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We present new wide-field images of the low-surface brigggrdirgo Cluster dwarf galaxy VCC 1661. The extant lit-
erature lists a broad range of radii for this object, covg@rfactor of more than four, depending on the filters used and
the details of the analyses. While some studies find a ragisal of other Virgo dwarfs and note the normality of this
object, any larger spatial extent, taken at face value, dvoerder this galaxy the largest dwarf in the Virgo Clustensa
ples. Confirmation of a large extent of dwarf galaxies hasrofed to the discovery of tidal tails and would then, also in
VCC 1661, indicate a severe state of tidal disruption. Gierimportance of galactic sizes for assessing tidal inti&nas

of the satellites with their hosts, we thus combine our sigrfarightness profile with data from the literature to inigzte
further the nature of this galaxy. However, our new charéstte radius for VCC 1661 of. = 24.1” & 7.7” and the
previously noted smooth appearance of its isophotes dyecluhsistent with the remainder of the ACSVCS dwarf galaxy
population without any need to invoke tidal perturbations.
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1 Introduction extended dwarf galaxies in the Local Volume. Also a few
Virgo Cluster galaxies have been reported to show indica-
The disruption of satellite galaxies through tidal int¢i@us  tions of strong tidal interactions (Paudel et al. 2013), and
is an important source for the hierarchical build-up of gala their morphologies are of great interest (e.g., McDonald et
tic halos on small and large scales (e.g., Searle & Zinn 1978; 2011; Sanchez-Janssen et al. 2016). All these examples
Boylan-Kolchin et al. 2010). Direct evidence comes, e.gean provide a deeper insight into the interactions of (darf
from tidal streams around the Milky Way and Andromedaatellites with their environments and their parent chsste
(e.g. Ibata et al. 1994, 2001), but also lies in the progrege.g., Tal et al. 2009; cf. Penny et al. 2009).
sive discovery of tidal features such as low surface bright- Conversely, some recently discovered ultra-diffuse
ness struc:[ures around nearby galaxies in the Local Volurggaxies in the Coma, Virgo and Fornax clusters occupy
(e.g., Martinez-Delgado et al. 2010), and out to highef req 5 ameter space in the size-luminosity plane that lie in
shifts (Forbes et al. 2003; Koch et al. 2015). between NGC 4449B and the ACSVCS measurements of
A few of the dwarf galaxies in the Local Group andycc 1661. In fact, many of thoses diffuse objects seem to
near-by galaxy clusters have a remarkable spatial exi§fye smooth shapes without tidal features (van Dokkum et
and/or exhibit S-shaped morphologies indicative of onggy 2015: Koda et al. 2015: Mufioz et al. 2015: Beasley et al.
ing tidal disruption by their massive hosts. In this contexbo16). Curiously, HCC-087 had previously been classified
models pred_ict that tidal effec.t.s cause significant_vaxiaii as a regular early-type dwarf, despite its extraordinarg si
of the galaxies half-light radii;, (e.g., Pefiarrubia et al. (viieske et al. 2008), while further investigation reveaieel
2009). Prominent representatives of such extended dwgtbsence of significant tidal tails, emphasizing the need fo
galaxies (as indicated on Fig. 1) are Sagittarius (Majevy case-by-case examination of such extended systems.

ski et al. 2003), And XIX (Brasseur et al. 2011), NGC Here, we investigate the dwarf galaxy VCC 1661 in the

44498 (Rich etal. 2012), and HCC-087 in the Hydra | CIUSergo Cluster (Binggeli et al. 1985), which is the faintest

ter (Koch et al. 2012), which is probably one of the mosgalaxy covered by the Advanced Camera for Surveys Virgo

* Corresponding author: e-mail: a.kochl@lancaster.ac.uk Cluster Survey (ACSVCS) — a photometric study using the
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SO VCC 1661 thing unusual about this galaxy in the optical bands, while
10tk "o \S’gCrC | listing an overall range of 13.4” (in) to 47.9” (H-band).
And XIX While most measurements indicate a median value
HCC-087 ’ T
NGC 44498 around~ 25, the entire literature covers a factor of more
103k 4 than four in radius, irrespective of the filters used to abtai

the respective images. All studies, however, agree in that
. : the isophotes appear to be very smooth. Table 1 presents an
== 10%F ' : Se0 3 overview of the radii (and other Sersic-profile parameters;
B ‘ see Sect. 4) of VCC 1661 derived in the literature and the
present work. We note that none of the above studies quoted

[pc]

10°F 3 any uncertainties on individual measurements, but rather
state global values such adog r.=0.025-0.03 (C10) and
. - ore(r)=3-15% (McDonald et al. 2011), so that it is difficult
107 ‘ ‘ L RN 1 to assess the significance and origin of the discrepancies.
-25 -20 -15 -10 5

The significance of settling this galaxy’s extent becomes
clear in the magnitude-radius plot for a broad range of stel-
. . . . lar systems of, e.g., Misgeld & Hilker (2011), who em-
Fig. 1 Magnitude-radius plot for stellar systems usin loyed the data set of FO6. Relying on the largest of the radii

data from van Dokkum (2015), Mufioz et al. (2015), an . : . o
Misgeld & Hilker (2011), who, in turn, used FO6's value |n_the literature (as plotted by Misgeld & Hilker 20011; thei

! . ig. 1) would render VCC 1661 a clear outlier in this param-
for the VCC galaxies. We also show particularly extende(glter space, lying 4@above the mean relation defined by a

galaxies that are strongly inflated by tidal disruption: Sgé . 2
) ) ; broad range of stellar systems in the Local Volume (Fig. 1;
(Majewski et al. 2003); And XIX (Brasseur et al. 2011), ee also Fig. 2 in Koch et al. 2012; Briins & Kroupa 2012).

HCC-087 (Koch et al. 2012); and NGC 4449B (Rich et ab .. : . _ |
2012). Our own measurement for VCC 1661 is shown Similar to the aforementioned tidally disturbed satedljite

black star symbol (smaller,), connecting to FO6's mea-%ﬁls would imply that also VCC 1661 would have proper-

L ies consistent with having undergone severe tidal interac
surement (larger value). The gray box indicates the full . . ; X
. : . ions, while any tidally stripped material has yet to be de-
range of radii found in the literature.

tected. The lower range of these radii, however, would leave
it an ordinary Virgo dwarf. Thus we obtained new images of

ACS onboard the Hubble Space Telescope (HST; Cﬁté\(/e?(.: 1661 to measure its spatial extent, and o look for po-
téntial low surface brightness features to obtain a clear-c

al. 2004). With its integrated magnitude gf~14.5 mag, o :
Br~15.97 mag, respectively, it is not especially faint bycharacterlzanon of this dwarf galaxy.

standards of the Virgo Cluster Catalogue (VCC; Binggeli et

al. 1985), butitis characterized by a very low surface trigh? Data

ness ofu, (g) = 26.5 mag arcsec? (Ferrarese et al. 2006;

hereafter FO6). It resides in a relatively uncrowded regio®ur data were taken on March 20, 2012 with the 28-inch
with its nearest neighbour (VCC 167Bi~18.7 mag) ata Centurion telescope at the Polaris Observatory Associatio
projected distance of 4.2r 20 kpd . in Lockwood Valley, California (Brosch et al. 2008, 2015;

Several studies have obtained surface brightness profig§h et al. 2012, 2016). We employ an SBIG STL11000
of Virgo dwarf galaxies in various filters and, for VCC 1661 amera run at-25°C at the f/3.1 prime focus behind a cor-
a range of radii is reported in the literature: The first stud§gctor group. The pixel scale of the detector is 0pRel!
of this galaxy by FO6 lists a remarkably large Sérsic-radilthatis65.7+0.944.5 pc pixel™! at the distance of Virgo),
of 58’ (4.7 kpc) in theg-band (based on HST imagingW'th a field of view of 39.6" x 59.4". T_he field around
in F775W) and 39 (3.2 kpc) in z, while noting that its YCC 1661 was imaged for 26300 s using an Astrodon
isophotes are very smooth. Later, the same team obtairtggninance fllter_, which is a round broad-band fllter_W|th a
a smaller value from wide-field, multi-colour Sloan Digi-Pand pass ranging from 4000-708Ghat acts effectively
tal Sky Survey (SDSS) images using a model-independét & Wide Sloan-filter.
analysis (Chen et al. 2010; hereafter C10). Likewise, the The data were flatfielded using dome-flats, and dark-
compilation of Janz & Lisker (2008) does not contain an§ubtracted using standard procedures in the MAXIM DL li-
unusually extended objects, but no actual values for radifary; hereimsurfitwas used to correct for low-level varia-
were given. Finally, based on a variety of optical and neafions. After average-combining individual images inchgli

infrared imagery, McDonald et al. (2011) did not note any2 Sigma clipping algorithm, we used IRARmisurfit task
to model and perform a final sky subtraction. The median

1 In the following we will adopt the Cepheid-based distanc¥itgo of sky level on our image is of 21.44).01 mag arcsec’, as

16.52+0.22 + 1.14 Mpc (Tonry et al. 2001) consistent with the distance-r_neasured in a region 40 px 40 px wide in a preferen-
scale used by F06. tially feature-free area-4’ away from VCC 1661. We cau-

M, [mag]
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Table 1 Measurements of the radius and Sérsic index VCC 1661

Reference Band n re [7] re [kpc]®
g 2.34 58.07 4.6%0.33
Ferrarese et al. (2006) . 193 3927 315022
Janz & Lisker (2008) r 1.20 19.35 1.5%0.11
g 1.51 23.40 1.8%0.18
Chen etal. (2010) 2 o 16.90  1.35:0.18
g 2.60° 19.78 1.580.11
r 1.40 19.58 1.540.11
McDonald et al. (2011) 4 0.60° 47.90 3.840.27
z ... 13.74 1.16-0.08
H 0.60° 40.37 3.230.23
This work r 0.96+0.40 24.%7.7 1.93t0.63

“Adopting a distance modulus of 31.09 mag for VCC 1661 (Tohal.e2001).
Uncertainties on literature values can only account fordik&ance errors.
*Sersic-corrected effective radius from a curve-of-groanhlysis
“Sersic index of the bulge component after bulge-disk-deusition

tion that this ignores the effects of bright stars at the exfge = & ¥ RS w B .
the CCD, PSF modeling on degree-scales, and other kno';: gaigr. 1
background variations towards Virgo such as Galactic ci .
rus and Intracluster light (e.g., Mihos et al. 2005). Sinee w
are focusing on one single object in the following, none ¢
these large-scale variations poses a concern. Furtherme:
the small radius of the galaxy is favorable for reaching low
surface brightness and suppressing the effect of any larg
scale flatfield variations. Furthermore, scattered lightijg-
pressed by a baffled optical element in front of the came &
(Brosch et al. 2015). Note that Rich et al. (2012) reach z
mag arcsec? using the same set-up, under similar condi
tions, and comparable sky level.

The seeing, as determined from the point spread fun .
tion of near-by stars on the final image, was sub-optime ..
at ~ 6" and we will address the ensuing limitations of ou ¢
analysis in Sect. 4.1. We reach a signal-to-noise ratio of E
pixel~! at a magnitude level of 25.2 mag arcsécThe re- :
sulting image is shown in Figures 2 and Al in the appendi|
with a focus on VCC 1661 in Fig. 2, while Fig. A1 covers—= &
the entire field of view.

a 60" L

Fig.2 Image of VCC 1661 in the luminance filter, where
North is up and East is left. Different image stretches were
3 Radial profiles used such as to emphasize the inner regions versus the
galaxy’s full extent. A scale bar of 80is indicated; each
The different contrasts in Fig. 2 clearly highlight the irig image covers.4’ x 3.4".
center and extended structure of the galaxy, but also em-
phasize additional light sources in the halo of VCC 1661.
Such objects were handled with IRAFimedit task by following closely the procedures laid out in FO6. Since the
blending their point spread function into the local (withinvirgo Cluster is in the footprint of the SDSS, we were able
<20 pixels), mean background. Likewise, another 15 stal@ use a number of stars in the galaxy’s vicinity to calibrate
and brighter, extended globular clusters (Jordan et &ne photometry fronellipse measured in the luminance fil-
2009) were removed from the immediate surrounding d€r, to Sloan: magnitudes catalogued in the SDSS.
VCC 1661. Other, faint globular cluster members within the  Figure 3 shows the azimuthally averaged, radial profile
galaxy halo do not stand out against the background of owe obtained fronellipsebefore and after subtraction of the
images and will add no significant contribution to the sufeontaminating sources. Note that the apparent flat trend to-
face brightness profiles we derive in the following. wards the center is caused by the inability of our fitting rou-
To derive the isophotal parameters and radial surfatiee to deal with the dense inner regions at our large seeing.
brightness profile of VCC 1661 we used IRAE®ipsetask, Radii within the seeing limit of 6 will be ignored in all
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future discussions of our data. Here, we also indicate tl g
sky-level of our imaging. o,
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cates our approximate seeing, below which we will ignor 107! 10

the measurements. r,, [arcsec]

Fig.4 Radial profiles from the literature and this work.
The top panel shows theband data of FO6, while the mid-
4 On the size of VCC 1661 dle panel indicates thei-band photometry. Either curve is
shown out to the radii where FO6’s counts drop below 10%
The mean ellipticity,e, of our isophotes is 0.050.03, in of their sky level (their Fig. 100; blue solid points) and by
accordance with the values of F06. For consistency, vikeir best-fit profile extending beyond (dashed blue line).
also adopt the elliptical radius as our major axis coordinatThe bottom panel contains C10's data in all 5 SDSS bands.
i.e.,men = a(l — e?)'/2, wherea denotes the major axis We also show in black the SDSS-profitg (lerived by Janz
distance. Figure 4 shows our final surface brightness pr&-Lisker (2008). The seeing of our observations and the
file, provided in the-band, in comparison with profiles for Sérsic-radii derived by FO6 and C10 are labeled by vertical
this galaxy (partly using different filters) from the liténae lines.
(FO6; Janz & Lisker 2008; C10).

4.1 Centurionimaging a mere 0.04 mag. We thus opted to merge our radial pro-

FO6 fitted both Sérsic (1968) and cored-Sérsic profiles afite with that of F06, offset by the above amount, in order
found the former to be the best representation to the mi@reach a maximal spatial coverage while retaining the ho-
jority of the VCC dwarfs, while the latter provided a bettefnogenous filter system (Fig. 5).
fit to the brightest cluster galaxies. In particular, Cétél.
(2006) noted the presence of a prominent nucleus within The resulting, combined data were fitted in an error-
VCC 1661, and as such F06 included an additional, centiakighted least-squares sense with a Sérsic-profile plus a
King component in the overall profile fit to characterize theentral King-nucleus. From this, we obtained King core-
cores of their sample galaxies. At our seeing limit, the cemmnd tidal radii of 0.13 and 88.2, respectively (correspond-
tral regions on our images are not sensitive to the preseriag to a concentration of = 2.8) with a quality that is
of the nucleus and we restrict our analysis to radii larggjoverned by FO6's inner component with better seeing. The
than 6”. On the other hand, sampling the galaxy halo oupest-fit Sérsic index of VCC 1661 is = 0.98, so that this
side of this radius alone prohibits convergence of a singiitvarf galaxy can be characterized by an exponential profile.
Sérsic profile. Most importantly, our data indicate a Sérsic-radius oi24.
Fortunately, thej-band profile obtained by FO6 and ourwhich is less than half of the largest value found in theAiter
measurements agree very well within the overlapping reture (Table 1) and rather compatible with the smaller, mea-
gion (again excluding our central’ b Due to the difference surements of Janz & Lisker (2008), C10, and the optical
in the filter curves and ensuing zero points, there is an offata of McDonald et al. (2011). We will return to a detailed
set between both profiles of 0.46 mag with@adcatter of comparison with the literature in Sects. 4.2 and 4.3.

(© 2016 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim Www.an-journal.org
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of the background in terms of a specialized sky subtrac-

tion (Lisker et al. 2007), and source masking followed by a

tilted-plane fit to the sky in C10, respectively. The final im-

ages have a smaller pixel scale of 0.39& ' (0.792' px—!

for the fainter galaxies) and better seeing conditions of

~1.6" compared to the present work.

| 10% Sky ] Restricting the analysis to distances 2” due to the
\\\ SDSS seeing, a Petrosian radius was determined (Petrosian

1976) before summing the entire flux within two times this

r_(This work)
r, (FO6, g)

e

p [mag arcsec ]
N
5

267 105t radius. The resultindpalf-light-radius was then corrected
28l 1 for the missing flux in the Petrosian aperture (Graham et
al. 2005) and for the isophotal axial ratio.
30} i}\ 1 C10 also excluded the centrdl,2hus avoiding the nu-
16‘1 1(‘)0 1(‘)1 e cleus. Th_eir Seérsic radii were based on profile fits giving
r_, larcsec] equal weight to all data points, but also a non-parametric

approach was obtained for tlgeband, similar to the tech-

Fig.5 The profile from this work, combined with the g-nidues of Janz & Lisker (2008). C10 list two values, a

band data of FO6 for the inner regiom(r< 6”), shifted by smallerlone based on their curve-of-growth analyss,l and

0.46 mag. The best-fit King+Sérsic profile is indicated. quoted in our Table 1 is the result from a parametric Sérsic
fit. Considering the different filters in SDSS-studies, the r

sulting radii for VCC 1661 are in very good agreement.
4.1.1 Seeing limitations Moreover, all these studies are consistent with the redigtiv

: . P . small extent found in our present work.
The rather poor seeing conditions-o6” on ourimages can A . ¢ file with that f the SDSS
affect our analysis in two ways. Firstly, fainter backgrdun, comparison ot our profile wi at from the

sources can be smeared out to such an extent that they 'He'-:ig' 4 indicates that our magnitude calibration from the
come undetectable, which poses a potential source of minance filter to Sloam-is well justified: The median dif-
certainty when estir’nating the background. We probed thig ence in the fiducial overlapping regions is 9'23 mag with
effect by adding artificial, extended sources to a sky bacE‘-.lﬂ scatter Of.0‘07 dex. In pqrtlculgr, thgre 'S ho system-
ground with variance as achieved by our images. The objéaéfc trend seen in these zero point shifts with regard tausadi

density and magnitudes for these random sources were e@@it-hin the galaxy. This confirms not only that our Centurion
mated from the SDSS field near VCC 1661 Imaging data are reliably calibrated to a standard magaitud

As a result, the sky background changes by a mere 0_4}%stem, but also lends weight to the notion that VCC 1661's

with only a slight increase in the variance. Our estimate 5?dius is not exceptionally large as found in other studies.
the sky level and the sky subtraction are thus not likely to
be affected by the large seeing. 4.3 Literature

Secondly, it is feasible that some of the light from ) )
the bright nucleus is scattered beyond the cerifathat Table 1 ?ummarlze§ the various measurements  of
were ignored in our subsequent analyses, thereby altergC 1661s size. With its Sérsic index;, of 0.98,
the radial profile even beyond that radius. To this end, wécC 1661 is practically characterized by a simple expo-
smoothed the fiducial profile, including our measuremenf€ntia!l profile. Itis noteworthy that our result is the srestl
combined with the resolved nucleus from E06, with a GauQf all values in Table 1, where the indices listed in the refer
sian kernel of6” and re-fit this new profile in an identical enced studies are about twice as If';_lrge. Ho,we_ver, si_nce only
manner as before. The resulting best-fit radius decreasedigPa! error estimates on the radii and Sérsic indices are
16.4' + 7”. While this suggests that the PSF has some igiven in the literature, Ia}ck|_qg errors forllnd_lwdual obis,
fluence on the profile outside of thé @ange, this result is W& ca@nnot assess the significance of this discrepancy.
still consistent within the errors with the non-smearedigal ~ The high resolution of the ACS (at 0.04ixel') al-
derived above. This argues that seeing alone cannot be i@wed FO6 to resolve and measure VCC 1661's nucleus.

cause of an increased radius-measurement using the pre$d#t fit of the combined (nucleus plus halo) galaxy profile
set-up. upon merging our data with FO6’s yields a King-core radius

for the nucleus that is larger by 38% compared to the value
found by FO6. Consequently, we find a large concentration
parameter of our King-model ef= 2.8.

Janz & Lisker (2008) and C10 employed the fifth data re- While we describe our profile by the same functional
lease (DR5) of the SDSS (Adelmann-McCarthy et al. 2007prm as F06, the most striking difference is the consider-
to derive the sizes for a large sample of VCC galaxies. Botbly larger radius found in the ACSVCS, particularlygin
studies used the same SDSS data and a similar treatm€he radius measured by FO6 in thdvand is smaller by one

4.2 Sloanimages

Www.an-journal.org (© 2016 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Fig.A1 Full, sky-subtracted Centurion image, where North is up@ast is left. VCC 1661 is highlighted by a red circle
that covers one effective radius.

(© 2016 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.an-journal.org



	1 Introduction
	2 Data
	3 Radial profiles
	4 On the size of VCC 1661
	4.1 Centurion imaging
	4.1.1 Seeing limitations

	4.2 Sloan images
	4.3 Literature

	5 Discussion: the nature of VCC 1661
	A Full image

