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Conjugate imaging of substorms

N. @stgaard, S. B. Mende, H. U. Frey, J. B. Sigwarth, A. Aasnes , and J. M. Weygand

Abstract: Simultaneous imaging in the ultraviolet wavelengths byAI¥E and Polar of substorm onset location in

the conjugate hemispheres has shown that there existsearsyatally displacement of substorm onset location in one
hemisphere compared to the other. The relative displaceafeimset locations in the conjugate hemispheres was fooind t
be controlled primarily by the IMF clock-angle, with the dlp tilt angle as a possible second order effect. Comparéu wi
some of the existing magnetic field models, the observed emtries were found to be an order of magnitude larger than
the model predictions. Statistical distribution of sulbstmnset locations in the southern and northern hemisptieres
different clock angles enables us to validate the IMF cloagl@ control. Based or-3000 substorm onsets in the northern
hemisphere and-1000 in the southern hemisphere observed by IMAGE we find aneable support for our previous
findings.
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1. Introduction how this asymmetry is confirmed by a huge dataset of substorm

. . locations from the IMAGE mission [6]. Finally, we identify
In the open magnetospheric model the IMF is assumed to b ome questions that naturally arise from these findings.

an important controlling factor of solar wind-magnetosghe
coupling. Theoretical considerations have suggested 317,
and observations have inde_ed shown that the IMF penetrat@s Substorm onset location in the conjugate
the outer [15] as well as the inner [22] magnetotail. Theipkrt hemispheres
magnetospheric penetration [17] of the IMF has consequentl ] ) _ )
been implemented in the empirical magnetic field models of In our first study [9] we investigated thirteen events where
Tsyganenko; T96 [18] and T02 [19, 20]. It is also well doc- Wwe had conjugate simultaneous images of substorm onsets and
umented that the IMF orientation affects the location of theauroral features that could be easily identified. One ofethes
night-side aurora [2, 4, 16, 13, 7, 5]. However, to determineevents are shown in Figure 1. To identify the IMF orientation
how auroral phenomena in the northern and southern hemive used 10-min-average of the IMF data from Wind and ACE
spheres can be of different intensities, asymmetricor eeen  time-shifted toX = —10Rg assuming planar propagation of
conjugate, we need simultaneous conjugate measurements. fhe solar wind. In agreement with predictions [3] we found
situ conjugate measurements from space are very hard to offtat, for southward IMF, there exists a systematic hemisphe
tain, because you do not know if you really are on conjugatécal asymmetry of substorm onset locations. This asymmetry
field lines. Conjugate imaging from ground is difficult besau Is strongly correlated with the IMF clock angle (the clockwi
you need clear sky and asymmetries that are less than the figkgle with respect to the northward direction see Figure 2A)
of view of the all-sky cameras [12]. For these reasons, gpnju and that the relative displacemem¥NILT) can be expressed
ate simultaneous global imaging from space is really what ca@s a linear function of IMF clock angle ranging from°9®
resolve the degree of conjugacy and non-conjugacy of aluror70" (i.e., for southward IMF). We interpreted these findings
phenomena. With an imaging cadence of 2 min and 1 min foRs the magnetic tensions force acting on open magnetic field
IMAGE-FUV and Polar VIS Earth camera, respectively, theseines before reconnecting in the magnetotail or simply ¥E |
two missions have made it possible to address some of theg@netration of the magnetosphere. Based on a slightlyrarge
questions more quantitatively. data set [10] we fou_nd that the dipole tilt angle may act as
In this paper we report how simultaneous imaging from thed secondary controlling factor (next to the IMF) of the aafor
conjugate hemispheres has revealed that there existsearsyst asymmetries in the conjugate hemispheres. This would be con
atically displacement of substorm onset location in oneihem Sistent with the field aligned currents (FACs) being strange

sphere compared to the other [9, 10]. Furthermore, we shoif? the winter than in the summer hemispheres. Such stronger
night-side winter FACs were indeed found by [8] but not in the

statistical distribution of FACs based on Iridium measueets
[1]. We want to emphasize that the correlation coefficientfo
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Fig. 1. September 13, 2001. (a)-(c) IMAGE WIC images from
the northern hemisphere and VIS Earth images from the southe
hemisphere mapped onto apex magnetic coordinates. (d) The
Quick-look AE index from Kyoto, Japan. (e) The peak (thick)
and the 50% intensity contour (thin) local time location fbe
substorm onset in the southern (dashed) and the northeid)(so
hemisphere. (f) The IMF in GSM coordinates measured by Wind
(solid) and ACE (dashed) time-shifted to X=-R. This figure

is from [9].
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Fig. 2. (A) Statistical distributions and average of substorm
onset locations in the northern (black) and southern (ahshe
hemispheres for 5 different clock angle intervals of &&ing

both Wind and ACE data. IMF coordinates are shown in the
middle and clock angle is positive in the clockwise directi¢B)
Average location of substorm onset as a function of IMF clock
angle in the northern hemisphere. (C) Same for the southern
hemisphere. (DAMLT versus clock angle. Dotted line and
crosses: Simultaneous imaging [10], black dashed linedi€te
by T02, black diamonds: points derived from (B and C), i.e.,
difference between average southern and northern losatiack
line: regression line for black diamonds. Panel A and D wdse a
shown by [11].
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ported north-south asymmetries of the aurora that partty su remarkable support for our previous findings. The asymmtri

port and partly contradict this simple linear functiahNILT
versus clock angle). It should be noticed, however, that the
asymmetries were smal\MLT=0.02-0.2 and such small fluc-
tuations might have other causes (e.g., FAC) than IMF.

To further investigate this asymmetry we have analyzed the
substorm onset locations determined from IMAGE-FUV im- .
ages from year 2000 to 2004 [6]. This dataset comprises 2768
and 978 substorm onset locations from the northern and south

are at least 5 times larger than model predictions.
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ern hemisphere, respectively. For each of these substoems
r;f'ﬁeferences

have determined the 10-min-average IMF clock angle fro
ACE and Wind data time shifted to -B@, using a slightly 1.
more sophisticated propagation method [21]. Cases where th
clock angle varied more than 4@ithin the 10-min averaging
interval have been excluded. In order to get sufficientstias
we binned the onset locations (MLT) in Bhtervals of IMF 2.
clock angles determined from both Wind and ACE data and
calculated the average location for substorm onset in e@ch b
for northern and southern hemisphere separately. The numbes.
of substorm locations ranges from 92 (southern hemisphere
30°-90°) to 547 (northern hemisphere 9Q50°). Figure 2A
shows the distribution and average onset location in théhnor
ern (black) and southern (dashed) hemispheres for 5 of the 6,
clock angle intervals. Figure 2B and C show the average sub-
storm locations as a function of IMF clock angle (black dia-
monds) for northern and southern hemisphere, with a fitted co
sine function overlaid (solid line). In Figure 2B you can see
the relative asymmetry (southern minus northern average ong
set location) of the average onset locations. Even if theestd
the regression line (black line) is not as steep as derivad fr
our simultaneous imaging data (dotted line), which one Ehou ¢
expect from the averaging, these statistical results dstrate
that the asymmetries are still a factor 5 larger than TO2ipted
(dashed line).

As mentioned a time-shift of the IMF orientation to i€
has been used. Considering that there is a response tinfefor t
IMF orientation to affect the inner magnetosphere, this may
imply that a near-Earth neutral line has to form prior to the o
set. Onthe other hand, if the IMF control on the inner magneto
sphere is the effect of magnetic field lines reconnectedeat th
far neutral line convected earthward a much larger timé-shi
is needed. To address this, we will (in the near future) clifeck
other time-shifts, e.g., to -3z, -100Rg, or even -10R g plus
60 min, will give a similar systematic IMF control.

10.

3. Conclusions

In this paper we have reviewed and discussed our main res-
ults from analyzing global imaging data by IMAGE and Polar.

(1) There exists a systematical asymmetry of substorm onsetl.

locations in the conjugate hemispheres, which is found to be
controlled primarily by the IMF clock angle.

(2) Compared with some of the existing magnetic field mod-12.

els, the observed asymmetries are an order of magnituderlarg
than the model predictions.
(3) These results have been compared with the statistigal di

tribution of substorm onsets observed by IMAGE for diffdren 13.

clock angles. Based o0n3000 substorm onsets in the northern
hemisphere and-1000 in the southern hemisphere we find a
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