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Abstract |
In the work, the Bulgarian expertments aboard of the INTERBALL-Auroral
probe satellilcs, namely the investigation of oplical emissions in the uitra viplet (UV)
range (UVSIPS specteometer) and the magnetic field experiment (IMAP-3 magnetometer),
are described. To ilustrate the common analysis of data from|both units, the observations
during the Qctober 19, 1996 geomagnetic storin are analised,

The Bulgarian experiments aboard of the INTERBALL-Auroral
probe satellite (briefly INTERBALL-2) include mvestigations of optical
emissions in the UV range (UVSIPS spectrometer) and the magnetic field
(IMAP-3  magnetometer), Optical cmisstons  are closely related to
precipitated electrons and ions, which ionize high atmospherc. Magnetic field
disturbances are indicative of ficld-aligned currents iwhich are gencrated in
the magnetosphere boundary region; their closure currents flow in the
ionosphere.

The physical bases of optical and UV-Lliiagm)stics of auroral
ionosphere is as follows: auroral electrons and i{m;s of various energics,
which precipitate from the magnctosphere, as well as the secondary eleetrons
produced by them, excite atoms, molecules and ions in the ambient mecdia
which begin to emit light quanta. By measuring ttile intensity of auroral
emission distribution in the visible (VIS), UV and X-ray spectrum regions, or
at least in only onc of them, and using the relation between emission intensity
and differential energy distribution of precipitating charge particles, we may
obiain the distributions of precipitating clectrons’ characteristic energy Eo
and energy flux Oe (Frank et al, 1981).
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The major advantage of space experiments is the possibility to
measure these parameters on large area, determined by the unit’s view ficld
and the satellite’s height. Measurements of emission intensity distribution in
the vacuum UV region have advantages compared to measurements in the
VIS range, as UV —radiation is absorbed by the underlying layer of molecular
oxygen in the region of Schumann-Runge continuum, This atmospheric
effect creates beneficial nawral conditions (0 observe aurora from satellite in
the dayside of the Earth. The contrast of the emission auroral intensity at the
background of the dayglow of the upper atmosphere varies with the different
spectral Imes and, as a rule, exceeds their double valae (Kuzmin et al., 1985).
This is an advantage of the UV method, which became a decisive factor for
implementation of the UVSIPS specirometer aboard of INTERBALL-2.

The INTERBALL project is an inherent part of a large cooperation
between several space missions in the framework of the International Solar-
Terrestrial Physics Program. The INTERBALL-2 was launched in 1996 10
an orbit with apogee (perigee) 20,000 (800) km respectively, inclination 65
dcg and period 6 hours. The spectrometer UVSIPS aboard of the
INTERBALL-2 was designed (o measure in threc spectral intervals centred
to wavelengths 1304 A°, 1356 A° and 1493 A°. The speclrometer apparatus
function is 32 A®, which is an important advantage of the experiment. The
first channel measures (he most intensive emission of atomic oxygen (triplet
1302-04-06 A°). The second spectral inlerval of the spectrometer (channel 2)
is cenired to wavelength 1356 A° (line of atomic oxygen spin-forbidden
doublet with wavelength 1356-9 A°), excited in the polar oval. The doublet
of the atomic nitrogen 1492,6-1495 A°, radiated from level N1{(2p) gets into
the third spectral interval (channel 3), centred to wavelengih 1483 A°,

The spectrometer was mounted on the outside surfhce of the satcllite.
Duc to the rotation of the spacecrall, period 120 sec, the spectrometer scans
In the rotational plane, perpendicular to the direction of the Sun. Based on
the location and attitude of the satellite, a construction was designed in order
to direct the device towards the footprint of the Jocal magnetic ficld line 120
km above the Earth’s surface. The control of the operation mode followed a
cyclogram, fixed by radic commands. The UVSIPS performs 36
mcasurements (36 pixels) for a given exposition which takes 0.15-0.6 sec
and sends 20 bytes per pixel, i.e. 36 x 20 = 720 bytes stored in 6 blocks of
digital arrays.

The flux-gate magnetometer IMAP-3 measures the three components
of the magnetic field along the satellite’s construction axes continuously
throughout the whole orbit. The device was designed and manufactured by a
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proprietary technology in the Scicntific Industrial Laboratory for Special
Sensors and Systems (“SDS” Lab’s), Bulgarian Ac:u;‘lemy of Sciences (BAS),
Sofia, Bulgaria, and the Solar-Terrestrial Influences Laboratory (STIL) -
BAS, Sofia, Bulgaria (Arshinkov et al, 1985). The magnetometer data is
transmitted by the satellite telemetry system with a sampling rate of 1 vector
per 3 sec or 8 vectors/sec depending on the operation mode, which can be
controlled by ground commands. Upon its receiving at the ground stations,
telemetry data js distributed via Internet by the IKI- Moscow to the
respective P.Ls. .

[t is known that under small perturbations, the spacecraft spin axis is
misaligned from the nominal rotation axis. That is why data processing, in
particular UVSIPS and IMAP-3, necds adequalle attitude  information
provided by the satellite systems. Apart from the data from the scientific
equipment, the following attitude parameters arc alsu: distributed:

(1) Coctilicients Al, A2, A3, A4 and BI, B2, :BS, B4 which define the
cllipse along which the kinematics moment rotates with respect to the
nominal axis of rotation (lowards the Sun); wl — angular velocity of the
satellite rotation around the nominal axis, period ~ LlZ(')_ sec;, w2 — the angular
velocity of rotation of the angular momentum relative to the satellite (this
angular momenturn relative to the satellitc is moving along the surlace close
to the elliptic conc), period  ~ 68 sec.

(2) “Top of spin” the time instance when the direction to the North
Pole of the ecliptic passes through the XY planc of the satellite.

Based on both the geographic position of t%lﬂ satellite and attitude
data, foot point of Jocal magnetic Held lines, and view field of UVSIPS with
respect to the local magnetic ficld line, the components of the measured
magnetic field in field-aligned coordinates and other geophysical coordinate
systems are determined. |

To illustrate the common analysis of the data from both units, let us
cxamine a geomagnetic storm registered on 19.10.1996 (orbit 216 - Fig.3).
UFSIPS has performed a scanning at 22:49 UT (Fif;.l,Z,S) with registered
intensive emissions. The emission profile displays a high intensity zone in
1304 A° line with width of 3 sec, rcaching more thu'n 10 KR. (Fig.1). This
part of the profile is like a chord through the oval, alppmxjmatcly 2,000 km
long (Fig.3). By geometric considerations it can bc!saicl that this arc is at
least 150 km wide. The profile analysis leads to the conclusion that at
equatorial direction from the arc there is a weak glow halo whose width is of
the same order. According to the expectations, such| intensities arc possible
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with precipitating particle energy fluxes with energy of about 50-100
ergfem’, observed during polar aurora.
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Fig.1. Intensity of lines 1304 A° and 1356/ A°

The magnetogram begins with a calm interval (Fig. 4) which
continues until 22:45 UT. The magnetic disturbances observed after that may
be connected with current layers crossing. At the near-equator portion, from
22:45 UT until 22:50 UT, changes in the ficld up to 10 nT can be seen which
might be treated as small-scale layers. The minimum | width of such a
structure may be of the order of 10 km. In the ncar-pole half from 22:50 UT
until 22:56 UT, the field change is two times grealer which is connected with
a large-scale current structure crossing. The width of sucliﬁ a current layer is
about 130 km reduced to aimospheric altitudes (at f.llt‘, footpoint). A
comparison is made of the optical emissions measurements and the magnetic
field. At the moment of optical emissions scanning, tl}e satellite passed
through the main zonc of the field-aligned current Iayers. Their physical
carriers are mainly low-cunergy (E~1 KoV elecirons. These particles degrade
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by cnergy at altitudes, higher than the atmospheric altitude, generaling the
observed optical cffects. Here, we pay attention that allittle before the encounter
with this region, ie. at 22:45-22:46 UT an increase of the magnetic field is
observed of the order of several nT, corresponding to a re-stricted current
structure. It is namely this interval that corresponds to the intensive emissions
zone, We conclude that & localized discrete auroral arc was observed  at the
poleward edge of the auroral oval and that the main current region oceurred
polward of #t. Our obscrvations support the view that field-aligned current region
in some cases can be displaced poleward from the auroral oval discrete arcs in
the night-morning sector of the auroral oval.

S

Fig.2. The northern hemispherc scen by the saellite at the moment of
measurement. The symbols +, <, and O correspond to the dipole pole, the
northern geographical pole, the point of intersection of the vector to the
Earth centre, and the footpoint of the magnetic force line where the satellite
is at that moment. The auroral oval is shown for forced geomagnetic
conditions with index Kp=5+. The position of the terminator shows that the
larger part of the auroral oval is situated in the shade. The position of the
scan projection is marked by two arrow vectors. The view field of UFSIPS
crosses the auroral oval through the chord in such a way that the intcrsection
goes from the morning to the night section. Because of the deviation of the
axis X-satellite-Sun, the footpoint occurred in the moll‘ning section out of the
ficld of view. The coordinates of the footpoint are (af 22.49.03 UT for 11 =
150 km) 74.3° latitude, 32.7° longitude, MLT=3.04 h (Fig.3), H shade = 647
km, |
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Fig.3. IMAP-3 magnetogram. It begins with a calm interval until
22:45 UT. The disturbances obscrved after that may be related with current
layers crossing. At the near-equator half from 22:45 UT untd 22:50 UT,
changes in the field up to 10 n'T can be scen which might be treated as small-
scaic layers. At 22:45-22:46 UT, an increase of Lhc! magnetic fieid is
observed of the order of several nT. M is namely this interval that
corresponds fo the iniense emissions zone. The main field-aligned curront
region is poleward (22:50 -22:56 UT).
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HABJIIOAEHAS HA ONITHUHU EMI/ICHi&I U MATHUTHHA

OJIETA |

"HA BOPJA HA CIIBTHHKA HHTEPBOJI-2

Kymvo flanasos, Cmedan Cnacos, Anexcandvp boues, [lemwp Baiinos

Pesrome

B paborara ¢ mameso xparxo onucanme

Ha nBara Ownarapcky

CkCrepuMenTa Ha 6opha ua CobTHEKA MHTEPBOJI-Aspopanua conma, a
MMCHHO. M3CACABAHE HA ONTHIHUTE EMUCHA B YIITPABHOACTORHS JHATASON

Ha chetnndara (criextpomersp YBCUIIC) u uscne
none (MarsuroMersp MMAII-3). 3a WIIIOCTPaLMS Ha
HANPABEH aHalu3 HA JAHHM OT HBATA ypena 110 Bpe
Gyps ot 19 oxromspy 1996 rox.
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