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 AKR-Auroral Studies
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e Striated AKR SAKR — lon ‘holes’

— Summary of SAKR properties
— Comparison with lon Solitary Structures
— Do lon solitary structures trigger SAKR?
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Characteristics of Terrestrial AR Emission: Byt

Auroral Kilometric Radiation July 12, 2001 at 19:05:40
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AKR Source region:
FAST Observations of AKR Source Region (Ergun et al. Ap. J. 538, 456)

AKR Source Observations
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FAST Observations of AKR Source Region (Ergun et al. Ap. J. 538, 456)
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Closed cycle
system
connecting AKR
with auroral
region

* Free energy source for AKR
consists of accelerated
primary electrons (downward)
and mirrored electrons
(upward) with substantial V.

 Mirroring (& turbulence)
scatters beamed (V)
electrons in velocity space
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Electron Distribution in
Density Cavity
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Fig. 6. Cartoon showmg the energy flow withmn the AKE source region.

From Strangeway et al. 2000
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Sample AKR dynamical spectra showing effect of angular
beaming (see Christopher et al. poster Thursday)
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VLBI Source Location Algorithm:
Differential delay measurement

AN,

A

’ry.:fj—r——UR S‘ ‘R S lij

6 independent equations, 3 unknowns (R,.R,,R,)
R = AKR Source Vector

S',. =Vector to spacecraft i
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Sample Dynamic Spectrum, Waveform and Cross-correlation
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Fly-through of AKR positions
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VLBI position uncertainty calculation

Delay uncertainties in plane J and
parallel to line of sight:

Typical uncertainty in LI plane:
OX, = (éj [¢or =500 km

Typical uncertainty in X, plane:

2
Ox = 2(%) (€37 = 5,000 km
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Movies of temporal behav

AKR

AuUrora,

Dacember 29, 2002 05:01-06:27
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Case 1: Electron Acceleration

: , Electron
Region Above AKR Source Region acceleration
region
Nominal Predictions:
» High Correlation Between AKR AKR
Source

Source and Auroral Bright

Features on Same Magnetic Field

line

» Assumes electron precipitation

continues to auroral region
[suitable f(v)]

» But upward mirrored elecgtrons

can still contribute
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Case 2: Electron Acceleration
Region Below AKR Source Region

* AKR
>ource
Nominal Predictions:
Electron

» Low Correlation Between acceleration
AKR Source and Auroral region
Bright Features on Same

Magnetic Field line

e |f AKR emission, sources
not on same field line

 Possibility that upward

scattered electrons could PBurirSI:?cl
trigger AKR diot
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IMAGE Auroral Images
8 June 2004 11:30 — 11:49 UT




AKR Source Locations
8 June 2004 (11:13 — 11:51 UT)




Both movies
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Striated AKR (SAKR)

17ulte  11:42:54 FFT Size: 512

SCAH

5C2

SC 3

SC 4

Figure 1. Example dynamical spectra of striated AR bursts observed from 11:42:54 to 11:43:09 UT on 17 July 2002
on four Cluster spacecraft The spacecraft were located at geocentric distances between 106 (SC1) and 11.7 (SC3)
Earth radii and magnetic latitude -55% (SC4) to -65° (SC1]. The absence of emission above 135 kHz is due to filter
roll-off in the receivers.
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19:25:58 19:26:00 19:26:02 19:26:04 19:26:06 19:26:08 19:26:10 18:26:12

Figure xxx. Dynamical spectrum of a variety of AKR bursts observed on August 31, 2002 at 19:.25:68 — 192612 UT
in the 250 kHz band. The Cluster spacecraft were located over the southern magnetic pole at geocentric distance
between 8.6 and 9.7 Re and geomagnetic latitudes -797 to -86°. The angular separation of the Cluster constellation
as viewed from 2 He above the southern geomagnetic pole (assumed to be near the source location) is shown on
figure xx. Mote the relatively wideband {~1 kHz) positively drifting AR burst labeled A, the narrowband isolated
positively drifting feature labeled B, and the characteristic series of descending, narrowband striated bursts labeled
C. The striated bursts are detected strangly only an spacecraft 3C3 and 5C4 (angular separation ~1.5%, illustrating
the small angular size of the emission beam.
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Figure ®xx. Freguency-time spectra of drifting striated AKE bursts observed on 31 August 2002 between
18:50:52 UT and 18:51:02 UT. The bursts were observed by the WEBD instrurment in the 1260137 KHz
band on four Cluster spacecraft (SC1- SC4) located at geocentric distances of 3.8Re (SC1)1to 9.4 Re
(ZC4). The projected angular separation of the spacecraft as seen from a point 2Re above the south
magnetic pole, is shown in figure xx, Mote that SC1's spectrum is dominated by striated bursts (labeled 1)
with slope dffdt ~ -6.4 kHz/s, while the dominant bursts observed at SC2 (labeled 2} have slope dfidt ~ -

3.5 kHz/sec.
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Histogram of AKR Rain Observations
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Figure xxx. Probahility of detection of striated AKR bursts in a randaomly chosen 52 sec time interval far
observations in the 125, 250, and 500 KHz bands at a given spacecraft location. Mote that within each 52
sec time interval, striated AR is typically detected for a fraction of the total 52 sec interval, so these
probabilities are an upper limit to the probability of detection far short sampling times. We have also
included the prabahility of detection as reported by Menistti et 2/ [2000] in the frequency band 0-90 kHz
(shaded bar).
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Figure xxx. Beaming probability of striated elementary AKE bursts measured at 125 kHz (red dots) and 250 kHz
(green daots) bands using simultanecus observations of bursts at multiple spacecraft. The size of each dot is
propartional the number of bursts measured. The solid line is a best-fit Gaussian function with half-maximum angular
size A =42°
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Figure xxx. (a) [solated striated AKR burst dynamical spectrum observed on Jduly 7, 2002 at 06:53:42 UT
inthe 125-137.6 kHz band. (b) De-trended burst dynamical spectrum computed by multiplying
theteradyning) the raw waveform with a chirp signal (constant dffdt) using the same frequency drift rate as
the striated burst in (), but with a small frequency offset (250 Hz). (c) Measured full-width at half-
maximurn (FYWHM) bandwidth measured by fitting a Gaussian function to the one-dimensional fregquency
profile of each 37 ms time slice.
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Upward speed (km s ')
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Figure xx. Striated AKRE burst drift rate frequency of occurrence inthe 125-135 kHz band based an
ohservations of 573 striated AKR burst events. The mean slope at this band gfgt =-50+20kHz 51, is
very similar to the mean slope -5.7+1.8 kHz =" obgerved in the 125 kHz -215 kHz hand by Meniatti et al
2000, The upper horizantal axis indicates the corresponding upward speed of a disturbance which wauld
trigger emission at electron cyclotron frequency f. = 130 kHz.
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Summary of SAKR Properties and Implied

properties of trigger

Observed SAKR
Property

Implied Trigger Property

Negative slope

Upward traveling

Slope -3 — -12 km/s

Speed 75 — 300 km/s

Narrowband (20 - 40
Hz)

Spatial scale < 1 km (along B field)

Much more common
at low frequency (100
KHz vs. 500 KHz

Trigger more common at higher altitude
(R > 2.5Re)

High intensity
(comparable with
normal AKR

E field must disturb electron f(v) significantly
(for max. growth)




lon and Electron Solitary Structures (Bounds et al. 1999 JGR)

POLAR Satellite -- 10 October 1996
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BOUNDE ET AL BRIEF REPORT

Palar -- EFT May 14, 1096
5690 km, 3.52 MLT, .73.46 MLAT

8,7
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- CLUSTER WBD WAVEFORM DATA
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6 April 2002 10:23:06 81 UT
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lon hole and tri-polar solitary structures:
Consistent with narrow bandwidths

At =10ms

V_=100-300kms™

L, =3km
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Bandwidths in excellent agreement
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Ion holes:
trigger for
striated
AKR
bursts?

20 September 2005

1957/04/04 051659

V ~ 200 - 400 km/s ealiing2

125 kHz

Solitary ion(?) holes
trigger narrowband
striated AKR bursts
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Electron-Cyclotron Maser (ECM)
Resonance condition

20 September 2005 Double Star -Cluster Noordwijk Sept 2005 33



Electron energy dist function (‘horseshoe’) in
magnetospheric acceleration region

(Polar in situ obs)
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SAKR: A Tracer of lon Solitary Structures?

Observed SAKR
Property

Implied Trigger
Property

lon Solitary Structures

Negative slope

Upward traveling

Yes

Slope -3 — -12 km/s

Speed 75 — 300 km/s

Yes (e.g. Bounds,
1999)

Narrowband (20 - 40
Hz)

Spatial scale <1 km
(along B field)

Yes (many refs)

Much more common
at low frequency (100
KHz vs. 500 KHz

Trigger more common
at higher altitude

(R > 2.5Re)

Unknown (but FAST
measures in situ)

High intensity
(comparable with
normal AKR

E field must disturb
electron f(v)
significantly (for max.
growth)

dE/dx ~ 0.5 VIm, V,
~ 0.1 kV. Requires
detailed PIC code to
verify




Summary

* Preliminary joint AKR (Cluster WBD VLBI)
Imaging with aurora (IMAGE) shows some
correlation (but not high)

— Is electron current return inefficient?
— Ongoing joint observations started June 05 should
clarify connection

o Striated AKR may be triggered by ion ‘holes’

(solitary structures)
— Most observed parameters consistent with ion holes

— Detalled PIC calculation, analytic integration of growth
rate needed for verify
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