifications?

* We show that PBIs will be purely Alfvenic if
they do not extend equatorward, whereas
streamers will be a mixture of Alfvenic and
guasi-static

* This work is in agreement with previous
studies which suggest quasi-static
acceleration regions can develop out of
Alfvenic acceleration regions, namely Hull et
al. 2010



lon data during PBISs

* |lons befween
10 - 800 eV
are Not
present at the
fime of tThe
streamer

e Sfructured ion
signafures
occur around
600 s
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energy [eV]

Structured ion signafures

« Precipitating

. iffersntiatenargy flux] jons are
| dispersed in
energy with fime
100 - . Energy

decredases with
time of flight,
corresponding
fo Increasing
latitude

10 -




lon stack plot, 0 degrees

lon dispersion

* Taking vertical line cuts through the
spectrogram picks out the peaks

* Change from an energy scale to a

8+10°
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Compare to electron dispersion

_ casc2 bg
[differential energy flux]

e o Electron minimum
acceleration altitude
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lon pitch angle dispersion

« lons are also dispersed in pitch
angle with fime

« Given the pifch angle and the 5ol
time of arrival of the ions along °
a dispersion curve, the alfitude
from which they were
precipitated can be
determined
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. lons are also

dispersed in pitfch
angle with time

Given the pitch angle
and the time of arrival
of the ions along a
dispersion curve, the
dltifude from which
they were
precipitated can be
determined

Method indicates
precipitation over a
range of altitudes of
90 km ranging from
675 - 750 km



Precipitation altitude
Inconsistency

* Separate analysis of pitch angle
dispersion and energy dispersion of ion
population does not give consistent
results
— Range of altitudes of 50 km between 475 —

550 km, compared to a localized altitude In
the range of 570 — 870 km

* Requires analysis of both signatures
simultaneously



ion image from data

A simple model

« Choosing an alfitude (or
range of altitfudes) a tfime
delay is calculated
based on the inifial
energy and pitch angle
values of a population

«» o PArameters that can be

adjusted:

— Alfifude range of
precipitation region

— Collection fime

— Temperature(s) of initial
population

— Number of initial
populations




A simple model

e Best fit to data:

— Three Maxwellians with
different temperature
(10, 15, and 60 eV for the
top right panel; 15, 50,
and 100 eV for the
pbottom right)

— An acceleration region
spread over 50 km

— Include multiple
populations separated
by | second in order o
get multiple dispersions
at one pitch for one fime




What informatfion can be obtained from
rocket olbservations of particle dispersions,
and how can the in situ particle distributions
and dispersions be used to parameterize
these mechanisms?

* In tThe non-equatorward-extending PBI,
electrons are observed 1o have an
lonospheric source, which is accelerated
by Alfven waves at an altitude of 500 —
1000 km

* |lon dispersions indicate a precipitation
altiftude of 500 — 550 km, with a source
that is comprised of three Maxwellians of
differing femperature




Questions?

Photo by Robert Michell



	Sounding rocket study of two sequential poleward boundary intensifications
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Cascades-2
	Slide 7
	Two sequential PBI events
	Slide 9
	In situ electron data from event 3
	Slide 11
	Slide 12
	Slide 13
	In situ electron data from event 2
	Slide 15
	Slide 16
	The main idea
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Summary/Conclusions
	Thanks!

