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Background

• Year 2020 is the 25th anniversary of Astrophysics Division of Korean 
Physical Society (KPS)
• A special issue of Journal of Korean Physical Society (JKPS) to 

celebrate the 25th anniversary of AD of KPS, which has 15 articles,  will 
be published early next year
• This presentation is based upon one article in the special issue
• The paper is now available at the arXiv archive 

( http://arxiv.org/abs/2012.01120 )  

http://arxiv.org/abs/2012.01120


Missions with Contributing Authors

• Kwang-il Seon (KASI): FIMS/SPEAR
• Wonyong Han (KASI): MIRIS
• Young-Wook Lee (Yonsei Univ.): GALEX
• Hyung Mok Lee (KASI): AKARI
• Min Bin Kim & I. H. Park (SKKU): UFFO
• Woong-Seob Jeong (KASI): NISS and SPHEREx
• Kyung-Suk Cho (KASI): NGC
• Jae Jin Lee (KASI): SNIPE
• Dae Hee Lee (KASI & KAIST): UVOMPIS



대한민국인공위성목록
§ 위키피디아: https://ko.wikipedia.org/wiki/대한민국의_인공위성_목록 (업데이트

필요)

§ 함께보기: https://ko.wikipedia.org/wiki/대한민국의_우주_개발

FIMS/SPEAR

MIRIS



FIMS/SPEAR
• FIMS = Far-ultraviolet Imaging Spectrogram 

• SPEAR = Spectroscopy of Plasma Evolution from Astrophysical Radiation
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MCP detector. The cylindrical-source scheme provides
a large grasp (defined as a product of solid angle and
collecting area) optimized for di↵use source. The MCPs
share a single read-out and electronics system, which uti-
lize a cross delay line anode system. The broad bandpass,
spectral resolution, large field of view and imaging reso-
lution were chosen to detect a variety of important astro-
physical emission lines from abundant ionic species while
rejecting intense airglow line contamination, such as hy-
drogen Ly↵ 1216 Å and neutral oxygen O I 1304 Å.

The FIMS/SPEAR mission had observed ⇠ 80% of
the whole sky. The all-sky survey observation had been
performed by scanning the entire sky along the short axis
of the slit, i.e., along the ⇠ 50 field direction of the ⇠ 8�⇥
50 FOV (field of view). In each orbit, the FOV scanned
⇠ 180�, from the North ecliptic pole to the South ecliptic
pole, during the eclipse interval (⇠ 25 minutes) of the
satellite orbit, and the pole-to-pole scanning drifts 360�

along the ecliptic equator for one year because of the
properties of a Sun-synchronous orbit.

Thanks to the unique design of FIMS/SPEAR opti-
mized for di↵use sources, a variety of unprecedented fruit-
ful results were obtained. The main achievements are
summarized along with their scientific importance.

A. Highly Ionized, Transition-Temperature Gas

The interstellar medium (ISM) plays a key role in the
evolutionary cycle of matter in galaxies. The ISM can
be classified into a few, approximately stable phases in
pressure equilibrium [5]: the cold neutral medium (CNM)
with a temperature of ⇠ 102 K, the warm neutral/ionized
medium (WNM/WIM) with a temperature of ⇠ 104 K,
and the hot ionized medium (HIM) with a temperature
of ⇠ 106 K. Since Spitzer [6] predicted the existence of
the di↵use hot gas in the Galactic halo, there has been
many attempts for the origin and evolution of the hot
gas. One of the essential keys in understanding the hot
gas evolution is to measure the global spatial distribution
and volume-filling fraction of the transition-temperature
(104 < T < 106 K), cooling gas in the Milky Way. The
cooling gas could provide direct tool to understand inter-
action between the HIM and WIM/WNM.

The transition-temperature gas cools down by emitting
resonance lines of highly-ionized atoms predominantly in
the FUV wavelengths: for instance, O VI ��1031, 1038 Å,
Si IV ��1394, 1403 Å, and C IV ��1548, 1551 Å. Obser-
vations of these FUV lines have been carried out mainly
through the “absorption” line studies using FUV space
missions. However, the absorption line measurements can
provide information only along limited lines of sight to-
ward bright stars or quasars. Therefore, observations of
the FUV “emission” lines for the entire sky are crucial to
understand the global scale properties of the transition-
temperature gas.

FIMS/SPEAR obtained, for the first time, the all-sky
maps of two main FUV cooling lines, C IV and O VI

FIG. 2: (a) C IV all-sky map and (b) O VI map after cor-
recting for dust extinction. The strong extinction region of
|b| < 15� around the Galactic disk is indicated with a dashed
rectangular box. Here, LU denotes line unit (photons cm�2

s�1 sr�1). Adopted from [7].

(Fig. 2) [7]. The temperature of the cooling gas was found
to be more or less uniform throughout the Milky Way
with a value of (1.89 ± 0.06) ⇥ 105 K. Assuming a sim-
ple disk-like model, the scale height of the electron den-
sity was found to be ze = 6+3

�2
kpc, and the total mass

of the transition-temperature gas was estimated to be
⇠ 6.4+5.2

�2.8 ⇥ 109 Msun. The volume-filling fraction of the
gas was estimated to be hfi = 0.26 ± 0.09 on average,
ranging from f ⇠ 0.3 in the inner Galaxy to f ⇠ 0.18 in
the outer Galaxy. It was also found that the overall dis-
tribution of C IV and O VI cannot be explained by tradi-
tional models, such as a simple supernova remnant (SNR)
model or a three-phase model. Instead, the intensity ratio
of C IV to O VI could be explained by combined e↵ects of
SNRs and turbulent mixing layers. Thermal conduction
front models and high-velocity cloud models also appear
to be consistent with the FIMS/SPEAR observation.

B. Molecular Hydrogen Gas

Molecular clouds are the birthplace of stars, and the
newly born stars radiate intense ultraviolet (UV) pho-
tons which govern the chemical and the physical prop-
erties of the adjacent molecular clouds. Hydrogen is the

4

FIG. 3: (a) FUV fluorescent H2 emission line map after cor-
recting for dust extinction and (b) all-sky map of the H2 frac-
tion fH2 . The strongly extinguished region of |`| < 60� and
|b| < 5� is excluded in the figure. Adopted from [8].

most abundant element in the universe and ⇠ 20% of the
interstellar hydrogen is in the form of H2; H2 is therefore
an essential tracer for star-forming regions and molecu-
lar clouds. However, it is di�cult to observe H2 directly
from the ground because of the absence of a permanent
electric dipole moment [9, 10].

H2 molecules are electronically excited by absorbing
FUV photons in the Lyman (B1⌃+

u �X
1⌃+

g ) and Werner
(C1⇧u � X

1⌃+

g ) bands. Subsequent fluorescence leads
to dissociation of the H2 molecules in about 10% of the
cases and de-excitation to vibrationally excited states of
the ground electronic state in the remaining 90% of the
cases. When the fluorescent transitions from the elec-
tronically excited state to the vibration-rotation states in
the electronic ground state occur, a series of FUV emis-
sion lines in the Lyman and Werner bands are emitted.
The cascade within the vibrational rotational levels of
the ground electronic state result in quadrupole transi-
tion lines at the near- and mid-infrared wavelengths [11].
However, there have been no near-infrared or FUV ob-
servational studies of fluorescent H2 emission lines over
the entire sky. Ground-based telescope observations de-
tected H2 near-infrared fluorescence emission lines only in
a small number of sight lines. Since the FUV wavelengths
are only accessible from the space telescope, only a few
observations of these H2 emission have been reported be-
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FIG. 4: C IV �� 1548, 1551 emission-line image of the Vela
SNR. The units of the color bar is 10�6 erg s�1 cm�2 sr�1.
The white solid lines indicate the pixels that were masked
to remove bright stars. The map was not corrected for dust
extinction. Adopted from [14].

fore FIMS/SPEAR. The FIMS/SPEAR mission was the
first which provided the opportunity for the all-sky sur-
vey of H2 fluorescence lines.

Jo et al. [8] presented, for the first time, the all-sky
map of FUV fluorescent H2 emission in the Milky Way,
which covers ⇠ 76% of the sky (Fig. 3). The H2 fluores-
cence emission was found to contribute to, on average, ⇠
8.7%±2.4% of the total FUV flux in the wavelength range
of 1370�1710 Å observed by FIMS/SPEAR. They found
that, after the dust-extinction correction, the H2 fluores-
cence lines correlate well with the color excess E(B�V ),
the atomic hydrogen column density N(HI), and hydro-
gen H↵ emission. A simple plane-parallel photodissocia-
tion region model was compared with the FIMS/SPEAR
data to estimate the spatial distribution of H2 molecules.
In the model, a uniform pressure of p/k = 1000 cm�3

K was assumed and the three-dimensional interstellar
radiation field (ISRF) was calculated using the stellar
models for the bright UV stars. The study revealed that
the H2 column density N(H2) ranges between 1016 and
1023 cm�2. The molecular fraction of hydrogen (fH2) was
found to be ranging from < 1% at optically thin regions
with E(B�V ) < 0.1 to ⇠ 50% in the Galactic plane with
E(B�V ) = 3; these results indicate strong self-shielding
and active formation of H2 in the Galactic plane. They
also found the mean gas-to-dust ratio to be ⇠ 5.1⇥ 1021

atoms cm�2 mag�1 [8], which is consistent with the stan-
dard value of ⇠ 5.8 ⇥ 1021 atoms cm�2 mag�1, which
was derived from the previous FUV space missions Cor-
pernicus [12] and Far Ultraviolet Spectroscopic Explorer

(FUSE) [13], within the uncertainty of the data. How-
ever, the ratio appears to be higher than the standard
value in the Galactic halo region.



MIRIS (Multi-purpose InfraRed Imaging System)
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FIG. 6: Mechanical configuration of MIRIS in a cross-sectional view. Adopted from [48].

FIG. 7: The upper image is the full-sky H↵ Map by Finkbeiner [51], and the below image is the MIRIS Pa↵ survey image
(continuum-subtracted) along the entire Galactic Plane (Milky Way) in Kim et al. [49] where the rectangles are the 235 fields
observed by MIRIS and the numbers below are the galactic longitudes.

IV. GALEX MISSION

GALEX was a NASA-led UV imaging and spectro-
scopic survey mission [52]. With a 50 cm diameter pri-
mary mirror in a Richey-Chretien F/6 configuration, the
GALEX telescope was designed for a wide field of view
of 1.2 degrees and optimized for the UV observations in
wavelengths from 135 to 280 nanometers. Yonsei univer-
sity was one of the two international partners in this mis-
sion. As such, the GALEX project was the first o�cial
case of Korea-NASA cooperation on major space science
program. From 1998 to the launch of GALEX in 2003,
Yonsei scientists have participated in the GALEX UV
instrument calibration and the pipeline software devel-
opment. They have also independently developed several
key softwares for the GALEX science operation and data
analysis (SODA). Since its successful launch in 2003, the
GALEX mission has mainly conducted its key science
project that measures UV fluxes from galaxies to in-
vestigate star formation history in galaxies across 80%
of the age of the universe. In addition to this inter-
national collaborative project, Yonsei astronomers have
also accomplished several milestone studies on the UV
look-back time evolution of giant elliptical galaxies, the
star formation history and supermassive black hole feed-
back in early-type galaxies, and the origin of super-

helium-rich stars found in globular clusters and elliptical
galaxies. The GALEX mission was decommissioned in
2013. Throughout the mission period, the GALEX sci-
ence team has published more than one hundred papers
mostly in the dedicated issues of the Astrophysical Jour-
nal Letters and the Astrophysical Journal Supplement
Series, for which some significant fraction was led by Yon-
sei astronomers including two papers published in Nature
and Science.

One of the two representative scientific discoveries
made by Yonsei scientists in the GALEX mission was a
successful detection of the look-back time evolution of the
UV upturn phenomenon observed in normal early-type
galaxies [53, 54]. For this project, the GALEX UV pho-
tometries of the brightest elliptical galaxies in twelve re-
mote Abell clusters at moderate redshifts (0.1 < z < 0.2)
were compared with the nearby giant elliptical galaxies
in Fornax and Virgo clusters. Compared to their coun-
terparts in nearby clusters, the far-UV flux of cluster gi-
ant elliptical galaxies at moderate redshifts fades rapidly
with 2 Gyr of look-back time, and the observed pace in
far-UV color evolution agrees reasonably well with the
prediction from the Yonsei population synthesis models.
This finding led to the conclusion that the long-standing
puzzle of far-UV radiation from normal giant elliptical
galaxies is hot helium-burning horizontal-branch stars



GALEX (Galaxy Evolution Explorer)
• NASA-led UV imaging and spectroscopic survey mission 

• First official case of Korea-NASA cooperation on major space science program 

• Korean contribution was lead by Yonsei University. 
https://en.wikipedia.org/wiki/Explorers_Program

Small Explorers (SMEX) 
Program of NASA



AKARI

• AKARI means warm light in Japanese
• Significant contribution from Korean

participants of Seoul National University
• Heritages of the AKARI Project to Korean 

Community 
• The Korean members of AKARI started 

community-wide workshops by forming 
an Infrared Astronomy Working Group 
(IRWG) in 2001
• The experience in the AKARI 

collaboration led to KASI Near Infrared 
Camera System (KASINICS), MIRIS, NISS, 
and SPHEREx
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[69, 70] and AKARI IRC All-Sky Survey Catalogue[130].
All sky images at far infrared [63, 64] and at mid-infrared
[68] are also available. The FIS Bright Source Catalogue
contains about 427,071 sources and the IRC All-Sky
Bright Source Catalogue contains 870,974 sources. For
comparison, IRAS point source catalogue contains about
250,000 sources. From the LMC Survey, both LMC Point
Source Catalogue [71] and Near-IR Spectral Catalogue
are available. The NEP Survey Program provides NEP-
Deep Field Point Source Catalogue [72] and NEP-Wide
Field Point Source Catalogue [73]. These data can be
downloaded from Data Archives and Transmission Sys-
tem (DARTS) of the ISAS/JAXA[131]. In addition, data
contributed by the users based on other programs are
also available from the same site.

D. Contribution by the Korean Group

Although the collaboration was initiated by the faculty
members at SNU, a large number of Korean astronomers
were able to be involved in the development and exe-
cution of all observing programs. For the FIS All-Sky
Survey, the main contribution of the Korean team was
the development of the simulation software that allowed
the performance test and scheduling of the observation
[74]. Contributions from the Korean group in the e↵orts
of early data analysis include quick analysis on the early
survey of NEP–Deep field [75], comparison of FIS scan-
ning observation data with IRAS [76], and detection of
the supernova remnant from the Small Magellanic Cloud
(SMC) [77].

Among three LASs, the Korean group was most deeply
involved in the NEP and LMC Surveys. NEP Survey
was composed of two programs: NEP–Wide and NEP–
Deep [65]. NEP-Wide field is a circular shaped area of
5.4 square degrees centered on the NEP, and NEP–Deep
is a much smaller circular area of about 0.5 square de-
grees inside the NEP–Wide field. NEP–Wide and NEP–
Deep fields were observed with 446 and 266 pointings.
These surveys were designed to be complementary to
each other: the Wide Survey was intended to cover a large
area in order to avoid cosmic variance while Deep Survey
was designed to reach faint and distant objects. The ar-
eas of the Wide and Deep Surveys are shown in Fig. 12.
The Korean Group has obtained deep optical images for
the large fraction of the NEP-Wide field using CFH12K
camera (red box in Fig. 12) attached to Canada-France-
Hawaii Telescope (CFHT) and published optical source
catalogue [78]. The Korean Group led the analysis of the
NEP-Wide Survey data and followup studies, including
the production of the point source catalogue of NEP-
Wide field [73], optical survey of the entire NEP-Wide
field using 1.5 m telescope at Maidanak Observatory in
Uzbekistan [79], redshift survey of selected galaxies [80],
and submillimeter wavelength survey using James Clerk
Maxwell Telescope (JCMT) [81]. Korean Group has pro-
duced the catalogue of supernova remnants by analyzing

FIG. 12: Survey areas of NEP-Wide (large circle) and Deep
(small shadowed circle on the right). Survey areas of preflight
optical survey with CFHT (red box) [78] and optical survey
with Maidanak Observatory (blue line) [79] are also shown.
Each green box represents the IRC pointing field.

the LMC Survey data[82].
During the Phase 3 observation period, Korean Group

obtained a large number of near-infrared spectra for
quasars and active galactic nuclei (AGNs) and studied
the evolution of supermassive black holes [83] based on
the mass estimates with the same spectral line (i.e., H↵

for a wide range of redshifts). A few other examples of
the Korean contribution include the analysis of the Zo-
diacal light in infrared [84], study of supernova remnants
in LMC [82], infrared properties of galaxies in clusters of
galaxies [85], and near-infrared background light [86].
The contribution listed above is only a small fraction

of what Korean group has done with the data obtained
with AKARI. The AKARI data are still a very useful
resource for wide areas of astrophysical research. In the
absence of any near-term far-infrared space mission, the
AKARI data will remain a unique resource.

E. Heritages of the AKARI Project to Korean
Community

Korean group collaborated in the AKARI project with-
out any hardware contribution mainly because there
was no expertise in space infrared instruments in Korea
at that time. The collaborative works such as software
development, analyzing and modeling the experimental
data, and data analysis have been done by several stu-
dents. Because the duration of the space project could be
longer than the graduate school period, the contributing
students sometimes could not use the scientific data for
their PhD theses. Many of the early contributors there-
fore had to choose di↵erent topics for their theses. The



UFFO (Ultra-Fast Flash Observatory) - Pathfinder
• Proposed by Il H. Park in 2009 for precise observation and identification of early UV/optical photons 

from Gamma-Ray Bursts (GRBs)

• UFFO-100 (planned): a large GRB observation payload with a total mass of 100 kg 14

FIG. 13: Fabricated UFFO-pathfinder flight model. The left
gold color structure is UBAT and right is SMT without hous-
ing.

FIG. 14: Integrated SMT. (1) Slewing mirror system con-
sisting of 2-axis gimbal mirror; (2) 10 cm aperture Ritchey-
Chrétien telescope; (3) ICCD

in which about 17 universities/institutions from 9 coun-
tries (Korea, Russia, Taiwan, Spain, Denmark, Norway,
France, Poland, and USA) participated. A new method
was proposed to measure GRB UV/optical light curves
within seconds after the gamma-ray signal. The key idea
was to rotate only the mirror of the telescope instead
of rotating the entire satellite after receiving the GRB
position. Based on this concept, we designed, developed,
and fabricated two types of telescope, the Slewing Mirror
Telescope (SMT) and the UFFO Burst Alert and trigger
Telescope (UBAT). We describe them in detail below.

SMT is the key of UFFO-pathfinder and aims to ob-
serve UV/optical photons by fast moving the mirror to
the position of the GRB received from UBAT [93]. SMT
consists of a slewing mirror system, a Ritchey-Chretien
telescope (RC telescope) with a 10 cm diameter aper-
ture [94], an Intensified Charge-Coupled Device (ICCD)
[95], and electronics. The slewing mirror system includes
a 15 cm diameter flat mirror and a two-axis gimbal
stage which is driven by two stepping motors. The mirror

moves up to ±35� which is equivalent to UBAT’s half-
coded FOV of 70� ⇥ 70�. As shown in Figs. 13 and 14,
the slewing mirror system is placed in front of the RC
telescope. The GRB UV/optical light is reflected in the
slewing mirror, passes through the RC telescope, and en-
ters ICCD. ICCD has a size of 256 ⇥ 256 pixels and the
FOV of a pixel is 400⇥400, so SMT has a FOV of 170⇥170.
The SMT observation time is 80 seconds and a total of
1700 frames of data is acquired. The exposure time of
the first 880 frames is 20 ms, the exposure time of the
subsequent 820 frames is 40 ms, and there is a 20 ms gap
between each frame [96]. The exposure time can be ad-
justed via the interface between the ground and satellite.

UBAT detects X-rays in the energy range of 10 � 200
keV and triggers the detection of the GRB X-ray with
a wide field of view. Its FOV is 90.4� ⇥ 90.4� for par-
tial coded and 70.4� ⇥ 70.4� for half-coded, and the
GRB localization accuracy is 100 for > 7�. UBAT con-
sists of coded mask, hopper structure, detector which
includes multi-anode photomultipliers (MAPMT) and
YSO (Y2SiO5) crystal, and readout electronics (Fig. 15).
Coded mask is a technique to determine the direction of
GRB by analyzing the pattern detected by the detector
when the X-ray comes in. The UBAT coded mask has a
pixel size of 5.67 mm ⇥ 5.67 mm and 44.5% of pixels are
randomly open while the rest are blocked by a 1 mm thick
tungsten alloy. Hopper is made of 3 mm thick aluminum
and 0.2 mm thick tungsten and surrounds four sides of
the detector and coded mask to block the X-ray back-
ground from space. The detector has 2304 pixels in total
area of 191.2 cm2 with 8 ⇥ 8 pixel MAPMTs and YSO
crystals arranged in 6⇥6. We were the first to use a YSO
crystal in a space X-ray detector. Readout electronics is
composed of analog and digital electronics. There are 4
SPACIROC ASICs in an analog electronics and an ASIC
chip is connected with a MAPMT, i.e., 64 channels. It
performs photon counting and energy measurement of X-
ray. Digital electronics has two field programmable gate
arrays (FPGA): one serves to process and store the X-ray
data from GRB and the other to perform operation for
GRB trigger and to calculate the location of GRB.

The UFFO Data Acquisition system (UDAQ) is head
of UFFO-pathfinder, controls the system operation, com-
municates between UBAT and SMT, interfaces with
satellite, and acquires data. It is implemented in FPGA
for fast processing speed and low power consumption,
which is also the first to be used in space experiments.

After completing the fabrication of UFFO-Pathfinder,
space environment test was performed at the Taiwan
National Space Agency (NSPO) in August 2011. Before
moving to Vostochny in 2016, the flight model was inte-
grated with the Lomonosov [97] satellite and successfully
passed the space environment test at VNIIEM in Russia.
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FIG. 13: Fabricated UFFO-pathfinder flight model. The left
gold color structure is UBAT and right is SMT without hous-
ing.

FIG. 14: Integrated SMT. (1) Slewing mirror system con-
sisting of 2-axis gimbal mirror; (2) 10 cm aperture Ritchey-
Chrétien telescope; (3) ICCD
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NISS and SPHEREx
• NISS (Near-infrared Imaging Spectrometer for Star formation history): NEXTSAT-1 (차세대소형위성 1호)

• SPHEREx (Spectro-Photometer for the History of the Universe, Epoch of Reionization and Ices Explorer): 
Medium-Class Explorer (MIDEX) of NASA 
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diation in the low-background regions.
Especially, unveiled near-infrared extragalactic back-

ground light can be addressed from the spectro-
photometric observations of NISS. The extragalactic
background light (EBL) is caused by the light emitted
from unresolved galaxies in the line of sight, which en-
ables us to trace the history of the universe. The fluc-
tuation measurements of EBL in wide bands have been
made through the previous infrared missions [101, 102],
which suggested that the spatial scale of the fluctuation
peak is around 1 degree. Thus, the spectral measurement
of fluctuation from EBL with the NISS observations may
reveal the history of the universe associated with galaxy
formation from galaxies observed today to the possible
galaxy population contributing to EBL.

Fig. 19 shows the configuration and the expected three
dimensional data set of NISS composed of two spatial
and one spectral dimension. The central region of 130 is
blocked to calibrate the dark level in observations. Care-
ful attention was paid to the design of NISS to in or-
der to reduce the volume and the power consumption
and to maximize a total throughput. The o↵-axis op-
tics was newly implemented to cover a wide field of view
and a wide wavelength range. The combinations of filters
(LVFs and two cut-o↵ filters) try to suppress a leakage
of transmission below 0.01% in out-of-band range. The
mechanical structure was tested under the launching and
operating conditions for passive cooling of the telescope
at 200K stage and stable opto-mechanical support of two
o↵-axis mirrors and relay-lens. The dewar to operate the
infrared detector and filters at 80K stage was fabricated
and tested as compact as possible. The calibration pro-
cess in the laboratory is important to measure the per-
formance as well as to obtain the calibration data of the
instrument. As seen in Fig. 20, KASI had constructed the
test facilities for NISS, e.g., cryogenic chamber for optical
test under the space environments, monochromator sys-
tem for a wavelength calibration and infrared collimator
system for a focus adjustment.

NISS was successfully launched in December 2018 and
tested during the operational phase. Due to the shortened
cooler life, the science observations were terminated ⇠6
months after the launch earlier than expected. However,
the capability of spectro-photometry was demonstrated
in space and minimum data sets for scientific research
were secured (see the example in the top-left of Fig. 21
from the observation of NISS). These pioneering technical
demonstrations will help to develop the future infrared
space mission.

B. International All-Sky Infrared
Spectro-Photometric Mission, SPHEREx

As an extension of NISS, KASI has been collabo-
rating for the all-sky spectro-photometric survey. The
SPEHREx mission (PI Institute: Caltech) will perform
the the first all-sky infrared spectro-photometric survey

FIG. 19: Development of NISS (right), the operation of LVF
(upper left), and the expected output image from NISS (lower
left).

FIG. 20: The calibration facility for NISS. The collimator sys-
tem (left) and the monochromator system (right) are for the
purpose of the focus adjustment and wavelength calibration,
respectively.

to probe the origin of our Universe, to explore the ori-
gin and evolution of galaxies in the two SPHEREx deep
fields near ecliptic poles, and to explore whether planets
around other stars could harbor life [103, 104] (see also
Fig. 21). It will also provide the rich legacy archive of all-
sky spectral catalog to be used in various research fields,
which gives strong scientific synergies with other space
missions and ground-based observatories.
As the only international partner, KASI contributes to

SPHEREx in the system calibration as a hardware de-
velopment and the scientific research. Since SPHEREx
implemented an o↵-axis optics and LVFs for the in-
frared spectro-photometric survey like NISS, the success-
ful demonstration of NISS in space gives a great benefit
in our actual contribution to SPHEREx. Compared to
NISS, SPHEREx is designed to have much wider field
of view of 3.5�⇥11.3� as well as wider spectral range
from 0.75 to 5.0 µm. As described in the previous sec-
tion, KASI already has experience to construct test facil-
ities for the infrared spectro-photometry to make a wave-
length calibration and a focus adjustment (see Fig. 20).
These facilities are revised for SPHEREx to test in the
lower operating temperature range of below 80K and to
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FIG. 21: Illustrated image expected from SPHEREx to-
gether with NISS onboard NEXTSAT-1 and SPHEREx (mod-
ified from the original image from NASA press release on
February 14, 2019, https://www.nasa.gov/press-release/nasa-
selects-new-mission-to-explore-origins-of-universe). The im-
ages of Triangulum Galaxy and Large Magellanic Cloud in
the top-left are taken from NISS in the spectro-photometric
observation.

calibrate in the wider spectral range up to 5 µm.
SPHEREx will be launched in 2023 and it will carry

out the all-sky spectro-photometric survey for about 2
years. KASI’s participation in the SPHEREx mission is
expected to have a great impact on the development of
a large space telescope in the future as well as the astro-
physical research in the Korean astronomical community.

VIII. TOWARD NEXT GENERATION
CORONAGRAPH

The Sun is extremely dynamic and continuously influ-
ences the Earth via the interplanetary magnetic field and
solar wind flow. A sudden release of a tremendous amount
of energy from the Sun causes disturbances in Earth’s
magnetosphere and atmosphere, impacting the perfor-
mance of modern technologies. For example, it has been
known that energetic coronal mass ejections (CMEs) can
cause disruption to communications, malfunctions of a
navigation system, and radiation hazards to humans in
space and airplanes flying in the polar route. So far, previ-
ously flown coronagraphs (e.g., Large Angle and Spectro-
metric Coronagraph: LASCO) measured only the density
of electrons in the solar corona. They have contributed
to increasing our knowledge about the CME structures
(e.g., Illing & Hundhausen [105]), dynamics (e.g., Yashiro
et al. [106]), their geo-e↵ectiveness (e.g., Kim et al.[107]).

The solar wind plays a significant role in the propa-
gation of CMEs that propagate through its quasi-steady
flow. Over the years, the vast CME propagation models
for space weather forecasting have relied on incomplete
information about the status of background solar wind

flows. Due to a lack of observational constraints, the mod-
els use semi-empirical techniques (e.g., Wang & Sheeley
[108]) and global-scale 3D numerical simulations of the
corona and solar wind [109]. It has been known that fast
solar wind originates in coronal holes, and slow solar wind
may be associated with coronal streamers. However, the
answers are not yet known about the origin of solar wind
on the Sun and how the nascent solar wind is accelerated
to several hundred kilometers per second within 10 solar
radii (Rs). Precise properties of the sources of the solar
winds and their acceleration mechanisms are not known
yet.
KASI has been developing a next-generation coron-

agraph (NGC) in collaboration with NASA. The joint
mission is designed to deliver a comprehensive data set
to answer the questions, including: Are there signatures
of hot plasma released into the solar wind from previ-
ously closed fields? What are the velocities and tempera-
tures of the density structures that are observed so ubiq-
uitously within streamers and coronal holes? The new
coronagraph images the photospheric light Thomson-
scattered by electrons with di↵erent density, temperature
and speed in solar corona. The observation is based on
the study by Cram [110] who proposed that the tem-
perature determines the shape of the coronal spectrum,
and the bulk flow speed causes the spectrum redshifts.
The electron temperature can be measured from the in-
tensity ratio at the temperature-sensitive wavelengths,
and the speed can be determined from the ratio of nodal
(temperature-insensitive) intensities. Such measurements
using the passband ratio imaging have been conducted
during total solar eclipses [111–114].
Unlike traditional coronagraph, NGC will obtain den-

sity, temperature, and speed of coronal electrons simul-
taneously beyond the heights where the signal-to-noise
ratio to obtain the parameters is not enough from total
solar eclipse. There are no routine measurements of all
three physical properties in the coronal height between 3
and 8 Rs, where the CMEs are triggered, and the solar
wind is accelerated. Given its capability, the new corona-
graph is interesting and expected to give critical insights
into the fundamental and practically important questions
in solar physics. A more detailed description of the sci-
entific context and the measurement technique can be
found in Cho et al. [115], Goplaswamy et al. [116], and
references therein.
A project plan for the development of the NGC

had been discussed between scientists from KASI and
NASA/Goddard Space Flight Center (GSFC) since 2013.
The project got momentum after the formation of the
KASI-NASA working group for Heliophysics since 2016.
The working group agreed on the timelines and set re-
sponsibilities of both institutes for NGC development and
flying it on ISS.
As shown in Fig. 22, the working group planned

three steps: a demonstration of the technology in 2017
(DICE: DIagnostic Coronagraph Experiment), increasing
the technology readiness level in 2019 (BITSE: Balloon-
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FIG. 22: (Color online) Timeline toward the next generation white-light coronagraph. Observations of total solar eclipse (DICE)
and balloon experiments (BITSE) were preformed for the demonstration and validation of the coronagraph technology before
launch of the ISS coronagraph (CODEX).

TABLE III: Mission Requirement

Measurement Requirement
FOV (Rs) 3.0 - 8 Rs
Observable Polarized brightness (pB) images of corona
Filters 393.5, 405.0 nm (temperature)

398.7, 423.4 nm (speed)
Cadence 48-min sequences (temperature & speed)

1-min (density)
Spatial Resolution 5’⇥5’ (temperature)

5’⇥20’ (radial direction for speed)
29.6” (superpixels)

Sensitivity 0.5 - 2 MK (temperature)
0 - 700 km s�1 (speed)

Life time 6 month (threshold), 2 years baseline

borne Investigation of the Temperature and Speed of
Electrons in the Corona), and development of the coron-
agraph (CODEX) to be flown on ISS in 2023. The BITSE
and CODEX are NASA-KASI joint missions funded by
KASI and NASA. Table III summarizes the mission re-
quirement of CODEX. In this overall project, NASA and
KASI will design, build, and perform quality testing of
the coronagraph together. Specifically, NASA designs,
builds, and qualifies the optical and mechanical assem-
blies of the coronagraph, and provides engineering facil-
ities and services as needed. KASI develops filter wheel,
filters, main electronics, camera, and ground and flight
software.

A. DICE

KASI coronagraph team built the eclipse observation
system, DICE, composed of two identical optical systems
installed on a single mount, as shown in Fig. 23. The team
organized an expedition for the total solar eclipse of Au-
gust 21, 2017, and observed the solar coronal using the
system at a site near Jackson Hole, Wyoming. It was con-
ducted in the limited total eclipse time of about 140 sec-
onds, and polarization data at four di↵erent wavelengths
were successfully obtained. Due to strong emission from
prominences located in the western limb, it could not
get information on the coronal electron temperature at
the streamer on the west limb. However, the team de-
termined temperature distributions in the eastern limb
and northern polar region, and found that temperatures
are higher at the streamer and lower at the boundaries
between the streamer and the coronal holes, as shown in
Fig. 23. Since hot spots in the northern coronal hole were
identified, the team is investigating the spots in detail
to study their relationships with jets and flows in polar
plumes. Through the expedition using DICE, the KASI
team successfully demonstrated the measurement tech-
nology and learned that NGC should be designed and
tested carefully to achieve its scientific purpose. More
detailed descriptions of the DICE instrument and obser-
vation can be found in Cho et al. [114].

B. BITSE

KASI and NASA coronagraph team had collaborated
for a high-altitude scientific balloon experiment. Two
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TABLE IV: SNIPE Science Payload

Instruments Range Cadence Heritage

Langmuir Probe 2⇥ 103 � 2⇥ 106cm�3 0.1s for Ne
STSAT-1[125]

1 s for Te

Magnetometer
±60,000 nT

0.1 s STSAT-1[125]
sensitivity: 30 pT/

p
Hz at 1Hz

Solid State Telescope
100 - 400 keV (Variable) electron 0.01s for Burst

STSAT-1[125]
16 energy channels 0.1 s for Survey

FIG. 27: The photo of the SNIPE EQM (left), and the configuration of spacecraft subsystems (right).

FIG. 28: Images of scientific payloads, Solid State Telescope,
Magnetometer, and Langmuir Probe.

SMP-1, the along-track configuration will steadily dimin-
ish over three months from an array of spanning 2000 km
to spanning 10 km. During SMP-2, cross-track separation
distances will steadily increase over 3 months until the ar-
ray spans 400 km. During the extended mission, expected
to last at least 6 months, no control will be exercised over
the evolving orbits. Science operations will continue until
the spacecraft cease to operate. Throughout the science
and extended phases, one of each 15 orbits will be for
downlink, one for thruster operation, one for momentum
dumping, eight for Langmuir Probe and magnetometer
operations, three for survey mode (0.1s time resolution)

FIG. 29: The configuration of SNIPE mission formation flying

SST operation, and 1 for fast mode (0.01s time resolu-
tion) SST operation. The 500 km altitude orbital period
will be 96 min, yielding velocities of 7.5 km/s.
Besides the space weather research, the SNIPE mission

has another astrophysical objective, detecting GRBs.
Weber et al. [124] proposed the Cubesats Applied for
MEasuring and LOcalising Transients (CAMELOT) mis-
sion that is the constellation of nine 3U CubeSats
equipped with CsI scintillator-based gamma-ray detec-
tors. By cross-correlating the light curves of the detected
GRBs, the fleet shall be able to determine the time dif-
ference of the arriving signal between the satellites and
thus determine the position of bright short bursts with
an accuracy ⇠ 1000 (Fig. 30). To demonstrate the tech-
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FIG. 30: Conceptual diagram for localization of gamma-ray bursts. Four CubeSats detect delayed gamma-ray count rate and
identify the direction of the gamma-ray burst position.

TABLE V: SNIPE Mission Phases

Mission Phase Duration Spacing
LEOP 5-Day Free-flying, spans 300 km along track
IOT 25-day Free-flying, spans 2000 km along track
SMP-1 3 months Inter-spacecraft distances diminish to 10 km
SMP-2 3 months Inter-spacecraft distances increase to 400 km cross track

nology of the CAMELOT mission, CsI gamma-ray detec-
tors combined with GPS and IRIDIUM communication
modules are placed on each SNIPE CubeSat. The time of
each spacecraft is synchronized, and when the GRB is de-
tected, the light curve will be transferred to the Mission
Operation Center (MOC) by the IRIDIUM communica-
tion module. By measuring the time di↵erence of each
GRB signals, the technology for the localization of GRB
will be qualified. If we have good results, we will propose
the new astrophysical mission for investigating the origin
of GRB.

Work on SNIPE began in January 2017. Phase A (Sys-
tem Design) was complete by October 2017 and Phase
B (Critical Design) by November 2019. The mission is
currently in Phase C (Integration), nominally awaiting
launch from Baikonur on a Russian Soyuz-2 rocket as a
secondary payload to the primary Korean Compact Ad-
vanced Satellite (CAS500-2) mission. Delays on CAS500-
2 indicate that SNIPE will be launched during the third
(Q3) or fourth quarter (Q4) of CY 2021.

X. UVOMPIS PLAN

We introduce the UVOMPIS payload for the CAS500-
3. The CAS500 is a 500 kg-class Compact Advanced
Satellite, to cope with the demand for various space mis-
sions by providing a standard bus platform. As a KSLV
payload, the CAS500-3 will perform the space astronomy

and space science, and demonstrate the space core tech-
nologies. The development of bus system of the CAS500-3
has started in 2019, while the payloads will start in 2021.
The UVOMPIS is a unique instrument to observe the
universe from ultraviolet to optical band with polarizing
capability. It is required not only to research the novel
scientific purposes but also to demonstrate the core tech-
nologies for the next Korean space telescope. To do that,
we have focused on three issues in the proposals for the
payload of CAS500.

First, the camera should cover wide-range of wave-
lengths to meet the requirements for the science cases.
The UVOMPIS has four bands from 300 nm to 800 nm
on two detectors, which is optimal to investigate the SED
(Spectral Energy Distribution) of the universe. Particu-
larly, we will put a 4-set polarizing filter on each wave
band, which makes it possible to research the interstellar
dust and the Zodiacal light. Second, the UVOMPIS is
optimized for the LSB (Low Surface Brightness) targets,
by adapting the TMA (Three Mirror Anastigmat) tele-
scope. For this type of telescope, we have designed the
aperture size to be 20 cm, the field of view 2 ⇥ 4 de-
grees, and f-number 2, which will have best performance
to observe wide low-brightness di↵use objects. Fig. 31
shows the conceptual design of the UVOMPIS optome-
chanical system. Finally, there are some limitations on
policies and resources because the CAS500-3 will be the
first payload of KSLV. Therefore, we will use no cooler,
no moving part, no ITAR (International Tra�c in Arms



UVOMPIS (UV-Optical Multiband Polarizing Imager System) 

• Planned payload for the CAS (Compact Advanced Satellite) 500- 3 (차세대중형위성 3호: 500 kg 급)
• Unique instrument to cover the band from ultraviolet to optical with polarizing capability 
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FIG. 31: The conceptual design of the UVOMPIS optome-
chanical part

Regulations) parts.
We will also develop the UVOMPIS payload in 3 years

with the proven technologies and heritages. The overall
envelope shall not exceed 400 ⇥ 350 ⇥ 600 mm, while the
mass is less than 50 kg. We expect the power consump-
tion of 20 W in average, and 30 W at the peak. The major
scientific purpose of the UVOMPIS is to observe the LSB
targets in our Galaxy and in the nearby galaxies. To in-
vestigate the Ultra Di↵use Galaxies (UDG), the galaxy
clusters, and the Intracluster Light (ICL), we should un-
derstand the foreground noise from our Galaxy. One of
the most severe and large foreground source is the cirrus
clouds. If we detect the cirrus clouds with multibands
polarizing imagers, then we will set a new foundation for
researching the LSB sciences.

The other important foreground source is the Zodiacal
light. The interplanetary dusts originate from the comets,
asteroids, planets and satellites. These various types of
dust have di↵erent physical properties and their distribu-
tions vary according to the position in the solar system.
Using the UVOMPIS, we can monitor these dusts from
the observation results of the Zodiacal light, which shall
be the first wide coverage database of it. Observing the
aurora with the UVOMPIS is another scientific purpose.
There shall be a package of particle measurement instru-
ments on the CAS500-3 also. With the combination of
these particle information, the UVOMPIS can provide
excellent data for analyzing the aurora light according to
the incident particles from the magnetosphere.

XI. CONCLUSION AND PROSPECTS

In this review, we described individual space missions
in Korea for astronomy and astrophysics which were per-
formed in the past as well as are ongoing now and planned
in the future. We included missions that Korean as-
tronomers/astrophysicists not only led, are leading, and
will lead, but also participated in and are participating
in through the international collaboration. Most Korea-
leading missions in the past were successful in satellite-

operating as expected, taking data, and making scientific
contributions even if they were done in the beginning
phases of Korean space program that faced many chal-
lenges. Also in the foreign missions in the past, Korean
astronomers/astrophysicists played an important role in
not only scientific discoveries but also technological ad-
vancements. The experiences obtained from the partic-
ipation in the foreign missions (as well as from Korea-
leading missions themselves) helped Korean space mis-
sions to move forward and resulted in the new space mis-
sion programs that followed. The ongoing and planned
missions became possible based upon the heritage of the
previous missions.

We believe that space missions for astronomy and as-
trophysics in Korea have a bright future because Korean
government continues to promote the space program with
the support of Korean astronomy and astrophysics com-
munity. However, it seems to us that the future direction
of space missions in Korea, particularly those for astron-
omy and astrophysics, has not been discussed yet either
in the policy-decision level of the government or among
the astronomy and astrophysics community. We feel that
we have now reached the moment to discuss it. As a be-
ginning of this e↵ort, we make some suggestions below
based upon our experiences so far.

For the next space missions, Korea may need to take
two-track strategy. First, we need to actively attempt to
be involved in international, large space missions. For
example, as currently being discussed (and suggested as
well at the end of Section IV), we can pursue to join the
Large UV/Optical/IR Surveyor (LUVOIR) mission as a
partner. Second, we need to keep developing ideas for our
own missions that can be led by Korea but with a rela-
tively limited amount of funds and resources. This type
of space mission should focus on unique ideas that are sci-
entifically beneficial, but can be pursued even with rela-
tively small spacecrafts. At the same time, we also need to
develop ideas for a large space mission and for this type of
large mission, we continue to persuade the government by
appealing the necessity to carry out the large mission led
by Korea although it must be discussed and agreed first in
the Korean astronomy and astrophysics community what
missions should be pursued first or with higher priorities.
There might be certain limitations for this track mainly
due to technological reasons. Furthermore, we need to en-
deavor to secure a stable satellite system that is necessary
for a large space mission. In Korea, the space missions for
astronomy and astrophysics (and space sciences as well)
have been assigned to satellites that are planned for ver-
ification of engineering technique, and thus the satellite
systems for the science missions have not been necessarily
reliable.

As indicated from the list of authors (particularly from
their a�liations), a significant fraction of space missions
for astronomy and astrophysics have been done and are
under operation and planning by KASI. Thus, taking
CODEX as an exemplary mission which is a joint-mission
between KASI and NASA, we can show how the past



Conclusion and Prospects

• Necessity to pursue our own big (?) space program
• Possibility to join the Large UV/Optical/IR Surveyor (LUVOIR)
• More opportunities to use International Space Station (ISS) and small 

(cube) satellites
• Discussions for future missions for high energy astronomy and

astrophysics (X-ray & gamma-ray)
• Other possibilities ….


