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Abstract. The paper presents the results on first
synchronous observations of variations in auroral lumi-
nosity and geomagnetic field, made with high temporal
resolution at the ISTP SB RAS high-Ilatitude station
Istok (70° N, 88° E) in September—December 2018.
Auroras were recorded with all-sky camera, pulsations
in the auroras were recorded by a photometer in four
spectral ranges with silicon photomultipliers. Continu-
ous monitoring of geomagnetic pulsations was per-
formed using a LEMI-30 three-component induction
magnetometer.

Both synchronous bursts of auroras and magnetic
field pulsations, as well as disturbances of auroras, not
accompanied by disturbances in the geomagnetic field,
were observed. We note that the photometer clearly
recorded short-period (~20 min) variations in auroral

luminosity. At the same time, some instability of the
photometer signal level occurred at sufficiently long
time intervals.

In the photometer data, there are powerful signal
bursts, probably of a hardware nature. Nevertheless, the
temporary distribution analysis of the registration mo-
ments (registration frequency) of signal bursts indicates
the possible dependence of the burst registration fre-
quency on the geomagnetic activity level.

Keywords: auroral atmosphere, magnetic pulsations,
photometer, induction magnetometer.

INTRODUCTION

Currently, there are many unresolved problems con-
cerning the processes occurring in the auroral iono-
sphere. Studying the fast processes occurring in the au-
roral atmosphere requires experimental data with high
temporal resolution. To obtain high-quality results, one
needs a large amount of experimental data, including
those obtained at spaced apart points. This allows us to
trace propagation of disturbances of various nature. A
large amount of data provides monitoring measurements
which need stations with an automatic operation mode
in polar conditions.

Geomagnetic pulsations of all types, both regular
and irregular, are known to be accompanied by similar
pulsations of the auroral intensity, i.e. auroral pulsations
[Roldugin, Roldugin, 2017]. Synchronous registration
of auroral and geomagnetic pulsations is therefore inter-
esting. This registration makes it possible to trace the
dependence of precipitation of energetic particles and
generation of geomagnetic pulsations. For example,

Campbell [1970] investigated the relation between
427.8 nm emission fluctuations and fast variations in the
geomagnetic field during two active disturbance periods
in Berd, Antarctica. The beginning of the geomagnetic
pulsation excitation is 1.3-s delayed relative to the onset
of the bursts in the auroras.

Recording variations in the upper atmosphere emis-
sion intensity with a high temporal resolution allows us
to examine flickering auroras and bursts of luminous
intensity lasting for several milliseconds — optical
flashes (OFs). The flickering auroras are sometimes
observed in bright auroras and during auroral breakup
events. Flickering features spots with the horizontal size
of a few kilometers, which vary in intensity typically at
5-15 Hz [Paulson, Shepherd, 1966; Beach et al., 1968;
Berkey et al., 1980]. The flickering auroras result from
periodic modulations of precipitating electron fluxes at
frequencies above 5 Hz [McFadden et al., 1987; Ar-
noldy et al., 1999; Tung et al., 2002]. In [Fukuda et al.,
2017], sporadic appearance of the flickering aurora
within 50-80 Hz coexisted with the typical flickering
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auroras of about 10 Hz.

Also of interest is the study of OFs lasting from
units of milliseconds to several seconds. Similar phe-
nomena were first discovered at high latitudes at 557.7 nm
and 630.0 nm when observing auroras [Nadubovich,
1970; Kuzakova, 1972]. Ermilov and Mikhalev [1989]
noted that the OFs with the above characteristics, rec-
orded initially in the auroral zone [Nadubovich, 1970],
later in the subauroral zone [Korobtsova, 1981], and
then at midlatitudes, are the same geophysical phenom-
enon. In some cases, emission bursts were accompanied
by integral radiation bursts recorded by an all-sky elec-
trophotometer; in other cases, a signal increase was ob-
served only with one of the instruments. In part, this
may be due to the unequal sensitivity of the electropho-
tometer in different parts of the spectrum, however, one
cannot exclude that the emissions on the records can
simply be interference [Kuzakova, 1972].

As noted above, studying such processes requires
equipment that allows the automatic registration of au-
roral and geomagnetic pulsations with high temporal
resolution. In 2018, two experimental campaigns were
conducted at the station Istok using such equipment.
The station Istok is located ~70 km north of Norilsk
at the geographic coordinates of 70°02" N. 88°02' E.
(The geomagnetic coordinates of the station are 66°10" N,
162°45" E, [http://sdnet.thayer.dartmouth.edu/aacgm/
aacgm_calc.php#AACGMY]).

The work of the Istok station was resumed in 2013
after conservation in the 1990s. To this end, in 2013, an
autonomous monitoring and measuring station was de-
livered to the Istok station, which enables experimental
studies (including optical methods) of the upper atmos-
phere and Earth’s ionosphere in an automatic mode
[Beletsky et al., 2016]. The station Istok makes auto-
matic monitoring measurements, as well as conducts
specialized experimental campaigns with the participa-
tion of ISTP SB RAS researchers. In connection with
the working conditions at the station, equipment is re-
quired that is capable of operating for a sufficiently long
time in a fully automatic mode. One of the goals of the
study is to test the applicability of a photometer with
radiation detectors based on silicon photomultipliers for
recording auroral pulsations with high temporal resolu-
tion, similar to the temporal resolution of an induction
magnetometer.

EXPERIMENTAL EQUIPMENT
AND METHODS

During synchronous measurements of geomagnetic
and auroral pulsations, a set of instruments from the
station Istok was used, including a three-component
induction Lemi-30 magnetometer (Af=0-30 Hz), a
spectrometer with a spectral range from 400 to 700 nm,
and wide-angle cameras for various spectral ranges. The
main optical instruments, whose data are used in this
study, involve: an all-sky camera of the PWING project
[Shiokawa et al., 2017] and a photometer with radiation
receivers based on silicon photomultipliers. The all-sky
camera has the following characteristics. Camera model:
Keo Sentry 3”. Matrix type: Cooled-CCD camera Ha-
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mamatsu C11090-22B. Matrix resolution: 1024x1024.
Spectral filters: i) 557.7 nm (Ol), ii) 630.0 nm (Ol),
iii) spectral OH band (720-1000 nm), iv) 486.1 nm (Hp),
v) 572.5 nm. Temporal resolution depending on the fil-
ter: 1) Filter 1, 2, and 4: ~90 s; 2) Filter 3, 5: ~10 min.
Field of view: 180°. Angular resolution: ~0.35°. Spatial
resolution: more than 0.7 km at an altitude of 100 km.

The photometer operates in four spectral ranges. The
field of view of a single spectral channel is ~30 g. The
radiation receiver for each spectral channel comprises
four independent elements, which enables us to obtain
data on the spatial distribution of the detected radiation
(Figure 1). The photometer is directed at the zenith and
allows one to record a signal with a 10 ms time resolu-
tion. To isolate the spectral ranges, we have used inter-
ference filters with transmission band centers of 391.4 nm,
427.8 nm, 557.7 nm, and 630 nm, and a half-width of
10 nm. Photometer Sensors — ArrayJ-60035-4P-EVB
(Large Area Silicon Photomultiplier). The maximum
sensitivity of the sensor (Photon Detection Efficiency
(PDE)) at a 420 nm wavelength exceeds 50 %. PDE for
557.7 nmand 630 nm are ~27 % and ~17 % respectively.

The following algorithm is used for the photometer
operation. Recording is at the 200 kHz sampling fre-
quency. Data are recorded in 10-s blocks. The interval
between the 10-s measurement units is ~2 s. Being ex-
tensive, the obtained data are preprocessed simultane-
ously with the measurements. After the preprocessing,
we receive summarized data with a 10 ms time resolu-
tion. In this case, the original data (200 kHz) are stored
as images (see Figure 6). During automatic data pro-
cessing, if the signal is exceeded by more than 3 stand-
ard deviations from the average signal, an event (signal
surge) is recorded.

OBSERVATIONAL DATA

Before presenting the results of the study conducted,
it is worth noting that the periods of the experiments
correspond to solar minimum. At that time, the so-called
areas of corotational interaction can be observed in the
interplanetary space, i.e. the interactions between slow

Figure 1. Photometer field of view for four spatial channels
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and fast solar wind currents characteristic of such a so-
lar activity period. The interaction between a fast flow
and a slow flow leads to the formation of the compres-
sion region (in the English-language literature, it is
termed the Corotating Interaction Region — CIR)
[Richardson, 2004]. By compressing and changing the
direction of plasma motion, a geoeffective component
of the interplanetary magnetic field can be formed, thus
stimulating geomagnetic activity including magnetic
storms and substorms. The periods of such magneto-
spheric activity feature the unconventional development
of geophysical phenomena accompanying this disturb-
ance, the study of which is particularly interesting. Re-
search experiments of geophysical phenomena accom-
panying the development of magnetospheric disturb-
ances during such periods of solar activity are important
and relevant, because they allow us to reveal the causal
relationships between these complex events.

SYNCHRONOUS OBSERVATIONS
OF AURORAL AND
GEOMAGNETIC VARIATIONS

The first simultaneous observations of luminosity
variations in the optical range and geomagnetic pulsa-
tions at the ISTP SB RAS high-latitude station Istok
using the complex of geophysical equipment described
above were conducted in September 2018.

The weather conditions during the pilot campaign
enabled only a short (~1 hour) measurement session in
September 2018. The evolution of magnetic disturb-
ances in the observation region (Istok) was monitored
from observatories of the Russian Arctic sector (Tiksi,
Dikson, Amderma). The magnetic field disturbances did
not exceed 200-300 nT. (K,=3, Dst=0 nT). The Sep-
tember 8, 2018 synchronous observations of auroral and
geomagnetic pulsations during the evolution of a weak
magnetic disturbance have revealed the following
(Figure 2).

There is a fairly good coincidence of the signals ob-
tained with different instruments. Herewith, the time
resolution of the photometer (10 ms) is much higher
than that of the all-sky camera (~90 s).

On September 8, 2018, the appearance of high-
frequency (up to 1 Hz) magnetic pulsations was recorded,
which coincided in time with the emission increase in
the recorded spectral ranges. Low-frequency (2-5 min
periods) magnetic pulsations at 17:57:30 UT, which did
not coincide with a burst of auroral intensity, were also
observed. Approximately 2.5 min before the appearance
of these low-frequency pulsations, an emission increase
in the recorded spectral ranges was observed synchro-
nously with the appearance of high-frequency magnetic
pulsations.
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Figure 2. All-sky camera images in 630-nm emission, variations in 630-nm emission intensity from the camera in the north-
west sector of the photometer field of view (NW, see Figure 1), and variations in the nightglow intensity within different spectral
ranges from the photometer in the NW sector. The curves are shown against the background of the geomagnetic pulsations spec-
trum in the 0-300 s. The camera's first frame shows the photometer's field of view
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During the next experimental campaign, the weather
conditions enabled us to take measurements from No-
vember 29, 2018 to December 2, 2018. Note that this
experiment was conducted during an interesting period:
before the onset of the December 1, 2018 magneto-
spheric disturbance the geomagnetic field was very quiet
for more than 3 days (November 28, 29, 30, 2018). The
December 2018 magnetic disturbance began at ~13.30 UT.
Figure 3 shows i) 630-nm emission intensity variations
recorded using the photometer on December 1, 2018 ii)
H-component of the Norilsk magnetogram, and iii) vari-
ations in the 630-nm emission intensity from the all-sky
camera in the photometer NW sector.
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Figure 3. Variations of the B,-component of the geomag-
netic field from Lemi-30 (1), the H-component of the magnetic
field at Norilsk (2), the 630 nm emission intensity variations
from the photometer NW sector (3), and the 630 nm emission
intensity variation from the camera (4) in the photometer NW
sector 2018 December 1

Note that according to the all-sky camera data there
was no local maximum recorded by all photometer
channels at 13 UT. Similar unstable values of the pho-
tometer at sufficiently long time intervals are observed
in other measurement sessions.

Geomagnetic pulsations occurred between 13.30 and
14.30 UT before the substorm active phase. The beginning
of the substorm active phase at 16.10 UT was accompanied
by a powerful surge of vibrations at the station Istok. The
source was also traced from the ISTP SB RAS mid-
latitude station Mondy (51° N, 100° E).

Figure 4 shows the time series of the 557.7 nm emis-
sion intensity with a remote trend (>20 min periods)
obtained with the photometer and all-sky camera on
December 1, 2018. In the time interval from 10 to 13 UT,
the photometer and all-sky camera recorded pronounced
variations in the 557.7 nm and 630 hm emission intensity
with a period of ~15 min, probably of anthropogenic
origin. At the same time, auroral pulsations were not
followed by a magnetic disturbance (see Figure 3). Ra-
diating structures in the 557.7 nm spectral channel and
elongated structures with a length of the whole camera
frame (180°) and a width ~20-30° of the field of view
in the 557.7 nm and 630 nm spectral channels are visible
on the camera frames. Images of these structures are
shown in the frames Im1 and Im4 of Figure 4. Arrows
indicate the moments of registration of the camera frame.
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Figure 4. Camera frames of the all-sky camera in the 557.7 nm spectral range, the 557.7 nm emission intensity, from the pho-
tometer (1, axis to the left) and the all-sky camera (2, axis to the right) 2018 December 1. Removed trend with periods longer

than 20 min. Photometer and camera data are for the NW sector
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Figure 5. Variations of the B,-component of the geomag-
netic field from Lemi-30 (1), the magnetic field H-component
of Norilsk (2), and 391.4 nm emission intensity variations in
the NW sector photometer (3) 2018 December 2

intensity variations recorded with the photometer on
December 2, 2018, ii) the magnetic field H-component
measured at Norilsk, and iii) a fragment of recording of
geomagnetic pulsations. The appearance of synchronous
auroral and geomagnetic variations can be seen.

SHORT SIGNAL BURSTS
IN PHOTOMETER DATA

To search for optical flares, similar to those previously
described in [Nadubovich, 1970; Kuzakova, 1972], the
automatic processing of photometer data is performed,
which allows us to select such events. At the same time,
quite powerful signal bursts with ~10 ms duration,
probably of a hardware nature, are recorded simultane-
ously in all photometer channels. An example of such
a signal is given in Figure 6.

Events with similar characteristics are also recorded
during test measurements using a LED light source
with a luminous intensity similar to the auroral lumi-
nosity during the experimental campaign at the station
Istok. Test measurements have been carried out at the
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Figure 6. The signal surge in the 557.7 nm photometer
channel, registered 2018 December 2 at 11:39:57 UT. The top
panel is the raw data with a sampling frequency of 200 kHz. Bot-
tom panel — summarized data with a sampling rate of 100 Hz
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ISTP SB RAS Geophysical Observatory (midlati-
tudes). In the test measurements no features were
found in the time distribution of event registration. The
recording frequency of such events during the test
measurements was ~1.3 events/hour. Nevertheless,
such signals recorded in auroral latitudes have a tem-
poral distribution.

Figures 7 and 8 show the frequency distributions of
bursts recorded with the photometer on December 1 and
2, 2018 respectively. In these Figures (red rectangles,
left axis) is the number of recorded bursts at the 6 min
interval. The burst frequency in these time intervals
reaches 7 events on December 1, and 9 events on De-
cember 2. On September 8, 2018 with minor geomag-
netic disturbances, the burst number in the 6 min inter-
val reached 4. On magnetically quiet days on November
29 and 30, 2018, the burst occurrence frequency did not
exceed 2 events per 6 min. Figures 7 and 8 indicate that
the burst occurrence frequency increases immediately
before geomagnetic disturbances and falls during strong
disturbances. At the same time there is no clear correla-
tion between the burst occurrence frequency and the
level of the signal recorded at this time.

CONCLUSION

The photometer with silicon photomultipliers has
shown itself quite well when recording short-period
(~20-min) auroral emission variations. In this case there
is instability of the photometer signal level at sufficient-
ly long time intervals. Such “floating” signals of this
photometer were also recorded at the ISTP SB RAS
Geophysical Observatory (GPO) (51°48' N, 103°5' E).
In addition, at present, the cause of the powerful signal
bursts observed simultaneously in all photometer chan-
nels, which are likely to be associated with hardware
effects, is not clear. In measurements at the station
Istok, the burst occurrence frequency reaches 9 events
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Figure 7. B,-component variations of the geomagnetic
field from Lemi-30 2018 December 1 (1), the burst signal
recording frequency in 557.7 nm emission intensity from the
photometer (red rectangles, axis on the left). Variations of the
557.7 nm emission intensity from the NW sector photometer
(2) and the H-component of the magnetic field st. Norilsk (3)
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Figure 8. Fragment of analog recording of geomagnetic
pulsations from Lemi-30 2018 December 2 (1), time distribu-
tion of the signal bursts number in 557. nm emission intensity
from the photometer data (red bars, axis on the left). Varia-
tions of the 557.7 nm emission intensity in the sector NW
2018 December 2 from the photometer (2) and the H-component
of the magnetic field (3) st. Norilsk

per 6 min, i.e. 90 events/hr. The burst occurrence fre-
quency in photometer signals increases immediately
before geomagnetic disturbances and decreases during
strong disturbances. At the same time there is no clear
correlation between the burst occurrence frequency and
the level of the signal recorded at that time. On mag-
netically quiet days, the frequency of optical flash oc-
currence does not exceed 2 events per 6 min. In the test
measurements at midlatitudes using a LED radiation
source, the frequency of recording of such events is
~1.3 events/hr. At the same time, no features were
found in the time distribution of event registration. It is
worth noting that the conclusions on the signal bursts
require further detailed study. Testing of equipment in
laboratory conditions with the use of highly stable low-
power radiation sources, as well as additional series of
experimental observations is required.

As a result of the first synchronous measurements of
auroral and geomagnetic variations, synchronous bursts
of auroras and geomagnetic pulsations were recorded at
the station Istok with a high temporal resolution on Sep-
tember 8 and December 1-2, 2018. The appearance of
high-frequency (up to 1 Hz) geomagnetic pulsations
coinciding in time with an emission increase in the rec-
orded spectral ranges was observed.

We have demonstrated that it is possible to simulta-
neously record auroral and geomagnetic pulsations with
high temporal resolution, using the photometer with
radiation detectors based on silicon photomultipliers and
the three-component induction magnetometer Lemi-30.
This equipment can be launched in automatic monitoring
mode, which will allow us to obtain a large array of data.

This work was supported by the RFBR grant No. 17-
05-00492.

The results were obtained using the equipment of Cen-
ter for Common Use “Angara” [http://ckp-rf.ru/ckp/3056].
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