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Abstract of Scientific Justification (will be made publicly available for accepted proposals):

The Dragonfly Telephoto Array is a telescope optimized for detection of low surface brightness
objects and hence can be used to observe and characterize the morphology of Ultra Diffuse Galaxies
(UDGs). These are galaxies with low surface brightness and large radii. How UDGs form is
presently not clear and multiple formation mechanisms might be at play in creating these galaxies,
one of them being tidal interaction with the host halo of the group or the cluster in which the UDG
resides. An ultra deep survey of low surface brightness regions around a UDG can potentially reveal
tidal features of these galaxies thereby hinting at how they were formed. Therefore, we propose
to perform deep imaging (29 mag arcsec−2 at 4σ) of a nearby UDG KDG218 (most likely located
in the group NGC 4958 or in the VirgoSE extension) with Dragonfly in g and r bands to look for
tidal features around it.

Summary of observing runs requested for this project

Run Telescope Instrument No. Nights Min. Nights Moon Optimal months Accept. months

1 Dragonfly Imager 2 1 Dark April ’18 N.A.
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Scientific Justification Be sure to include overall significance to astronomy. Limit text to one page
with figures, captions and references on no more than two additional pages.

Background

Ultra diffuse galaxies (UDGs) are low surface brightness (µ0(g) > 24 mag acrsec−2) galaxies having
large sizes (Re > 1.5 kpc). These were initially found in the Coma Cluster by van Dokkum et
al. (2015). Since then, UDGs have been found in less dense environments as well. Currently, the
formation scenario of these objects is not well understood. Recent studies, both observational and
theoretical, point towards multiple formation mechanisms. It is possible that these are regular
dwarfs which got puffed up due to tidal interactions or repeated episodes of violent supernova
explosions (e.g. Di Cintio et al. 2017). On the other hand some UDGs have been found to live in
massive (1012M�) host halos (e.g. Dragonfly 44, van Dokkum et al. 2016) which have led to the
hypothesis that at least a subsection of them could be failed Milky way like galaxies.

This proposal

In this proposal we aim to establish whether a subsection of UDGs could form via tidal interactions
within a group or a cluster environment. We plan to do this by deep imaging of a nearby ultra
diffuse galaxy KDG218 with the Dragonfly Telephoto Array. This galaxy was previously observed
by Karachentsev et al. (2017) with HST in the F606W and F814W filters with integrated exposures
of 1030s each. The surface brightness profile of the galaxy goes down to a depth of 27 mag arcsec−2

but appears to be noisy (Fig. 1). The minimum distance was estimated to be 13.1 Mpc. However,
according to Karachenstsev et al. (2017), it is most likely associated with the VirgoSE filament at
16.5 Mpc or the NGC 4958 group at 22 Mpc. The effective angular diameter was measured to be
0.79′. Assuming the distance of the galaxy to be 13.1 Mpc (22 Mpc), the effective radius turns out
to be 1.5 kpc (2.5 kpc). Thus, it belongs to the class of ultra diffuse galaxies.

(a) (b)

Figure 1: a) HST image of the galaxy KDG218 in F606W filter. The field size is about 3.5′ × 3.5′.
b) surface brightness profile in the F606W (black) and F814W (red) bands (Karachenstsev et al.
2017)

We propose to observe this galaxy and its surrounding fields using Dragonfly with a 4σ detection
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limit of 29 mag arscsec−2 in g and r bands individually after binning over 6′′ × 6′′ boxes. With
this setup we are confident in detecting tidal features in the galaxy outskirts, if they exist. (see
Technical Description for further details)

Recently van Dokkum et al. (2018) have reported that the dark matter deficient UDG NGC1052-
DF2 has a significant overdensity of compact objects. This was first identified by comparing the
Dragonfly image of the galaxy with its SDSS image (summed over g, r and i bands) where the
overdensity of compact objects clearly stood out. In addition to looking for tidal features, we also
plan to look for compact objects in KDG218 by comparing the Dragonfly and SDSS images. Note
that in the HST image (Fig. 1a), it is not clear whether the galaxy has an overdensity of compact
sources.
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Impact to Yale Astronomy Describe how this program fits into the Yale astronomy program. Will

the data analysis and resulting papers be based at Yale? If the project is led by a faculty member, does

the project involve students? What is the role of the PI viz-a-viz other non-Yale co-Is. Are the resources in

place to analyze the data and come to a timely publication? (limit text to one page)

This proposal builds upon the UDG related work being done here at Yale. UDGs were first
discovered in the Coma Cluster using Dragonfly by van Dokkum et al. (2015). It also relates to the
ongoing Dragonfly Nearby Galaxies survey. This proposal if successful will add to the current pool
of knowledge in UDG research and will help to further Yale’s contribution to this field. The analysis
of the data will be done by all students in the Observational Astronomy course. The project will
help train them in astronomical image analysis.
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Observing Run Details for Run :

Technical Description Describe the observations to be made during the requested observing run.

Justify the specific telescopes, the number of nights, the instrument, and the lunar phase. List objects,
coordinates, and magnitudes (or surface brightness, if appropriate) in the Target Tables section. For Keck
proposals only: Please include below whether your proposal can be implemented on a different instrument
and describe what the resulting impact to your program. This information will not be used unless a program
will not otherwise be awarded time on the primary instrument requested.

The principal object that we propose to observe is mentioned in Table. 1-

Object Name Co-ordinate Limiting Surface Brightness

KDG218 13h 05m 43.9s 07◦45′ 32′′ 29 mAB/arcsec2

Table 1: Target Table of primary and secondary objects

R.A. range of principal targets (hours): 13h 05m 43.9s

Dec. range of principal targets (degrees): 07◦45′ 32′′

In this section, we perform the exposure time calculation and SNR analysis for our observation.
Since we don’t have access to a Dragonfly Exposure Time Calculator, we use European Southern
Observatory’s (ESO) exposure time calculator and scale the output to find out the appropriate
SNR for Dragonfly. The SNR per pixel for a telescope is given by

S

N
=

R∗t(
R∗t+Rsky t+

(
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2

)2
+ Dark. t

) 1
2

(1)

where R∗ (e−/sec/pixel) is the signal,
√
R∗t and

√
Rsky t (Rsky in e−/sec/pixel) are the shot noise

from the source and sky respectively, RN is the readout noise and
√

Dark. t (Dark in e−/sec/pixel)
is the shot noise in the dark current. Since we want a good but rough estimate of the possible
S/N, we make some plausible simplifying assumptions based on the information provided in the
pre-proposal lecture. Assuming a CCD with Dark = 0 and read-noise = 0, we have for a sky limited
case
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Since, both R∗ and Rsky scale with f−2, we have
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N
∝ f−2 t√

f−2 t
∝
√
t

f
(3)

Now, Dragonfly has 48 f/2.8 400 mm lenses, each with an aperture of 143 mm. 24 of these lenses
are equipped with a g-filter and the other 24 with an r-filter. Since for each imaging run, we have
24 lenses, the effective diameter is

√
24(143) = 700 mm and the f-number is given by

400√
24(143)

= f/0.57 (4)
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To figure out the SNR for our primary target, we feed in the relevant parameters into ESO’s
exposure time calculator for OmegaCAM1. The important input parameters are mentioned in
Table. 2. For source spectrum, we use an SSP model with Z = 0.1Z� and Age=10 Gyr normalized
to MF606W = −15.0 at redshift 0.045 (20Mpc) generated using FSPS. However, one problem with
this method is that OmegaCAM and Dragonfly are at different locations. To mitigate this problem,
we first use Stellarium to see the relative separation between the moon and our object for the next
two weeks from New Mexico. Since this proposal cycle is unique in the sense that the proposed
observations must take place within the next 7-10 days, we made sure that there is sufficient dark
time available within that time-frame. To aid the TAC, we mention some dark time when our
object is up in New Mexico (location of Dragonfly) in Table. 3

Source Geometry Source Spectrum (para. of SSP) Magnitude Exposure Time

Extended Z = 0.1Z� τ = 10 Gyr MF606W = −15.0 29mAB/arcsec2 28800 s

Table 2: OmegaCAM S/N calculator input parameters

Date Time

15-16 April 9pm - 5am
16-17 April 9pm - 5am
17-18 April 10pm - 5am
18-19 April 10:30pm - 5am

Table 3: Windows of Dark Time available when our primary target is up within the next few weeks

Having made sure that dark time is indeed available for our object within the next week, we recreate
approximately similar conditions in ESO’s calculator (a screen-shot of the sky conditions is shown
in Fig. 2) and obtain per pixel S/N = 0.202 in the g band and per pixel S/N = 0.206 in the r band
for an exposure of 8 hours. For OmegaCAM the f-number is f/5.5. Thus, using Eq.3, we obtain
that for Dragonfly S/N per pixel turns out to be ≈ 2 (without binning) in both the bands.

OmegaCAM Dragonfly After Binning After g-r stacking

≈ 0.2 ≈ 2.0 ≈ 4.0 ≈ 5.6

Table 4: S/N per pixel for a total exposure time of 8 hours.

To further improve the S/N and increase the chances of a detection, we decide to employ binning,
i.e. stacking multiple pixels together. This increases the S/N by a factor of

√
N ×
√
N = N (N =

no of pixels stacked in one direction) although at the cost of a decrease in resolution by the same
factor. Therefore binning by a factor of 2 (over ≈ 10 × 10 arcsec2, taking the PSF into account)
takes the S/N per pixel to ≈ 4 for an exposure time of 8 hours in one particular night in both g
and r bands. This is a reasonably good S/N ratio for our purpose since binning by a big factor
would consequently decrease the resolution below the required threshold (to be discussed) required
for detection of tidal features around KDG218. The S/N results are summarized in Table.4.

Elmegreen et al. 1998 found a tidal feature of NGC 4495 with an angular size of ≈ 1 arcmin at a
distance of ≈ 8 Mpc, hence any tidal feature around KDG218 will probably be of an angular size
of at least ≈ (8/22) = 0.36 arcmin = 21.8 arcsec. Resolution for Dragonfly is seeing-limited and is
roughly the same as the width of the PSF, i.e. 5 arcsec. Hence binning the signal by a factor of 2

1https://www.eso.org/observing/etc/bin/gen/form?INS.NAME=OMEGACAM+INS.MODE=imaging
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will push the resolution to 5× 2 = 10 arcsec and that should be just fine to observe tidal features
around KDG218.

If needed we can also stack the individual signals from g and r bands. This should increase the
S/N per pixel to ≈

√
2× 4 ≈ 5.6. That is our best expectation for observation at a limiting surface

brightness of 29 mag/arcsec2.

Figure 2: Night sky conditions that were input into the exposure time calculator
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