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ABSTRACT

LIST is the Lyman-a Imaging Solar Telescope, a project funded by the Korean government to fly
on the second Korean Science and Technology research Satellite (STSat-2) due to launch in December
2005. The Principal Investigator is Dr. Minhwan Jang of Kyung-Hee University and of the Space
Payload Research Center (SPARC), a consortium of Korean universities and institutions formed to
develop scientific research projects in space. The purpose of the LIST project is to design, build, and
operate an instrument on STSat-2 which will make images of the Sun from Earth orbit at the wavelength
of the Hydrogen Lyman-« emission line at 121.6 nm. LIST has a simple design concept comprised of a
small telescope to image the full disk of the Sun onto a CCD detector and a set of filters to isolate the

121.6 nm wavelength.
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I. INTRODUCTION

The composition, structure, and dynamics of the
earth’s upper atmosphere is primarily driven by the
full-disk solar flux incident on the top of the atmosphere
in the vacuum ultraviolet(VUV: <200nm) wavelength

range. The spectral irradiance of of the sun in the VUV .

varies by a few percents at 200 nm, by over a factor of
two at hydrogen Lyman-«(121.6 nm), and by orders
of magnitude at X-ray wavelengths, on time scales of
~11 years, ~27 days, and minutes to hours. The ~11-
year solar cycle variability in VUV irradiance is caused
" by the increased number of active regions on the face
of the sun during solar maximum and the virtual ab-
sence of such active regions during solar minimum. The
~27-day variability is produced by the rotation rate of
active region across the sun as seen from earth. Also
shorter time scale variability due to flares also occurs.

Solar photons interact with the atmosphere as a func-
tion of their wavelength, with the shorter wavelengths
depositing their energy higher in the atmosphere and
the longer wavelengths penetrating to lower altitudes.
Particularly, Lyman-a at 121.6nm, the most intense
emission line in the solar VUV, can penetrate down
to 70km in altitude in the Earth’s atmosphere where
the energy is deposited mainly via dissociation of Os.
Lyman-a photons in the mesosphere also ionize nitric
oxide and dissociate water, both of which are important
in the chemistry of ozone in this region. Understand-
ing the variability of the solar VUV is a critical part
of understanding the variability of the terrestrial up-
per atmosphere. Solar hydrogen Lyman-o emissions
originate from a range of altitudes in the solar chromo-
sphere and the transition region between the chromo-
sphere and corona. Because of this, Tobiska (1988) ex-
plored the use of Lyman-« as a proxy for modelling the-
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Fig. 1.— The solar spectral irradiance for solar minimum

conditions. Data longward of 2000nm are from Arvesen et
al. (1969), and data shortward of 200nm are from Woods
& Rottman (1997).

solar EUV correlations (Tobiska 1990) and subsequent
revisions of that model (Tobiska 1991, 1994, 1995; To-
biska et al. 1993; Tobiska & Eparvier 1997). Partly
because solar Lyman-a emissions are optically thick,
the Lyman-« irradiance variability behaves somewhat
differently than other VUV emissions. Lyman-c is one
of the more difficult solar VUV emissions to model.
Consequently, the LIST mission will concentrate on the
Lyman-o emission. Long term observations of full-disk
Lyman—c irradiance have been made by instruments on
the Atmospheric Explorer-E(AE-E) satellite, the So-
lar Mesospheric Explorer (SME) satellite, and the Up-
per Atmosphere Research Satellite (UARS) (Woods &
Rottman 1997). In addition, several sounding rockets
dating back to the 1950s (White 1977) and up through

~S145 -



5146 JANG

One Ly-alpha Filter

SAS Quad Cell Diode

Secondary Mirror

Primary Mirror
Twao Ly-alpha Filters
Shulter

-
T Microprocessor

'

CCD Camera

CCD Controller

Fig. 2.— A mechanical cross section of the SLIM instrument. The CCD, CCD47-10 s eries, manufactured by E2V, is
back-illuminated and two-dimensional with 512 x 512 pixels. Each pixel is 24pm.

MICROPROCESSOR
UNIT

POWER CONDITIONING
UNIT
+28V <

way |
-18y]

Fig. 3.— Electrical and optical block diagram for LIST



LIST

the present (Eparvier et al. 1997) have measured the
Lyman—« irradiance.

Previous full disk Lyman-« images of the Sun have
been very interesting and useful scientifically, but have
been only five-minute ”snapshots” obtained on sound-
ing rocket flights (eg. Bonnet et al. 1982; Foing and
Bonnet 1984; Allen et al. 1997). All of these observa-
tions to date have been snapshots, with no time resolu-
tion to observe changes in the chromospheric structure
as a result of the evolving magnetic field, and its effect
on the Lyman-c intensity. Therefore, the LIST full disk
imager will provide a unique opportunity for the study
of the sun in the Lyman-a region with the hlgh time
and spatial resolution for the first time.

II. MISSION OBJECTIVES

The LIST instrument is a Solar Lyman-a Imager
which will answer key questions about the sources of
variability in the chromosphere and transition region
of the solar atmosphere. Understanding the reasons
for solar irradiance variability and the affects of such
variability on the Earth’s atmosphere are also major
themes in NASA’s Sun-Earth Connection Program.
Hydrogen Lyman-« at 121.6nm is one of the brightest
emissions from the chromosphere and the transitions
region, so it is a natural diagnostic of solar variabil-
ity in those regions. LIST will be used to study the
morphology and evolution of active regions on the Sun
which are believed to be the primary cause of solar
VUV irradiance variability. The main scientific objec-
tives of the LIST mission are: (1) to understand how
the evolution of structures in the chromosphere and
transition region of the sun’s atmosphere contribute
to the variability of solar irradiance at Lyman-a and
other VUV wavelengths, (2) to improve models of so-
lar VUV irradiance variability by incorporating plage,
enhanced network, active network, and quiet sun in-
dices derived from images of the sun, and (3) to study
the affects of solar VUV variability on the terrestrial
upper atmosphere. Also there are.following 4 sub ob-
jectives. (1) Studying the physical properties and pro-
cesses in the solar active region with Lyman-a images
and spectroscopic data. (2) Studying on the variation
of the properties of the ULF waves and radio propa-
gation in the earth’ magnetosphere by Lyman-c. (3)
Understanding of the property of radio propagation
in the terrestrial upper atmosphere depending on so-
lar activity. (4) Studying of ULF waves in the earth
magnetosphere. The LIST mission complements, and
also benefits from, solar VUV irradiance measurements
from the NASA UARS, TIMED, and EOS missions and
solar imaging data at other wavelengths from SOHO,
Yohkoh, TRACE, magnetosphere satellites such as PO-
LAR, Geotail and ground-based observatories.

To achieve the scientific goals listed above is to build
and fly an earth-orbiting instrument that will make im-
ages of the Sun at the hydrogen Lyman-a wavelength
on a daily (or more frequent) basis at a resolution of
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8 arc-sec or better for a minimum of one year during
active solar conditions. These images will be analyzed
to retrieve information about the evolution of the so-
lar atmospheric structures that cause VUV irradiance
variability. They will be compared with images taken
at other wavelengths such as the ground-based Call K,
SOHO EIT images at EUV wavelengths, TRACE FUV
images, and Yohkoh and NOAA-GOES soft X-ray im-
ages. The images will also be used in conjunction with
simultaneous absolute full disk irradiance measurement
s made by TIMED-SEE (EUV and FUV), SNOE(soft
x-rays), and possibly the SOLSTICE instrument on
UARS or EOS (Lyman-a, FUV) if the relative timing
permits, to calibrate and correlate full-disk irradiance
with the variability in the solar atmospheric structure
as seen by the images. Current models of solar irradi-
ance variability will be expended and improved upon
using the Lyman-« images and the other data sources.
In addition, the affects of solar variability on the ter-
restrial upper atmosphere will be studied by compar-
ing the data from LIST and other sources with the data
of thermospheric and mesospheric structure, chemistry,
and dynamics through models and measurements

III. INSTRUMENTATION

The LIST instrument design is that of a simple CCD
camera. It has following major components: (1) in-

" terference filters to isolate Lyman-a and sufficiently

suppress visible light contamination; (2) a telescope
to focus the solar image; (3) a back-illuminated, two-
dimensional CCD detector; (4) a microprocessor to
control the instrument; and (5) a power conditioning
unit to filter and distribute power from the spacecraft
to the LIST components. A mechanical cross section
diagram of LIST showing these components is pre- -
sented in Figure 2. A block diagram showing the func-
tional interconnections between the LIST components
is shown in Figure 3. The pointing and telescope mir-
rors all will have a MgFy coating to enhance reflec-
tivity in the VUV (approximately 70% at Lyman-c).
The telescope has been designed to put a 45 arc-minute
field-of-view on the CCD, giving a minimum resolution
of 8 arc-sec/pixel. A Cassegrain design with a concave
parabolic primary mirror and-a convex hyperbolic sec-
ondary mirror was chosen for its compact size.

The narrowband interference filters (Acton Research,
Inc.) have a bandpass of approximately several nm
FWHM, centered on 122 nm. The peak Lyman-
a transmittance is about 0.08 whereas the visible light
transmission is on the order of 107° - 107%. Because the
solar spectral irradiance is approximately three orders
of magnitude brighter in the visible than at Lyman-
a, and because the visible irradiance is a continuum
whereas solar Lyman-« is an isolated line emission, a
single interference filter will not suffice and it is re-
quired to use multiple filters in series to achieve enough
visible-to-Lyman-a suppression. LIST will be designed
to use a minimum of three interference filters to ensure
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Fig. 4.— LIST program schedule

that the images taken by the instrument are Lyman-
o images, and not contaminated by sunlight at other
wavelengths.

A short integration time is beneficial for reducing the
solar tracking requirements and reducing the amount
of sunlight-induced heating of the optics and detector.
Thus we plan to utilize 0.1- 1 second exposure time for
the observations. The microprocessor for the LIST, we
will use 80188 or 80196 CPU. The duties of the micro-
processor will be to: (1) interpret and execute LIST
commands, (2) monitor LIST health and safety during
observations, (3) package SLIM science and housekeep-
ing data for transfer to the spacecraft telemetry system,
and (4) communicate with the spacecraft. To minimize
the risk of single event upsets corrupting data, the mi-
croprocessor will only be activated for the minimum
time before and after a solar observation to allow for so-
lar acquisition, image integration, and transfer of data
to the spacecraft. At all other times the microprocessor
will be turned off. A signal from the spacecraft will be
used to activate the microprocessor.

IV. MISSION DESIGN AND DATA ANAL-
YSIS

The mission duration for LIST will be two years.
During two years the sun will undergo approximately
26 revolutions as seen from the earth giving enough
time to observe the individual active regions which typ-
ically last about 6 months, and variability due to the
changing view of active regions on the face of the sun
from rotation to rotation. Although the exact incli-
nation of STSAT-2 is not decided yet, its 300km to
1500km sun-synchronous orbit allow for approximately
1 hour window per orbit for LIST to observe the sun.

We plan to take 18 images per orbit, around 200 im-
ages per day. There will be 2 observation modes. One
is ’quiet sun observing mode’ for 8 months per year, an-
other is ’explosive event observing mode’ for 4 months
period per year.

The images read out from CCD will be transferred
digitally to the microprocessor. Then, with housekeep-
ing data, these images will be transferred to the space-
craft for storage until ground contact is made. The
spacecraft will store the LIST data and will make twice-
a-day dumps to the ground station. Commands for
LIST will be uploaded to the spacecraft twice-a-day ba-
sis except during the instrument checkout phase at the
beginning of the mission and at occasional times when
adjustments to LIST programming need to be made.
LIST raw telemetry will be obtained from Satellite Re-
search Center(KAIST) on a daily basis. The LIST data
will be processed at the Space Payload Research Cen-
ter(Kyung Hee Univ.). All LIST data products, in-
cluding the raw TM data, will also be archived at the
Space Payload Research Center(Kyung Hee Univ.) and
accessible to the general public via web pages. Prior
to the actual analysis on the same intensity scale by
flat-fielding each image, removing the dark count, and
then normalizing the intensities of each image to its
average background quiet-sun intensity. After this pre-
processing, masks of plage, enhanced network, active
network, and quiet-sun are computed with an algo-
rithm which uses criteria of size, intensity, filling factor,
and contiguity to identify and separate the different so-
lar structures.
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V. DISCUSSION

The second Korea Science and Technology Satel-
lite (STSat-2) will be the first Korean satellite which
is launched by Korean made launch vehicle(KSLV-
1). Also STSat-2 will be the first full-scale satellite
launched at the Korea Space Center which is now un-
der construction. With the acknowledgement of this
historic mission, SPARC team approached the project
management very carefully. We focused our effort to
define science goals and translate those into clear mis-
sion requirements. And we have taken these require-
ments and evolved the design of the instrumentation
to result in a minimum but optimized system. Figure
4 specifies the program schedule. The LIST project is
led by a single PI supported by SPARC team which
consists of the professors and the graduate students in
the related fields from the different Korean universities.
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