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We present a description of the recent advances in the development of the KORTES
assembly—the first solar oriented mission designed for the Russian segment of the
International Space Station. KORTES consists of several imaging and spectroscopic
instruments collectively covering a wide spectral range extending from extreme ultraviolet
(EUV) wavelengths to X-rays. The EUV telescopes inside KORTESwill trace the origin and
dynamics of various solar phenomena, e.g., flares, CMEs, eruptions etc. EUV spectra
provided by grazing-incidence spectroheliographs will enable precise DEM-diagnostics
during these events. The monochromatic X-ray imager will observe the formation of hot
plasma in active regions and outside them. The SolpeX module inside KORTES will offer
an opportunity to measure fluxes, Doppler shifts and polarization of soft X-ray emission
both in lines and continuum. SolpeX observations will contribute to studies of particle
beams and chromospheric evaporation. The instrumentation of KORTES will employ a
variety of novel multilayer and crystal optics. The deployment of KORTES is planned
for 2024.

Keywords: solar corona, solar flares, polarimetry, spectroscopy, solar imaging, extreme ultraviolet, soft X-rays,
international space station

1. INTRODUCTION

The KOronal X-Ray TElescope and Spectrometer (KORTES) is the first solar mission designed for
the Russian segment of the International Space Station (ISS). The Principal Investigator (PI) of
the project responsible for the majority of instrumentation is the Laboratory of X-Ray Astronomy
of the Sun (XRAS) at P.N. Lebedev Physical Institute of the Russian Academy of Sciences (LPI
RAS). The main collaboration members are Institute for Physics of Microstructures of the Russian
Academy of Sciences (IPM RAS) from Nizhny Novgorod, Russia, and Space Research Center of
the Polish Academy of Sciences (SRC PAS) fromWroclaw, Poland. The project successfully passed
the stages from initial proposal to engineering design; its development is currently on the stage of
certification and qualification tests and the launch is planned on 2024.

https://www.frontiersin.org/journals/astronomy-and-space-sciences
https://www.frontiersin.org/journals/astronomy-and-space-sciences#editorial-board
https://www.frontiersin.org/journals/astronomy-and-space-sciences#editorial-board
https://www.frontiersin.org/journals/astronomy-and-space-sciences#editorial-board
https://www.frontiersin.org/journals/astronomy-and-space-sciences#editorial-board
https://doi.org/10.3389/fspas.2021.646895
http://crossmark.crossref.org/dialog/?doi=10.3389/fspas.2021.646895&domain=pdf&date_stamp=2021-04-30
https://www.frontiersin.org/journals/astronomy-and-space-sciences
https://www.frontiersin.org
https://www.frontiersin.org/journals/astronomy-and-space-sciences#articles
https://creativecommons.org/licenses/by/4.0/
mailto:ulyanovas@lebedev.ru
https://doi.org/10.3389/fspas.2021.646895
https://www.frontiersin.org/articles/10.3389/fspas.2021.646895/full


Kirichenko et al. KORTES Mission

KORTES is a conceptual successor of the previous XRAS
projects—SPIRIT (SPectrohelIogRaphIc Telescope) and TESIS
(TelEScope and Imaging Spectrometer) launched within the
Russian CORONAS program (Complex ORbital Observations
of Near-Earth Activity of the Sun). Similar to these projects
KORTES represents a multichannel assembly of telescopes and
spectrometers to cover a wide range of wavelengths—from
hard X-rays (0.44 Å) to extreme ultraviolet (584 Å). KORTES
inherits optical design of some instruments from its predecessors
(Shestov S. V. et al., 2014). Apart from that, several new
technologies will be probed, e.g., novel aperiodic multilayer
structures (Akhsakhalyan et al., 2019) and fine stabilization
system. A successful appliance of these technologies will advance
their adoption in the future projects of XRAS, such as ARKA—a
challenging new experiment for high-resolution imaging of solar
corona (Vishnyakov et al., 2017).

The main technical parameters of KORTES are listed in
Table 1. Stationing on-board ISS has several advantages with
respect to telemetry rate (which is almost limitless considering
the possibility of data storage on removable flash cards) and limits
on mass and size of the payload. However, due to obstruction
by the elements of ISS construction the nominal duty cycle of
KORTES is reduced to 25 min per orbit (or 6.5 h per day).

TABLE 1 | Main technical parameters of KORTES.

Mass 48.9 kg (SU), 10 kg (EU)

Dimensions, L×W × H 89× 49× 44 cm (SU), 25× 20× 10 cm (EU)

Power consumption 80 W (SU), 30 W (EU)

Duty cycle 6.5 hours per day

Data rate 50 MB/s

Telemetry rate 1 GB per day

Accuracy of pointing 10′′ (DPP), 1′′ (APS)

FIGURE 1 | A general view of the KORTES-SU assembly. The SU unit is to be mounted on a dual-axis pointing platform on the service module of the ISS Russian
segment. Top-right corner: the KORTES-EU unit (proportions are preserved). The EU unit will be placed inside the sealed compartment of the ISS Russian segment.

Also, the considerable jitter of ISS (Brown, 2019) introduces
notable restrictions in terms of achievable resolution, both spatial
(> 4′′) and temporal (> 2 s). Due to that, KORTES is mainly
intended to meet goals of solar activity monitoring and space
weather forecasting. Nevertheless, the KORTES facilities will also
address a wide spectrum of fundamental problems in domains
of solar physics and solar-terrestrial interactions (Slemzin et al.,
2016, 2019; Rodkin et al., 2018; Shugay et al., 2018). KORTES
will allow to study the mechanisms of solar flare generation
and the formation of high-temperature plasma in active regions
(ARs) and outside them, investigate statistical properties for
microevents, trace the initiation and propagation of solar
eruptive phenomena (prominences, coronal mass ejections) at
heights up to two solar radii (Zhang et al., 2001; Byrne et al., 2014;
Reva et al., 2016a,b).

KORTES consists of two separate units. The KORTES Sensors
Unit (KORTES-SU) will hold the instrumentation assembly and
will be placed on the multipurpose working place #4 on the
service module of the ISS Russian segment. The general view
of the KORTES-SU unit is presented on Figure 1. Since ISS has
a nadir orientation KORTES-SU will be mounted on a special
Dual-axis Pointing Platform (DPP) to enable coarse pointing
to the Sun. DPP will partially solve the problem of the ISS
jitter. Additional stabilization will be provided by instruments’
internal stabilization systems. The second unit—KORTES-EU
(Electronics Unit)—represents a controller aimed to drive the
operation of KORTES-SU and gather, compress, and transfer
scientific data. The most part of image processing will be
produced on ground (Kuzin et al., 2011a). KORTES-EU will be
placed inside the sealed compartment of the ISS Russian segment.
The view of the KORTES-EU unit is embedded in Figure 1

(top-right corner).
The scientific instrumentation of KORTES-SU consists of

three EUV telescopes, two X-ray imagers and four spectrometers.
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TABLE 2 | Main characteristics of telescopes.

Target lines (channel) Fe XII 195 Å (T1), He II 304 Å (T2), He I 584 Å
(T3)

Entrance filters 3 layers, MoSi2 (2.5 nm)/Al (235 nm)/ MoSi2
(2.5 nm)

Mirror coatings (channel) Multilayer, Be (6 nm)/Al (10 nm) (T1, T2), Al
(30 nm)/Mo (10 nm) + MoSi2 (5 nm) layer (T3)

Detector coatings 3 layers, MoSi2 (25 nm)/Al (235 nm)/ MoSi2
(25 nm)

Primary mirror diameter 113 mm

Secondary mirror diameter 45 mm

Effective focal length 1740 mm

Detector type CCD (e2v 42-40, BSI, TEC-cooled)

Detector size 2,048×2,048

Pixel size 13.5 µm

Angular resolution 3.2′′

Field of view ∼ 0.91◦

Frame rate 1–20 fps

Exposure time 0.1–5 s

APS system optical, 3-axis (pitch, yaw, focus)

XRAS is responsible for the majority of instrumentation (the
EUV telescopes, the grazing-incidence spectroheliographs, and
the monochromatic X-ray imager). The rest three instruments
(the rotating drum spectrometer, the X-ray pinhole camera, and
the Bragg polarimeter) are combined in a separate structural unit
inside KORTES-SU called SolpeX which is being developed by
SRC PAS. The details on the SolpeX module can be found in
Stȩślicki et al. (2016) and Sylwester et al. (2019).

In addition to the scientific instruments KORTES-SU includes
three guidance sensors (two Sun sensors and a star tracker)
aimed to support accurate pointing and facilitate stabilization.
The mechanical design of KORTES-SU is of modular type with
all instruments being installed on a single invar frame to sustain
temperature variations of up to±25◦C. Additionally, the thermal
regime of KORTES-SU is balanced with a radiator mounted on
the backside of the unit. The electrical communication between
the devices and the controller is provided by a hub connected to
KORTES-EU via the Hotlink interface.

In the following the design of the separate KORTES
instruments is described in more details.

2. EUV TELESCOPES

The EUV imaging subsystem of KORTES consists of three similar
Ritchey-Chretien telescopes with multilayer normal-incidence
optics adapted to different wavelengths, referred to as T1, T2, and
T3 spectral channels (see Table 2). The T1 channel is centered at
195 Å line of Fe XII ion and is dedicated to image coronal plasma
with temperature near 1 MK. The T2 channel corresponds to
famous He II 304 Å line and aims at transition region (T ≈

80, 000 K). The T3 channel specializes at upper chromosphere
layer (He I 584 Å line, T ≈ 20, 000 K).

The telescopes share the same optical scheme and consist
of an entrance aperture assembly, two mirrors (primary and

secondary), a mechanical shutter and a CCD detector (see
Figure 2). The effective focal length of all three telescopes equals
to 1,740 mm giving a field of view (FoV) of 0.91◦ to enable wide-
field observations of CME formation and flux-rope eruptions.
The main advantage of the KORTES telescopes over other EUV
telescopes and coronographs, e.g., LASCO/C2 andC3 (Brueckner
et al., 1995) or SDO/AIA (Lemen et al., 2012), is that they may
provide valuable observations in the so-called “blind zone”—the
gap in solar altitudes between 1.2 and 2 solar radii (Reva et al.,
2014, 2017).

The aperture of the telescopes’ primary mirrors equals to
113 mm. The secondary mirrors have a diameter of 45 mm. The
images are obtained with 2 ×2 k backside-illuminated (BSI) e2v
42-40 CCDs cooled by a Peltier thermoelectric coolers (TEC).
The aberrations of the optical scheme (mostly dominated by
astigmatism and field curvature) were optimized so that the
circle of confusion is contained within one pixel of a CCD (13.5
×13.5µm) over the entire FoV, which ensures angular resolution
(double pixel angular size) of 3.2′′.

The mounts of the secondary mirrors are equipped with an
active positioning system (APS) to enable fine pointing and
stabilization which operates alongside with the DPP system. The
pointing correction signal is feeded by two Sun sensors mounted
at the front of KORTES-SU. The APS unit includes three
piezoelectric actuators, capable of pitch and yaw adjustments in
a range of ±15′, and a linear stepping motor with a range of
up to ±50 µm. The latter is used to compensate for possible
defocusing resulting from the thermal expansion of the KORTES-
SU supporting frame.

The multilayer structures for the KORTES telescopes are
developed in IPM RAS (Bogachev et al., 2016; Vishnyakov
et al., 2016). The parasite optical and infrared radiation is
blocked by a MoSi2/Al entrance filter (Chkhalo et al., 2018)
and CCD coating (MoSi2/Al as well). These are identical for
all telescopes. The individual spectral band for each telescope
is determined by the convolution of spectral reflectivities of
the primary and secondary mirrors. The mirror coatings are
based on the multilayer Be/Al (for the T1 and T2 channels)
and Al/Mo (T3) structure. The mirror reflectivity peaks at 35%
for the 195 and 584 telescopes and 25% for the 304 telescope
resulting in effective areas of around 0.5–4 cm2 (depending on
the channel).

The exposure and cadence of telescopes will be dynamically
adjusted with respect to the current state of the solar activity,
defined with the PHI instrument. The typical values of exposure
are expected to range from 0.1 to 5 s. The maximum cadence
of ∼ 1 full resolution image per second is limited by data
transfer speed of the Hotlink interface connecting KORTES-SU
and KORTES-EU (50 MB/s). However, the KORTES telescopes
will be able to achieve even higher cadence (up to 20 frames
per second) in a high-speed mode of operation with a partial
frame readout. KORTES will automatically switch to this mode
during the impulsive phase of flares. Additionally, special high-
cadence series of observations will be carried out to study
high-speed solar phenomena, e.g., nanoflares (Ulyanov et al.,
2010, 2019a,b), waves (Shestov et al., 2015, 2017), and transients
(Loboda and Bogachev, 2015a,b, 2017, 2019).
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FIGURE 2 | A cross sectional view of the EUV telescopes inside the KORTES-SU assembly. The three KORTES telescopes share the same Ritchey-Chretien optical
design with 113 mm aperture and 1,740 mm effective focal length. The secondary mirrors feature an active positioning system (APS) to enable fine pointing and
stabilization.

FIGURE 3 | A cross sectional view of the Grazing-Incidence Spectroheliographs (GIS) inside the KORTES-SU assembly. Top-right corner: an example of a solar
spectrum (obtained with the SPIRIT instrument on 25 September, 2001). Each “cigar” on the top represent a monochromatic image of the Sun squeezed in the
direction of dispersion. The corresponding spectral lines are shown at the bottom.

3. GRAZING-INCIDENCE
SPECTROHELIOGRAPHS

The KORTES EUV Grazing-Incidence Spectroheliographs (GIS)
incorporate a unique slitless optical design inherited from
previous XRAS missions TESIS (Zhitnik et al., 2002) and SPIRIT
(Kuzin et al., 2011b). The key element of these instruments is a
flat gold-coated reflecting grating. The radiation diffracted from
the gratings is then focused by a normal-incidence multilayer
mirrors onto CCD detectors (see Figure 3). KORTES will have
two GIS instruments on-board, which are designated as S1 and
S2. The S1 channel is designed to cover the spectral range from
170 to 190 Å, while the S2 channel embraces the wavelengths
from 280 to 335 Å. In both channels the gratings’ groove density

equals to 1,200 lines per mm. The chosen diffraction order ism =

3. The focusing mirrors are off-axis paraboloid with F = 703 mm
effective focal distance and D = 58 mm aperture. The detectors
are cooled e2v 42-40 2×2 k CCDs and provide wide FoV of more
than 2◦. The main parameters of the two spectroheliographs are
listed in Table 3.

The significant difference between incidence and diffraction
angles results in a pronounced anamorphic magnification
(Schweizer, 1979), so that the images of the Sun in separate
spectral lines become squeezed by a factor of ≈ 20. As the
spectroheliographs’ linear dispersion is≈ 0.6 mm/Å, the “cigars”
from the neighboring spectral lines are weakly blended and can
be easily separated. The rough appearance of an overall solar
“cigarogram” can be traced from images obtained with SPIRIT
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GIS (see example on Figure 3), top-right corner. Though large
portion of spatial information is wasted, the position of small
compact sources on the disk (e.g., flares) can be located with
enough precision. The topology of these sources will be refined
with telescopic data. Another type of objects of interest to be
observed is structures located high above the limb (e.g., CMEs).

TABLE 3 | Main characteristics of grazing-incidence spectroheliographs (GIS).

Spectral range (channel) 170–190 Å (S1), 280–335 Å (S2)

Target ions (channel) Fe X–Fe XIII, Ca XVII (S1), Fe XIII–Fe XVII,
Ca XVIII, Si IX, Si XI, Ni XVIII, S XII, MgXIII (S2)

Entrance filters 3 layers, MoSi2 (2.5 nm)/Al (235 nm)/MoSi2
(2.5 nm)

Mirror coatings (channel) Multilayer, Mo/Si (220 nm)

Detector coatings 3 layers, MoSi2 (25 nm)/Al (235 nm)/MoSi2
(25 nm)

Mirror diameter 58 mm

Effective focal length 703 mm

Detector type CCD (e2v 42-40, BSI, TEC-cooled)

Detector size 2,048×2,048

Pixel size 13.5 µm

Angular resolution 7.9′′

Field of view ∼ 2.2◦

Grating groove density 1,200 lines per mm

Linear dispersion 0.6 mm/Å

Grating blaze angle
(channel)

9.0◦ (S1), 11.5◦ (S2)

Incidence angle (channel) 1.16◦ (S1), 1.40◦ (S2)

Diffraction angle (channel) 21.35◦ (S1), 27.38◦ (S2)

Exposure time 10–30 s

APS system hybrid, 2-axis: optical (spatial axis), electronic
(spectral axis)

The working spectral range of the KORTES “cigarographs”
is mainly defined by spectral reflectance of mirrors’ multilayer
structures. KORTES GISes will feature novel optimized aperiodic
Mo/Si structures designed in IPM RAS (Garakhin et al., 2020;
Kuzin et al., 2020). The passband of the S1 channel will cover
strong lines of ions Fe X–FeXIII and CaXVII. The second
channel (S2) will register, apart from He II 304 Å line, the lines
of Fe XIII–FeXVII, CaXVIII, Si IX, Si XI, Ni XVIII, S XII, and
MgXIII (Shestov S. et al., 2014). Many of these lines are blended
and hence some advanced techniques for DEM reconstruction
should be implemented to extract physical parameters from
observables (Shestov et al., 2009).

An estimated exposure time amounts to 10–30 s. In order
to avoid motion blur the spectroheliographs will be equipped
with a stabilization system as well. However, due to anamorphic
magnification the stability requirements along the direction of
dispersion are reduced. Hence the mechanical stabilization (by
means of mirror tilting) will operate along a single (spatial)
axis. Nevertheless, the second (spectral) axis will be stabilized
electronically–via CCD charge transfer.

4. MONOCHROMATIC X-RAY IMAGER

The monochromatic X-ray Bragg-crystal Imager (MXI) is a
simple, yet a very powerful device. The instruments of this type
proved their effectiveness for hot plasma imaging in the previous
XRAS missions (Zhitnik et al., 2003; Bogachev et al., 2020). MXI
is aimed to image the Sun in a single line of hydrogen-like
MgXII–Lyα 8.42 Å. The optical layout of Mg-imager consists of
an entrance window, an off-axis mirror and an image detector
(see Figure 4). The mirror is made of quartz plate bent to a
spherical shape with a curvature radius of R = 1, 176 mm. The
lattice plane [010] of quartz with 2d ≈ 8.51 Å is utilized. The
detector is 1k×1k BSI CCD-matrix with a frame transfer feature

FIGURE 4 | A cross sectional view of the Monochromatic X-ray Imager (MXI) inside the KORTES-SU assembly. Top-right corner: the temperature response function of
MXI in comparison with SDO/AIA and Hinode/XRT. MXI is sensitive only to “hot” (T>4 MK) plasma component in contrast to other imagers.
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TABLE 4 | Main characteristics of monochromatic X-ray Bragg-crystal imager
(MXI).

Target line MgXII Lyα 8.42 Å

Entrance filter 3 layers, MoSi2 (2.5 nm)/Al (235 nm)/MoSi2
(2.5 nm)

Detector coating 3 layers, MoSi2 (25 nm)/Al (235 nm)/MoSi2
(25 nm)

Mirror Bent quartz (spherical), [010] lattice plane,
2d ≈ 8.51 Å

Mirror dimensions 60 ×40 mm

Mirror radius 1,176 mm

Effective focal length 582 mm

Detector type CCD (e2v 47-20, BSI, frame transfer,
TEC-cooled)

Detector size 1,024×1,024

Pixel size 13 µm

Angular resolution 9.2′′

Field of view ∼ 1.3◦

Exposure time 10–100 s

APS system optical, 3-axis (pitch, yaw, focus)

(e2v 47-20). MXI will also be equipped with an APS system (same
as in telescopes). Themain parameters of theMXI instrument are
listed in Table 4.

Despite relatively large area of the mirror (60 ×40 mm), its
effective aperture is narrow because incident rays reflect only
from those parts of it where the Bragg condition is satisfied.
Hence the effective aperture of the mirror is defined only by
its length. The second dimension is a trade-off between two
requirements: it should be quite narrow to reject the neighboring
spectral lines, but wide enough to cover the whole area of
the detector. With the given width the bandpass of the mirror
amounts to 1λ ≈ 0.015 Å, while the nearest line (NaXI 8.454 Å)
is 0.03 Å apart from the target line.

The target spectral line of MgXII is forming under
temperatures above 4 MK. As soon as no other strong lines
fall into the bandpass of the mirror, the device will be
totally insensitive to emission of “cold” (T < 0.5 MK) and
“warm” (T ≈ 1 MK) plasma. Hence the MXI images are free
from unwanted low-temperature background usually present on
images of analogous telescopes (e.g., SDO/AIA, Hidone/XRT,
RHESSI). This feature makes MXI an ideal choice to observe
plasma at temperatures above 4MK (Reva et al., 2012, 2015, 2018;
Kirichenko and Bogachev, 2013, 2017a,b).

It should be noted, that MgXII line represents a doublet with
a wavelength offset of around 5 mÅ. In theory, due to spherical
aberration existing in the system, the device should resolve
both components of the doublet leading to noticable splitting
of the image in the dispersion direction. However, as the ratio
of component intensities is established (Sylwester et al., 1986),
this unwanted effect can be easily corrected via computational
techniques (e.g., by image deconvolution).

5. ROTATING DRUM SPECTROMETER

The Rotating Drum X-ray spectrometer (RDS) is a part of the
SolpeX module inside the KORTES-SU unit. RDS will allow to

investigate very fast changes in X-ray solar spectra occurring
during the impulsive phase of flares. The RDS consists of eight
flat mono-crystals attached to a rotating drum (see Figure 5). The
drum rotation speed is fixed at 10 turns per second and defines
the cadence of measurements. At a given instant of time four of
the crystals are illuminated by the solar radiation coming through
a pair of entrance apertures covered by aluminum-coated Lexan
foil filters to block thermal, optical and EUV radiation. The
Bragg-reflected photons are recorded by two pairs of Silicon
Drift Detectors (SDD) placed symmetrically. Under full drum
revolution each of the crystals passes all of the detectors. The
rotation of the drum allow to scan the spectra of the radiation
reflected from the crystals at slightly different Bragg angles.
Moreover, as each crystal appears to incline at different angles
with respect to front and rear detectors it covers two spectral
wavebands. As a result a wide continuous range from 0.4 to 22.8 Å
is covered merely in 0.1 s. This procedure will allow to determine
spectral line fluxes for many abundant elements (from oxygen to
iron) emitted from flaring plasma with temperatures between 1
and 50 MK.

The parameters of crystals and the corresponding energy
ranges are presented in Table 5. Two out of eight RDS
crystals are identical Si 111. Their position on the drum
is such that they can simultaneously illuminate a pair of
rear detectors. This enables a Dopplerometer functionality
of RDS.

The Bragg-angle (and hence energy) of reflected photons is
estimated from the photon arrival time and the corresponding
drum position. With utilized KETEK VITUS H18LE and H50
SDD detectors and supplemented electronics the detection time
will be established with accuracy of ∼ 1µs. This uncertainty
defines the spectral resolution of the instrument. The SDDs will
be cooled down to −20◦C with the built-in TECs. The detector
temperatures will be monitored by the thermistor and controlled
by the FPGA logic.

The rotating drum is actuated by a stepper motor operating
in a microstepping mode with 6,400 microsteps per revolution.
The position of the drum is measured by a magnetic sensor
with a resolution of 12 bits per revolution. An overall accuracy
accounting for time and angle errors is estimated to be better
than 20 arcsec.

6. PINHOLE SOFT X-RAY IMAGER

Since RDS does not provide any spatial information an imaging
device of the similar spectral range is required to co-align the
sources of X-ray spectra with active regions seen on the telescopic
images. Such information can be obtained from a simple PinHole
Imager (PHI). The optical layout of this instrument consists of an
entrance filter to reject thermal/optical/EUV radiation, a lead foil
with a pin hole and an image sensor (see Figure 6). A filter is
made of 15µm-thick aluminized polyimide foil and will transmit
in the range E > 0.35 keV (similar to Hinode XRT Ti-poly filter).
The sensor is 2 ×2 k CMOS made by Gpixel Inc. The thickness
of a lead foil is 0.4 mm, the size of a pin hole is 0.7 mm, the
distance between a lead foil and a sensor—703 mm. With these
dimensions the diameter of the projected solar disk equals
to 595 pixels. Hence the position of the disk can be used
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FIGURE 5 | A cross sectional view of the Rotating-Drum Spectrometer (RDS) inside the KORTES-SU assembly. The drum with eight crystals is rotating at 10 turns
per second. The solar radiation reflected from the crystals is registered by four SDD-detectors placed symmetrically in a Dopplerometer configuration.

TABLE 5 | Parameters of crystals used in rotating-drum spectrometer (RDS) and corresponding spectral ranges: “front” and “rear” refer to wavelength bands covered by
front and rear pairs of detectors.

No. Crystal Orientation 2d [Å] Spectral range (front) [Å] Spectral range (rear) [Å] Spectral resolution [mÅ]

1 Si 400 2.715 1.678–2.330 0.442–1.618 0.1

2 Si 220 3.840 2.375–3.295 0.625–2.288 0.2

3, 4 Si 111 6.271 3.878–5.381 1.021–3.737 0.3

5 Quartz 10–11 6.684 4.133–5.735 1.088–3.983 0.3

6 Quartz 10–10 8.514 5.265–7.306 1.386–5.073 0.4

7 ADP 101 10.648 6.585–9.137 1.734–6.345 0.5

8 KAP 001 26.640 16.474–22.859 4.337–15.875 1.3

FIGURE 6 | A cross sectional view of the Pin-Hole Imager (PHI) inside the KORTES-SU assembly. The solar disk is projected onto a CMOS sensor placed 70 cm
behind a 0.7 mm pin hole.
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to increase accuracy of the KORTES pointing system. The
main technical parameters of the PHI instrument are listed
in Table 6.

PHI will take frames every 1/8 s (limited by the CMOS read-
out time). Using an on-board processing PHI will find actual
positions of ARs, their sizes and orientation. The dispersion
direction of the RDS crystals is aligned with the CMOS base
allowing to deconvolve real spectral shapes from those observed
by RDS. Moreover, we expect that most of the time a single
photon per pixel will be detected. This will allow to estimate
energy of the incoming radiation. The X-ray intensity averaged
over the CMOS area will be used to determine the state of the X-
ray corona. The distribution of the emission will help to classify
the momentary solar activity into one of three classes: The quiet
Sun, the flaring and non-flaring ARs. This information will then
be passed to other KORTES instruments in order to switch the
mode of observations (e.g., to change exposure time and cadence
of telescopes).

TABLE 6 | Main characteristics of pin-hole X-ray imager (PHI).

Spectral range E > 0.35 keV

Entrance filter Aluminized polyimide foil (15 µm)

Pin hole diameter 0.7 mm

Projection distance 703 mm

Detector type CMOS (Gpixel GSENSE400, BSI)

Detector size 2048×2048

Pixel size 11 µ

Field of view 1.8◦

Frame rate ∼10 fps

Exposure time 0.02–0.1 s

7. BRAGG X-RAY
SPECTROMETER–POLARIMETER

The Bragg X-ray spectrometer–POLarimeter (B-POL) is a
candidate device to be mounted in the KORTES; its deployment
is currently under discussion. The optical layout includes a
cylindrically bent silicon mono-crystal and a CMOS sensor (see
Figure 7). The selected spectral range (3.9–4.1 Å) will cover a
number of strong emission lines of Ar XVI, Ar XVII, and SXVI,
which are nearly always emitted by the coronal sources activity
above GOES B5.0 class level. The utilized 2k×2k GSENSE400
BSI CMOS sensor will provide an exceptional spectral resolution
of ∼ 90 µÅ/bin. The main technical parameters of the B-POL
instrument are listed in Table 7.

It appears that for the selected [111] orientation of silicon
with 2d ≈ 6.3 Å the Bragg angle for the given spectral range
is close to Brewster angle (∼ 45◦). It means that for a linearly

TABLE 7 | Main characteristics of Bragg X-ray spectrometer-polarimeter (B-POL).

Spectral range 3.9–4.1 Å

Target ions (lines) Ar XVII (w, x, y, z), S XV (w4)

Entrance filter Aluminized polyimide foil (11 µm)

Mirrors Bent silicon (cylindrical), [111] lattice plane,
2d ≈ 6.3 Å

Curvature radius 820.97 mm

Spectral resolution 90 µÅ per bin

Detector type CMOS (Gpixel GSENSE400, BSI)

Detector size 2,048×2,048

Pixel size 11 µ

Pointing range (accuracy) ±1◦ (1′)

FIGURE 7 | A cross sectional view of the Bragg X-ray spectrometer–polarimeter (B-POL) inside the KORTES-SU assembly. The table with two silicon crystals
(mounted at Brewster angle) and two CMOS sensors is spinning around an axis pointing to a solar X-ray source at 1 turn per second.
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polarized radiation the reflection efficiency will strongly depend
on the orientation of the polarization vector with respect to the
plane of incidence (it is maximized for s-polarization). In order
to estimate the direction and the degree of polarization B-POL
will continuously spin around its optical axis and measure the
resulting modulation of the signal.

The rotation rate is selected at 1 turn per second—a
compromise between the CMOS readout time and the expected
rate of polarization fluctuations. The pointing of the rotation axis
will be realized by inclining the support of the rotation table to
the desired direction within an angular range of ±1◦ with an
accuracy better than 1′. The selection of the source will be based
on the readings of PHI. To account for possible misalignment
of the rotation axis with the direction to the source B-POL
will consist of two identical crystal-detector sections mounted
symmetrically on the rotation table. Such a position will also
allow to estimate possible Doppler shifts of the X-ray lines to
supplement observations from RDS.

B-POL is to be placed in the rear section on KORTES-SU in
order to keep the rotating radiator (fixed to the rotating table)
in constant shadow. This should allow to cool the polarimeter’s
CMOS sensors down to−20◦C.

8. ATTITUDE CONTROL SYSTEM

The attitude control system of KORTES consists of two Sun
sensors (the primary and the backup) and a star tracker. These
devices are custom-made by XRAS. The Sun sensors are used
to feed the APS systems of KORTES instruments and represent
ordinary pinhole cameras. The displacement of the Sun image
projected by a pin hole is calculated via the readings of the
quadrant Si-pin photodiode (Hamamatsu S5981).

The star tracker is used to control the orientation of KORTES-
SU. It is placed in the rear chamber of the unit and is directed
orthogonally to its main axis. It consists of a lens, a 1 ×1 k
BSI CCD-sensor (e2v 47-20) and a 130 mm-long baffle to shade
from the Sun. The tracker has relatively narrow FoV (∼ 15◦)
to avoid possible flares from the nearest ISS structures. The lens
aperture amounts to 25mm to enable the detection of stars with a
magnitude up to∼ 7. The star catalog loaded in the KORTES-EU
memory will allow an on-board star identification and attitude
determination (Shuster, 2006; Fan and Zhong, 2018). The main
parameters of the KORTES attitude control system are listed in
Table 8.

9. ELECTRONICS UNIT

The KORTES-EU unit represents a small electronics box placed
inside the sealed compartment of the ISS Russian segment and
is used to gather, store, pre-process, and transfer data incoming
from KORTES-SU. KORTES-EU consists of a single electronics
board with a number of connectors and a cooling fan. The core
operations of KORTES-EU are executed on ACTEL A3PE1500
FPGA with ARM Cortex-M1 soft processor support. KORTES-
EU receives data from the KORTES-SU sensors via the Hotlink
interface and sends it to the ISS board computer via the Ethernet

TABLE 8 | Main characteristics of attitude control system.

Sun sensor

Pin hole diameter 3 mm

Projection distance 115 mm

Detector type Quadrant Si-pin photodiode (Hamamatsu
S5981)

Detector size 10×10 mm

Update rate 100 Hz

Attitude determination
accuracy

∼ 0.1′′

Star tracker

Aperture diameter 25 mm

Focal length 50

Detector type CCD (e2v 47-20, BSI, frame transfer)

Detector size 1024×1024

Pixel size 13 µm

Field of view ∼ 15◦

Baffle rejection angle ∼ 40◦

Frame rate 1–10 fps

Typical exposure time 0.1–1 s

Maximum star magnitude 7

Attitude determination
accuracy

∼ 1′ (pitch, yaw), ∼ 7′ (roll)

connection. The data transferring is organized by means of a
simple client-server logic based on the NFSv4 protocol. The same
data channel is used to update the internal firmware and software
of the KORTES units and to run the dedicated program of
observations. Concurrently, KORTES-EU saves all incoming data
on a USB flash drive. The ISS crew members will be requested
to swap the drive when it runs out of free storage. Though the
operation of KORTES-EU is stand-alone, the remote serial port
access is also supported (in case of emergency).

SUMMARY

The KORTES assembly is the first solar oriented mission for
the ISS Russian segment. Though the deployment on board
ISS introduces significant challenges regarding pointing and
stabilization issues, it has several advantages with respect to
restrictions on mass, sizes and telemetry rate. The scientific
instrumentation of KORTES consists of several imagers and
spectrometers providing the multi-channel observations of the
solar atmosphere, crucial for solar activity monitoring. The
KORTES full-Sun EUV telescopes and spectroheliographs will
provide important data for plasma diagnostics during solar flares,
CMEs, and eruptions. The X-ray imagers and spectrometers
will measure fluxes, Dopper shifts, and polarization of emission
both in lines and continuum. These measurements will make
significant contribution to understanding of how magnetic
energy is released and dissipated in the solar corona.

The project development is now proceeding to the stage
of certification and qualification. The launch of KORTES is
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scheduled on 2024. The declared time of on-orbit operation is
3 years. The level-1 data products (images and spectra) will be
provided to researchers within inter-institutional agreement right
after the launch.
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