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A pathfinder telescope:
probing the Universe down to hitherto

unexplored surface brightness levels
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?- Ec—’f : Probing the Universe down to hitherto unexplored SB levels
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Il. 19 S LY: why LSB?

& BEELF DA (Lambda Cold Dark Matter model; LCDM)2| &
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Springel et al. 2006 1



[ I. 91510] QA why LSB2
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Springel et al. 2006




+. Phaenix cluster halo

| (hierarchical structure formation)

galaxy cluster.

why LSB

" Aquarius galaxy halo
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/ I. ©510] WQAL: why LSB?

& BT oA X (LCDM problems on small scales)

> ‘missing satellite problem’
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Subaru HSC-SSP survey

104E|'|'|'|'l'l'l'|'

1 |
: =
10 All satellites ]
> Sky coverage correction,
107 Pl T Combined correction
o 10 ¥l TR
2 0
€ 10
=
2 o'k @000 T
1072
10-3 PR U B I |
0 2 4 6 8 10 <12 <14 16 =18
My[mag]

Homma et al. 2018



[ I 91510] WQA: why LSB2...1. LCOM S84 2=

& BT oA X (LCDM problems on small scales)
» A solution on the ‘missing satellite problem’

v' Galaxy formation model ...

Drlica-Wagner et al. (2015)
—12 : . =

4+  Globular Clusters #% LE P ﬁu
X  Recently Found Halo Clusters %:I
- + E 7

v" Detection limit?

ultra-low SB
(> 28 mag arcsec?)
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[ Il ©1710] QA why LSB?..

~28 mag arcsec SB(V) 29.8 273 248

Intragroup

accretion shell
light

Low SB ...

- reflect the history of the interactions Cooper et al. 2013



Il. A9 E2RA: why LSB?..

_dwarf elliptical
galaxy

4R ultra-diffuse galaxy

Low SB: 1,>25 mag arcsec

MW-Size: 7,,> 1.5 kpc

- UDG: @ new class of galaxy?

Andromeda | .
- galaxy

Image credit: Schoening/Harvey/van Dokkum/NASA/ESA Hubble Space Telescope



II. H19] 2 LA: why LSB?...

~1000 UDGs in COMA % o}tk

ultra-diffuse galaxy

. ‘| Low SB: U,>25 mag arcsec?

_' MW-Size: 7,,> 1.5 kpc

a new class of galaxy?

| Koda et al. 2015
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Ko & Jee (2018) Intracluster light (ICL) &%

# ' 6.8 (705
# +WFC3 FB14W+F105WgF14QW 26.8 (70sky)

N
B
N

N
~l
~

Lersow (Mag arcsec™?)

100 Kpc (@ z=1124)=

29.0 (losky)

= |CL extended to ~200 kpc from the BCG
= This is the most distant galaxy cluster to date

= Contrary to previous studies, the ICL is already exists significantly z>1



/ . A9 B QA: technical challenges

skv brightness: m)  ~1000H] O F-2 CHA} B

~ 22 mag arcsec?

04r Ko & Jee 2018

internal reflections:

< 0.4% flat fielding error
> Wy > 28 mag arcsec’?

scattered and stray light: —

all LSB detections can be spurious!




/ . A9 B QA: technical challenges

sky brightness: m)  ~1000H] O F-2 CHA} B

Uy ~ 22 mag arcsec™

04r Ko & Jee 2018

residual error [%]

< 0.4% flat fielding error |

> Wy > 28 mag arcsec’? 22l

1.0

Slater et al. 2009

0.5

scattered and stray light:

all LSB detections can be spurious!

l

Fraction of pixels

0.1

[ internal reflections: :

10% from scattered light at uy, ~ 28

26.0 26.5 27|.0 2'}.5 2é.0 28I.5 253.0 29.5 30.0
Excess Scattered Light (mag/arcsec”™2)




[ II. A19] T QAM: technical challenges

Long exposure

sky brightness: ) | ow f-ratio (sensitive to SB)

Uy ~ 22 mag arcsec™

Simple optics telescope

internal reflections:
mms)  NO lens

< 0.4% flat fielding error Accurate flat fielding
> Wy > 28 mag arcsec’?

Control of systematics

scattered and stray light: ) -~ ood detector

all LSB detections can be spurious! (compact and isotropic PSF)

S 2

Key: Low SB imaging is not usually limited by photon statistics or by spatial resolution.
Instead, it is limited by imperfect control of systematic errors
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Pathfinder Z2ME AAA|QY M-
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LSST g-band simulation

Total exp time: ~6 hr

Dimension of field: 9 XD

secondary
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surface
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Brightness of arches: 29 mag/arcsec

—— MESSIER pathfinder
- Burrell Schmidt Slater09
—— Dragonfly Abraham14

simulated PSF

Lo, ...
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CFHT 3.6m OO0 30cm
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