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How the behavior of dark energy changes
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Where predictions should fall if the
standard idea of dark energy is correct
(ie. A, enerqgy density is constant)

Expectations when

/v combining data from:

68% of predictions
based on data fall here

The combination of our best measurements
don't fit the "best”® model of the universe...
- 1 } ¢ ¢ -~

] ~
something i ;“;’fﬁq

How dark ener gy behaves today
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Currently, for Ks<13.75 galaxies

A _S P EC S u rV ey - 41.9% completeness for decl.<22.3

- 33.6% completeness for decl.<0

Korea Microlensing Telescope Network (KMTNet)
Three identical 1.6m telescopes with a prime-focus imaging camera

2.8 deg diameter field-of-view = best for the spec. survey f....» :

1st stage e x .‘._“':‘A :,‘ v . . o
~165,000 galaxies + metal-poor stars, quasars, etc in ~10,000 deg? g : , ‘ N "3% "
-84°.8 < Declination < -21°.4 X NP

Aiming >90% completeness
- For Ks<13.75 galaxies (~782,000 sources)  FeSS==C"CC ———_
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What is unique is our surveys?
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Worlds and Suns

in Context
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Hubble Depth Survey

- A complete spectroscopic survey of the local universe

1. Deep (z ~ 1) > evolution of universe (DE science) & tracers
2. Wide (area >> 1000 deg?) -> large scale structure sciences (initial conditions)
3. Dense (mean d ~< 5 h''Mpc) > physics of galaxy formation. high-order statistics

4. Complete = no sampling biases. unexpected findings. satellite system survey / dark halo survey

5. Compatible with parallel surveys ->sparse & deeper rare object surveys (LRGs, ELGs, QSOs ...)




Proposals: Cosmology WG

Author

Changbom Park, Stephen
Appleby

Changbom Park, Stephen
Appleby

Donghui Jeong

E. Hong, Haeun Chung

David Parkinson, Sungwook

Properties

FoV > 1deg,
10,000 multiplexes/
telescope
R~6,000

R=6000, Near-IR
sensitivity Imax =
11000 A

Title

Hubble depth survey statistics

Small Scale Topology of Large
Scale Structure

Exploring the Origin of Cosmic
Structures: Probing Inflationary
Clustering Fossils with KLST

Observing the distribution of
galaxies in the Redshift Desert
with KLST

Physics

Galaxy bias, groups,
luminosity function

Expansion history,

redshift space distortion

PNG, clustering fossils,

features in the PPS

BAOQO, redshift space
distortion

© &
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Survey Specifications

HR4
cosmoDC2

KLST Wide
KLST Deep

Nig (deg™), i-band

Spectroscopic survey with two 6.5m telescopes

102

1. Wide Survey — 50 Million Galaxies flux-limited witt

m; < 20 over ~ 24,000 deg? “ e

> 10

:
19

20

' 8
21

L
22

23

Spectral R = 6000, 0.5hr exposures, multiplexing of 2 x 10,000.
A few x 350 days

2. Deep Survey — 20 Million Galaxies, flux limited with =

m; < 21.5 over ~ 2,500 deg?
Spectral R = 6000, 2hr exposures, multiplexing of 2 x 10,000. N
A few x 700 days

KLST Deep
KLST Wide

0.8

© &z

ok
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Spectroscopic survey proposal lI: Redshift Desert Survey

Photometric catalog
= gaIaX|eS Wlth ilimit=24 (Zmax "*’1 7)
— Ng,, = 80,000 gal/deg?

Spectroscopic survey 30 ) T
- 200 nights with ~8 hr exposures, multiplexing of 20,000 N ‘,’ z Ei}féwm
— a flux-limited sample of ~4M redshift desert galaxies covering ~50 deg [ T

Applications of the RDS data

- Missing measurements in redshift desert, where Qpz — 0

0.98+

2
o
g-. >
~
S
pt
&
&
=
Q

- BAO measurements trace optical galaxies with easy to detect lines:
most at z<1.5 (LRG and ELG) or z>2.3 (QSO and Ly-a) ? Redshitt 5

© David Parkinson (KASI)



 Tracing evolution of Galaxies at z < 1-2
* Star formation activity

* Gas-phase metallicity

* Stellar populations : mass, velocity dispersion, age, stellar metallicity

Redshift

0 0.5 1 2 3: 5
. . . I I | T T TTT I ¥ ¥ i L | Y ! T L | X g s T T ¥
e Active GaIaCtlc NUC|e| atz <1 " | GAMA/G10/3DHST - - - Davies et al fit E I
E Bourne et al (2017) = =« Madau & Dickinson fit 9 -
* Higher resolution spectroscopy (R > 40007?) [ Sinaverdhana ot a 2013
= ‘}R‘obo‘tham &VD‘r‘wer (2011) i 41
* Time-series spectroscopy? § | DavesctalCo® 8.5 [ 2=007
. - . sSF bt A E [ 207 o
— Require some additional survey strategies 2 R LR ) — -
e b1t
g lf?,{'—"‘{}} ’ + [ z=22 )
. 5 | it L | i j o1
« Dwarf Galaxies s 1 751 234 :
. . . I ] - e LSD :
* Faint dwarf galaxy confirmation (z ~ 0.02, R ~ 3000) ] I P R & S e
0 5 10 8 9 10 11
* Local volume dwarfs (Virgo, Coma, Fornax, groups, voids) ootiss s ()

* Their globular clusters?

 Galaxy Clusters (z < 1.5, R ~ 1500-3000)
* |dentification, membership

* Infall region - mass evolution of clusters ©

rp-
ali
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Availability of Integral Field Spectroscopy

The following two options could be available. We will give serious consideration of
these options depending on the request of the user community.

1. Switching between IFS and MOS modes
1. Similar to the case of MaNGA and BOSS in SDSS .
2. Avallable only for one telescope.
3. Examples of various IFU configurations can be found on page 5.

2. Combining both IFS and MOS
1. Similar to the case of Wide-field Spectroscopic Telescope.
2. The entire field of view (FoV) is covered by fibers, as shown on page 3,

except for the very central region where one IFU is located (the FoV of IFU
IS not fixed).



Proposals: Extragalactic Science WG

IS A

© (SNU)
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Spectral
Resolution

Name ' Targets IFS IFS Option

Physical Paramters

Myungshin Im QI TBD

Studies of Dark Matter Halos in and around Satellite Galaxy Systems through Wide and

Sang Hyeok Im : . Yesforhost | Single big IFU Kinematics of satelltie galaxies
Deep Spectroscopic Surveys Satellite Systems n R=6000 .
(SNU) AL F;'EE) =g 'é**f% st 2 yf 12 Y55 5= 3 Tel 25t ol J galaxy (R>1.5')  witf MOS and of host galaxy star light

Yes (Largest | Single big IFU| Not metioned
Clusters FoV with 105.6" without MOS ~ (probably

S\ LTRGBS Studies of the Formation and Evolution of Intracluster Light Using KLST-IFS Age, Metallicity, Kinematics of

- FSS 0/83t 315+ LT 34 Y Ak o :

(Yonsei) KLST-IFSS 013t ottt Li3dl & e x 105.6") (mode change) R=6000) o

: Galaxies Yes (Fov: 10.6"| Muttiple IFUs Star/gas distribution and
BumhyunlLee ;EEE%I:SJILE‘H iurp/;yuo%fj}l\élkir}g|ng Clsters experiecing RPS in x 10.6" (or 26.4" without MOS ~ R=6000 kinematics, star formation
(Yonsei) c= = = Merging Clusters  x 26.4")) (mode change) history and ionization source
. . e . . Yes (-K bands) Muttiple IFUs
Jong Chul Lee (KASI) A N?Llngi:eg Integral Ilﬂ?gige}gt;?:gﬁf =D TR R i Star-formlng for Paschen  without MOS ~ R=6000 Star formation rate + dust maps
172 E dd 2510 Cfet 2HQM HEEE B galaxies .
lines (mode change)
Jubee Sohn Studies of Nearby Galaxy Clusters through Deep and Complete Spectroscopic Surveys Single big IFU lEEIEE el el

(SNU) 2171 Q3 B3 EME E3t 712 OZ0| O5itt 4 Clusters Yes for BCGs NS R=6000 stellar population, and
kinematics of cluster galaxies

Study of Intracluster Light (ICL) and Cluster Evolution Using the KLST Spectroscopic Single big IFU Not metioned Age, Metallicity, Kinematics of
Jaewon Yoo (KASI) Surveytl e . Clusters YesforBCGs (pfobably ICL; Kinemaics of cluster
KLST 2ZAH|0|E S5 25t (CL)2t 25t Tlgt o R=6000) galaxies




Most Frequently Mentioned Key Words
in the Key Sciences of these survey programs

Korea Astronomy & Space Science Institute

// Chemical %
[ Abundance §
|\ (or Chemical Tagging) S

€ 0O Fe

i aladti‘c Structure
& Stellar Streams

& Mapplng ‘

/ Formation

' __History J )| .
| Q\"”m - ;5: “mthe;‘ky _’

© F4HE (KASI)



Korea Astronomy & Space Science Institute

What can be done using KLST?

10-15 kpc
WST high-res mode / 20 kpc

----- AMOST Red Giant
— WST Red Giant
----- AMOST MS Sun-like
e WST MS Sun-like
Gaia DR3 spectroscopy

o)
MR
>t

o)
0]
[

FaE (KASIH)

KLST RGBs? \ ©



- . © YdH (KASI)
Preliminary Requirements For KLST
* NIR coverage - High-resolution MOS “Low-resolution
is important .
. would be essential to measure MOS is ideal to
. ; abundances and infer stellar investigate the
* Multiplexing activity in large samples of properties of
planet-hosting stars, thus dispersed populations
unveiling the role of host-star and faint objects
* Eloxible chemical composition.
MUltl = MOdes Telescope NIR Coverage Multi-mode M1 size Multiplex
including IFUs Resolutions
WST C A A+ A
MegaMapper C C B At++
ELT/MOSAIC A A A++ B
4MOST C B C B+

KLST




Secondary (M2)

All lenses are fused
silica with spherical

surfaces

Korea Astronomy and Space Science Instinute
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Focal plane

diameter = 818.4mm

FOV =2.17°
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M3 . . & IFS sub-field (3 x 3 arc min) selector
(IFS pickup, 13 arc minutes field)

IFS patrol field

Coudé relay
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They rotate to
remove dispersion
Up to 60° from Zenith
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Korea Astronomy and Space Science Instinute

27|A AA study

ZZtHE 24 (HCIPy)
— Segment mimor analysis : HCIPy, hcipy.org

HCIPy aperture
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271A A study

« Segment diameter 1.8 m ; thickness 75 mm (similar to Keck M1)
edge gap 2 mm (Keck 3 mm)

Zerodur segment

Surface Area: 4661050.9339 mm?
Volume: 155551166.4443 mm?
Mass: 393.5445 kg

|
v

Drawing of 10 m Segmented Mirror

— Segment e2e: 1.8 m
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OPTi

&0 &% E o=

=20|M2| =
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Young's

Thermal

. Specific Thermal
io‘ Mo(cll;;lus Cond(t;\;tlwty Stiffness Stability
z GPa W/m-K (E/p) (M)
"'E‘ [ CFRP Be %‘J—Hh 303 114 180 164 16
~ 0.,- x Al = 71 24 237 26 10
S 10 o 1 | sintered sic EE 420 22 194 132 88
= Cordierite 5 RB-SiC EE 400 23 140-150 132 61
= e . Cordierite Ml2He 140 0.02 468 55 234
O L Zerodur GEIﬂ ] Zerodur | 22tA-AMEty 89 0.02 152 35 76
& 5' o o = ULE 2t 66 0.02 127 30 64
< | I ULE C/SiC Be CFRP E%ﬁié’% 120 0.03 50 80 1,667
A . -
£ 0L 1 N FEH A
Q Fused quartz
|_
1 . . N & HAIA ATHO| B
20 40 60 80100 200 dAE RSl =R
Specific Stiffness (E/p) - HZMO| 51 GHEEETt =2 AXf (Be, SiC)
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Observatory Operating Costs and Their Relation

£ 3H|: 2509

to Capital Costs
Table 1. Capital and operational costs of major existing observatories
Capital 0O tions

Observatory

Year | $2019M | Source | S2019M | % | Source
Mayall 1973 | 52 1 38 [74]10 4am
Blanco 1976 70 1 47 |6.7]10 adm
IRTF 1980 | 114 1 5 [44[n 3.2m
Keck I & 11 1994 [ 405 1 17 [42]12 10m
Magellan 1 & 11 | 2000 [ 150 2 7 4613 6.5m
Gemini N &S [ 2000 | 308 3 21 |68]14 8.1m
Subaru 2001 [ 350 4 225 [64]15 8.2m
LBT 2008 | 235 5 6 26|16 8.4m
LSST 2021 | 660 6 30 |45]14 8.4m
VLA 1976 | 395 7 79 [25]14 28x25m
ALMA 2004 | 803 8 435 |54]14 54x12m + 12x12m
LIGO 2000 | 2115 9 40 [19]14 2x2x4km

! Van Belle et al. (2004); > Magellan budget documents; * Gemini budget authorization; * LBT °
NSF MREFC budget and DoE Budget for LSST; "NRAO web site; * NSF MREFC budget and
partner budgets; * NSF and LIGO web sites; ' NOAO 2019 Program Plan; '' NASA 2019
Budget; '* Private Communication; '* NSF FY2019 Budget; '* NAOJ Website; '® Private
Communication.
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