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Abstract

In order to satisfy the intellectual curiosity of mankind to explore the unknown, National Aeronautics and
Space Administration (NASA) in the United States and European Space Agency (ESA) in Europe are
embarking on various R&D under the motto of the grand dream of pioneering space into a safe and
sustainable environment. In the 2020s and 30s, it is expected that advanced giant observation equipment
will be in operation, such as the development of a 10-meter—class telescope in space. In Korea, following
the development of the 0.15 m Near-Infrared Imaging Spectrometer (NISS), Korea Astronomy and Space
Science Institute (KASI) is also participating a 0.2 m Spectro-Photometer for the History of the Universe,
Epoch of Reionization, and loes Explorer (SPHEREX) as an international cooperation partner in small
exploration telescope. However, domestic experience in the development and operation of the space
telescopes is still insufficient, and there is no plan with long—term prospects for constructing telescopes. In
order to answer questions about the unknown world that mankind has not experienced using our own
equipment, planning and preparation for the construction of a space telescope through close cooperation
among industry-university—institute—government is urgently needed. In this paper, the necessity,
background, development goals, and expected effects of the development of the Korean Space Telescope
are summarized conceptually, and a working group (WG) is also proposed. In the WG activities, Korea shall
take the lead in establishing the Korean—style space telescope development plan, and will start a valuable
step to establish the national direction in the field of space astronomy and related technologies. We hope

that the WG will be another milestone in Korea's space development.

sl : AjEa), 9FRYd, 940E, ALAL, S
Keywords : giant observation equipment, space telescope, working group, development
plan, space development
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2030l AR A7 B 7T 10 m & F8ULarge UltraViolet
Optical InfraRed surveyor, LUVOIR[1]) 7i& Aglo] 9o, X/dollA= 30 ma AT
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= AlEstal QITH5] oA 30 m & ASEEER] AdPaEEEGMDY o
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oHel. S5TEF 02 0.15 mF NISS(Near-Infrared Imaging Spectrometer)[715 7Hs}
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History of the Universe, Epoch of Reionization, and Ices Exploren)[7] 5 AFEAITL4
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World Astronomy and

Space Observation Telescopes

“We reach for new heights and reveal the unknown for the benefit of humankind.”

G “Shape the developmentof Europe’s space capability and ensure that investmentin
esa space continues to deliver benefits to the citizens of Europe and the world*

K’\Sl “We search for the scientific answer to the unknown fundamentals of the

universe with our technology and equipment.”

Fig. 1. World Astronomy and Space Observation Telescopes in 2020-30s.

ALA 4 F] J%‘(}ames Webb Space Telescope, JWST)oll thst 742 ERE £40
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= QS UEEY 7H‘:‘£7] 7+ 12-2010] A Q FAcKFig. 2b). HabEX([Habi-table Exoplanet
Observatory)[10], Lynx(Lynx X-ray Observatory)[11], LUVOIR[12], OST(origins space
telescope)[13] 5 th=9] XA F LA 203620399 %0 24 7 2 HARE A
oltt. gt =8 AXI= 7H] 71eA7t 109 ool Hhi= @ A=K Fig. 209141 2030
ol 2| 7l&e FA Al 20409 o]F v Aol $atet 2 Hwst ok AjAoR
sfejo] 42 7hs/do] =t ol B Aol AWskA| dosH, SEE Y 7Htln}/xﬂﬂ
717t 1w 243 Al Wofl 7 AlAtsfof sk, o]9F 2 SRS v
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Fig. 2. Technology trend and urgency of the development of space telescopes. (a) James

Space exploration and technology

Google Search Counts

Years from Survey to Launch

12 12
Korea China Japan EU

Technology gap relative to US (Year)

Webb Space Telescope (JWST) search frequency identified by Google Trend, (b) years from
survey to launch [8] and (c) technology gap between major advanced countries for space

telescope development [9].
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o SAH gtk ARG o ok AlA Fa9] S571eE EASkl e NASAE 7
TR w} Zpoj7h QAT LY AFE XS o= AF 7|ERE A, HAE, H
AR Fa 4 do] A-iH AlE E01 JWSTQ] A 208 @A SRS Ve T 4 H
AEE Fdstal 9t ESE NASAS ei= 52l SDO(solar dynamics observatory)2]
A5, A5 719RE YAPHA] 10¢0] dglor, AlAH AES Aosta HR Ve B4
51 ATHA|(phase A)OIA AE4A @191 BebAl(phase B)E o7k 7|7HE 2-31o] 4
QEATH14]. UM E =8 2097 ES YsiA= B 7€ 7e&SHe
Z(technology readiness level, TRL}Z 495111, Z+ 7]&9] TRLE &Y & U&= 53 A
Zro] "ottt 1197] wizof 20308t #S5E SHE I ofF e B VRb|E 7
12 AJZtsfiof gitt.
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= 7HIth AollAs Arbd, A, A el EARE 7] o S5k o] T
A FALHT} A & 4= glaL, ZAJA IFT B 7S
stk 131'} 4-7}01] Ae Aol BE ool tigt ©&o] 7HsSHH15]. B0l
o= A A(Starlink)@} 22 tfEgFe] FEAN(CubeSat)e] AT Waf[1615+L U
7] gzl SEEES B8 BS B2 ARl Z4E S7Ht ZloE AYEH.
SHARATAOME AT 1998WRE H8F1&9  FIMS(Far-ultraviolet Imaging
Spectrograph, 20034 AHL}F MIRIS(multi-purpose infrared imaging system, 20134 gt
ADE 7S olF Bl AHRA B W £2871s, HE7] Alo71eS SR, 20124
5H A 2F 914 159 EAE= NISS018d IAhE gy H]:r“iﬂ AA /A 71
&, GAA 97 94 A4 71E 52 SR 20139 R E 58 2T ©HFASIO)
AA7E A &E AR 7iE2013-2016), SiC 2A419] YA (Finishing) 3787142016~
2018), 958 24 HISHTFH B 712 A7H2018-2021)F Boto] 2AFH2 T st
SIC A5 =] 7fdsk= IHgollA, AnbrlE, Ed(bonding A2 ¥ 2HHE 71&S &
Halth, SASFAAZNA ARG Bl R =Y 7EH2017-2023)S S5l 7HAE
AZHA o] 9 AT E 0] 7|&S JEstal, £47%, A-84%t 4 249 #3719 7| &
< 7l&sk= FrEole](Super Eye) S ERF 152 At A5 $49 A5 69 84
71& 7HH2019-2022) S35kl Qlek BiEo], 3= 5394 718 A-H20202021)F
Boto] W= 9 AlRRS BPAStAL 9o, 24 gt 2242 3 A0 Z1eA
112021-2024) AHE dsH 24AE 714 Hdshke 5 5] SEAA0l 485
= ARl QavEES NTSITHLT). f19F 22 ZRAESS Soto] Joged 23

Al(optical telescope assembly, OTA), Z2AE tUZHE(project management, PM) %
A|2H] XYo@ (systems engineering, SE), 18|11 A/RAIAEQ] 7874 SHTOZH,
TRL 24 74 B0l A2 & xRl & o Stk 11 9] $5:39738=e #dsk= &
Z7]7|(science instrument), B3 AZEJo(flight software) @ ZHI} HAE(integration
and testing) ®oF= A O & =] LA Rooll A WARGEIA| 9] 2717 A2t o
FEOFE 7] 2 3ol 9JeEE TRL 5 ol 7|&S gHet ZoE wHsh 4= Qi

FFATATAL FIAR AL AT} SFAIAL 5] Hopaz Bt TRLS Fig. 301
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Current TRL of space telescope technology

2016~ 2018
SiC finishing process & H 1998~ 2013
Development of off-axis optical H * D of science and
system performance evaluation g F“lm St Optical -~ - == satellite series (FIMS, MIRIS)
{
2020~ 2021 i Launch Vehicle T"”"n‘;"; 20122017
Korean space telescope planning { ‘Gmund . ‘ Development of next-generation
research { . small satellite series (NISS)
{ == ]
2013~ 2016 { Science ! .
Desigr fo i 1 Instruments H ;017| st — h
evelopment of solar corona grapl
dwxmoﬂdm for International Space Station
2018~ 2021 o 2018~ 2021
Basic research on ultra-light non- |~~~ 7 777 B Engineering Basic research on ultra-light non-axial
axial aspherical reflectors for space ) aspherical reflectors for space
Project ~
2019~2022 | Management 2021-202
1t
Super Eye Bridge ! D of o
-------------------- -0 optical surface engraving mirror and
phase control technology
TRL1%4: TRL5~:

Fig. 3. Space Telescope technology readiness level (TRL) distribution map obtained by a

project promoted by Korea Astronomy and Space Science Institute (KASI).

71N EAS B3l S5/AV dEE AN
& Aok 7 WS EoQlolal glom, SR Ay, Flo|AE
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N
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1.1 Project mgnt

1.2 Project planning
& control

1.3 Performance and

quality assur.
1.4 Risk mgnt

1.5 Manufacturing adm.

1.6 Configuration mgnt

1.7 Documentation mgn
1.8 Photofvideo docum.

e oversigl

ciel ht
& speC|aI studles
2.0

Observatory
Systems gr})gineenng
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4.5 Launch site & Vehicle I&T
4.6 Test & launch
Transportation
planning &execution

Optical Telescope
Assgrgbly

5.1 OTA mgnt

5.2 OTA systems
engineering

5.3 OTAI&T

5.4 OTA simulators

5.5 OTA Design.
manufacture & test

5.6 Wavefront sensing
& control

= . Ground segment &
Flight software Launch vehicle Operation/science
9.0 10.0 11.0

Sunshield
6.0

6.1 55 mgnt

6.2 5S systems eng.

6.35SI&T

6.4 5 design
manufacture
assembly & test

Fig. 4. Work Breakdown Structure (WBS) of James Webb Space Telescope (JWST) and
key development items marked in blue.
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719 9] o] Eolgt Roks Tt o H7|SHIH:. AtAQl JdEofo] thet A&EE
FIAIAE T B a7} AU, & =4 AIjstE= OTA #of 7le/dE Bk S84
o= /s, PM, SE H £} HIAE 5 95097 AL N Al REEA] $RtE=
- o H7|3ct

AEHS A7 A 9 39S sliA= R = (sensitivity), 3l {resolution), 7%/
(flexibility), 22ti¥] o]=]A(high-contrast imaging) 9] ¥-&o] S3H¥ o0& F1gjFofo}
o} YubAQl QFQHolA HfEe}l Bas-S Fhdl= 71&€4 4% 7T (aperture),
HIAPE O] 2701w, 1A/d2 sPdti H Aokt 59 847t L5k, s E ofnlF
A= FETE /gAY FDAAAI0 7t =83 840 tH19].

S5 RS A 199090 Aol @A 309 EA 8=, AFIH BSETHA
Y 59 B5 #Psto] 49 ABS WAt SFFEAS ol8sto] of2 A=
A B4E Asch 849 Ax 9949 I G S5 Hol¥Ql Azt
T At & dfoll= sE e AT tiXsks JWST 71 EARE oot 2.4 m
79 38 FIAARET FAFogrE vyl il WAoo g 787 i S 7K
JWST(Fig. 5)}= 2134 2(Lagrange 2; L2, Fig. 6) ARoA 2 A oJ4H sty #&S of
o 22 500 Higt AS AT AR AlSsl & Aoz 7|t £2171 7idstets &
FHE7e] L2 AR LR HIE olEs]= olg7] "Eel, sl fARF AE(low earth

mlo _IIN ok

) m?k

Webb will have a 21 ft diameter primary mirror, which
would give it about 7 times more collecting area than

Hubble. Hubble's mirrer is a much smaller 8 ft in .
diameater and its comresponding collecting area is

48.4 square feet. Webb will have significantly larger

field of view than the NICMOS camera on Hubble

(covering more than ~15 times the area) and

significantly better spatial resolution than is available |

with the infrared Spitzer Space Telescope. :

Hubble Primary Mirror

JWST Primary Mimor

miles (1.5 million km)

Fig. 6. James Webb Space Telescope (JWST) relative to the Hubble telescope’s orbit around
the Earth [Credit: National Aeronautics and Space Administration (NASA)] [21].
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orbit, LEO)OIIA 2-8F= A5 7P, o1& 5093 AAYo] Qe #5AF
= E‘?FaHOF o Aot} I BE BB S 3t 71e8 A F AP A7, o
Alofzt gl Aol 5 AMZARI 71 QAR 5 BAE U= F=ol FEdof gtk

—71‘—21L AL A 201997 E 7157 |&A73](NST) FoF8EATAIIL R A= of
Aol o= A F21 o] 24| frEoto] B SR (Super Eye Bridge) AlYE &
st} HA7]e E 27F9] 2717} 100 mm 1 AlAlES 7 o)1, ojEet ¥ & F7]9 &
AL HEATAES] AHo]AMAX|(Space Challenge) AFR-E Boto] 7ig Folct. =
A EHAINE fEuRolA d4ARl 244 7eE0] /NdE AlRsHHEAl SEu
e ofzdo] niAEH AulEA] B & 2719 RS gHE 5 Q& Ao 7|iEnh w
A REAPE Q] 2 73S FA| 5171 S1gt 717l ofn] AlRFE L Q= otk

U T = AT AR 9590 o2 HEZRARE B0 T2, iRt Ist
UF TS 3 =P 4EEY 871 A%leH, RARES thE Table 13} #o|
=ESFATH22).

9] Y7L FS 7|He R slof, FAIFEE 3 dET 5= = Ve 5=
TEAH o= J1Esto], 20301 oA o] 7ksdt £2A4AE ST EBE dE A
o, &9 22 iR el A7+ =Wl iE/dsd 9ol = 700 mm & SHH:. = AP
187 22 AE{Fig. 7(a)l& AFE-staL, Fe/dso] fote] ARt $3-e7 7ol &8
=37 Q= Korsch 3 333 [Fig. 70)IE A-85ke, the Table 29} 22 A

x
s
2,
)
el
o

Table 1. Korean Space Telescope Survey

Categories Necessity Specifications Science goals

Results = Requiring space - Wide field of view - Active galactic
telescope photometric exploration using  nuclei: accretion
observations, which  small aperture telescopes disk, black hole

overcomes the spatial — Narrow field of view but deep ~ mass

resolution of ground—  photometry and spectroscopy - High—energy

based telescopes observations in UV, visible, and phenomena: white
- Requiring multi-band  near-infrared bands dwarfs, intergalactic

observations, which - Beyond the retirement of HST ~ medium, interstellar

overcomes telluric around 2030s medium at halos

absorptions in UV and - Large field of view (>30 arcmin) — Gravitational lens:

IR bands observations with large exoplanets, galaxy

- Synergy with large aperture (> 3 m) telescopes clusters, cosmology,
telescopes, e.g., GMT - Wide spectral ranges in UV, galaxy evolution, low

- Acquiring cutting— visible, and near-infrared surface brightness
edge space bands features, solar
technology and - Wide field of view photometry  system, multi-
spreading public with high-resolution messenger
outreach of spectroscopy astronomy
astronomy
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3508.00

(@) (b)
Fig. 7. Optical layout of segment mirror system. (a) Segment mirror size, shape and collection

area and (b) optical layout of optical system.

Table 2. Draft specifications of optical telescope assembly (OTA) for Korea Space Telescope

[tem Specification (TBC)
Optical configuration Korsch type
Diameter of primary mirror 3.5 m (outer diameter)

2.9 m (inner diameter)

Segment size (edge to edge) 700 mm
Number of segments 18
Wavelength coverage 0.3-1.0 um (2.5 um)
Field of view 10-30 arcmin
Focal length 73 m (F/20)
Collection area 8.06 m? (segment area)

6.6 m? (inner circle area)

2E FAAE @ AN FAISR I ofete Aol o, o=y WA AR 7H
tobd, 318 F0(3.05m x 10 m)2t 3-8 773,700 kg) HolA 247 F47et 735
W& Jl2sto] Fig. 83 2o] 39 3310 8 7Fed A= Ydieltt. WAMIE aefst
=g 397 FAA AlRE thE Table 33 2o Ak 4= Atk

27] A 7797 ARKRbel m=H sTiE] 3 [Fig. 9(a)l, B RIA=(Fig.
ob)] A A7 g Aloz(Fig. 10)2] WAOIA BAE0] a2 & 4 A+ =,
9a)elA & < 3U=el, 20309 FHtof] ALY SFFUAFES AlQlolle FAE 173
71014 Aol k. E3t Se YA HiEl 2ol AL, v eo] SRR
AT BS 7S B AVIANGLE S ZARIT SR OJAZEA] HSBIA] 3t
St Aol Hish WA= (sensitivity) ZHOIA =E2AQ] #ZJHo] AUHFig. 9b)l. Fig. 10
2 FYEEE 774 Ao Field Of View, FOV) % Etendue(8°] HAl= W23 A g
Uetlls =82 2ageH, Fehoptical)/ZHAANIR)ANA = 741 FOVZE
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2
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(a)

Fig. 8. Review of allowed space of Korea launch vehicles for Korean Space Telescope. (a) side

view and (b) top view.

Table 3. Payload specification of Korea Space Telescope

ltem Specification (TBC)
Dimension 2.8 m(L) x 2.5 m(W) x 4.6 m(H)
Launch mass 3,000-4,000 kg
Orbit LEO
Components OTA + Bus + FPI*(3-4 ea)
Power 1,000-2,000 W
Pointing accuracy Sub-arcsec (HST)

(Fine Guidance Camera might be considered)

LEO, low earth orbit, OTA, optical telescope assembly; FPI, focal plane instrument.

1 mdy R T u
- Photometric Depth lig
L 10c in 10,000 sec
wsT Torms) 120
Origins L SOFIA
o5m E 10 ply 2
2 HabEx 3 1w doa 3
’ L
§_ 5 | Kovéar space telescope | § i =
= 2 100nJ % 2
ATEHNA Eudlid £ 1000 &
Tm £ / 28 3
THESEUS THESEUS = 10ndyf
HiZ-GUNDAM 30
SPHEREX
1 ndy )
X-ray uv Optical NIR M/FIR
1
Wavelength Wavelength [um]
(@) (b)

Fig. 9. Telescope distribution according to (a) wavelength versus aperture and (b) sensitivity

versus wavelength.
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