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2022 GRADUATE STUDENT SEMINAR

A PERSONAL VIEW

» From an observational point-of-view
» | am very biased

» Itis highly incomplete...

WHAT | WILL COVER TODAY

» / basic facts (given what we know for now)

» 2 controversial (and open) questions

y 2 positive and 2 negative aspects of this topic




The Spitzer Infrared Nearby Galaxies Survey (SINGS) Hubble Tuning-Fork

The Spitzer Space Telescope observed 75 galaxies as part of its SINGS
(Spitzer Infrared Nearby Galaxies Survey) Legacy Program. The
galaxies are presented here in a Hubble Tuning-Fork diagram, which
groups galaxies according to the morphology of their nuclei and spiral
arms. The designation of these galaxies and their placement in the
diagram is based on their visible-light appearance. The main goal of the
SINGS program is to characterize the infrared properties of a wide range
of galaxy types. The images of the galaxies are composites created
from data taken by IRAC (the Infrared Array Camera) at 3.6 and 8.0 um,
and MIPS (the Multiband Imaging Photometer for Spitzer) at 24 um.

The infrared range probed by these and other observations
taken for the SINGS project allows for the detailed study of
star formation, dust emission, and the distribution of stars in
each galaxy. Light from old stars appears as blue in the
images, while the lumpy knots of green and red light are
produced by dust clouds surrounding newly born stars. The ’
elliptical galaxies on the left are almost entirely made of old N
stars, while spiral galaxies like our own Milky Way are rich in ’
young stars and the raw materials for future star formation.

More information can be found at: P
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SINGS Team
Robert Kennicutt, Jr. (Principle Investigator), Daniela Calzetti (Deputy Principle Investigator), Charles
Engelbracht (Technical Contact), Lee Armus, George Bendo, Caroline Bot, Brent Buckalew, John
Cannon, Daniel Dale, Bruce Draine, Karl Gordon, Albert Grauer, David Hollenbach, Tom Jarrelt, Lisa
Kewley, Claus Leitherer, Aigen Li, Sangeeta Malhotra, Martin Meyer, John Moustakas, Eric Murphy,
Michael Regan, George Rieke, Marcia Rieke, Helene Roussel, Kartik Sheth, J.D. Smith, Michele
Thornley, Fabian Walter & George Helou

So, why do we think
UDGs are special ?

Or...What is a UDG?



LET'S GET BACK TO THE DRAWING BOARD



NGFS dwarfs (non-nucleated)
NGFS dwarfs (nucleated)

_-25 Munoz et al. 2015




THE BEGINNING. . .

ommateum

The Dragonfly Telephoto Array

48 high end telephoto lenses
equivalent to 1Tm diameter, /0.4 refractor
superb optics
(Abraham & van Dokkum 2014,

Merritt et al. 2016, Danieli et al. 2020)
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4] “SMUDGES™ IN THE COMA CLUSTER

Dragonfly g+r CFHT i

van Dokkum et al. 2015
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“MILKY WAY SIZE™ GALAXY?

van Dokkum et al. 2015

_dwarf elliptical
galaxy

’ ultra-diffuse galaxy

Andromeda
- galaxy
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Who's Right?

Trujillo 2021
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L ow-Surtace Brightness (LSB) Dwart Galaxies

Bothun+1991

INn Fornax

Also see:
Impey+1988;
Turner+1993
Dalacanton+1997

Caldwell 2006

Why haven’t people notice they are “special” before?



They are everywhere



van der Burg et al. 2017
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Ah...Distance...What a
cursed word in astronomy



Why redshift or line-of-sight velocity is no longer good?

How do you measure the distance of them?




Surface Brightness Fluctuation

HST B data : . 3 MpC m.gdel | A : <5, MpC n;odel. .. .
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There is a range of looks...



Blue LSBGs Red LSBGs
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Intrinsic Shape: between a football and a frisby

Kado-Fong et al. 2021

@ This work, (g-1>0.64)
o This work, (g-i<0.64)

'
B Rong+2020 (group/cluster UDGSs)
® Burkert+2017 (Coma UDGs,

B/A=C/A model)

* K-F+2020 (spec-z,
10° < == < 1099)
0.6 .
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Yes, they can form stars;
Yes, they can be gas rich



Mostly not in cluster environment; Also has emission line detections

Greco et al. 2018
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Also see "Hl-rich LSB/UDGs"



Stellar population and Star
Formation history are diverse as well



Spectroscopic observation is extremely difficult...
Gu et al. 2017
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UDGs can show very broad range of star - .
formation efficiency ;

Villaume et al. 2021

Martin-Navarro et al. 2019 _* . o

Dwarf spheroidals stars a
Milky Way stars
Globular clusters o
Ultra-faint dwarfs stars %
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They are mysterious little
jewelry boxes...



HST WFC3/UVIS F606W

(1 orbit) Danieli et al. 2021

Why do we care about GCs in
these systems?

& < N5846-UDG1
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- ¢ Normal galaxies (Harris)
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There is a wide range of GC abundance
Somalwar et al. 2020
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Some have crazy dynamic
mass to light ratio



Turned out that some are very dark matter dominated while
others are “dark matter free”?

Using the kinematics of both resolved stellar population and the globular cluster systems
van Dokkum et al. 2019
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QUESTION

Both DM dominated and DM
free? Seriously?



Why do we think the UDGs should be “DM dominated” in the first place?

Credit: Pieter van Dokkum
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So...they are getting tidal distorted/disrupted anyway...
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QUESTION

Can they challenge galaxy
formation? Dark Matter? Everything
we know about the Universe?
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Are we good?



POSITIVE

Force us to think about galaxy
formation and halo connection in
a new angle



Trujillo-Gomez et al. 2021

= HAM (B13)
SPARC (L20)
baryon-rich (Guo20)
local dwarfs (F18)
DF2 (vD18)
DF4 (vD19)
field UDGs (MP20)




POSITIVE

LSB science is back under the
spotlight




NEGATIVE

Fail to see the wood for the trees




Eigenthaler et al. 2018
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NEGATIVE

There are noises..




Abel 168 at z=0.045
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Bogdan 2020 DF44 in Coma Cluster

Chandra XMM-Newton
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Hunting Diffuse Dwarfs in the Perseus Clusters -

....and several more clusters using Hyper Suprime-Cam

e e e ¢ &
..+ :In collaboration with

.

° -‘. Nobuhiro Okabe (Hiroshima)

‘. .z ®»  Aaron Romanowsky (SJSU & UCSC) 1
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