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Summary

We present a case study of the dayside aurora observed simultaneously with optical instruments
from the ground and with auroral particle spectrometers aboard the DMSP F16 and F17 satellites.
Optical observations were carried out with an all-sky camera at the Polar Geophysical Institute (PGI)
observatory Barentsburg on Svalbard. The aurora as a whole moved equatorward in response to
negative turning of the IMF Bz component and then the distinct faint rayed arc intensified, moved to
the north and faded. Satellite DMSP F17 crossed the cusp twenty minutes after Bz turned southward.
Joint analysis of optical and satellite data showed that faint auroral structures are embedded into the
cusp precipitations and correspond to the bursts of electron precipitations with energy below 100 eV.
The next satellite crossed the camera field-of-view ten minutes later and the data showed that the source
of the faded poleward moving rayed arc was located, most probably, on the non-closed magnetic field
lines. This finding and the presence of ion-energy dispersion in the DMSP data allows us to make
the conclusion that the dayside reconnection may be considered as the reason for this kind of aurora
activity. In this study we also estimated the altitude and horizontal scale of auroral rays in the cusp.
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HccenenoBan penkuii cirydail OMHOBPEMEHHON PErMCTpaliK AHEBHBIX NOJIIPHBIX CUSIHUM HA3€MHOU
OITUYECKOH ammapaTypoii U IeTeKTOPOM BbICHINArOLTHXCS yacTull Ha ciyTHHKaXx DMSPF16 u F17. Onu-
YECKHE M3MEPEHHUs IPOBOIUIIMCH KaMepoii ITOIHOro 063opa Heba [TomspHOro reou3HuecKoro HHCTUTYTa,
ycTaHOBJIEHHOH B oOcepBaropun bapennOypr Ha apx. LlInuubepren. Cnemys pa3BopoTy BEpTHKAIBHOM
KOMITOHEHTBI MEKIUIAHETHOTO MarHuTHoro noist (Bz-kommnonentst MMIT) B 005acth OTpULATENIbHBIX
3Ha4YCHMI, CUCTEMA CIIA0BIX JIyYHCTBIX YT CMECTHIIACK K FOT'Y, TIOCIIE YeTO0 OIHA U3 IyT Havasa apeiidoBarsb
ob6parHo k nomocy 1 nponana. Crytaiuk DMSP F17 nepecek kacn CItycTs 1BaiiaTh MUHYT [10CJIE pa3BOPOTa
Bz-xommoHeHTbl. COBMECTHBII aHAJIM3 ONTHYECKUX U CITy THHKOBBIX JIaHHBIX IT0Ka3aJ1, 4TO HAOMoIaeMble
c1aOble JTy4YnCThIe CTPYKTYPbI HAXOATCS B 0ONACTH KaCIIEHHBIX BBICHINTAHUI M MPOCTPAHCTBEHHO CBSI3a-
HBI C BCIUIECKOM BBICBHIIAIOIIMXCS 3EKTPOHOB ¢ 3Heprueil meHee 100 3B. Cnenyromwmii criytHuk DMSP
THepeceK Mojie 3PEHHs KaMephbl CITYCTs AECATh MHHYT IIOCIIE IEPBOTO, M aHAJIM3 €0 JaHHBIX TOKa3all, 4To
9Ta Jiyra B MOMEHT HCYE3HOBCHHUSI HAXOIMIIACh B 00JIACTH Pa30MKHYTBIX CHIIOBBIX JIMHHIA. DTOT pe3yJIbTar,
JIOTIONTHEHHBIH criermduyeckoii popMoii MPOTOHHBIX BBICHINAHMIT B JaHHBIX ciiyTHHKa DMSP, koTopyio
TPAIULIOHHO CBS3BIBAIOT C MEPECOETMHEHNEM, TTO3BOIMI HaM MPUHTH K BBIBOMY, YTO CMEILABILAsCS K
TOMIOCY crnabast JTy4ucTast Ayra MOIIa IPEACTABIATh COO0H HOHOCHEPHBIH CIIE TONBKO YTO HEePecoe/y-
HUBILIEHCS MarHUTHO CHJI0BOM TPyOKHU, YHOCUMOM COJTHEYHBIM BETPOM B QHTUCOTHEYHOM HAIPABIICHHH.
O1eHeHa BbICOTA H MONEPEYHBIH pa3Mep IEMEHTa JTy4dUCTOl CTPYKTYpBI B Kacrie.

1. INTRODUCTION

Investigation of geophysical processes in the cusp and adjacent magnetospheric
domains — the mantle (MANT) and the low latitude boundary layer (LLBL) — is important
for understanding the physical mechanisms responsible for solar-terrestrial interaction. Magnetic
conjugation of these parts of the dayside magnetosphere with the high-latitude ionosphere
allows us to study solar-wind/magnetosphere interaction via the ionospheric phenomena
observed from the ground. In this paper we concentrate on dayside auroras observed above
Svalbard and aurora-related particle precipitations measured on board the DMSP satellites.

As a research tool, the optical aurora has obvious advantages compared with other
kinds of ionospheric manifestations of magnetospheric processes since the modern all-sky
cameras, as well as the large field of view, have high spatial and temporal resolution. On
the other hand, optical observations depend greatly on the weather conditions and may
be conducted only during darkness, only. Probably, this is a reason why we still poorly
understand how the solar wind/magnetopause interaction is displayed by dayside auroras.

Expanding the set of observational instruments in Spitsbergen allows the use of
a wide range of data instead of the optical data alone. Although such a multi-instrumental
approach reduces the number of “optical events” suitable for analysis and turns them into
so-called “case-studies”, it makes the interpretation of observations less uncertain (e.g. [1]).

Long study of low-altitude satellite data yielded the statistical MLAT/MLT distribution
of the ionospheric projections of dayside magnetospheric domains ([2]) showing that the
ionosphere above Svalbard is magnetically conjugated with all the above mentioned domains
of interest (MANT, cusp and LLBL). To interpret the dayside aurora dynamics in the frame of
solar wind/magnetopause interaction, one should correctly define the location of the dayside
aurora’s origin in the magnetosphere. For example, if auroras originate in the cusp then move
poleward and disappear in the mantle, the hypothesis about their association with reconnecting
flux tubes suggested in [3] seems to be a probable one. However, the location of aurora origin
is not simple. The typical way is the use of one of the Thyganenko models ([4]). In [5], the
conclusion about the association of the early-evening arc (16 MLT) with the inner edge of
LLBL was done in the absence of satellite measurements on precipitating particles. The only
argument was how far away from the magnetopause the arc is projected in the Tsyganenko
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T89 model. The same approach was used in [6] to infer that the post-midday arc (13:40
MLT) originated from the magnetopause. The results of a case study of conjugated satellite
(Polar at ~ 09:30 MLT and Cluster at ~ 16 MLT, respectively) and optical observations of the
dayside aurora were presented in [7, 8]. Including the auroral particle data in these analyzes
resulted in a more correct projection of auroras to magnetospheric domains. Nevertheless,
the conclusion about the location of the arc’s origin in LLBL (see [8]) may not be regarded
as indisputable because the Cluster satellite footprint is projected on the edge of the camera
field-of-view where distortion due to using of fish-eye lens is very high. In [7] the auroral
form positions in the vicinity of the Polar footprint were supposed from the characteristics of
precipitating particles while optical observations were used for very general information about
auroras. Probably, the approach was conditioned by understanding how critical an ambiguity
of mapping of high altitude satellites into the ionosphere is for interpretation. An inaccuracy
of Cluster mapping was estimated in [9]. The authors showed that different modifications of
the Tsyganenko models yield an uncertainty of Cluster projection to the ionosphere about 100
km that is of the same order as the scale of auroral pulsating patches considered in [9], as well
as the meridian extension of cusp and LLBL projections in the present study. The altitude of
DMSPs is ~ 840 km and for mapping one can use the IGRF model which, in contrast to the
Tsyganenko models, does not depend on geomagnetic activity.

Indirect comparison of the location of auroras with regions of dayside precipitation
was done in [10]. Using statistical distribution both of auroras and particle precipitation
regions, the author showed that discrete dayside auroral forms are embedded into
the boundary plasma sheet whereas diffuse luminosity is associated with rather hard
precipitations from the central plasma sheet (CPS). Note that for their analysis they used
the approximating formulas ([11]) instead of the direct simultaneous measurements. Later,
the former result was confirmed by direct comparison of electron precipitations onboard
DMSP with optical observations in the late morning and early evening MLT-sectors ([12]
and [13], respectively). The result of the above-mentioned case study in [7] inferred from
Polar measurements is also in agreement with these observations.

An analysis of the literature shows that direct simultaneous optical/satellite measurements
aimed at locating of the near-noon auroras relative to magnetospheric domains (cusp, LLBL,
MANT) are very rare, and the nature of near-cusp auroras, as well as the drivers of aurora
dynamics, are still uncertain issues of solar wind/magnetopause interaction. A few of the
simultaneous near-noon observations may be easily explained by weather conditions and horizon
sun highlight even during the darkest days. There are several case studies (e.g. [14, 15, 1])
demonstrating the possible association of auroras with some domains but reliable statistics are
not available so far. The situation can not be clarified using aurora observations from satellites
such as Viking, Polar or Image because they give only an overview of auroral activity due to
low spatial/temporal resolution, as well as low sensitivity of onboard optical instruments.

Our investigation aims to expand the statistics on the association of dayside auroras
with magnetospheric domains adjacent to the magnetopause using conjugated satellite and
ground-based observation of the dayside aurora. The conjugation took place under negative
IMF Bz conditions due to which the cusp was shifted southward from its statistical position
([2]) and was detected by the DMSP F17 satellite in the central part of the field-of -view of
all-sky camera operating at the Barentsburg observatory on Svalbard (78.093°N, 14.208°E).

The most important part of the investigation is the precise collocation of optical
and satellite measurements. The procedure will be shortly described in the next section.
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2. INSTRUMENTATION AND METHODOLOGICAL ISSUES

The optical data used in our investigation were obtained with the high sensitive CCD-
camera installed at the observatory of the Polar Geophysical Institute “Barentsburg” in November
2011. The camera is equipped with a fish-eye lens, has a resolution of 512x512 pixels and
monitors the auroral activity in visible light at a temporal resolution of one frame per second.

The satellite data used for this study come from the Defense Meteorological Satellite
Program (DMSP) series of satellites, using the SSJ/4 detector. The DMSP F16,F17 satellites
are in circular, 840 km, Sun-synchronous orbits at an inclination of 98.3. The reader is
referred to [16] and references therein for details on the SSJ/4 detector and its capabilities.

Location of the boundaries of different types of auroral precipitation was inferred
from the DMSP satellite data by the method described in [17] and realized as on-line
procedure on the website of the Johns Hopkins University (http://sd-www.jhuapl.edu/
Aurora/dataset_list.html).

A very important part of our investigation is matching (in space) optical and satellite
measurements as accurate as possible. The traditional way of conjunction of optical and
satellite measurements is the projection along geomagnetic field lines (mapping) of
both auroras and satellite trajectory onto the same surface with a definite geographic/
geomagnetic coordinate system. In our study for aurora mapping we used the AIDA-tools
package developed by Bjorn Gustavsson ([18]) for processing of the aurora optical data
provided by the Auroral Large Imaging System, ALIS ([19]). The AIDA-tools package
is available on http://www.alis.irf.se/~bjorn/AIDA_tools/Documentation/index.html. Like
many other methods, the AIDA procedure is based on star recognition in the sky image.
However, for transformation of “coordinates” on digital image (numbers of column and
row) into the physical coordinates on the mapping surface (latitude and longitude), the
procedure uses the matrix instead of traditional one-dimensional dependence of coordinates
on the zenith angle.

For DMSP mapping we used IGRF magnetic field model and coordinates of the sub-
satellite points taken from http://sd-www.jhuapl.edu/Aurora/dataset_list.html. The altitude of
the spherical surface where the satellite measurement points were matched with auroras was
assumed to be the height of the low border of luminosity (height of auroras). The latter was
inferred from the altitude profile of aurora luminosity. Note that the height of auroras is the
most uncertain parameter. In the study [12] the height of the dayside auroras was assumed
to be 150 km. The value was obtained from triangulation measurements ([20]) based on the
photo registration which is more sensitive for the green emission than for the red one whereas
it is just red auroras that are the typical form of near-cusp auroral activity.

To estimate the possible error caused by an uncertainty of the aurora height, we
carried out a special investigation which showed that the variation of the aurora altitude
near zenith in the range 200-250 km introduces an uncertainty of about 8 km in the process
of auroras/satellite trajectory matching. This is four times more than the uncertainty due
to satellite movement and data temporal resolution and almost ten times more than spatial
resolution of optical data. The error increases with moving away from zenith and rises up
to 100 km at the distance ~ 200 km from zenith. This means that in a situation similar to
that described in [8], the error of association of auroral arc with some domain is of the
order of the width of the domain. To reduce the uncertainty in our study, we estimated
the aurora height from the characteristics of precipitating particles detected by DMSP at
the moment of conjugation with the auroral form under consideration.

144



B.B. CADAPI'AJIEEB, TH. CEPTHEHKO
3. OBSERVATION
3.1. IMF variations and aurora response

A keogram in Fig.la shows (in negative representation) the aurora dynamics above
Barentsburg in response to the variations in Bz and By components of the interplanetary
magnetic field, IMF. Variations of IMF are time-shifted to the Earth’s bow shock nose.
The keogram is inferred from the sequence of the all-sky camera frames at 10 s resolution
and presents variations of integral luminosity of the sky in the NS oriented band of the
20 pixel width that at an altitude of 250 km corresponds to 10 km in the zenith and 25 km
at the zenith angle of 60 degrees.

Variations in the Bz component of IMF are commonly considered to be a driver of
the many magnetospheric processes through the dayside reconnection. The beginning of
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Fig. 1. (a) Aurora response to IMF variations. Vertical lines show the moments of DMSP flight through
the field-of-view of the all-sky camera in Barentsburg. (b) Satellite trajectories mapped at the altitude
of auroras. Black circles indicate the satellite location at the moment of crossing the boundary between
cusp, mantle and LLBL precipitations. Tick orientation on the trajectories is approximately along the
geomagnetic latitude. (c) Spectrograms from the DMSP F17 and F16 satellites showing the structure
of particle precipitations in the region of optical observations

Puc. 1. a) — oTknuk cusHUN Ha Bapualluy MEXIIAHETHOTO MarHUTHOTO 1oJ1sl. BepTukansHbIMY Ju-
HUSIMH OTMEUYEHBI HHTEPBAJIBI poJieTa cy THIUKOB DMSP yepes mosie 3peHus kKaMephl MOJTHOTo 0030pa
Heba B bapenuOypre. YepHble Kpy»KKH — ITOJIOKEHHE CITyTHHKAa B MOMEHT HEePEeCeUeHHUs! TPaHUIIbI
BBICBITIAHUH, CBOHCTBEHHBIX KacIly, MAHTUHM U HU3KOIIMPOTHOMY HOTPaHUYHOMY CIIOIO; b) — TIpo-
eKIMU TPAeKTOPHHl CITyTHHKOB B HOHOC(EpY Ha BBICOTY CUSIHUI; ¢) — CHEKTPOTrpaMMBI CITyTHUKOB
DMSP F17 u F16, nokasbsIBatoiue CTpyKTypy BBICBINAHUI HaJT 00J1aCThIO0 ONTHYECKUX HAOIIOeHU I
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the interval in Fig.la is characterized by the gradual Bz rising toward the positive values
while By is positive and stable. In the middle of the event Bz turned to the negative
values and stayed relatively stable so that both the satellites conduct the measurements in
conjunction with the optical auroral observations under the negative Bz conditions. The
interesting feature of the interval is the vanishing of By component, indicating that the
IMF lines are anti-parallel to the geomagnetic field lines during both the satellite passes.
This creates favourable conditions for reconnection right near the noon meridian.

Auroras during the intervals of interest represent the so-called poleward moving
auroral forms (PMAF) that are a typical kind of activity for high latitude dayside auroras.
The equatorward shift of PMAF started at 07:20 UT, i.e. 10 minutes after Bz changed sign to
negative. This time lag is not exactly the responding time to the Bz variation because it also
includes also the propagation time of the solar wind through the magnetosheath. Note that
the curves in Fig la, lower panels, show the IMF variations at the Earth’s bow shock nose
which, according to the OMNI WEB estimation, was at a distance of 13.2 RE from the Earth.

One more feature of auroral activity inferred from the keogram in Fig la is the
appearance and poleward drift of the auroral arc 10—15 minutes after the beginning of
PMAF equatorward displacement. Just before the arc appearance and a few minutes after
its disappearance, two DMSP satellites passed through the all-sky camera field-of-view.
The moments are indicated with vertical lines in Fig.1a and satellites trajectories are
presented in Fig.15. Note that the tick orientation on the trajectories is approximately
along the geomagnetic latitude. The features of particle precipitations during these passes
are presented in Fig.1c. They show that before the single arc appearance the F17 satellite
detected precipitations typical for the cusp (upper panel in Fig 1¢). After arc disappearance,
the boundary between mantle and LLBL which we consider as a boundary between open
and closed magnetic field lines was detected by satellite within the all-sky camera field-of-
view (see spectrograms on the lower panels in Fig.1¢). A detailed analysis of the satellite/
aurora conjugation is presented in the next sections.

3.2. Rayed auroral structures in the cusp and corresponding precipitations

For correct matching of satellite measurements with auroras we need to know the
altitude of the spherical surface above the Earth on which both auroras and satellite
trajectory with markers of precipitation boundaries will be mapped. As it was shown
above, the largest error in the location of satellite measurements relative to auroras may
be caused by the ambiguity in choice of the aurora height. To diminish the uncertainty in
the aurora altitude we defined this parameter from in situ satellite measurements by the
method which was used earlier in the study [1].

Altitude profiles of the luminosity were inferred from the characteristics of electron
precipitations along the fragments of satellite trajectories shown in Fig 2a and are presented
in Fig 2b as altitude — UT diagram. In Fig. 2a, similar to the keogram, the higher intensity
corresponds to the darker areas. Intensity of the red emission (650.0 nm) was calculated
according to the model developed in [21]. For green emission (557.7 nm) we used the
model described in [22]. The rates of excitation and ionization of the atmospheric species
used in the emission intensity calculations were calculated according to method presented
in [23]. Altitude profiles for the moments corresponding to precipitation bursts in satellite
data (and, hence, the bursts of emission intensity) are shown in Fig. 2c.

Results of calculations in Fig.2c show that luminosity in the red emission is more
intense than in the green emission that is the expected result for the near-cusp aurora. For
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further analysis we assume that all auroras registered by the all-sky camera in Barentsburg
during the interval are red auroras. The red luminosity profiles have a maximum in the
230270 km altitude range (ionospheric F region) and decrease rapidly with altitude
decrease. Aurora registration in Barentsburg is carried out by a non-calibrated camera, so
we do not know the threshold of camera sensitivity in physical units (Rayleigh) and can
not define the height of auroras directly from the curves in Fig. 2. On the other hand, the
accurate identification of this parameter on the aurora images is also laborious because it
depends on such subjective factors as the method of data visualization and the eye’s ability
to distinguish the gradation of gray. It may be inferred from Fig. 25 that the lower edge of
auroras might be several tens of kilometers below the area of maximum luminosity. So,
as a height of the spherical surface which will be used further for mapping both auroras
and satellite track, we accept the altitude of maxima minus 25 kilometers. We noted in
section 2 that for the matching of optical and satellite measurements in the F-region
near zenith an uncertainty of A4 ~ 50 km in height definition gives an uncertainty in the
matching of not more than 10 km in the case under consideration.

Auroras were represented as a series of rays which are (a) very elongated along the
magnetic field lines and (b) have a cross section much smaller that the distance between
them. At large zenith angles the property (a) complicates the identification of the small
faint structures against the rather strong background rays. The property (b) can also lead
to the loss of important information in the case of only satellite measurements because the
satellite may pass between the rays. This again points out the importance of coordinated
satellite-optical measurements and mapping of auroras and satellite tracks as correctly
as possible.

The spectrogram of DMSP F17 in Fig. 1¢ shows that the satellite was inside the
cusp precipitations from 07:32:38 to 07:32:45 UT and detected the enhanced electron
flux just before entering LLBL. Our calculation shows that this burst produced the red
luminosity with altitude profile plotted as the thin line in Fig. 2¢. Although the maximum
of luminosity is at an altitude of ~ 265 km, we accept the altitude of the corresponding
auroral structure to be 240 km in accordance with the above reasoning. Results of matching
the satellite track with the auroras observed by the BAB all-sky camera at the moment of
the satellite crossing the electron enhancement is presented in Fig. 3a. the original frame
is on the left and the result of its mapping onto the spherical surface is presented on the
right. Note that East on the original frame is on the left whereas on the mapped frame
it is in its correct position — on the right. The solid line indicates the fragment of the
satellite trajectory where cusp precipitations were detected.

It is seen that at the moment of interest the satellite (shown with a white circle) is
conjugated with a very faint ray. This can mean that a rayed auroral arc-like structure was
located in the cusp, i.e. its source was, most probably, on the open magnetic field lines.

One more precipitation burst was detected at 07:35:56 UT when the satellite was
in the precipitations related to LLBL. According to our calculations the red emission
maximum was at an altitude of ~ 240 km, so, as a height of the lower edge of the auroras,
we accept the altitude of 215 km. The result of the matching is shown in Fig. 3. For
a better visualization of structures after mapping we emphasized their lower border on
the central image with thin white curves. (Note the important feature of the fish-eye
images of auroras: the bottom edge of aruoral structure in the ionosphere corresponds to
the bright area on the image most distant from zenith edge). The curve A corresponds to

148



B.B. CADAPI'AJIEEB, TH. CEPTHEHKO
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17 December, 2012 DMSP F17 at 07:32:56 UT BAB
150

1212117
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Fig. 3: From left to right: original all-sky frames showing auroras in the cusp (@) and in LLBL (b) and
result of mapping them together with the corresponding fragments of the satellite trajectory. White
circle indicates the satellite location at the time of precipitation enhancement. More details in the text

Puc. 3. CneBa HanpaBo: OpUI'MHAJIbHBIE CHUMKHM KaMephbl, IIOKa3bIBAIOIINE CUSHUS B Kacme (a) U
HHM3KOLIMPOTHOM MOTPAaHUYHOM cjioe (b) M MX NMpoeKuuu B MOoHOchepy BMecTe ¢ (parMeHTaMu
CILyTHMKOBOW TpaekTopuH. JleTanu B Tekcte

the above-mentioned faint rayed arc in the cusp which the satellite was conjugated with
just before the entry into LLBL. The faint arc B was partly superimposed onto the rather
bright rays belonging to the another auroral structure. This structure obscures the east
edge of the arc B where the satellite was mapped at the moment of precipitation burst
detection (white circle in Fig. 3b, right panel). The satellite then flew in the BPS and its
trajectory was mapped between the rays thus not allowing to obtain the emission altitude
profile and to make a correct matching of optical and satellite data.

The comparison of proton and electron precipitations presented on spectrograms in
Fig. 1c (top panels) gives important information about possible generation mechanism
of the rayed auroras in the cusp. It is seen that during the satellite conjugation with the
auroral structures in the cusp, proton precipitations do not decrease in response to the
electron enhancement but even increase. It is not consistent with our previous result
regarding LLBL auroras ([1]) showing that at the moment of satellite-aurora conjugation
the proton precipitations were stopped almost completely which we connect with the
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existence of anomalous resistance or a double layer above the arc. Since no signature
of the particle acceleration was observed in the event considered, one can suppose that
the generation mechanism of the rayed structure in the cusp is connected rather with the
loss-cone electron scattering than with the electron field-line acceleration.

Just after F17 crossed the cusp, the auroral activity represented a typical poleward
moving auroral form (PMAF), i.e. enhancement of auroras southward zenith, poleward
drift through camera field of view and fading. In the next section we discuss the possible
location of the PMAF relatively magnetospheric domains inferred from F17 measurements.

3.3 Presumed location of the PMAFs during and at the end
of their poleward displacement

The keogram in Fig.1a shows that between the F17 and F16 passages over the BAB
all-sky camera (interval confined by two white vertical lines) the auroral activity represented
a single PMAF event. The event started near the moment of the F17 cusp crossing in the area
of enhanced auroras southward zenith and faded ten minutes later close to the northern edge
of the camera field-of-view. An important feature of the event is the short-term intensification
of the drifting auroras just before 07:40 UT slightly southward of the local geographical zenith.
The shape of auroras for the moment of brightening is presented in Fig. 4a. One can
distinguish several stretched rays which are the elements of the rayed auroral arcs and at
least two patches, one of which is located directly in the local magnetic zenith (Fig. 4b).
On the one hand, the patch may be the cross-section of one of the auroral rays drifting
poleward. On the other hand, it can be treated as the cross-section of a just reconnected

magnetic flux tube moving poleward. We clarify the last assumption below.

17 December, 2012 07:38:50 UT alt=240 km BAB all-sky 17 December, 2012 07:38:50 UT BAB all-sky
300 o 5 -

200 RSN

100

100§

Distance from camera, km (positive to North)
Distance from camera, km (positive to North)

-200

-00 -100 100 0 -0 -20 20

Distance from camera, km (positive to East) Distance from camera, km (positive to East)
Fig. 4. (a) Complex structure of PMAF at the moment of intensification. (b) Auroral patches above
Brentasburg. Local geographic and magnetic zeniths are marked with white square and cross,
respectively. Bold white line shows the cusp position six minutes before the moment, thin white line

is presumed location of the boundary between cusp and LLBL

Puc.4. a) — cnoxHas cTpyKTypa CHCTEMBI ApeHPYIONHUX K MOIIOCY IyT B MOMEHT X HHTEHCU(H-
Karuy; b) — cusaus Hax bapennOyprom B dopme mareH. [eorpadguueckuii 1 MarHUTHBIN 3€HUT
OTMEeYEeHbI OeJIbIM KBaJIPaTOM M KPECTHKOM COOTBETCTBEHHO. JKMPHOI TMHKEH TOKa3aHO MOJIOKEHNE
Kaclia 3a IecTb MUHYT J0 3TOT0O MOMEHTA, TOHKas Oenasi IMHHS — IpeIoaraeMoe MOoJI0KeHHe
TPaHUIBI MEeXy KaCIIOM M HU3KOIIUPOTHBIM ITOTPAaHUIHBIM CIIOEM
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The bold white line on the images in Fig. 4 is a fragment of the F17 trajectory where
cusp precipitations were detected six minutes before the image was taken. Note that the
PMAF development preceded the interval of almost constant IMF (see Fig.1a, central
panel). This allows us to assume no global reconstruction of the dayside magnetosphere and,
as a sequence, no significant displacement of the ionospheric boundaries of magnetospheric
domains at least within a few minutes after cusp detection. As inferred from Fig.1c, top
panel, the satellite F17 flew almost along the geomagnetic latitude that is shown with a thin
white line in Fig. 4b. Based on the spectrogram in Fig.1c¢ (top panel), this geomagnetic
latitude may be regarded as the boundary between the cusp and LLBL. So, the patches
poleward of the line may be located in the cusp, thus supporting the above hypothesis
about the nature of the auroral patch in the local magnetic zenith as the cross-section of
a just reconnected magnetic flux tube.

The next DMSP satellite (F16) flew through the camera filed-of-view ten minutes
after the first one (F17) and on leaving the MANT precipitations at 07:44:20 UT (see
Fig. 1c, bottom panel) was mapped poleward zenith close to latitude where the drifting arcs
disappeared. Unfortunately, the arc disappeared completely about four minutes before the
moment. So, taking into account the stable IMF condition and the location of the fading
arc in respect to the MANT/LLBL boundary which is assumed to be at the geomagnetic
latitude of the F16 projection, we can only suggest that it happened in the mantle. The
auroras in the mantle have been reported earlier [24].

4. DISCUSSION

The poleward moving auroral form (PMAF) is a typical form of the dayside auroral
activity. Investigation into them started several decades ago but no commonly accepted
explanation was elaborated. In the early publications that studied this phenomenon it
was suggested that the dayside reconnection under negative IMF Bz conditions can be
the possible reason for PMAF events (e.g. [3]). While subsequent studies showed that
PMATF occur during both negative and positive Bz and that they may be observed far away
from the noon meridian [25, 13], the reconnection remains the most popular hypothesis
to explain PMAF.

To associate PMAF with just reconnected magnetic flux tube drifting from the cusp
in anti-sunward direction, first of all it should be confirmed that the origin of PMAF is on
the non-closed magnetic field lines (i.e. in the mantle or in the cusp, at least). Unfortunately,
sometimes the researcher does not pay enough attention for reliable arguments of this.
For example, in [6] a conclusion regarding the position of the source of PMAF in the
magnetopause was based on the Tsyganenko model. In accordance with [9], the use
of the Tsyganenko models for aurora conjugation with high-orbiting satellites (Cluster)
yields a large uncertainty even in the inner magnetosphere (L ~ 4.5) where the shape of
the magnetic field lines seems to be more predictable and not so much distorted by the
external currents as just near the cusp. As additional argumentation, it was pointed in [6]
to the similarity of PMAF and FTE (flux transfer event) timescales. Indeed, the FTE are
attributed by many authors to a signature of reconnection but FTE was not reported as
actually occurring during the event considered.

In order to locate the source of PMAF in the dayside magnetosphere in our study
we used the data of the low-orbiting satellites DMSP series. Note that in contrast to any
Tsyganenko models which are based on statistics and, hence, refer to some “averaged”
geophysical situation, the position of the magnetospheric domains inferred from the DMSP
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measurements is directly related to the moment of the optical observations above Svalbard.
The location of the auroras in space was defined as accurately as possible. Firstly, for aurora
mapping we used the position of stars on all-sky images which minimized the possible
mistakes caused by inaccurate manual installation of the camera. Secondly, to estimate
the height of specific auroral forms we do not use a-priori information but calculate it
from the characteristics of precipitating electrons directly measured by DMSP just over
the auroral form. Therefore the association of the faint auroras on the all-sky images
with the cusp precipitations (section 3.2) may be accepted as a proven fact if the on-line
procedure of domain identification at the APL website is correct.

A credible conclusion but less supported by direct measurements, is that the PMAF
source is located on the non-closed magnetic field lines (section 3.3). Up to the moment
when F16 crossed the MANT/LLBL boundary, the PMAF have faded completely. So,
our assumption that they were in the mantle is based on the F16 measurements which
were made a few minutes after the arc disappearance and the fact that the MANT/LLBL
boundary did not shift poleward during the interval.

If the arcs are really on the non-closed magnetic field lines and move poleward at
the same time, it is reasonable to associate them with just reconnected magnetic field lines
drifting tailward from the cusp. Recall that attributing PMAF to reconnection in [6] was
inferred from the similarity of the PMAF and FTE timescales despite the fact that FTE
themselves were not detected. In our case the reconnection hypothesis was supported
by the DMSP F16 data, in particular by the shape of ion precipitations shown on the
bottom panels in Figs. 1c, time interval 07:43:05-07:44:35 UT. First, the spectrogram
shows the increase of ion energy while the satellite F16 moves from high latitudes to
south (ion-energy dispersion), which is usually considered as a signature of reconnection
during negative Bz (e.g. [26]). Second, the dispersion structure crosses the MANT/LLBL
boundary, which may be interpreted as penetration of the reconnecting flux tubes from
LLBL to the mantle. As an alternative to reconnection, the interchange instability might
be the possible mechanism for penetration of PMAF into the mantle (e.g. [27, 28]).

The keogram in Fig. 1 shows the tendency for the PMAF intensity to increase in
the course of movement toward zenith. The apparent increase of the luminosity on the
flat image may be caused by the pass of the auroras, which actually are three-dimensional
structures, exactly through the magnetic zenith. The PMAF which we relate to reconnection
has a complex configuration and consists of both rays and patch-like auroras (see Fig. 4).
The set of available instruments does not allow us to conclude whether the local spot in
the magnetic zenith in Fig. 4 is the cross-section of an auroral ray or is different auroral
phenomenon. So, the size of the spot of about 10x20 km at an altitude of 240 km might
be the transverse scale of both the ray and the reconnected flux tube.

5. CONCLUSION

A case study of aurora dynamic in the cusp region has been analyzed using ground-
based optical measurements and date from the DMSP F17 and F16 satellites crossing
the camera field-of-view one after the other within a 10 minute interval. An auroral
keogram showed that the aurora development was conditioned by the IMF variations. Sharp
changing of the IMF Bz component from positive to negative values caused the partial
reconstruction of the dayside magnetosphere so that the aurora activity of a PMAF-like
type was shifted southward and the cusp moved to the zenith of the all-sky camera at the
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Barentsburg observatory, i.e. southward of its statistical position ([2]). On the other hand,
the large negative Bz and By ~ 0 create favorable conditions for dayside reconnection.

For correct matching of the optical and satellite measurements we used the package
of procedures developed for the multi-camera project ALIS (Swedish Institute of Space
Physics) as well as the altitude of the auroras inferred directly from the precipitating
electron data measured on board the DMSP satellites instead of a-priori information. It
was shown that the weak bursts of electron precipitations detected by the F17 satellite
inside the cusp are conjugated with the faint red auroras. The auroras look like rayed arcs
and are located at the equatorial edge of the cusp-related precipitation. The spectrograms
from the F17 satellite show that the auroras were generated by scattered rather than
accelerated particles.

The single event of so-called poleward moving auroral forms was observed after
the flights of the first satellite. We suggest that at the end of the event the source of the
PMAFs was located in the mantle, i.e. on the non-closed magnetic field lines, and dayside
reconnection could be responsible for the PMAF formation. The “reconnection hypothesis”
is supported also by the presence of ion-energy dispersion on the satellite spectrogram.
Note, however, that this assumption does not refer to the PMAFs that occurred before the
F17 passage. In accordance with [28], the interchange-like instability might be a possible
mechanism for the PMAF formation in this MLT sector, for example.

We also estimated the spectrum and altitude of the rayed arcs in the cusp, the energy
of precipitating electrons responsible for the arc generation and the probable reason for
that precipitation, as well as the transverse size of the auroral ray/reconnected flux tube
that may be of practical value for further investigation of the dayside auroras.
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oasipHble CUSAHUSA B KACIIe U €r0 MPHUIIOJKCHOI OKPECTHOCTH:
HcclIeI0BaHue OTAeIbHOT0 COOBITHS
(pacmupenHblii pedepar)

[Ipomecchl B3aNMOIEHCTBIS COTHETHOTO BETPa C JHEBHOW MarHUTOC(EPOii SBISIOTCS
Ba)KHBIM 3B€HOM (pOPMHPOBAHHS KOCMUYECKOH OTOABI, IIOCKOIBKY HIMEHHO MOCPEICTBOM
3THX TPOIIECCOB OCYIIECTBISIETCS IEPEHOC SHEPTHH 1 BEIIECTBA U3 MEXIUIAHETHON CPE/IbI
B OKOJIO3EMHOE KOCMHUYECKOE MPOCTPAHCTBO. [Ipy OTpHIIaTebHBIX 3HAYEHUAX MEXKILIa-
HeTHOTO MarHuTHOTO Nostst (MMII) ero cuiIoBBIE TMHAHM CTAHOBATCS AaHTHIAPAIIIETBHBIMH
CHJIOBBIM JINHHUSIM T€OMAarHUTHOTO TOJISI B OKPECTHOCTH TOJICOTHEYHON TOYKH Ha MarHu-
Tomay3e. Takas CHTyalysi HEyCTOMYMBA M PUBOAUT K IEPECOCTUHEHHIO CHIIOBBIX JTMHUH
MMII ¢ cunoBBIMH THHHUSME, (HOPMHUPYIOIIIMHI MarauTonay3sy. [lepecoequHuBIITECS CH-
JIOBBIE TPYOKH CHOCSITCSI COJTHEUHBIM BETPOM B XBOCT MarHUTOC(EPHI, T/I€ CKaIJINBAIOTCS,
YBEIMYMBAas TEM CAMBIM MarHUTHYIO SHEPTHIO XBOCTA. MarHUTHAs SHEPTHs BHICBOOOXK-
JaeTcs B XO/Ie MarHUTOC(epHOH cyO0ypr — OTHOTO U3 HanmboJee CHIIbHBIX KaTaKIn3MOB
KOCMHIYECKOH mmoronsl. B mporecce cHOca B MarHUTOC(EPHBIA XBOCT TIEPECOETIMHNBIIASICS
CHJIOBas TPyOKa mepecekaeT MarHuTOC(EpHBIN TOMEH, Ha3bIBaeMBIi KactioM. ['eomeTpus
TEOMarHUTHOTO IIOJISl TAKOBA, YTO B OKOJIOTIOIYCHHBIC Yachl OCHOBaHME Kaclla OKa3bIBa-
ercsa Hax LllmumnbepreHoM, M BHICBHIIAIOMINECS U3 IEPECOCTMHUBINEHCS TPyOKH YaCTHIIBI
TEOPETHUYECKH MOTYT OCTaBJIATh B noHOCc(hepe Hax Llnunbeprenom «ciem» B BUIE Ipeii-
(yroumx K HMoirocy ciadbx GopM THEBHBIX MOJSPHBIX CHSHHMH.

B 3umHee Bpems roza, koraa Ha mmpote Lnimbeprena TeMHO Jake B TIOMyICHHBIC
Yacsl, 3TN c1abble CUSHNSA MOTYT OBITh OOHAPYKEHBI HA36MHOI ONTHYECKOI! ammaparypon.
ITpoGnema 3akio4aeTcsi B TOM, 9YTOOBI B CIIOXKHOMN KapTHHE JHEBHBIX CUSTHUH BBIACIUTS TE,
KOTOpBIE «ITPOM3BEICHBD» BBICBHIIAIOMIMMICS U3 Kacma 31eKTpoHaMu. OTKy/a CHITUIIOTCS
NIEKTPOHBI, MOXKHO TTOHATH, aHAU3UPYS AJaHHbIC HU3KOOPOUTAIBHBIX CITyTHUKOB CEPHH
DMSP. Bropas cnoXHOCTh 00yCIIOBIICHA T€M, YTO Ha3eMHOMY HaOIIOaTeIto TpedyeTcs
B OTHOCHTEIFHO KOPOTKHH MEPHOJ BPEMEHH, KOTZIa ONTHYECKIM HAOMIONEHUAM HE TIpe-
MIATCTBYET HU COJTHEYHBIHN, HU JIYHHBII CBET, B 0€300/1a4HBIH TOIICHB, IPH OTPHIATEIBHBIX
3HaueHusIX MMII 3aduKcrpoBaTh CHSIHUS IPH YCIOBHH, 9TO cIryTHUK DMSP mporeran
HE IIPOCTO Yepe3 MoJIe 3PEHUSI KaMePBl, HO MepeceKal IPH 3TOM 00IacTh KaCTIEHHBIX BbI-
cemanuii. [IoHATHO, YTO Takoe CTeYeHNe 00CTOSTENBCTB BCTPEIACTCS KpaifHe peiko Jaxe
TIPH PETYISIPHBIX oNTHYecKuX HaOmonerusax Ha lImmmoeprene. [1o sToit mpudanHe Teope-
THYECKast TUIIOTE3a O TOM, UTO PE3YNbTAT IEPECOCTMHEHNS MOXKHO «YBUAETH» C 36MHOU
MOBEPXHOCTH OINTHYCCKOM ammapaTypoi, XOTs M OblIa MpeanoxeHa Ooyiee MATHACCITH
JIET Ha3all, 0 CHX IOp OCTAETCS JUCKYCCHOHHOM.

B pabore mccienoBan penkuid cirydail OMHOBPEMEHHH PErHCTPaIlliil THEBHBIX IO-
JIIPHBIX CUSIHUM HAa36eMHOM ONTHYECKON almapaTypoil M JETEKTOPOM BBICBHITAOIINXCS
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yactuil Ha ciiyTHIKax DMSP F16 u F17. Ontrueckue uaMepenus mpoBOIUINCH KaMepon
nonHoro o63opa Heba I[Nonspuoro reopusuueckoro uncruryra (IIIN), ycranosnennon
B obcepBaropun bapenioypr Ha apx. [lnumnbepren. Ocoboe BHUMaHUE YACISIOCH TOY-
HOCTH COIIPSDKEHHUS y4aCTKOB TPACKTOPHHU CITYTHUKOB C 00JIACTSIMU, 3aHSATHIMU CBEYCHHEM.
st 5THX Lenieit KCroNb30BaJICs MakeT mporpamm, paspadoranHsix B LlIBenckom nHCTH-
TYTE€ KOCMUUYECKOH (DU3UKH, TIO3BOJSIFOLIUI 10 PACTIOIOKEHHUIO 3BE3/1 HA CHUMKE KaMephbl
KXIOMY HHKCENy M300payKeHUs] COIIOCTaBUTh (PM3MUYECKHE KOOPANHATHI HA TUIOCKOCTH,
IJie pacrojarajicsi MaKCUMyM CBEUEHHS U Ha KOTOPYIO 3aTeM CIYTHHKOBBIH (pparMeHt
TPAEKTOPUH «IIPOEKTHPOBAJICSD BIONb CUIOBOM JIMHIMM I€OMarHUTHOTO TIOJIS.

Crnenys pa3BOpOTy BEpPTUKAIBHOM KOMIIOHEHTH MEXIIJIAHETHOTO MarHUTHOTO ITOJIS
(Bz-xomnonenTst MMIT) B 00nacTh OTpHIIaTeIbHBIX 3HAYEHHH, CHCTEMA CIIA0BIX JTyYHUCTBIX
JYT CMECTHIIACh K IOTY, [IOCJIE Yero OfiHa U3 AYTr Havaja JapeiidoBarh 00paTHO K MOIIOCY
u nponana. Pazsopor Bz npuBen k ToMmy, YTO MOIOIIBA Kacla TOXKEe CMECTHIIACH K 0Ty OT
CBOETO CTAaTMCTUYECKOTO MoyokeHus (Haj mocenkoM Hio-OnecyHH) U oka3ayiach B LI€H-
Tpe mnoJis 3peHus kamepsbl B bapenuOypre. Cniytauk DMSP F17 nepecek kacn crmycts
JIBaJIlaTh MUHYT TOcje pa3Bopora Bz-kommnoHeHThI. [lonoxxenne n cusiHui, U CyTHUKA
B LIEHTPE U300paKeHHs1, JaBaeMOr0 KaMepO#, IO3BOJINIIO CHU3UTh UCKAKEHHUS!, BHOCHMBbIE
O0OBEKTHBOM THIA «PBIOWHI IV1a3» Ha OOJBLIMX PACCTOSHUSIX OT 3€HHUTA (B YACTHOCTH, HAJl
Hro-Onecynnom).

COBMECTHBII aHaJIM3 ONTHYECKHUX U CITyTHUKOBBIX JaHHBIX I10Ka3all, 4To HalIona-
eMble clialble JIy4UCThIC IyT'H HAXOATCS B 00JaCTH KAaCTICHHBIX BBICHIIIAHUIA ¥ IPOCTPaH-
CTBEHHO CBSI3aHBI C BCIIECKOM BBICHIMAIOIIMXCS AJIEKTPOHOB ¢ dHeprueit meHee 100 »B.
Crenyroumii crrytHuK DMSP niepecexk mone 3peHust KaMepsl CITyCTs 1eCATh MUHYT I10CIe
HIepPBOTO, ¥ aHAJIN3 €0 JAHHBIX [TOKA3aJl, YTO 3Ta Jyra B MOMEHT HCUEe3HOBEHHS HaXOIUIIach
B 00JIACTH PA30MKHYTBIX CHJIOBBIX JIMHUH. DTOT pe3ynbrart, IONOIHEHHbIN crenuduieckon
(hopMoil TPOTOHHBIX BBHICHINIAHWN B JAaHHBIX criiyTHHKa DMSP, koTopylo TpaaniuoHHO
CBSI3BIBAIOT C MEPECOEINHEHUEM, IIO3BOIMI HaM MPUHUTH K BBIBOAY, YTO CMEILIABIIAsACS
K MOJIFOCY ci1abast IydrcTas Jyra MOIa IpeCTaBIAsTh CO00i HOHOC(HEPHBIN CIIET TOIBKO
YTO MEPECOCINHUBIICHCS MAarHUTHON CHJIOBOM TPYOKH, YHOCHMOH CONHEYHBIM BETPOM
B aHTHCOJHEYHOM HaIlpaBJICHUHU. Pe3yiapTaT MOATBEPKAAET TEOPETUUECKYIO TUIIOTE3Y
0 TOM, YTO B HEKOTOPBIX CUTYyallUsX THEBHBIE HOJSIPHBIE CHUSHHUS MOTYT IPEICTaBIAThH
noHochepHbIi ciien nepecoequHeHns. C 3TOW MO3ULMU PeryJsipHbIe ONTHYECKHE Ha-
Omronennst Ha llInundepreHe MOXKHO paccMaTpyUBarh Kak OIMH U3 CIOCOOOB MOHUTOPHHTA
KOCMUYECKOH ITOTO/IBI, CO3JAIOIINI MPEAMOCHIIKY IS €€ MPOTHO3UPOBAHUS.



