K-DRIFT (KASI Deep Rolling Imaging Fast(-optics) Telescope):

K-DRIFT Project Updates
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K-DRIFT overview:

K- DRIFT will unveil the LSB Universe
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Key words for K-DRIFT:

(Science)
LSB Universe
(Instrument: LSB-optimized)
Off-axis freeform three-mirror system
Fast-optics arrays
Single CMOS detector with large FoV
(Technique: LSB-optimized)
Optimized observing techniques
Dedicated calibration procedures

Optimized simulation techniques

M3

[~
b3

<& 4BpO

26

b o
7 =1

SB limit (30, 10x10 arcsec?)
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Motivation: why exploring the LSB Universe

Observations Simulations
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Credit;: TNG Simulations

LCDM = all galaxies are surrounded by vast and complex network of LSB filaments

But, LSB regime (generally, <0.1 % of the night sky level) that is undetectable in past wide-area surveys

Science & technical challenges = A step change in our understanding of the Universe!



Motivation: why exploring the LSB Universe

LSB/ultra-LSB universe (~0.1/0.01% of night sky): 2/of=9/ B G &7/ 2 L} %1 BF Hf OJ&F O] =2 HH
|2, XF0/E LF= QIFEIf BAIIA] =2 L2 &st EALOfA] B SfAIA @2 O/A/Sf &S

LS

< 27 mag/arcsec? < 29 mag/arcsec? < 31 mag/arcsec?

Yesterday (e.g., SDSS, CFHTLS) Today (e.g., DECaLS, SSPs)
2~4m Ground-based 4~8m Ground-based 10 year LSST depth

K-DRIFT 1st Space K-DRIFT
1 year LSST depth

Tomorrow (e.qg., Euclid, LSST)



Strategies: fast off-axis TMA
Specification

LAF-TMS (Linear-Astigmatism-Free Three-Mirror System)
— A Aperture Diameter 300mm
Focal Length 1200mm
E Focal Ratio 4
o
& Field of View  1.07°(H) x 1.07°(V)
v A Image Area 22.5mm x 22.5mm
7
large FoV, Resolution 1.89 "/ 11um
M2 - i
homogeneous PSFI M1-M2 Distance 550mm
Focal Pl{:le M3 M2-M3 Distance 350mm
s — ' oon M3-PF Distance 435.2231mm
) M1 Tilt Angle -15°
Filter
(fused silica, 3mm) M2 Tilt Angle 20°
Window
M3 Tilt Angle -10°

(fused silica, 2.5mm) [Credit: Seunghyuk Chang]



300mm

T

Focal Plane
(large FoV, homogeneous PSF!)

K-DRIFT 1st optical design
LAF-TMS (Linear-Astigmatism-Free Three-Mirror System)

205

M3

~48mm

446mm

Parameter Measurement
Aperture Diameter 300mm
Focal Length 1050mm
Focal Ratio 3.5
7
Field of View 4.43° x 4.43°
\_ A
Image Area 81.2mm x 81.2mm
Pixel Scale 1.96 “/ 10um

-
19.6 deg? vs 9.6 deg? (Rubin Obs.)

HES g174 37|

Southern sky survey (in ~3Y):

> 29 mag/arcsec?inu,g &r




K-DRIFT Pathfinder optomechanical design




K-DRIFT Pathfinder test obs.: NGC 5907

(edge-on galaxy, ~17 Mpc, ~8x10"%)

SDSS(2.5m, 53.9s exp.) vs Martinez-Delgado et al.(2008; 0.5m, 11.35h exp.)

% > . 4 SDSS DR16 _
v ' Ra:228.9721 Dec’56.32882

Scale:1.58451 arcsec/pix p g : .
image zoom :1:16 SRS i IR S g o e




K DRIFT Pathflnder test obs.:. NGC 5907

Byun, Ko et al. (2022)
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Table 1. Key characteristics of the studies that observed the stellar stream of NGC 5907

Reference Diameter Total Exposure filters Telescope
(m) (hr)

Shang et al. (1998) 0.6/0.9 26.17 MEeE0. MS020 Schmidt telescope
Martinez-Delgado et al. (2008) 0.5 11.4 L Ritchey—Chrétien telescope
Laine et al. (2016) 8.2 0.2 g, T, i Subaru telescope
Miiller et al. (2019) 1.4 7.2 L Milankovié¢ telescope
van Dokkum et al. (2019) 0.143 (1) 115 (4.8) g, r Dragonfly Telephoto Array
This study Byun, Ko et al. (2022) 0.3 2.0 L K-DRIFT pathfinder

NoOTE  The values presented here are only for a single aperture with a single filter. Therefore, the Dragonfly
Telephoto Array can practically be regarded as a 1 m telescope with a total exposure time of 4.8 hr.

Ur, 10 ~ 28.5 mag arcsec? (10" x10" boxes)

Martinez-Deloado et al. 2008. Ap], 689, 184

Laineetal. 2016, A]. 152. 72

Miiller et al. 2019. A&A. 632, 13 van Dokkum et al. 2019, Ap]. 883, 32



Log Normalized flux

Pathfinder performance: PSF
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Pathfinder performance: PSF

PSF FWHM

3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0
PIXEL

Test observation Data (1600)

*

Arcturus

Requirement : 3.8 arcsec (2px)
Observation : 6.7 arcsec (3.5px)

- What degrade the performance of the K-DRIFT pathfinder?



Pathfinder upagrade: performance analysis

Flter

K-DRIFT Pathfinder

6 degrees of freedom of M2



Pathfinder upgrade: performance analysis

Monte Carlo simulation that randomly moves M2 for 6 degrees of freedom.

Observation Simulation
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Pathfinder upgrade: M2 replacement

M2 replacement: to minimize MSF error

Test observations: 2022.11.15 @KASI & 2022.12.14 @BOAO

Improved: ~3.7px [ ~2.5px

2022-11-25 focus test FWHM histogram (focus)
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K-DRIFT/Pathfinder Dome @BOAO
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K-DRIFT/Pathfinder
Dome @BOAO

K-DRIFT Dome @BOAO 2022.12.05



K-DRIFT preparation: sky simulation
(Airglow) + Zodiacal light + Diffuse Galactic light + Object(mask)
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K-DRIFT preparation: sky simulation

Case study: nine-point dithering

Galactic latitude
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Predefined flat pattern

20 21 22 23 24 25 26 27 28 29 = “RealFlat”

4, [AB mag aresec=?]

Strong gradient
Large deviation

RealFlat — DarkSkyFlat

Case study: rolling dithering
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Roadmap: K-DRIFT Project in the 15t stage
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