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Building the Galaxy Census

Sloan Digital Sky Survey
Wide & deep-ish
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The Hidden Galaxy Population

Low Surface Brightness (LSB) Galaxies 
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Image credit: Pieter van Dokkum

Redux
LSB Galaxies

Ultra-Diffuse 
Galaxies 
(UDGs)
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Papers

Year of Publication
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Toloba et al. 2018

Extreme  
mass-to-light 
ratios

Dwarf Galaxies Galaxy Clusters



Extreme  
mass-to-light 
ratios

van Dokkum et al. 2019



Do these objects fit  
in our current picture

Image credit: Owen Parry & Springel et. al 2005
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The Hyper Suprime-Cam (HSC)  
Subaru Strategic Program

Image credits: NAOJ
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Hyper Suprime-Cam  
Field of View

Image credit: NAOJ
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HST



1.5 Our data, our collaboration

Figure 1.2.: The limiting magnitudes (in r) and solid angles of the HSC-Wide, Deep, and Ultradeep (UD) layers,
compared with other existing, on-going, and planned surveys. The three layers are complementary to each other,
and each of the three layers covers a significantly wider area than do other on-going surveys of comparable depth.

ment itself. The design of the HSC Survey with its three-layer design, and choice of survey fields,
are described in Chapter 3. The survey strategy, which is designed for highly accurate photometric
calibration, is detailed in Chapter 4. We describe the software pipelines that will analyze the
survey data in Chapter 5. Studies of both galaxies and cosmology requires determining galaxy
redshifts, which we do from their broad-band colors, as discussed in Chapter 6.

We then turn to the principal science drivers. We describe gravitational lensing techniques, with
emphasis on understanding systematics, in Chapter 7. Chapter 8 presents studies of the lensing
signal around galaxies allows one to understand galaxies in their dark matter context. Cosmological
applications of gravitational lensing are discussed in Chapter 9. Clusters of galaxies are also
important, both as a key part of the galaxy evolution puzzle, and for their cosmological implications,
as described in Chapter 10. We then go on to describe the work we can do in galaxy evolution
studies, up to z = 1.5 (Chapter 11) and up to z = 7 (Chapter 12). Quasars and Active Galactic
Nuclei (AGN) are a crucial part of this story, as described in Chapter 13. We then discuss various
transient phenomena, including Type Ia supernovae that is an additional key cosmological probe,
in Chapter 14. Two scientific areas that are further from our core science goals, but which will
have a wealth of data from our survey, are studies of the main belt and Kuiper belt of asteroids in
our Solar System (Chapter 15) and of the halo of the Milky Way (Chapter 16).
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Ushering in  
the LSST era 



Hyper Suprime-Cam: LSB Vision

Ultra-LSB sources in SDSS 

A new view with the HSC
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HSC’s Next Generation LSB Galaxy Search

In collaboration  
with Waqas Bhatti



HSC’s Next Generation LSB Galaxy Search
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A Diverse Sample of LSB Galaxies

Greco et al. 2018a



#DistancesAreHard
★ Follow-up Spectroscopy 



Greco et al. 2018c
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Å

�
1⇤

[O iii] �5007

LSBG-285

0.6 kpc extractions

Best-fit model

Full extraction

6600 6650

�obs

⇥
Å
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Follow-up Spectroscopy



Follow-up Spectroscopy

Conor Hayes 
(Ohio State) Hayes, Greco, et al. (in prep.)



#DistancesAreHard
★ Follow-up Spectroscopy 
★ Counting Globular Clusters (GCs) 



Counting Globular Clusters (GCs)

 
GC Luminosity Function (GCLF)  
 
               ~Standard Candle

e.g., Harris (2001), Richtler (2003), Miller & Lotz (2007)

Peak



Somalwar, Greene, Greco et al. 2020

UDGs in group environments 
& their globular cluster systems 



Somalwar, Greene, Greco et al. 2020
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Ground-Based GC Search in LSB Dwarfs



G93

500

G292

500

G318

500

G365

500

G490

500

G748

500

G749

500

Somalwar,  
Greco et al.  
(in prep.)



?

Ground-Based GC Search in LSB Dwarfs



#DistancesAreHard
★ Follow-up Spectroscopy 
★ Counting Globular Clusters (GCs) 
★ Surface Brightness Fluctuations (SBF)



Surface Brightness Fluctuations (SBF)

— Nstars / ⌦ —
MS = 21
RGB = 0.1
CHeB = 0.01
AGB = 0.001

D = 0.5 Mpc

— Nstars / ⌦ —
MS = 329
RGB = 1.7
CHeB = 0.2
AGB = 0.02

D = 2 Mpc

— Nstars / ⌦ —
MS = 5264
RGB = 27.8
CHeB = 2.9
AGB = 0.4

D = 8 Mpc

Mean i-band surface brightness = 24 mag arcsec�2 in all panels



Surface Brightness Fluctuations (SBF)

Tonry & Schneider 1988

M32

~0.8 Mpc



Surface Brightness Fluctuations (SBF)

Tonry & Schneider 1988

NGC 3379

~10 Mpc



Carlsten, Beaton, Greco, & Greene 2019a

TRGB-anchored SBF calibration for LSB dwarfs

The Fluctuation-Color Relation

L̄ =
∑ ni L2

i

∑ ni Li



Surface Brightness Fluctuations (SBF)

Carlsten, Beaton, Greco, & Greene 2019b

Confirm satellites using 
imaging data alone
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Where’s the Fluctuation?
MS RGB

CHeB AGB
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Greco et al. (submitted) — arXiv:2004.07273



Where’s the Fluctuation?
MS RGB
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The Future of Ground-Based SBF
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The Future of Ground-Based SBF
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LSST’s deep-wide-fast survey

Greco et al. (submitted) 

✦ 18,000 deg2 

✦ urgizy 

✦ seeing ~ �0.′�′�7

The Future of Ground-Based SBF



dragonflytelescope.org

Dragonfly
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One Dragonfly pointing
Hyper Suprime-Cam

The Dragonfly Wide Field Survey

Slide by Shany Danieli

• 550 deg2 with 8-10 hr  
of integration time per pointing 

• Limiting surface brightness of  
~31 mag/arcsec2 (10″x10″ scales) 

• Shany Danieli’s (IAS) thesis



The Dragonfly Wide Field Survey

Danieli et al. 2019



Image courtesy  
of  Shany Danieli



Will tile the entire  
SDSS footprint

Limiting SB 
~28.5 mag/arcsec2 

(10″x10″ scales)

The Dragonfly UltraWide Field Survey

Greco et al. (in prep.)



Summary

SBFs will play an essential role in confirming & 
studying dwarf galaxies in the LSST era.

Annika Peter (OSU), Pieter van Dokkum (Yale), Roberto Abraham (Toronto), Shany Danieli (IAS), Paul 
Martini (OSU),  Jenny Greene (Princeton), Rachael Beaton (Princeton), Scott Carlsten (Princeton), Andy 
Goulding (Princeton), Song Huang (UCSC), Erin Kado-Fong (Princeton), Team Dragonfly, and The HSC-SSP

Special thanks to my collaborators!

We are entering a new era for LSB science! 
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