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ABSTRACT

We have obtained deep Hubble Space Telescope (HST) imaging of 19 dwarf galaxy candidates in
the vicinity of M101. Advanced Camera for Surveys (ACS) HST photometry for 2 of these objects
showed resolved stellar populations and Tip of the Red Giant Branch (TRGB) derived distances (D~7
Mpec) consistent with M101 group membership. The remaining 17 were found to have no resolved
stellar populations, meaning they are either part of the background NGC 5485 group or are distant
low surface brightness (LSB) galaxies. It is noteworthy that many LSB objects which had previously
been assumed to be M101 group members based on projection have been shown to be background
objects, indicating the need for future diffuse dwarf surveys to be very careful in drawing conclusions
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* CFHT — HeckonbKko OecAaATKOB KaHOMOATOB
* ['pynna M101 (D=7 Mnk)
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Table 1. Confirmed M101 Dwarfs

XapaKkTepUCTUKN HOBbIX CMYTHUKOB

Name

DwA

Dw9

RA (J2000)
Dec (J2000)
my (CFHTLS) (mag)
my (HST) (mag)
My (HST) (mag)
rp (CFHTLS) (arcsec)
rn (HST) (arcsec)
ra (HST) (pc)
p(V,0) (mag arcsec™?)
Mass (Mg)
Ellipticity
Distance (Mpc)

Projected Distance from M101 (kpc)

14:06:49.941.07
+53:44-29.84+0.8"

19.240.1
19.6+0.2
—9.540.2

10.924-0.23
12.61+1.2
417440
26.0+0.3

7.040.4x10°

0.33x0.06
6.837026

100

13:55:44.843.0”
+55:08:45.61+2.1"7
20.8+0.1
21.0+0.2
82402
7.66+0.64
10.8+2.4
384+85
7. 24015
2.040.1x 10°
<0.37
7347075
160
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Figure 5. Absolute V-band magnitude as a function of half-light radius for M101 dwarf galaxy members as compared to the
Local Group and ultra-diffuse galaxies in the Coma and Virgo clusters. The previously known classical M 101 group members
(Tikhonov et al. 2015) are shown in purple circles and the updated properties for the new M101 dwarf satellites from this
work and from Danieli et al. (2017) are shown as red stars. The new population of faint M101 dwarfs is consistent with the
size-luminosity relation found in Local Group dwarfs. The data for the MW and M31 dwarf galaxies (black points and triangles,
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Figure 7. The comuolative satellibe LE for several Milky Way-like systems ont to o projected radins of 2580 kpe, aml the
comsbructed median from the set, The M101 LF i displayed with star symbols, while the small circles indicate the LE for 3101
after we include the statistical weighting of targets not followed-up with HST (see diseussion in 4.3}, The grey dashed line is the
s of the individual galaxy messorements while the shaded region represents the Lo scatter of the medinn,. No atbempl was
made to correct any LF for incompleteness; we consider the MI0L LF complete down to My==—-8.2 mag for confirmed M 101
dhwearfs el My sz—-T.5 may for potential M101 dwarks The data for the group LFs come from Smencing et al. | 4} For 94
represented by the cvan squares, Cmaojevid et al, (2009) for Cen A represented by the green squares, Ch s et al, [2013)
and Smercina et al, [2017) for M&1 represented by the magenia squares, Martin et al, (2016) & MeConnmachie et al, (2018) for
MEEL regresenbed by the yelbow squares amd MeConnschie (2002) for the MW represeated by the black sopmres. Mote that this
is & bower Timit for the MW doe to incomplete spatial coverage




Table 3. Confirmed M101 group members within 250 kpc

K Bonpocy o 3Be34000pa3oBaHU

Name RA Dec My Projected M101  Distance  Ongoing Star
Distance (kpc) (Mpe) Formation

(1) (2) (3) (4) (5) (6) (7)
M101 14:03:12.5 +54:20:56 | -20.8 0 6.79+0.41% Y
NGC 5474 | 14:05:01.6 +53:39:44 | -17.6 89 6.8240.41% Y
NGC 5477 | 14:05:33.3 +54:27:40 | -15.3 44 6.77+0.40% Y
Holm IV | 13:54:45.7 +453:54:03 | -15.0 160 6.93+0.48* Y
M101 DF1 | 14:03:45.0 +453:56:40 | -9.6 50 6.37+£0.35" N
M101 DF2 | 14:08:37.5 +54:19:31 | -9.4 7 S A N
M101 DF3 | 14:03:05.7 +53:36:56 | -8.8 89 A N
M101 DwA | 14:06:49.9 +53:44:30 | -9.5 100 5.8370:21¢ N
M101 Dw9 | 13:55:44.8 +55:08:46 | -8.2 160 T g e N

?From Tikhonov et al. (2015)
b From Danieli et al. (2017)

€ From this work.
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Figure 8. The environmental density of our target MW-
mass galaxies, based on tidal index (i.e. density contrast,
where smaller numbers indicate a more isolated galaxy; see
Karachentsev et al. 2013), against number of confirmed satel-
lites with My <—&8. MI101 is represented by a red star, the
other MW-mass galaxies are represented by squares. The
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Figure 1. Illustration of our analysis on MaNGA galaxy 1-22298, one of 1010 ETGs in our sample. Left: SDSS r-band image.
The MaNGA IFU footprint is overlaid in magenta. We also show in white the five annuli defined for this galaxy. Right:
Co-added spectra for every annulus from the center to the outskirts.
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Figure 2. Median radial metallicity profiles of ETGs for different M. bins. The three panels show the profiles derived by the
codes Firefly, pPXF, and Prospector. The profiles of lower mass ETGs fall linearly with galactocentric radius. As galaxy mass
increases, the profiles flatten at R>1.5Re.
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Figure 5. Observational estimate of the er-situ stellar mass fraction in ETGs as a function of M, for three different radial
bins. Shown are the lo contours derived with Firefly (grey), pPXF (red), and Prospector (yellow). The estimates come from
expressing the metallicity profiles of ETGs as a linear combination of in-situ and ex-situ profiles (Figure 4). Note how er-situ

signatures increase with M.,.
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