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Abstract. Sunward oriented arcs appear at time intervals ofno correlation between relativistic electron uxes measur
positive Bz IMF, when auroral zone activity is strongly sup- near the Earth and solar wind magnetic eld. Those electrons
pressed, but intense spatio-temporal dynamics and nbteeea are generated in the solar ares and penetrate into the magne
brightness of the arcs indicate high-energy dissipatiom-c  tosphere along the open magnetic eld lines. Importantés th
parable with the energetics of auroral breakup. At presentfact that the polar arcs are always sun-aligned, it mearts tha
a common viewpoint is that polar cap arcs are generated oduring arc generation in the magnetosphere there is a $pecia
the closed magnetic eld lines crossing the plasma sheet. Irfavorable direction along the Sun - Earth line.
this study we have analyzed both a rare case of isolated in-
dividual polar cap arc generation and more common events
of active multiple arcs, using polar cap and auroral zone TV2 Event of individual polar cap arc generation, March
camera data as well as space magnetic eld measurementsin 7 2002 case study: Polar pseudobreakup?
the solar wind and magnetotail.
We demonstrate here a rare case of isolated, individual po-
Keywords. Solar wind, magnetosphere, polar cap aurora,lar cap arc generation. The data were obtained by all-sky
polar breakup, eld lines reconnection. TV camera in Barentsburg (Spitsbergen, 78M0514.2 E)
operating in the integral light (4000 - 8000 angstroms with

. maximum sensitivity about 5000) and analyzed with apply-
1 Introduction ing some new methods of TV data processing. The meth-
ods allow, for example, a keogram pro le to be of any form,

idth and in any direction within the TV frame. It is also

Polar cap aurora has been studied for many years, but il is sti

a very surprising phenomenon. Now, itis generally accepte ery helpful that the pro le can be dynamic, i.e., moving and
that the polar arcs are generated on closed magnetic el .

i ina the ol heet when th tosoh eforming along with an auroral arc under study. The ini-
INES crossing e plasma sheet, when the Magnetospnere §a v frame rate (25 frames per second) is redundant for
almost closed, and this fact is well con rmed by direct satel

. . this study, so it was integrated to 2 seconds resolutiorg thu
lite measurements. All plasma properties (the uxes, ener-

gies, pitch-angle distributions of e-, H+. He+, O+) above improving the data dynamic range. Different procedures of

the polar arcs and inside the plasma sheet are nearly ider;rV frame and keogram ltering for better revealing ne sub-
. jisual ils of ics h lied. M
tical (Meng, 1981; Peterson and Shelley, 1984; Frank et al.wsua details of aurora dynamics have been applied. More

_ i Information about TV camera operation, data recording and
1986; Frank and Craven, 1988; Huang et al., 1987, 1989)Image processing can be found in Kornilov et al. (2004) and
And though the polar arcs can occur very close to the mag

i Kornil tal. (2008) .
netic pole (up to 8385 MLAT), the magnetosphere never ornilova etal. ( )

. . Fig. 1 presents aurora TV frames for 20 minutes time inter-
happens to be completely closed (Trqshlchev, 1990). FIrStVaI (21.11 - 2130 UT). In the left-sided frames (1-3), the po-
several decades of satellite observations have not reei/ealesitions of keoaram oro les. which are discussed furthee ar
a single case of clear absence of magnetospheric tail signa-h wn sch mg . ”p Th ' lements of TV frame m t?i?( ;
tures at distances about 100 Re and more. Second, there Foown schematically. 1he elements of ame matrix are

integrated across keogram pro le, which, together with the

Correspondence td: A. Kornilov frame integration, signi cantly improves the dynamic rang
(kornilov@pgi.kolasc.net.ru) of initial data. A polar arc appeared perpendicularly tog ty
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Fig. 1. Integrated TV frames for 3 March, 2002 - case of individual polargeneration (A). Positions and size of keogram pro les are
schematically shown in the frames 1-3. Ground-based magnetomatarsfdScandinavian network (B). Moment of polar arc activation
marked by arrow.

ical auroral zone arc on the southern horizon, slowly moved(marked by the arrow), and this is approximately where the
through TV camera eld of view, and faded. The arc becamesouthern auroral arc was located. Fig. 2 presents different
active and exhibited strong deformations at the time of max-keograms constructed from Barentsburg TV camera frames
imum brightness (about 21.23 - 21.27 UT). Fig. 1(B) showsfor the time interval 21.10 - 21.32 UT, 660 integrated frames
some selected magnetograms of the Scandinavian IMAGEotal. All keograms are high pass ltered to reveal the ne
magnetometer network. One can see an enhancement amlgtails of spatio - temporal auroral structure. Keogram A
inversion of the electrojet inside a narrow latitudinalioeyg  (frame 1) shows the motion of luminosity irregularitiesides
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Fig. 2. Filtered keograms, showing irregularities motion in E-W direction inside soathuroral arc (A) and E-W polar arc motion (B).
Arc-tracking polar arc keogram (C), demonstrating N-S motions insiifé Eoving polar arc and integral luminosity variations (E1, E2).
Satellites magnetic eld measurements in solar wind (F1, F2) and magné&tiail

the auroral zone arc located along at the southern horizon o$outhern mother arc.

the TV camera eld of view. Though the spatial dynamics of Keogram C (example of keogram pro le position marked
the oval arc is rather complicated, the irregularities pred  in frame 3) realizes the arc-tracking method, i.e. the kawgr
inantly moved from West to East with the velocity of about pro le continuously covers the studied arc, moving and de-
1 km/sec (we assume aurora lower border altitude to be 110forming together with the arc. The method enables to ac-
120 km for the auroral zone, and 140-150 km for the polarcurately control the velocities and directions of irregities

cap region). The auroral zone arc brightened prior to polamotion inside the traveling polar arc (as the keogram indi-
arc generation and faded after it. The horizontal East-Westates, the irregularities move from North to South with a ve-
keogram (B), which crosses zenith (frame 2), indicates thdocity of about 600 m/sec). To estimate the average velocity
direction and velocity of polar arc motion (about 150 m/sec of northward development of the luminosity at the moment
from East to West). So, not only the velocities but also evenof polar arc generation, three similar keograms were plotte
the directions of motions inside the southern arc and generin the E-W direction along magnetic longitude (through the
ated polar cap arc are quite different. It means that the pozenith, 200 km to the north and 200 km to the south (D)).
lar arc after its appearance was entirely separated from th&he time shift between the keograms is well displayed, in-
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dicating that at the moment of arc generation the luminositytwisting deformation of the magnetospheric tail. The arrow
spread from the South to the North with a nite but quite marks the moment of polar arc intensi cation. A preced-
large velocity of about 10 km/sec. The luminosity integdate ing time interval of positive Bz IMF (19.00-20.00 UT) also
along the southern arc and the polar arc, as well as lteredexhibits intense polar arcs with occasional brightenind an
out pulsations of brightness (Fig. 2, E1 and E2) also reveahctivations.
a complete difference in the spatio-temporal dynamicsef th
polar arc and southern mother arc.
Fig. 2 (F1, F2, F3) shows the magnetic eld variations, de-4 December 18, 2006: Comparative study of auroral
tected by the ACE, WIND and GEOTAIL satellites, respec-  zone and polar region activity.
tively. Accounting for the satellite positions and the \eabf
solar wind velocity, polar arc generation corresponds & th It would be interesting to compare the TV data obtained si-
magnetic eld variations detected by ACE at 20.47 UT, by multaneously at northern latitudes and in the auroral oval
WIND at 21.10 UT, and by GEOTAIL at 21.25 UT (marked during active polar arc generation. We have synchronously
by the arrows). Very interesting data were recorded by GEO-Operating TV cameras in Barentsburg (78 8514.2 E) and
TAIL, whose position was rather close to the region of polar Lovozero, (67.97N, 35.08 E), but to perform such a com-
arc generation, perhaps somewhat downtail. At 21.25 UTparison is rather dif cult because of weather conditior (f
the satellite detected fast changes in the sign of the Bx andhe two above cases of March 7, 2002 and January 4, 2005,
By magnetic eld components without signi cant variations dense clouds were above Lovozero). We were lucky to nd
in the Bz component, indicating a radical change of the localone day of observations when both cameras could see active
magnetic eld direction. More obviously this is seen in the auroras, and three different types of auroral activity inese
bottom part of the gure, where the amp”tude and orienta- followed each other in the time interval from 17 to 23 UT.
tion of magnetic eld vectors in the X-Y and X-Z planes are  Fig. 4 presents the TV frames from Barentsburg (A, B, C)
shown. After polar arc generation, the earthward direation and selected frames for the same time interval from Lovozero
the local magnetic eld quickly changed to tailward. (D). Plot (A) shows TV frames from Barentsburg for the pe-
riod of polar arc activation. This interval marked by the ar-
row (1) in the plot (E) presenting solar wind magnetic eld
3 January 4, 2005: An event of multiple and active po-  variations recorded by the ACE and WIND spacecraft. Dur-
lar arcs generation: Polar breakup? ing about 15 minutes, IMF Bz component changed from -5 to
+5 nT and back. The camera in Lovozero registered a weak
Fig. 3 (A) presents the TV frames for a rather usual case ofactivation of the arc on the northern horizon (Fig. 4, D, and
intense and active sunward oriented polar arcs detected ithe keogram in Fig. 5, B1). The TV frames in plot (B) in-
Barentsburg. The TV camera was operating in the white-dicate small high-latitude aurora activation, very simitaa
light without interference lters, and so was not calibite usual auroral zone pseudobreakup. This interval correisgpon
but we were able to control the actual camera sensitivityto the arrow (2) in plot (E). A sharp increase in the solar
and roughly estimate the auroral arc brightness by comparwind velocity triggered a high-latitude pseudobreakup. No
ing the amount of stars visible in all-sky frame. In the caseauroral intensi cation was detected by the Lovozero cam-
presented, the polar arcs were very bright (about an ordeera (keogram B1 in Fig. 5. The third time interval (C) cor-
of magnitude brighter than in the previous case) and dy-responds to a strong breakup, which started in the auroral
namic, displaying fast and intense motions and deformazone and spread far to the North. Unfortunately, there was
tions. Though we do not have direct spacecraft informa-rather strong fog above Barentsburg, and high aurora bright
tion about the energy of precipitating electrons (nor IMAGE ness sometimes overloaded the TV camera in Lovozero (C
satellite pictures), it was de nitely not a polar rain pngita-  and D). This breakup classically developed after an IMF Bz
tion, whose average electron energy is about 100 eV. As irsouthward turning (marked by arrow 3 in plot E).
the previous case of individual polar cap arc generatiam, th  In Fig. 5 the ordinary (A1, B1, C1) and ltered (A2, B2,
characteristic energy of precipitating electrons was astle C2) keograms for the better revealing of ne details of arc
about 1 keV. The auroral dynamics along the E-W directiondynamics above Lovozero and Barentsburg are plotted for
is presented in the ordinary (B) and ltered (C) keograms (th the time interval 17.00-23.30 UT. Keograms clearly indécat
pro le is shown in the top left frame). In the keogram (B) we the above-mentioned three types of activity (Al, A2, A3,
can also see a signi cant enhancement in polar arc brighttime intervals 18.00-19.30 UT, 20.15-21.30 UT, and 22.00-
ness, and plot (D) is a result of TV frame elements integra-23.20 UT correspondingly). The position and orientation
tion in the region of the camera eld of view. Arc brightness of E-W keogram pro le for Barentsburg and N-S pro le for
increased several times in the time interval of about 10-15Lovozero cameras are shown in Fig. 4 (frames 1 and 2). Plots
minutes. The IMF data recorded by ACE and WIND satel- (A3, B3 and C3) demonstrate average auroral brightness in-
lites are shown in the plot (E). One can see continuous varitegrated over the camera eld of view. The auroral lumi-
ations of Bz from -4 to +4 nT, probably producing strong nosity during polar arc activation at 18.40 UT (marked by
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Fig. 3. Case of multiple polar arcs generation. TV frames for BarentsburgRé3ition of keogram pro le marked in the top-left frame.
Ordinary (B) and Itered keogram (C), integral auroral luminosity (IMF variations detected by ACE and GEOTAIL spacecrafts (E).
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Fig. 4. Comparative study of auroral zone (Lovozero) and polar activigréBtsburg). A, B, C - TV data from Barentsburg. Case of polar
arcs generation (A), high-latitude breakup (B), and strong aurorg breakup spreading for to the North (C). TV data from Lovozero fo
time interval of study (D). ACE and WIND satellites magnetic eld measunatisi€E). Arrows (1, 2, 3) mark IMF variations triggering

different types of activity.
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Fig. 5. Ordinary (A1, B1, C1) and ltered (A2, B2, C2) keograms for 18206, and integral luminosity variations (A3, B3, C3). Data set
for Barentsburg (A1, A2, A3), for Lovozero (b1, B2, B3), and fone interval of polar arc generation with higher time resolution (C1, C2,
C3). Keogram pro le positions are shown in TV frames in Fig. 4.
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the arrow in plot A3) is quite comparable with auroral zone have some elements of a special type of auroral activation,
breakup intensity (22.00-23.20 UT) and with polar arc in- which can be called 'a polar breakup'. In contrast to the or-
tensi cation shown in Fig. 3. In Fig. 5 (C1 - C3) an enlarged dinary auroral zone breakup, where energy is stored in the
fragment of polar arc generation event is shown (18.20€19.2 compressed magnetotail, polar breakup can gain energy from
uT). elastic deformation of twisted magnetotail. This twistaes
formation of the tail is around the Sun - Earth line and arise

) ) during periods of positive Bz component of the solar wind
5 Discussion magnetic eld. From this viewpoint, the case of individual
polar arc generation can be considered as a polar pseudo-

At the rst glance, the phenomenon of polar arc activation breakup.

is looking as a pure directly driven process. That is, during
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