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NEXT-GEN SPECTRO-
SCOPIC SURVEYS

Flux-limited Surveys?
 To maximize the sample den-

sity at the limited dark energy-
dominated era 
(z <~ 0.8)

 To study various 
astrophysical phenomena 
other than just 
dark energy

• Aim for z >~ 1
• Target selection for 

specific science 
cases

KASI started feasibility study from ‘24!



From Yunjong Kim’s slide 

6,000



BASIC REQUIREMENTS

KLST

Area: Etendue

KLST-LR KLST-HR



From David Parkinson’s slide 
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From Jubee Sohn’s slide 



From Sang-Hyun Chun’s slide 



PLAN FOR FEASIBILITY 
STUDY (‘24-26)

 Scientific topics
 Key topics (‘24)
 Detailed studies (late ‘24-early ‘25)

 Concept on instruments & facilities
 Key requirements & concept (‘24)
 Detailed studies (late ‘24-early ‘25)
 Technology system diagram/planning (‘25)
 Observatory candidates studies (‘25)

 Planning
 Risks & resolutions (’25)
 Roadmap, budget, operation strategy (’25-early ‘26)

 Writing reports for the next step (’26)



Synergy with other surveys (ex-
ample)
Full follow-up 

spectroscopic observations of LSST

Complementary of SPHEREx
with higher spatial/spectral resolutions 
& different wavelength

>6.5M-CLASS SPECTROSCOPIC 
SURVEY?

@ SSG 2023







Name Sample Properties No. Targets Key Science

Subaru/PFS

 with color selection
(ELGs @  within 1,400 deg^2)

~ 4 million Cosmology
(BAO, growth rate)

 with color selection
(galaxies @  within 16 deg^2)
(quasars @  within 1,400 deg^2)

~ 1 million Galaxy/Cluster Evolution

 ( for limited fields) 
(Stars at MW, dSph, M31, M33) ~ 1 million

Galactic Archaeology
(kinematics, chemical evolu-
tion)

Our Study
 without color selection
(galaxies within ~3,000 deg^2)
(stars at MW, dSph)

~ 100 million

Exoplanets, Low-mass Stars, 
Galactic Archaeology, 
Galaxy/Cluster Evolution, 
Cosmology



WG1: Stellar/(Exo)Planetary 
Science
(양성철 , 천상현 , 안덕근 , 이영선 , 임범두 , 정선주 , 홍경수 )

Telescope Preference 1 x 10m
Magnitude Limit -
Survey Area Southern Sky
Field of View 3 deg x 3 deg (MOS)

5 arcmin x 5 arcmin (IFU)
Multiplex 10,000 (0.31 / arcmin^2)
Spectral Range 3,400-8,000 A, 11,000-16,500 A
Spectral Resolution 40,000-50,000
Signal-to-Noise Ratio 30, 100
Others Commissioning camera for imaging

MOS (main) + IFU (switchable)



WG2: Extragalaxy/Cluster 
Science
(손주비 , 황호성 , 박홍수 , 신윤경 , 오규석 , 이성국 , 이종철 , 이준협 )

Telescope Preference -
Magnitude Limit -
Survey Area -
Field of View 19 arcmin x 19 arcmin
Multiplex 500 (1.4 / arcmin^2)
Spectral Range 7,400-25,000 A
Spectral Resolution 4,000
Signal-to-Noise Ratio 30 @ 1.2 um
Others IFS option



WG3: Large-scale Structure/
Cosmology
(Parkinson, 박창범 , Carr, L’Huillier, Sabiu, Shafieloo, Qin,김주한 , 김준한 , 유재원 , 정동희 )

Telescope Preference 2 x 6.5m
Magnitude Limit m_r = 21-22
Survey Area 27,000 deg^2 (HDS-WIDE), 5,000 deg^2 (HDS-DEEP), 250 deg^2 

(RDS)
Field of View 0.5 deg^2 (HDS-DEEP), 2.5 deg^2 (HDS-WIDE), 0.13 deg^2 (RDS)
Multiplex 10,000 (2.78 / arcmin^2; HDS-DEEP)

10,000 (1.11 / arcmin^2; HDS-WIDE)
10,000 (22.2 / arcmin^2; RDS)

Spectral Range 3,800-11,000 A
Spectral Resolution 2,500? 6,000?
Signal-to-Noise Ratio -
Others Wedding-cake strategy with twin telescopes



SURVEY SPECIFICATION 
(SAMPLE)

Name Limiting 
mag. Exposure Goal (S/N)

Fibe
r 

Size

Spectral 
Resolu-

tion
SDSS/
Main
SDSS/
BOSS
(2.5m)

r_Pet=17.77
r_cModel<19.5 
(LOWZ)
i_cModel<19.9 
(CMASS)

45 min
90 min

10 per Ang.
S/N_i^2>20

3”
2”

~1800
~1500-2200

DESI/BGS 
(4m)

r_(Mod)=19.5 10 min - minimum 
S/N(~3?)

1.5” 2000-5000

MSE 
(10m)

i<23 (where r-i=0-1) 60 min Not yet? 1” 2000-3500, 
6000, 40000

This Study 
(6.5m)

r_Petro~21.5 => 
~22 
(if S/N~3 per spectral 
resolution)
Fully flux-limited 
data

60 min S/N~3 per 
Ang.

1.5” 1000-2000?



SURVEY SPECIFICATION 
(SAMPLE)

Telescope 
(Project 
name)

Primary Mir-
ror 

Diameter

Maximum 
Instrumental 

FoV

Etendue
(A  [m^2 𝛺
deg^2])

Mayall (DESI) 4m 3.2 deg. 101

Blanco 4m 2.2 deg. 47.8

VISTA (4MOST) 4.1m 2.6 deg. 70.1

WHT (WEAVE) 4.2m 2 deg. 43.5

MMT 6.5m 1 deg. 26.1

MegaMapper 6.5m 3 deg. 235

Subaru (HSC) 8.2m 1.5 deg. 93.3
Rubin Obs. 

(LSST) 8.4m 3.5 deg. 533

MSE 11.3m 1.5 deg. 177

Survey Coverage (deg^2)
3,000 (shallow) + 300 (deep)
FoV Diameter (deg.)
~2 (min.) / ~3 (goal)
Max. Multiplex
~10,000 (min.) / ~70,000 
(goal)
Spectral Resolution
R ~ 2,000 (∆v ~ 30-40 km/s)



TELESCOPE (SAMPLE)

Option 1. Two 6.5m-telescopes
Option 2. 10m-telescope



MULTIPLEX SPECIFICATION 
(SAMPLE)

Robotic Fiber Positioner
• Mean separation: ~4.6 mm
• Positional accuracy: <~ 10 

um
• Possible options

• Echidna (FMOS)
• Theta-phi (DESI, A-SPEC)

Fiber Core Diameter: 75 um
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WHAT KOREAN COMMU-
NITY WANTS:

27
1. UNDERSTANDING 8GYR HISTORY OF 
THE UNIVERSE

 First complete spectroscopic survey of the 
Universe of 8Gyr

 Solving the problems of dark matter/energy
 Measuring galaxy clustering without bias
 Studying early universe using quasars at z > 

6

Spectroscopic Survey 

up to z ~ 1
Current Limitation

 Limits on telescopes & technology
 Bias due to the color/type selection
 Insufficient for coherent understanding of 

the Universe

 Needs large optical/NIR spec. survey with 
large telescopes

 Needs spec. data @ r=22-23 (J~22)
 10-23k galaxies per deg2

SDSS

DESI

Mapping the Universe 
at 8Gyr ago

 Making the galaxy map at 8Gyr ago
 Discovering new galaxy clusters & large-

scale structures
 Studying their evolution during 8Gyr
 Testing cosmic inflation using density 

field

@ Qrontier Proposal



WHAT KOREAN COMMU-
NITY WANTS:

28

2. UNDERSTANDING OUR GALAXY

 Age of Universe & early element abundance
 Formation time of disks & halos
 Low-mass tail of stellar IMF
 Host stars of habitable exoplanets

 Aims M-dwarfs with r<22 within 2.5-15 kpc
(c.f. LAMOST: r<19-20)

M/L Dwarfs Chemically Peculiar 
Stars

 He-rich stars
   - Differences on Helium abundance
   - Star formation & chemical abundance

 Metal-poor stars
   - Chemical abundance due to the SNs
   - Stars formed at the early Milky Way

Red Giants 
at Nearby Galaxies

 Giants at nearby galaxies
   - Kinematic mapping of galaxies
   - Metallicity mapping of galaxies

 Galaxy formation study from galactic 
structures

 Understanding the formation of Milky Way 
using the comparison

@ Qrontier Proposal



PAST, PRESENT, AND 
NEAR-FUTURE

Dec 2019 • Initial discussion started

Jan-Sep 2020
• Discuss on main survey
• Start writing a brief white pa-

per

Aug-Oct 2020

• KASI preliminary study pro-
posal:
Pre-Study for a Large Korean 
Spectroscopic Telescope
(PI: Arman Shafieloo)

Jul 2022 - 
2023

• Discussion resumed
• KASI Qrontier selected

@ SSG 2023



KLST WORKING GROUPS
Stellar/(Exo)Planetary Sci-
ence

양성철 , 천상현 , 정선주 , 주석주 , 홍경수 ( 천문연 ), 안덕근 ( 이화여
대 ), 이영선 ( 충남대 ), 임범두 ( 공주교대 )

Extragalaxy/Cluster Science 손주비 , 황호성 , 이성국 ( 서울대 ), 박홍수 , 신윤경 , 오규석 , 이종철 , 
이준협 ( 천문연 )

Large-scale Structure/Cos-
mology

David Parkinson( 천문연 ), 박창범 ( 고등과학원 ), Arman 
Shafieloo, Anthony Carr( 천문연 ), Benjamin L’Huillier( 세종대 ), 
Cristiano Sabiu( 서울시립대 ), 김주한 , 유재원 ( 고등과학원 ), Mo-
tonari Tonegawa, Stephen Appleby(APTCP), 김준한 (KAIST), 
정동희 (PSU)

Telescope/Observatory/
Instrumentation

김윤종 , 이충욱 , 한정열 , 박병곤 , 이동주 , 이지우 ( 천문연 ), 경재현 , 
이형권 ( 레오스페이스 ), 김영수 , 박상영 ( 한화시스템 ), 문일권 (
표준연구원 ), 유정훈 ( 그린광학 ), 인정환 ( 한국광기술원 ), 정하은
(Arizona), 최영만 ( 아주대 )

Project Management 홍성욱 , 김재우 , Arman Shafieloo( 천문연 )



Large Telescope
Wide-field MOS
Optical/NIR
Flux-limited
Southern Hemisphere

Surveying objects with r~22 without bias
(1hr-exposure, R~2,000)

1. Measuring spectra of stars within 
Milky Way up to r~22

2. 3D mapping of ~100M extragalaxies 
up to past 8Gyr

3. Unexpected discoveries!!!

• Originality compared to 
other planned surveys

• Synergies with Korean community-
associated facilities (GMT, Gemini, 
VRO)

31

@ Qrontier Proposal







14.6m



11.8m
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