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EISCAT radar and optical studies of black aurora: a
signature of magnetospheric turbulence?

M.J. Kosch, B. Gustavsson, E.M. Blixt, T. Pedersen, A. Senior, A.J. Kavanagh, and J.
Semeter

Abstract: Black auroras are recognised as spatially well-definetbnsgwithin a uniform diffuse auroral background
where the optical emission is significantly reduced, or ibbgdotally absent. Black auroras typically appear postgmetic
midnight and during the substorm recovery phase, but ndusxely so. Their horizontal size is typically 1x5 km,
elongated in the east-west direction, and they move prathimtly in an eastward direction with a speed of 1-4 km/s.
There is no accepted theory for the phenomenon of black auatthough they seem associated with substorms. We report
on the first incoherent scatter radar observations of blackra by EISCAT, coupled to white-light TV recordings of the
phenomenon. From a 2002 observation, we show that noneshétack auroras are most probably not associated with
field-aligned currents. From 2002 and 2003 observationsshweeyv that the apparent motion of the black aurora is most
probably controlled by the drift of particles in the magrsgtihere and not ExB drift in the ionosphere. The drift speed

is therefore dependent on the energy of the precipitatimticpes forming the diffuse background. From 2005 bi-stati
observations, we attempt to confirm this by relating the ieagnd propagation speed of the black aurora to precipigatin
particle energy within the surrounding background diffaseora. Hence, the mechanism for black aurora is most plybab
active within the magnetosphere and substorm associatsthpl turbulence within the magnetosphere may account dor th
optical morphology of the black aurora, in particular theklaf pitch angle diffusion into the loss cone.
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1. Introduction 2. Satellite Observations

Although no optical observations were available to confirm
the presence of black auroras, [6, 7, 8] found small regions
Black auroras, first reported by [1], are regions devoid ef op (down to~ 1—2 km) of excess positive space charge in FREJA
tical emissions, occurring within the normal aurora, wheeme  satellite data at auroral latitudes in the altitude rangeveen
observer may reasonably expect aurora to be normally prese800 and 1700 km. These observations they associated with in-
i.e. notjust a black sky. They are a fairly common phenomenoriense diverging electric fields (upte 1 — 2 V/m), downward
which has been under-reported in the literature. Their im@rp field-aligned currents, depletion of the thermal backgbun
logy has been studied from the ground by [2, 3, 4] and theiplasma, dropouts of precipitating electrons, and strongewa
main features have been summarised by [5]: Black auroras agetivity. They speculated that the satellite observatiwese
mostly east-west aligned arc segments or patches, with-a typgssociated with east-west aligned black aurora vortertstre
ical size of 0.5-1.5 x 2.5-5 (up to 20) km. They normally oc- [7, 8] found that the black aurora is the optical and electro-
cur post-substorm, typically in a diffuse aurora backgdyun dynamical counterpart to small-scale auroral forms.
and drift eastward post-magnetic midnight with a typical ve  In joint aircraft-based optical and FAST satellite observa
locity of 0.5-1.5 (up to 4) km/s. They may exhibit shear ortions, [9] found that the black vortex streets consistedpaf s
vortices. Although the mechanism is unknown, satellite obdial regions where the pitch angle diffusion was stronglg-su
servations suggest they occur in regions of downward fieldpressed for- 2 keV electrons, causing precipitation dropouts
aligned current. In many respects, the black aurora is gnalo of the higher energy particles. They estimated the altitoide
ous to the negative of normal aurora [2]. Hence, just like northe aurora immediately adjacent to the black aurora to be 115
mal aurora, the different morphologies of the black aurerg.(  km.
sheared forms showing vorticity versus un-sheared forms ha

ing smooth boundaries) may be due to different mechanisms, .
"9 . les) may . I I 3. Radar Observations

Received 16 May 2006. The first combined radar-optical observations were per-
formed by [10] from Skibotn, Norway. They found that the
drift velocity of un-sheared black arc segments had no rela-
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prior, which is consistent with the black aurora appearimg i
tratomee - componant aonsnser daa( component substorm recovery phase.
m‘““‘ﬁﬁ‘ﬁ“-?#&ffﬁ&:ﬁ%?"”%& m‘“*‘“‘.%ﬁ“m”};m&ﬁ-“ﬁ?#;°""“J& Fig. 2 (top row of panels) shows optical data from DASI,
clearly showing evidence of un-sheared black auroras. The
blue dot indicates the EISCAT UHF radar pointing direction
along the magnetic field direction. Fig. 2 (middle row of pan-
els) shows the electron density profile from EISCAT. The red
dot indicates the mean altitude of the surrounding diffuse a
rora, inferred from bi-static triangulation of the blackrara.
The altitude is in the range 110—115 km, consistent with [9].
Fig. 2 (bottom row of panels) shows the precipitating péetic
energy spectrum, inferred from the EISCAT data [13]. There
is a peak in the spectrum around 3-6 keV, which is consistent
with the inferred altitude.
Fig. 3 shows an example of the bi-static tomographic inver-
] sion from 22:24:19 UT. The retrieval of the volume emission
rates was a simplified version of [14] where we use the DASI
images for the column emission rate and then search for the
Fig. 1. SAMNET magnetometer data (left panel) showing the best fit between images from both DASI and ODIN. The top

period when black auroras were observed (arrows). These dat ~Ppanels show the raw white light data, with red intensity con-
have been filtered to highlight Pi2 pulsations (right panel) tours overlaid, for DASI (left) and ODIN (right). The blacka

indicating substorm onset prior to the onset of the blacloms: rora arc is seen diagonally bottom-left to top-right in th&3D
image and in the bottom left quadrant of the ODIN image. The
conjunction with the ODIN night-vision TV camera. No evid- bottom panels show, in false colour, horizontal (left) aed-v
ence for ionospheric plasma depletion within the black euro tical (right) cuts through the diffuse aurora layer, whioblude
was found [11]. The first ever westward traveling black aaror the black aurora. Again, the black aurora is clearly seeg-dia
was reported [12]. The black aurora drift speed had no relaonally top-left to bottom-right in the horizontal cut andtire
tionship to the ionospheric F-region plasma drift [12]. How bottom left quadrant of the vertical cut.
ever, significantly, the black aurora drift velocity wasateld
to the characteristic energy of the precipitating parseléthin .
the adjacent diffuse aurora, as inferred from the EISCAﬁdat5' Conclusion
[12, 13](ignoring the single westward observation). TlEs-r ~ The evidence to date suggests that sheared black auroras
ult suggests that the black aurora are the result of a magnetgvortex streets) are associated with space charge, downwar
spheric mechanism, as the eastward gradient-curvatuite drfield-aligned currents and thermal plasma depletion, wdsere
velocity of magnetospheric electrons is energy-dependent  the un-sheared black auroras (arc segments) are not. Since
black auroras always seem to occur post-substorm, ardyclear
regions devoid of particle precipitation, and their driféacity
4. New Results appears to be energy-dependent, it is proposed that thk blac
In order to further address the relationship between tHe dri @uroras are ‘images” of small-scale flux tubes of stablypeap
speed of the un-sheared black aurora and the precipitatifgrticles within the magnetosphere [15], which occur asa re
particle energy in the adjacent diffuse aurora, bi-stagitoal ~ Ult of substorm activity. The mechanism remains unknown.
observations in conjunction with the EISCAT radar were un- 1he un-sheared black auroras often give the impression of
dertaken. The concept was to check whether the black aurofdrbulence, similar to smoke rising from a fire. This analogy
drift speed related to the height, and therefore the priatipi Suggests an association between the black auroras and post-
ing particle energy, of the diffuse background aurora. heze ~ Substorm plasma turbulence, which may be due to the in-
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report on the initial results. termingling of hot electron fluxes with the cold background
On 8 October 2005, the DASI TV imager was located at thePlasma population. ) )
EISCAT radar site, recording in white-light with=a 30°field In addition, the radar observations described for un-stear

of view and pointing into the magnetic zenith. The ODIN Plack aurora arc segments, compared to the satellite abserv
TV imager was located 27 km away, also recording in white-fions described for observed or inferred black vortex sree
light with a similar field of view and pointing into the com- Suggests that the black aurora has at least two differen-mec
mon volume. The EISCAT UHF radar was performing a 7-anisms associated with it.

position scan for an unrelated purpose, pointing into thg-ma

netic zenith once every 5 minutes. Black auroras were obderv References

in the interval 20-22 UT. Fig. 1 shows the unfiltered (left p@n

and filtered (right panel) SAMNET magnetometer data for this 1. Parson, N. R. and Thomas, I. L., Spatially forbidden negjiim

event from Kilpisjarvi, Finland. It is clear that the blaakrora the auroraCanadian Journal of Physics, 51, 1377-1378, 1973.
not only occurred during a negative bay (left panel), buRl#® 2. Trondsen, T. S. and Cogger, L. L., High-resolution tedimn
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Fig. 2. Data from the 8 October 2005 campaign taken at Tromsg, NorWag top row of panels show white-light optical data from
DASI with a =~ 30°field of view, clearly showing evidence of black auroras. Tihee dot indicates the EISCAT UHF radar pointing
direction along the magnetic field direction. The middle rofspanels show the electron density profile from EISCAT. Téd dot
indicates the mean altitude of the black aurora, inferrednfbi-static triangulation. The bottom row of panels show frecipitating
particle energy spectrum, inferred from the EISCAT data.
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Fig. 3. Bi-static white-light recordings of the black aurora on 8t@er 2005 (top panels) with intensity contours (red lind$)e same
black auroral “arc” is seen in both images. False-colouizootal and vertical cuts through the tomographic recemsion of the black
aurora (bottom panels).
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