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Ultra-Diffuse Galaxies - what are they?

• “New” : firstly observed 2015, van Dokkum et al., 47 
UDGs

• not a misnomer: 

dwarfs : M★ ∼ 107 - 108 Msun

diffuse : Re ∼ 1.5 - 4.5 kpc

• probably Dark-Matter dominated in order to be long-
lived in cluster environments

• Milky-Way sized galaxies with the (stellar) mass of small 
dwarf-Ellipticals !!

→ μg,c ∼ 26 mag/arcsec2



van Dokkum+15:

- 47 objects overlapping the Coma cluster
- no redshift distances
- but stars not resolved even with HST/ACS 
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UDG Globular Cluster (GC) population

• Beasley & Trujillo (2016):  “DF27”

→ NGC=27±5
→ high specific GC frequency
→ MDM∼1011Msun, fDM∼1000

2 Beasley & Trujillo

Figure 1. g475,V606,I814 HST/ACS composite image centered on DF17. GC candidates are marked with small yellow circles. The large
white circle represents a 300 pixel radius region (15��, or ∼ 2 times the galaxy effective radius) within which we associate GC candidates
as those belonging to DF17.

imaging in the F475W (g475), F606W (V606) and F814W
(I814) filters (GO-12476; PI: Cook; Macri et al. 2013).
Exposure times totalled 5100s, 5820s and 5100s in each
filter, respectively.
These data were retrieved from the archive on 18

March 2016 and after pipeline reduction, individual ex-
posures were median combined with SWARP (Bertin et
al. 2002) in order to place them on a common grid
and remove a significant cosmic ray contribution. The
combined 3-band color image zooming in the the region
around DF17 is shown in Fig. 1.

2.2. Globular cluster photometry and selection

We performed aperture photometry on the imaging
data using SExtractor (Bertin 1996) with a 5-pixel radial
aperture. In order to maximize our object detection, we
set both the detection and analysis thresholds to 0.9σ of
the background level, and detected objects on 7-pixel un-
sharp masked images in the F814W filter. We required
that objects were detected within all three filters to be
considered a real source. We performed photometry on
the original images. Magnitude zeropoints were obtained
from the ACS webpages corresponding to the dates of the
observations, and are ZP(F475W) = 26.06, ZP(F606W)
= 26.49 and ZP(F814W) = 25.94. AB magnitudes were
then obtained by correcting to infinite aperture using the

enclosed energy curves of Sirianni et al. (2005). For the
above radial aperture, we determine that the HST/ACS

imaging is 5σ complete down to F475W = 27.20, F606W
= 27.33 and F814W = 26.98.
At the distance of the Coma cluster (m − M=35.0;

Carter et al. 2008), GCs are unresolved and appear
as point-sources. However, the majority of background
galaxies are resolved allowing for their effective removal.
We selected point sources by running our photometry
with two aperture sizes, one of 5 pixel radius and an-
other of 10 pixels similar to the approach of Peng et al.
(2011).
Our point source selection window is shown in Fig. 2.

The locus of point sources lies at 0.25, and we selected
objects ±0.1 mag about this locus. In addition, we im-
posed a faint magnitude limit at I814= 26.98, which cor-
responds to our 5σ completeness limit, and a bright limit
at I814= 22.0, which corresponds to MI = −13.0 at our
adopted Coma distance, and would include all known
MW GCs. Objects brighter than I814= 22.0 are assumed
to be stars.
To narrow our selection further we applied a color cut

0.5 <(g475–I814)< 1.5 which is consistent with the ex-
pected color ranges for old GCs (e.g., Beasley et al. 2016;
Peng et al. 2011). From our selection criteria, we de-
tect 68 GC candidates. The color-magnitude diagram
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Figure 3. Number of GCs versus stellar mass for DF17, VCC 1287 UDG in Virgo (Beasley et al. 2016) and nearby galaxies from the

Harris et al. (2013) catalog. Also shown are the locations of the present-day MW and LMC, and the expected locations of these galaxies

at redshift 3 assuming a stellar mass evolution for the MW from Snaith et al. (2014) and a GC accreted fraction of 30 percent (Forbes &

Bridges 2010), and a stellar mass evolution for the LMC from Leaman et al. (2016; in preparation)

ies from the catalog of Harris et al. (2013). Stellar

masses are calculated from the V−band luminosities of

the systems and stellar mass-to-light ratios from Zibetti

et al. (2009). The lower-limit errorbars for DF17 and

VCC 1287 indicate the position of the number of de-

tected GCs prior to correction for incomplete sampling

of the GCLF. For DF17 we calculate a stellar mass,

Mstar=(8.4±2.1)×10
7
M⊙, based on the relation of Tay-

lor et al. (2011) and a conversion from g475-I814 to Sloan

g and i using the Vazdekis et al. (2010) models.

The locations of the two UDGs indicate that they

have significantly poorer GC systems than the present-

day MW (NGC = 160; Mstar ∼ 5 × 10
10

M⊙). Also,

the UDGs have significantly lower stellar mass than

the LMC, but have comparable GC populations (LMC;

NGC = 16; Mackey & Gilmore 2004).

This is significant because one hypothesis put forward

by van Dokkum et al. (2015) as the origin of Coma

UDGs is that they may be quenched L∗ systems. GCs

are generally thought to have formed a high redshifts,

as suggested by the ages of MW GCs (≥ 12 Gyr, or

z > 3; e.g., VandenBergh et al. 2013) and the old ages of

extragalactic GC systems (Puzia et al. 2005; Strader et

al. 2005). Presumably any quenching of star formation

in UDGs took place after the bulk of the GCs formed,

thereby making the absolute number of GCs an indicator

of the nature of UDGs.

In Fig. 3 we plot the expected location of the MW at

z = 3, assuming a stellar mass evolution from Snaith et

al. (2015), or a factor of ∼ 2.5 change in stellar mass

over this period. We assume that the in situ population

of MW GCs formed at high redshift constitutes ∼ 70 per

cent of the present-day GC population, with the remain-

ing ∼ 30 per cent later accreted (Forbes & Bridges 2010).

The direction of evolution of the MW is indicated by the

dashed line in Fig. 3. We find that, assuming a Milky-

Way like star formation history, quenching occurring at

z = 3 does not reproduce the stellar mass or, perhaps

more importantly, the total GC population observed in

DF17 (or VCC 1287). Even assuming quenching at z = 5

(a factor of ∼ 5 change in stellar mass) does not place

the MW near the stellar mass of DF17.

Performing a similar exercise with the LMC is illus-

trative. Assuming quenching at z = 3 implies a mass

evolution of a factor of ∼ 10 to the present day (Leaman

et al. 2016; in preparation), placing the LMC (and its

GC system) at a stellar mass similar to DF17.

Further, we also obtain an estimate of the virial mass

of DF17 by using NGC as a proxy for total halo mass

(Beasley et al. 2016; Harris et al 2013). ForNGC = 27±5

GCs, we obtain Mvir = (9 ± 2) × 10
10

M⊙, using the

relation of Harris et al. (2013). The uncertainty on this

mass estimate comes purely from the uncertainty inNGC,

the scatter in mass in the NGC−Mvir relation is at least

a factor of two in the dwarf galaxy regime (Harris et al.

2013). This yields Mvir / Mstar ∼ 1000.
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Figure 4. Left: Colors of all GC candidates in ACS field compared to that of GC candidates we associate with DF17. Also indicated

are the locations of the mean colors of intracluster GCs (Coma IGCs), and the blue and galaxy subpopulations identified by Peng et al.

(2011). The vertical shaded region shows the mean color of the galaxy with uncertainties (g475-I814= 0.84±0.1) within 1 effective radius.

Right: g475–z850 colors of the DF17 GCs compared to the mean colors from ACSVCS (Peng et al. 2006). Our colors have been converted

as described in the text. The location of the DF17 GCs is consistent with a “normal” galaxy with MV ∼ −19.0.

This virial mass is very similar to that of VCC 1287
(8.0±4.0)×1010 M⊙; Beasley et al. 2016). Interestingly,
it is also similar to mass estimates for the LMC (∼ 1 ×
1011M⊙; Gómez et al. 2015) - i.e., a relatively massive
dwarf galaxy.

3.2. Colors of the globular clusters

The color distribution of DF17 GCs is shown in the
left panel of Fig. 4, where we compare with GCs in the
field which we regard as intracluster GCs (IGCs). For
the IGCs, we measure a mean (g475–I814) = 0.89± 0.03,
σ(g475–I814)=0.21. This color is identical to that mea-
sured by Peng et al. (2011) for IGCs in the Coma clus-
ter. For the DF17 GCs, we measure a mean (g475–I814) =
0.91±0.05, σ(g475–I814)=0.15, identical to the IGCs, and
only slightly bluer than the (g475–I814) = 0.94 obtained
by Peng et al. (2011) for the blue GCs these authors as-
sociate with massive galaxies. By contrast, the red peak
of the Coma cluster galaxies are substantially redder,
with (g475–I814) = 1.18 (Peng et al. 2011). Thus, based
on their colors, both the IGC populations in Coma and
also the outer regions of the massive Coma galaxies may
comprise, at least in part, of GCs from systems similar
to DF17.
To compare the colors of the DF17 GCs with a larger

sample of galaxies we turned to the results for the color
distributions of GCs from the ACS Virgo Cluster Survey
(ACSVCS; Peng et al. 2006). The ACSVCS observed
100 galaxies in the g475 and z850 bands, whereas our ob-
servations include g475 and I814. We searched the litera-
ture for a conversion between g475–I814 and g475–z850 but
found none, therefore we made our own. We convolved
the ACS filter throughput curves for g475, I814 and
z850 from the ACS webpage with the empirically-based
model spectra of MIUSCAT (Vazdekis et al. 2012) se-
lecting 12 Gyr ages for a range of metallicities. The

resulting relation between the predicted g475–I814 and
g475–z850 colors is linear, and from linear regression we
obtain:

g475 − z850 = (g475 − I814)× 1.023 + 0.128 (1)

and, for completeness,

g475 − I814 = (g475 − z850)× 0.975− 0.122 (2)

Applying Eq. 1 to the mean g475–I814 colors of the
DF17 GCs we obtain g475–z850= 1.04 ± 0.06. These are
shown in the right panel of Fig. 4. The mean colors
of GC systems of the ACSVCS galaxies define a color-
magnitude sequence; more luminous galaxies have, on
average, redder GC systems. In this context the GCs of
DF17 appear anomalous since they appear too red for the
luminosity of their host galaxy. To lie on the ACSVCS
relation, DF17 would be expected to have MV ∼ −19.0,
∼ 4 magnitudes more luminous than its present location.
Typical stellar masses of MV ∼ −19.0 galaxies in the
ACSVCS are ∼ 5× 109 M⊙. Both abundance-matching
and simulations suggest characteristic virial masses of
these systems to be ∼ 1 × 1011 M⊙(e.g., Behroozi et al.
2010; Brook & Di Cintio 2015; Schaller et al. 2015). This
virial mass estimate from the GC colors is in excellent
agreement with the mass obtained from the GC numbers.
For comparison, stellar and halo mass estimates for the

LMC, M33 and the MW are, (LMC: Mstar = 3×109 M⊙,
Mvir = 1×1011 M⊙; van der Marel et al. 2014, Gómez et
al 2015; M33: Mstar = 6× 109 M⊙, Mvir = 2× 1011 M⊙;
Corbelli 2003, Seigar 2011; MW: Mstar = 5 × 1010 M⊙,
Mvir = 1 × 1012 M⊙; McMillan 2011; Watkins et al.
2010).
Therefore, both the total numbers and colors of the

GCs in DF17 suggest that they are hosted in a halo more
massive than otherwise suggested by the stellar mass of



UDG Globular Cluster (GC) population

• Beasley+16:
 VCC128

five photometric bands of Re= 30 2±1 8 (2.4± 0.1 kpc) and
obtain a mean SB of μ(g, 0)=26.7mag arcsec−2,
g i 0.830( ) , andMg=–13.3. By comparison, the UDGs
identified by van Dokkum et al. (2015a) have Re=1.5–4.6 kpc,
g, 0 25( ) mag arcsec−2, g i 0.80( ) , and M 14g

(Figure 2). VCC1287 has already been identified as a faint,
extended system by Binggeli et al. (1985) in the Virgo Cluster
Catalog (VCC), although no redshift has been published. Indeed,
Binggeli et al. (1985, p. 1756) classified VCC1287 as a dwarf
irregular galaxy “.. of very large size and low surface
brightness.”

GCs were identified exploiting all five MegaCam bands. A
catalog of sources was extracted using SExtractor (Bertin &
Arnouts 1996). Only objects detected in all five bands were
considered, selecting point sources by imposing the i-band class
star parameter of SExtractor to be >0.5. This removes most
extended objects from the catalog, owing to the excellent (0 6)
seeing of the images. We selected as GC candidates all point
sources within the following color ranges: 0.6<(g−z)<1.2,
1.1<(u−g)<1.8, and 0.7<(g−i)<1.0. We selected a
fairly narrow color range in order to minimize contamination
from background sources (in particular, red background
galaxies). However, these color ranges are consistent with the
distributions seen in other studies of Virgo dwarf galaxies (e.g.,
Beasley et al. 2006; Peng et al. 2006). In order to exclude ultra-
compact galaxies, we also imposed a magnitude cut, i>19.5

mag, equivalent to the magnitude of the Milky Way GC ωCen
at the distance of Virgo.
To determine the total number of GCs in VCC1287, we

constructed the surface density profile of the GC system and
found it to extend to ∼175″ (∼13 kpc), beyond which is a
constant background with 0.2 objects per arcmin2. Next, all
point sources within 175″ of the galaxy center and that satisfy
our selection criteria were flagged as GCs—returning 18
candidates. Star and galaxy contamination were calculated by
the random placement of 1000 circles with 175″ radii in the 1
deg2 field surrounding VCC1287. We found a mean of 6
objects expected within such a circle, with a standard deviation
of 2.5 counts using our selection criteria, with no sky apertures
with ≥18 objects. The identification of 18 GC candidates
represents an overdensity with respect to the background level
at ∼5σ significance. Subtracting this contamination rate left 11
GC candidates down to the GC turnover magnitude (i=23.1,
using I-band values of Kundu & Whitmore2001 and an i-band
transformation from Faifer et al. 2011).
Assuming that the GC luminosity function is bell-shaped

(Harris et al. 2000), we doubled their number to obtain a total
GC population of 22±8 GCs, where the uncertainties come
from the quadrature sum of the Poisson uncertainties and the
background contribution.
This may not sound remarkable, but when normalized to the

host galaxy magnitude using the “specific frequency” (SN;
Harris & van den Bergh 1981), we find VCC1287 has

Figure 1. Environment surrounding VCC1287, observed with a 0.1 m aperture at f/5.7 Borg ED101 apocromatic refractor from the Antares Observatory in
northeastern Switzerland. The subplot is a zoomed-in gri color-composite image of VCC1287 from CFHT/MegaCam. GC candidates are circled in red. The green
and orange boxes identify confirmed GCs and the confirmed nucleus of the galaxy, respectively. North is up, east is left.
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UDG Globular Cluster (GC) population
• Beasley+16:  VCC128

• also high specific GC frequency
• MDM∼1011Msun, fDM∼1000

• in Re, fDM∼100 (cf. van Dokkum+16)

averaging the two mass measurements obtained from Figure 4.
Here, M200 is the virial mass at the radius where the density is
200 times the critical density of the universe. This halo mass is
similar to that reported for the Large Magellanic Cloud (van der
Marel & Kallivayalil 2014).

To check this approach, we also ran spherically symmetric,
isotropic Jeans-mass models using DM-only mass distributions
and obtained M 5.5 10200 4

24 10Me, in good agreement
with our estimates from the EAGLE simulations.

Inferring virial masses is model dependent, so we sought an
additional, independent check of our mass determinations.
Harris et al. (2013) obtained the remarkable result that the ratio
of the total mass in GCs in a galaxy (MGCS) to the galaxy halo
mass (Mhalo) is constant over ∼6 decades in galaxy luminosity,
specifically, MGCS/Mhalo=6×10−5. In other words, the
virial mass of a galaxy can be determined by totaling the mass
in its GC system. We have already seen that VCC1287
possesses a very large number of GCs for its stellar luminosity
(Figure 4). Using the relation of Harris et al. (2013), with
22±8 GCs, we obtain Mhalo (GCs)=(7.3±2.7)×1010Me.
This halo mass is in excellent agreement with our dynamical
inference.

5. DISCUSSION

Much work in recent years has focused on the efficiency of
star formation in DM halos of a given mass (e.g., Behroozi
et al. 2013; Moster et al. 2013; Brook & Di Cintio 2015; Tollet
et al. 2016). One way to quantify this is using the Mstar–Mhalo
relation. This relation is shown in Figure 5 for our dynamically
basedM200 and for the counting GC-basedMhalo for VCC1287
and selected galaxies.

Figure 5 shows that VCC1287 is an outlier independent of
the method used to determine Mhalo. Its location with respect to
“normal” galaxies suggests that its stellar mass is very low for
its halo mass. In this context, VCC1287 would need to have a

stellar mass that is a factor of ∼100 larger (∼5 mag brighter) in
order to be centered in these relations. We measure a stellar
fraction (Mstar/Mhalo) of ∼3.5×10−4, whereas “normal”
galaxies at this halo mass have Mstar/Mhalo∼1×10−2.
A halo-to-stellar mass ratio of ∼3000 is unprecedented for

any galaxy besides a dwarf spheroidal. It suggests that galaxy
formation is highly stochastic for halo masses of ∼1010–
1011Me, with stellar masses varying by factors of 100 or more
at fixed halo mass. This idea has been suggested as a solution to
the problem of missing massive Milky Way satellites—the so-
called “too big to fail” problem (Boylan-Kolchin et al. 2011).
However, the stochastic solution has been generally rejected as
implausible, with extreme stochasticity in simulations expected
to set in at much lower masses (Brook & Di Cintio 2015;
Sawala et al. 2015; Wheeler et al. 2015). The results for
VCC1287 raise the possibility that there are unidentified
massive galaxies lurking at still lower SBs and that these DM
halos are not too big to fail.
Key questions are what is the formation history of this system,

and is this typical of all UDGs? We reject the idea that
VCC1287 is a tidal-dwarf system, as these are expected to have
total DM fractions of less than 10% (Bournaud et al. 2007).
We cannot currently rule out that this is a tidally stripped

system, but this interpretation is not favored by us. We see no
obvious tidal features in our imaging. In addition, simulations
suggest that in order to affect the stars and GCs, more than 90%
of the DM must first be removed and that the more spatially
extended GC system is affected before the stars (Smith
et al. 2015). We have shown that VCC1287 has an unusually
rich system of GCs for its stellar mass, so any tidal mechanisms
must preferentially remove stars over GCs. However, obtaining
deeper imaging of this system in order to look for low surface
brightness tidal features would be very useful.
In a general sense, this may be a “quenched” system (Boselli

& Gavazzi 2014): perhaps a massive dwarf galaxy that had its

Figure 5. Left panel: Mstar–Mhalo relation for VCC1287 (gray circle with error bars) compared to nearby galaxies (Harris et al. 2013), with masses based on counting
GCs. Stellar mass-to-light ratios were obtained from Zibetti et al. (2009), with B−V colors from HyperLeda (green triangles). Right panel: Mstar–M200 relation for
VCC1287 based on our dynamical masses compared to nearby galaxies (red triangles; Harris et al. 2013), dEs (yellow circles; Geha et al. 2003), and Local Group
dwarfs (green stars; McConnachie 2012). Masses for all these galaxies have been derived using the same methodology for which we derived the VCC1287 mass. The
dwarf-galaxy regime is sparsely sampled since we only show galaxies within at least 50% of the EAGLE simulations convergence radius. Also shown are 2582 central
galaxies from EAGLE (cyan squares).
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averaging the two mass measurements obtained from Figure 4.
Here, M200 is the virial mass at the radius where the density is
200 times the critical density of the universe. This halo mass is
similar to that reported for the Large Magellanic Cloud (van der
Marel & Kallivayalil 2014).

To check this approach, we also ran spherically symmetric,
isotropic Jeans-mass models using DM-only mass distributions
and obtained M 5.5 10200 4

24 10Me, in good agreement
with our estimates from the EAGLE simulations.

Inferring virial masses is model dependent, so we sought an
additional, independent check of our mass determinations.
Harris et al. (2013) obtained the remarkable result that the ratio
of the total mass in GCs in a galaxy (MGCS) to the galaxy halo
mass (Mhalo) is constant over ∼6 decades in galaxy luminosity,
specifically, MGCS/Mhalo=6×10−5. In other words, the
virial mass of a galaxy can be determined by totaling the mass
in its GC system. We have already seen that VCC1287
possesses a very large number of GCs for its stellar luminosity
(Figure 4). Using the relation of Harris et al. (2013), with
22±8 GCs, we obtain Mhalo (GCs)=(7.3±2.7)×1010Me.
This halo mass is in excellent agreement with our dynamical
inference.

5. DISCUSSION

Much work in recent years has focused on the efficiency of
star formation in DM halos of a given mass (e.g., Behroozi
et al. 2013; Moster et al. 2013; Brook & Di Cintio 2015; Tollet
et al. 2016). One way to quantify this is using the Mstar–Mhalo
relation. This relation is shown in Figure 5 for our dynamically
basedM200 and for the counting GC-basedMhalo for VCC1287
and selected galaxies.

Figure 5 shows that VCC1287 is an outlier independent of
the method used to determine Mhalo. Its location with respect to
“normal” galaxies suggests that its stellar mass is very low for
its halo mass. In this context, VCC1287 would need to have a

stellar mass that is a factor of ∼100 larger (∼5 mag brighter) in
order to be centered in these relations. We measure a stellar
fraction (Mstar/Mhalo) of ∼3.5×10−4, whereas “normal”
galaxies at this halo mass have Mstar/Mhalo∼1×10−2.
A halo-to-stellar mass ratio of ∼3000 is unprecedented for

any galaxy besides a dwarf spheroidal. It suggests that galaxy
formation is highly stochastic for halo masses of ∼1010–
1011Me, with stellar masses varying by factors of 100 or more
at fixed halo mass. This idea has been suggested as a solution to
the problem of missing massive Milky Way satellites—the so-
called “too big to fail” problem (Boylan-Kolchin et al. 2011).
However, the stochastic solution has been generally rejected as
implausible, with extreme stochasticity in simulations expected
to set in at much lower masses (Brook & Di Cintio 2015;
Sawala et al. 2015; Wheeler et al. 2015). The results for
VCC1287 raise the possibility that there are unidentified
massive galaxies lurking at still lower SBs and that these DM
halos are not too big to fail.
Key questions are what is the formation history of this system,

and is this typical of all UDGs? We reject the idea that
VCC1287 is a tidal-dwarf system, as these are expected to have
total DM fractions of less than 10% (Bournaud et al. 2007).
We cannot currently rule out that this is a tidally stripped

system, but this interpretation is not favored by us. We see no
obvious tidal features in our imaging. In addition, simulations
suggest that in order to affect the stars and GCs, more than 90%
of the DM must first be removed and that the more spatially
extended GC system is affected before the stars (Smith
et al. 2015). We have shown that VCC1287 has an unusually
rich system of GCs for its stellar mass, so any tidal mechanisms
must preferentially remove stars over GCs. However, obtaining
deeper imaging of this system in order to look for low surface
brightness tidal features would be very useful.
In a general sense, this may be a “quenched” system (Boselli

& Gavazzi 2014): perhaps a massive dwarf galaxy that had its

Figure 5. Left panel: Mstar–Mhalo relation for VCC1287 (gray circle with error bars) compared to nearby galaxies (Harris et al. 2013), with masses based on counting
GCs. Stellar mass-to-light ratios were obtained from Zibetti et al. (2009), with B−V colors from HyperLeda (green triangles). Right panel: Mstar–M200 relation for
VCC1287 based on our dynamical masses compared to nearby galaxies (red triangles; Harris et al. 2013), dEs (yellow circles; Geha et al. 2003), and Local Group
dwarfs (green stars; McConnachie 2012). Masses for all these galaxies have been derived using the same methodology for which we derived the VCC1287 mass. The
dwarf-galaxy regime is sparsely sampled since we only show galaxies within at least 50% of the EAGLE simulations convergence radius. Also shown are 2582 central
galaxies from EAGLE (cyan squares).
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Dragonfly44, they can apparently operate in a regime where
galaxy formation was thought to be both maximally efficient
and relatively well understood.

We emphasize, however, that the halo abundance matching
technique relies on total halo masses, and in our study the total
halo mass is an extrapolation of the measured mass by a factor of
∼100. A more robust and less model-dependent conclusion is
that the dark matter mass within r 4.6 kpc is similar to the
dark matter mass of the Milky Way within the same radius (Xue
et al. 2008). Better constraints on the halo masses of UDGs may
come from lensing studies of large samples. Intriguingly, a weak
lensing map of the Coma cluster by Okabe et al. (2014) shows a
2 peak at the location of Dragonfly44. Peaks of similar
significance have inferred masses of a few M1012 , and unlike
most other features in the map it is not associated with known
bright galaxies or background structures.

Our study demonstrates that it is possible to measure the
stellar kinematics of UDGs using existing instrumentation on
large telescopes. With sufficiently large samples it will be
possible to determine what fraction of UDGs are “failed”
galaxies (as opposed to, say, tidally stretched low-mass
galaxies) and what the variation is in their masses and M/L
ratios. A preliminary analysis of the other, smaller, UDGs in
our DEIMOS mask suggests that they have lower velocity
dispersions than Dragonfly44; a study of the ensemble of
UDGs is in preparation.

We thank the anonymous referee for insightful comments
that improved the manuscript.
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Figure 5. NFW halos (Navarro et al. 1997) with different masses within r200.
The black filled square is the enclosed mass of Dragonfly44 within its
deprojected half-light radius r1 2. The light open squares are for VCC 1287; the
two points are for r1 2 and for the radius that includes all six globular clusters
with measured velocities (see Beasley et al. 2016).
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NGC ∼ 100 (!)

• MDM∼1012Msun

(MW!)

• in Re, fDM∼50



Another UDG: DGSAT-I

• first UDG with confirmed distance (78 Mpc, redshift):
hence confirmed size & luminosity

• first data collected with:
15-cm aperture refractor, 43800s exposure time
40-cm Newton telescope, 13200s exposure time

• original purpose: search for M31 dSphs

• no stars resolved in follow-up Subaru V,I-band images!
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Follow-up observations of DGSAT-I

• Subaru SuprimeCam images in V+I band from the 
SMOKA archive, 7000s total integration time

→ no stars resolved at 0.6’’ resolution!

• slit spectroscopy: SCORPIO spectrograph on the 6-m 
BTA telescope of the SAO RAS

total 25200s, coverage 3700-5500Å, resolution 5Å

• Hα narrow-band imaging







Results

• Vh = 5450±40 km/s → VLG = 5718 ± 40 km/s

→ Hubble distance 78 Mpc

→ association with an outer filament of the Pisces-
Perseus supercluster
→ but isolation is also possible



Photometric analysis

• important and difficult:
complete masking and precise background subtraction

→ multi-step masking and object detection

• use GALFIT to fit a Sersic profile
• no background component to reduce degeneracy

• optionally fit central-offset overdensity (bar?) with 
separate component, or mask it (?)



Photometric analysis: GALFIT



Photometric analysis: GALFIT

30 kpc

19 kpc







DGSAT-I





Color (V-I) : central offset overdensity is ∼0.4mag bluer !



Color (V-I) : central offset overdensity is ∼0.4mag bluer !



Koda+15 (arXiv:1506.01712):
800 (!) UDGs in Coma



Koda+15 (arXiv:1506.01712):
800 (!) UDGs in Coma
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Ongoing / Future Work

• spatially resolved spectroscopy (e.g., MUSE proposal)
to get:
- kinematic structure, especially ROTATION
- (inner) mass profile, esp. DM profile
- stellar population (incl. gradient)

• Globular Cluster kinematics for DM halo mass/profile

• GC counts and metallicities (formation, accretion/
mergers?)

• improve Numbers of analyzed UGDs



Summary

• UDGs may be very ubiquitous and contribute 
significantly to the faint galaxy population

• Dark Matter content unclear at the moment but likely 
high

• still need to find a consensus formation model

• more to come soon, including resolved spectroscopy 
(but hard!)


