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Motivation
Early-type dwarf galaxies (dE)

When do we call a galaxy an early-type dwarf?

dE / spheroidal cE E
”early-type dwarf”

Thorsten Lisker Structure and formation of early-type dwarfs

Mostly found in cluster or group environment

Non star-forming low mass galaxies
Have low surface brightness and extended size

A significant majority of them have a central nucleus
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Stellar population properties of Nucleus1770 S. Paudel, T. Lisker and H. Kuntschner

Figure 2. A comparison of stellar population parameters. The SSPs from the different parts of the dEs are represented with vertical bars of different colour:
blue for the nuclei and red for the galactic main bodies. The faint background colors indicate the dE subtype: blue for the nucleated dE with disc and blue
centre, green for the nucleated dEs with discs, and red for the nucleated dEs without disc features. The Virgo UCDs are represented by the green vertical bars
with grey background. For the UCDs, we used published values of line strengths from Evstigneeva et al. (2007) to derive the stellar population parameters (see
text).

Figure 3. The age, metallicity and [α/Fe] versus local projected density.
Green colour represents the galactic main body and blue indicates the
nucleus.

5 D ISCUSSION

In this paper, we have characterized the stellar population parame-
ters from the different parts of dEs: the nuclei and the surrounding
galactic main bodies. Our primary motivation for this is to im-
prove our understanding of the physical mechanisms responsible
for the formation of dE nuclei and the subsequent evolution of dEs
themselves. As we now discuss, our study makes two important
contributions in this context: (i) to much more firmly establish the
SSP-equivalent stellar population parameters of dEs and their nu-
clei (ii) to cast new light on the spatially resolved stellar population
characteristics of dEs.

The surrounding galactic main body is represented by extracting
its spectrum from a 5 arcsec radial interval beyond 3 arcsec from
the centre, avoiding any contamination with light from the nucleus.
We expect that, due to our method of subtraction of the underlying
galactic light from the nucleus spectra (see Appendix A), we ob-
tained comparatively clean spectra of the nuclei, with the derived
stellar population properties from such spectra well representing the
nucleus stellar population. Nevertheless, as outlined before, in the
cases of weak nuclei there is still a chance that the remaining galactic
light contributes significantly, such that the nuclear spectra repre-
sent the combination of nucleus and ‘central galaxy light’. To test
for a possible bias due to this effect, we select those dEs which have
galactic light fraction (see Table 1) larger than 50 per cent at the cen-
tral aperture such as VCC0990, VCC1353, VCC1355, VCC1407
and VCC1826, but all these nuclei have ages less than 5 Gyr,
and agree fairly well with the average age of the nuclei in total.

Generally speaking, stellar population gradients can be used as a
proxy for the study of the evolutionary history of early type galax-
ies, since different formation models predict different gradients. In a
nutshell, monolithic collapse models (Arimoto & Yoshii 1987) pre-
dict slightly steeper gradients than the hierarchical merging model
(White 1980). These predictions, however, mainly apply to normal

C⃝ 2011 The Authors, MNRAS 413, 1764–1776
Monthly Notices of the Royal Astronomical Society C⃝ 2011 RAS

 at K
A

SI on M
ay 16, 2014

http://m
nras.oxfordjournals.org/

D
ow

nloaded from
 

Nuclei are 
younger 

compare to 
host 

galaxy main 
body 
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They formed later than galaxy main body

Left-over star-forming gas

Gas accretion 



Dwarf galaxy merging
Pak et al (2015)

We present a detailed structural and stellar population
analysis of U141 using the publicly available archival data
from the Sloan Digital Sky Survey (SDSS) and GALEX. This
paper is organized as follows. Section 2 describes the data
adopted from SDSS and how we performed surface photometry
and spectral analysis. Our conclusions and a discussion of the
evolutionary path of U141 are provided in Section 3.

2. THE DATA AND ANALYSIS

2.1. Surface Photometry

To perform detailed surface photometry on U141, we
extensively use imaging from the SDSS Data Release 7
(DR7, Abazajian et al. 2009). Reduced and calibrated CCD
images were acquired from the SDSS data archive server.
These were observed in five optical bands, i.e., u, g, r, i, and z,
with a total exposure time of 54 s in each band. The pixel scale
is 0 396 pixel−1 and the average seeing in this field of view is
1 2 in the r-band, as we have measured from the full width at
half maximum (FWHM) of randomly selected foreground stars.
Details of the post-processing of the SDSS images are given in
Pak et al. (2014). Since sky background subtraction in the
SDSS pipeline processed images is not reliable (Lisker
et al. 2006b), we optimized the post-processing steps to
improve reliability. In this work, we use the sky-background-
subtracted postage images with an area of 800 × 800 pixels.

Figure 1 shows the color image cutout from the SDSS
skyserver (panel (a)) and the SDSS g-, r-, and i-band combined
image of U141 in panel (b) with a size of ´ ´ ´100 100 .
Following the scheme and weight factors (Equation (1) in
Kniazev et al. 2004) for each band, we combined the SDSS g-,
r-, and i-band images to increase the signal-to-noise ratio by a
factor of ∼ 3 compared with that in the r-band image alone
(Lisker et al. 2006b). Double cores and a boxy shape are clearly
seen in Figures 1(b) and (c), respectively. In Figure 1(b), we
show a contrast-stretched version to make the double cores
more visible at the center of the galaxy. In Figure 1(c), where
we overlaid the contours, three-pixel smoothing has been
applied to enhance the signal at the outer part of the galaxy.
Basic information on U141 is summarized in Table 1. The

brightness and the coordinates are adopted from Table 2 in Pak
et al. (2014) and from the NASA/IPAC Extragalactic
Database. Structural parameters are from surface photometry
(see below). We calculate the total star formation rate (SFR)
from the FUV flux measured in Pak et al. (2014) and using
Equation (3) from Lee et al. (2009).
We derive a major axis light profile from fitting the elliptical

isophotes in the images of all bands. The IRAF/ELLIPSE
(Jedrzejewski 1987) task is used for this purpose, in which the
sky-background-subtracted images were used and unrelated
foreground and background objects were masked manually.
During the ellipse fitting, we fix the center, while the position
angle (PA) and the ellipticity of isophotes are allowed to vary.

Figure 1. (a) Color image cutout from the SDSS skyserver. (b) An SDSS g-, r-, and i-band combined image (see the text for details) to increase the signal-to-noise
ratio compared to separate g-, r-, and i-band images. (c) Contours are overlapped on thumbnail image (b) from the ds9 image tool. For all images, the sizes are

´ ´ ´100 100 each and north is at the top and east is to the left.
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We provide the initial values of these isophotal parameters as
returned from Source Extractor (SEXTRACTOR; Bertin &
Arnouts 1996) photometry. We separately measure the surface
brightness profiles in the images of all bands using the same
initial parameters.

Figure 2 shows the results. We present the surface brightness
profiles of U141 in all five filters in panel (a), in which we
overplot u-, g-, r-, i-, and z-band surface brightness profiles
from bottom to top. As expected, the r-band data points have
the smallest error bars, and therefore we primarily use the
r-band surface photometry to derive the structural parameters
of U141.

The observed surface brightness profile ( )m R is fitted with a
Sérsic function of the form given in

( )
( )

( )m m= + ⎜ ⎟⎛
⎝

⎞
⎠R

R
h

2.5
ln 10

, 1
n

0

1

where m0 is central surface brightness, h is scale length, and n is
the Sérsic index (Graham & Driver 2005). This process gives
the values of m0, h, and n as output. An efficient curve fitting
code, MPFIT, which is implemented in the IDL library, has
been used to obtain best-fit parameters in each band
(Markwardt 2009). The inner ´5 is excluded during the fit to
avoid the central double cores.
The effective radius Re is obtained using the equation

( )=R b h, 2e
n

where = -b n1.9992 0.3271, for < <n0.5 10, and the
effective surface brightness, me, is calculated using

( ) ( )m m= - b2.5 ln 10 3e0

(Graham & Driver 2005).
All the derived structural parameters in each band are

summarized in Table 2. Each column presents (1) band, (2)
central surface brightness, (3) effective surface brightness, (4)
effective radius, and (5) Sérsic index. The errors of surface
brightness profiles are measured from the rms scatter of
intensity along the ellipse fit. These errors are used as weight

Figure 2. Surface brightness and color profiles (panels (a) and (b)) and
variations of isophotal parameters (panels (c)–(e)) as a function of radius are
shown. The error bars are significantly large at the outer parts with radii larger
than ´50 . Blue vertical dotted lines in all panels imply the effective radius in the
r-band obtained using the IRAF/ELLIPSE task. (a) Surface brightness profiles
for SDSS u-, g-, r-, i-, and z-band images as a function of radius. The solid lines
are the best-fit Sérsic function in each filter. (b) g − r color profile. (c) Position
angle profile. (d) Ellipticity profile. (e) The a a4 profile, where two dotted lines
are shown. The upper line is the limit with the value of zero and the lower line
is for the value of −0.04, which is the most extreme one boxy galaxies can
have, as suggested by Hao et al. (2006).

Table 1
Basic Information on U141

Parameter Information Reference

Galaxy name MCG+08-22-082, U141, (1), (2)
PGC 038825, SDSS J121122.56

+501610.2
(1)

R.A. 182°. 8448 (12h 11m 22 5, J2000) (1)
decl. +50°. 2696 (+50° 16′ 10″, J2000) (1)
l, b 138°. 557908, 65°. 625904 (1)
u g r i z, , , , 17.28 ± 0.04, 15.76 ± 0.02,

15.19 ± 0.02, 14.88 ± 0.02,
14.93 ± 0.03 mag

(2)

Mr −16.01 mag (2)
Re 1.7 kpc (3)
me 25.54 mag arcsec−2 (3)
Sérsic index, n 1.3 (3)
Redshift, z 0.003 (1)
Radial velocity, vr 899 km s−1 (1)
Total star
formation rate, log
SFRFUV (M☉ yr−1)

−2.85 (4)

References. (1) NASA/IPAC Extragalactic Database, (2) Pak et al. (2014), (3)
this study (SDSS r-band image), (4) this study (using the GALEX FUV flux).

Table 2
Results of Fits to the Surface Brightness Profiles

Band m0 me Re n
(mag arcsec−2) (mag arcsec−2) (arcsec)

u 24.94 ± 0.12 27.17 ± 0.12 16.59 ± 1.64 1.18 ± 0.12
g 23.54 ± 0.02 26.23 ± 0.02 22.34 ± 0.25 1.40 ± 0.02
r 23.17 ± 0.02 25.54 ± 0.02 21.31 ± 0.22 1.25 ± 0.02
i 22.96 ± 0.02 24.87 ± 0.02 22.02 ± 0.27 1.23 ± 0.02
z 22.65 ± 0.06 25.25 ± 0.06 17.90 ± 0.92 1.20 ± 0.07
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Boxy isophote dE with blue centre



A young Nucleus
values to calculate the errors of the fitted Sérsic parameters
using the MPFIT package, which measures errors from the
covariance metrics. We find that U141 has a nearly exponential
light profile, with the best-fit Sérsic index equal to 1.3 for the
r-band. This is consistent with the results from other bands.
The r-band effective radius is = ´R 21. 31e (1.7 kpc),6 which
is consistent with the results from the g- and i-bands, but is
much larger compared to the values from the u- and z-bands.
The effective surface brightness in the r-band is m =e r,
25.54 mag arcsec−2.

For the purpose of obtaining the radial g − r color profile,
we match the image quality in the g- and r-bands. FWHM
estimates of the g- and r-bands are 1 3 and 1 2, respectively.
We therefore degrade the r-band image by smoothing with a
Gaussian kernel of 0.6 pixels. We consider the point between
the cores as the photometric center. Finally, we derive the color
distribution from the azimuthally averaged light profiles in the
g- and r-bands. In Figure 2(b), we show the g − r color profile
of U141; here we can clearly see that, as in the color image, a
positive color gradient is eminent, where ( )D -g r is 0.18 mag
within the Re. The color profile becomes nearly flat beyond
10″, with an average g − r color index of 0.6 mag.

We show the variation of the isophotal parameters of PA,
ellipticity (e), and boxiness parameter (a a4 ) in the third,
fourth, and fifth panels of Figure 2, respectively. All three
parameters remain nearly unchanged beyond 10″ where the
average values of PA and ellipticity are 79° and 0.5,
respectively. The ELLIPSE task measures isophote deviations
and gives amplitudes using a Fourier series shown in

( ) ( ) ( )q q q= + S +=
¥I I A n B ncos sin , 4n n n0 1

where θ is the azimuthal angle and I0 is the average intensity
over the ellipse.

The An and Bn, given by the ELLIPSE task, are the higher-
order Fourier coefficients divided by the semimajor axis length,
a, and the local gradient along the major axis (Hao et al. 2006).
As a boxiness parameter, a a4 is defined as ( )- e A1 4 (see
Milvang-Jensen & Jorgensen 1999 and Hao et al. 2006for
details), where A4 from the ELLIPSE task is a measure of the
isophotal deviation from an ellipse.7 Negative and positive
values of a a4 indicate boxy and disky shapes of a galaxy,
respectively (Bender et al. 1988; Hao et al. 2006). In Figure 2
(e), a a4 of U141 shows a variation from −0.15 to 0.15.
Interestingly, while the value of a a4 is mostly between 0 and
0.05 within 10″, even reaching about −0.1 at the extreme, the
average value of a a4 beyond 10″ radius is −0.06. This implies
that the outer isophotes of U141 might show boxy shapes.

2.2. Properties of Cores

At first glance U141 is a typical blue-centered dE, as Lisker
et al. (2006a) have identified in the Virgo cluster. But,
interestingly, a careful inspection of the SDSS images shows
that U141 possesses double cores and they are notably bluer
than the main body of the galaxy (see Section 3.1 for a
discussion on this in the context of the merger scenario).

To perform photometry and measure the stellar masses of
these cores, we subtracted a smooth galaxy model that we had

obtained from surface photometry in the previous section. In
the SDSS r-band image, the centroids of the two cores are
separated by 10 pixels, corresponding to a physical separation
of 3 9 = 312 pc. While we consider the center of the fitted
ellipses in the outer part (i.e., beyond 10″) to be the global
photometric center of the galaxy, this does not coincide with
the positions of either of the two cores.
We show the galaxy-subtracted residual image in Figure 3,

in which the cores are named A (east) and B (west). We
perform aperture photometry to measure the total flux. During
the measurement of the flux of each core, we first mask the
other core and use a circular aperture of 10 pixels. The sky
background is selected from an annulus of 11 and 15 pixels as
the inner and outer radii, respectively. We find that the two
cores are similar in brightness, but core A is slightly bluer and
more compact than B; we can also see this in the SDSS color
image (Figure 1(a)). Using the formula provided by Bell et al.
(2003), we derive rough stellar masses of these cores from the
r-band luminosities and g − r colors. The results are listed in
Table 3. Since the mass-to-light ratio obtained from Bell et al.
(2003) heavily depends on color only, the redder core B seems
more massive than core A. However, these mass estimates
should be taken as rough estimates, not exact values.
We find that the SDSS has targeted U141 twice, placing the

fiber of each core in different epochs. The spectrum of B is
already available in DR7, and later DR12 adds that of A. The

Figure 3. Zoomed-in view of the SDSS r-band image center of U141, where
two cores are distinctly visible. The crosses represent the positions of SDSS
fibers and the circles are their diameters (each ´3 ). The size of the field is

´ ´ ´30 30 , and north is at the top and east is to the left.

Table 3
Properties of the Two Cores

Core Mr g − r M* SFR 12 + log(O/H) vr
(mag) (mag) (106 M☉) (10−3 M☉) (dex) (km s−1)

A −11.08 −0.22 0.5 0.7 8.4 o781 2.6
B −10.97 0.10 1 0.1 8.6 o778 8.8

6 We use a conversion factor ´ =1 80 pc to convert the angular to the physical
scale.
7 A4 is the Fourier coefficient used in the studies of bars, where it is always
positive (see, e.g., Laurikainen et al. 2006).
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SDSS spectra are obtained with fibers of 3″ diameter. We show
the positions of fibers on U141 in Figure 3, where the crosses
represent the positions and circles represent the fiber area. It
seems that the fibers are fairly well-centered at the centroid of
the cores. There is almost no overlap between them, but given
the typical seeing of ∼1″ of SDSS observations, it is likely that
a slight fraction of fluxes might have been exchanged.

The optical spectra of these cores exhibit the emission lines
of typical HII regions (Figure 4). The radial velocities of the A
and B cores are o781 2.6 km s−1 and o778 8.8 km s−1,
respectively. This difference is well within the uncertainty of
the radial velocities as measured from the SDSS spectroscopy.
The emission line fluxes are measured after subtracting the
stellar absorption features using the publicly available IDL
code GANDALF (Sarzi et al. 2006) and the stellar templates of
Tremonti et al. (2004).

Gas-phase oxygen abundances, 12 + log(O/H), for the two
cores were estimated using the two methods described, among
others, by Marino et al. (2013): the so-called N2 and O3N2
methods. The N2 method only considers the line ratio between
Hα and [NII], while the O3N2 method uses a combination of
the line ratios Hα/[NII] and [OIII]/Hβ. We obtained 12 + log
(O/H) = 8.4(8.3) and 8.6(8.5) dex from the N2(O3N2) method
for the A and B cores, respectively. The systematic error of
these two methods is 0.2 dex. We measure the SFR from aH
emission flux and calibration provided by Kennicutt (1998).
For the A and B cores, the SFRs are ´ -0.7 10 3 and

´ -0.1 10 3 M☉ yr−1, respectively. The sum of the SFRs in
the two cores derived from Hα emissions is nearly half of the
global value derived from total FUV emission. The Hα
equivalent widths are 83 and 6Å for the A and B cores,
respectively.

2.3. Environments

Figure 5 presents the spatial distribution of galaxies in the
Ursa Major cluster field and neighbors of U141 in order to
show their environments. U141 is located in the middle of the
cluster (Figure 5(a)) but not in the dense region. Within the sky
projected radius of 100 kpc, there are only two close neighbors,
UGC 7176 (U138) and NGC 4157 (U140). U141 has relative
radial velocities of 131 and 207 km s−1 to UGC 7176 and NGC
4157, respectively. NGC 4157 is a bright S0 galaxy and UGC
7176 is a dwarf irregular galaxy with magnitudes of

= -M 20.30r and −15.47 mag, respectively.

We carefully inspect the SDSS r-band image of this region
to search for any tidal features (i.e., stellar stream or filament)
that may have originated from the past interaction among
galaxies. Within the detection limit of the SDSS, no such
feature is observed around either U141 or its neighboring
galaxies (Kim et al. 2012; Kreckel et al. 2012; Hirschmann
et al. 2013).

Figure 4. SDSS optical spectra of cores A (blue, upper spectrum) and B (red,
lower one).

Figure 5. The location of U141 in the Ursa Major cluster (Pak et al. 2014) is
marked in panel (a). Black dots are all members of the Ursa Major cluster and
U141 is shown as a red dot. Panel (b) is a magnified image around U141 (red
box in panel (a)) from SDSS made using the Aladin imaging tool. The magenta
cross is the image center with R.A. (J2000) = 12h 11m 05 58 (182°. 77325) and
decl. (J2000) = +50° 22′ 59 3 (+50°. 383139). The image size is ¢ ´ ¢18 18 .
U141 lies 23 kpc and 67 kpc apart from UGC 7176 and NGC 4157,
respectively.
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values to calculate the errors of the fitted Sérsic parameters
using the MPFIT package, which measures errors from the
covariance metrics. We find that U141 has a nearly exponential
light profile, with the best-fit Sérsic index equal to 1.3 for the
r-band. This is consistent with the results from other bands.
The r-band effective radius is = ´R 21. 31e (1.7 kpc),6 which
is consistent with the results from the g- and i-bands, but is
much larger compared to the values from the u- and z-bands.
The effective surface brightness in the r-band is m =e r,
25.54 mag arcsec−2.

For the purpose of obtaining the radial g − r color profile,
we match the image quality in the g- and r-bands. FWHM
estimates of the g- and r-bands are 1 3 and 1 2, respectively.
We therefore degrade the r-band image by smoothing with a
Gaussian kernel of 0.6 pixels. We consider the point between
the cores as the photometric center. Finally, we derive the color
distribution from the azimuthally averaged light profiles in the
g- and r-bands. In Figure 2(b), we show the g − r color profile
of U141; here we can clearly see that, as in the color image, a
positive color gradient is eminent, where ( )D -g r is 0.18 mag
within the Re. The color profile becomes nearly flat beyond
10″, with an average g − r color index of 0.6 mag.

We show the variation of the isophotal parameters of PA,
ellipticity (e), and boxiness parameter (a a4 ) in the third,
fourth, and fifth panels of Figure 2, respectively. All three
parameters remain nearly unchanged beyond 10″ where the
average values of PA and ellipticity are 79° and 0.5,
respectively. The ELLIPSE task measures isophote deviations
and gives amplitudes using a Fourier series shown in

( ) ( ) ( )q q q= + S +=
¥I I A n B ncos sin , 4n n n0 1

where θ is the azimuthal angle and I0 is the average intensity
over the ellipse.

The An and Bn, given by the ELLIPSE task, are the higher-
order Fourier coefficients divided by the semimajor axis length,
a, and the local gradient along the major axis (Hao et al. 2006).
As a boxiness parameter, a a4 is defined as ( )- e A1 4 (see
Milvang-Jensen & Jorgensen 1999 and Hao et al. 2006for
details), where A4 from the ELLIPSE task is a measure of the
isophotal deviation from an ellipse.7 Negative and positive
values of a a4 indicate boxy and disky shapes of a galaxy,
respectively (Bender et al. 1988; Hao et al. 2006). In Figure 2
(e), a a4 of U141 shows a variation from −0.15 to 0.15.
Interestingly, while the value of a a4 is mostly between 0 and
0.05 within 10″, even reaching about −0.1 at the extreme, the
average value of a a4 beyond 10″ radius is −0.06. This implies
that the outer isophotes of U141 might show boxy shapes.

2.2. Properties of Cores

At first glance U141 is a typical blue-centered dE, as Lisker
et al. (2006a) have identified in the Virgo cluster. But,
interestingly, a careful inspection of the SDSS images shows
that U141 possesses double cores and they are notably bluer
than the main body of the galaxy (see Section 3.1 for a
discussion on this in the context of the merger scenario).

To perform photometry and measure the stellar masses of
these cores, we subtracted a smooth galaxy model that we had

obtained from surface photometry in the previous section. In
the SDSS r-band image, the centroids of the two cores are
separated by 10 pixels, corresponding to a physical separation
of 3 9 = 312 pc. While we consider the center of the fitted
ellipses in the outer part (i.e., beyond 10″) to be the global
photometric center of the galaxy, this does not coincide with
the positions of either of the two cores.
We show the galaxy-subtracted residual image in Figure 3,

in which the cores are named A (east) and B (west). We
perform aperture photometry to measure the total flux. During
the measurement of the flux of each core, we first mask the
other core and use a circular aperture of 10 pixels. The sky
background is selected from an annulus of 11 and 15 pixels as
the inner and outer radii, respectively. We find that the two
cores are similar in brightness, but core A is slightly bluer and
more compact than B; we can also see this in the SDSS color
image (Figure 1(a)). Using the formula provided by Bell et al.
(2003), we derive rough stellar masses of these cores from the
r-band luminosities and g − r colors. The results are listed in
Table 3. Since the mass-to-light ratio obtained from Bell et al.
(2003) heavily depends on color only, the redder core B seems
more massive than core A. However, these mass estimates
should be taken as rough estimates, not exact values.
We find that the SDSS has targeted U141 twice, placing the

fiber of each core in different epochs. The spectrum of B is
already available in DR7, and later DR12 adds that of A. The

Figure 3. Zoomed-in view of the SDSS r-band image center of U141, where
two cores are distinctly visible. The crosses represent the positions of SDSS
fibers and the circles are their diameters (each ´3 ). The size of the field is

´ ´ ´30 30 , and north is at the top and east is to the left.

Table 3
Properties of the Two Cores

Core Mr g − r M* SFR 12 + log(O/H) vr
(mag) (mag) (106 M☉) (10−3 M☉) (dex) (km s−1)

A −11.08 −0.22 0.5 0.7 8.4 o781 2.6
B −10.97 0.10 1 0.1 8.6 o778 8.8

6 We use a conversion factor ´ =1 80 pc to convert the angular to the physical
scale.
7 A4 is the Fourier coefficient used in the studies of bars, where it is always
positive (see, e.g., Laurikainen et al. 2006).
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We present a detailed structural and stellar population
analysis of U141 using the publicly available archival data
from the Sloan Digital Sky Survey (SDSS) and GALEX. This
paper is organized as follows. Section 2 describes the data
adopted from SDSS and how we performed surface photometry
and spectral analysis. Our conclusions and a discussion of the
evolutionary path of U141 are provided in Section 3.

2. THE DATA AND ANALYSIS

2.1. Surface Photometry

To perform detailed surface photometry on U141, we
extensively use imaging from the SDSS Data Release 7
(DR7, Abazajian et al. 2009). Reduced and calibrated CCD
images were acquired from the SDSS data archive server.
These were observed in five optical bands, i.e., u, g, r, i, and z,
with a total exposure time of 54 s in each band. The pixel scale
is 0 396 pixel−1 and the average seeing in this field of view is
1 2 in the r-band, as we have measured from the full width at
half maximum (FWHM) of randomly selected foreground stars.
Details of the post-processing of the SDSS images are given in
Pak et al. (2014). Since sky background subtraction in the
SDSS pipeline processed images is not reliable (Lisker
et al. 2006b), we optimized the post-processing steps to
improve reliability. In this work, we use the sky-background-
subtracted postage images with an area of 800 × 800 pixels.

Figure 1 shows the color image cutout from the SDSS
skyserver (panel (a)) and the SDSS g-, r-, and i-band combined
image of U141 in panel (b) with a size of ´ ´ ´100 100 .
Following the scheme and weight factors (Equation (1) in
Kniazev et al. 2004) for each band, we combined the SDSS g-,
r-, and i-band images to increase the signal-to-noise ratio by a
factor of ∼ 3 compared with that in the r-band image alone
(Lisker et al. 2006b). Double cores and a boxy shape are clearly
seen in Figures 1(b) and (c), respectively. In Figure 1(b), we
show a contrast-stretched version to make the double cores
more visible at the center of the galaxy. In Figure 1(c), where
we overlaid the contours, three-pixel smoothing has been
applied to enhance the signal at the outer part of the galaxy.
Basic information on U141 is summarized in Table 1. The

brightness and the coordinates are adopted from Table 2 in Pak
et al. (2014) and from the NASA/IPAC Extragalactic
Database. Structural parameters are from surface photometry
(see below). We calculate the total star formation rate (SFR)
from the FUV flux measured in Pak et al. (2014) and using
Equation (3) from Lee et al. (2009).
We derive a major axis light profile from fitting the elliptical

isophotes in the images of all bands. The IRAF/ELLIPSE
(Jedrzejewski 1987) task is used for this purpose, in which the
sky-background-subtracted images were used and unrelated
foreground and background objects were masked manually.
During the ellipse fitting, we fix the center, while the position
angle (PA) and the ellipticity of isophotes are allowed to vary.

Figure 1. (a) Color image cutout from the SDSS skyserver. (b) An SDSS g-, r-, and i-band combined image (see the text for details) to increase the signal-to-noise
ratio compared to separate g-, r-, and i-band images. (c) Contours are overlapped on thumbnail image (b) from the ds9 image tool. For all images, the sizes are

´ ´ ´100 100 each and north is at the top and east is to the left.
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With presence of boxy-isophote and young cores
 we propose this galaxy is forming a nucleus by merger



A survey of dE

~800 dE in z<0.01

By visual classification of spectrum and the SDSS color 
image

Central star burst dE
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Conclusion and Future Work
We find 14 dEs with central star-burst

They are located in low dens environment out-skirts of group 
or in field

What is different between central star and off-central 
star forming dEs ?
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