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Motivation
Interaction is believed to be a driver of galaxy 
evolution and even small interactions leave a 
signature in the morphology of galaxy disks.

To date, the search for signs of interaction to 
higher redshifts in quantified morphology was in 
Optical/UV for observational reasons.

With SKA, MeerKAT and ASKAP millions of 
galaxies will be well resolved in HI.

Is there a better signature of interaction in 
quantified HI morphology?
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Data

The HI Nearby Galaxy Survey (THINGS): uniform, 
high-resolution HI maps of nearby galaxies. 

Spitzer Infrared Nearby Galaxy Survey (SINGS) 
infrared data (IRAC and MIPS)

GALEX’s Nearby Galaxy Atlas: UV data.

Optical data from SDSS and/or SINGS ancillary.
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Parameters
Quantified morphology schemes use a set of 
scale-invariant parameters:

Concentration (C)

Asymmetry (A)

Smoothnes (S)

Gini (G)

Second order moment of light (M20)

Ellipticity (E)

Waterstofgas (blauw) in het sterrenstelsel 
NGC 6946, waargenomen met de 
Westerbork Synthese Radio Telescoop.
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CAS space
Concentration (C)

Asymmetry (A)

Smoothness (S)

Conselice et al. 
(2004)
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CAS space
Concentration (C)

Asymmetry (A)

Smoothness (S)

Conselice et al. 
(2004)
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Gini, M20 and Ellipticity

where Si is pixel i’s flux, !sky is the sky noise, and n is the
number of galaxy pixels in the segmentation map. As hS/Ni
decreases, the distribution of measured flux values in the
faintest pixels becomes broader. The measured Gini coefficient
increases because low surface brightness galaxy pixels are
scattered to flux values below the mean sky level, resulting in
negative flux levels for the faintest pixels assigned to the gal-
axy by our smoothed segmentation map. We note that, while
the Poisson noise redistributes all the pixel flux values, the
effects are significant only for pixels with intrinsic flux values
!3 !sky. Therefore, as a first-order correction we compute the
Gini coefficient of the distribution of absolute flux values:

G ¼ 1
¯jX jn(n# 1)

Xn

i

(2i# n# 1)jXij: ð6Þ

Low surface brightness galaxy pixels with flux values scat-
tered below the sky level are reassigned positive values (right,
Fig. 2). This correction recovers the ‘‘true’’ Gini coefficient to
within 10% for images with S=N > 2; at very low S/N values,
even the brightest galaxy pixels are strongly affected by noise
and the Gini coefficient is not recoverable. In Figures 3–4 we
show the final segmentation maps used to compute the Gini
coefficient as contour maps for eight galaxies of varying
morphological type (Table 1).

2.2. The Moment of Ligght

The total second-order moment Mtot is the flux in each pixel
fi multiplied by the squared distance to the center of the gal-
axy, summed over all the galaxy pixels assigned by the seg-
mentation map:

Mtot ¼
Xn

i

Mi ¼
Xn

i

fi (xi # xc)
2 þ ( yi # yc)

2
! "

; ð7Þ

where xc, yc is the galaxy’s center. The center is computed by
finding xc, yc such that Mtot is minimized.

The second-order moment of the brightest regions of the
galaxy traces the spatial distribution of any bright nuclei, bars,
spiral arms, and off-center star clusters. We define M20 as the
normalized second-order moment of the brightest 20% of the
galaxy’s flux. To compute M20, we rank-order the galaxy
pixels by flux, sum Mi over the brightest pixels until the sum
of the brightest pixels equals 20% of the total galaxy flux, and
then normalize by Mtot:

M20 ' log10

P
i Mi

Mtot

# $
; while

X

i

fi < 0:2 ftot: ð8Þ

Here ftot is the total flux of the galaxy pixels identified by the
segmentation map and fi are the fluxes for each pixel i, order
such that f1 is the brightest pixel, f2 is the second brightest
pixels, and so on. The normalization by Mtot removes the
dependence on total galaxy flux or size. We find that defining
M with brighter flux thresholds (e.g., 5% of ftot) produces
moment values that are unreliable at low spatial resolutions
(x 2.3), while lower flux threshold lead to a less discriminating
statistic.

While our definition of M20 is similar to that of C, it differs
in two important respects. First, M20 depends on r2 and is
more heavily weighted by the spatial distribution of luminous
regions. Second, unlike C, M20 is not measured within circular
or elliptical apertures, and the center of the galaxy is a free
parameter. We will see in x 3 that these differences make M20

more sensitive than C to merger signatures such as multiple
nuclei. In Figures 3–4 we display the segmentation maps and
the regions containing the brightest 20% of the flux for the
eight test galaxies.

2.3. Concentration, Asymmetry, and Smoothness

Concentration is defined in slightly different ways by dif-
ferent authors, but the basic function measures the ratio of
light within a circular or elliptical inner aperture to the light
within an outer aperture. We adopt the Bershady et al. (2000)
definition as the ratio of the circular radii containing 20% and
80% of the ‘‘total flux’’:

C ¼ 5 log
r80
r20

# $
; ð9Þ

where r80 and r20 are the circular apertures containing 80%
and 20% of the total flux, respectively. For comparison with
the most recent studies of galaxy concentration, we use
Conselice’s (2003) definition of the total flux as the flux
contained within 1.5 rp of the galaxy’s center (as opposed to
Bershady’s definition as the flux contained within 2 rp). For
the concentration measurement, the galaxy’s center is that
determined by the asymmetry minimization (see below). In
Figures 3–4 we overplot r80 and r20 for eight galaxies of
varying morphological type in the far left-hand panels.
The asymmetry parameter A quantifies the degree to which

the light of a galaxy is rotationally symmetric. A is measured
by subtracting the galaxy image rotated by 180( from the
original image (Abraham et al. 1996; Wu 1999; Conselice
et al. 2000):

A ¼
P

i; j jI(i; j)# I180(i; j)jP
i; j jI(i; j)j

# B180; ð10Þ

where I is the galaxy’s image and I180 is the image rotated by
180( about the galaxy’s central pixel, and B180 is the average
asymmetry of the background. A is summed over all pixels
within 1.5 rp of the galaxy’s center. The central pixel is de-
termined by minimizing A. The asymmetry due to the noise
must be corrected for, and it is impossible to reliably measure
the asymmetry for low S/N images. In Figures 3–4 we display
the residual I # I180 image and the 1.5 rp aperture in the second
column. Objects with very smooth elliptical light profiles have
a high degree of rotational symmetry. Galaxies with spiral arms
are less symmetric, while extremely irregular and merging
galaxies are often (but not always) highly asymmetric.
The smoothness parameter S has been recently developed

by Conselice (2003), inspired by the work of Takamiya
(1999), to quantify the degree of small-scale structure. The
galaxy image is smoothed by a boxcar of given width and then
subtracted from the original image. The residual is a measure
of the clumpiness due to features such as compact star clus-
ters. In practice, the smoothing scale length is chosen to be a
fraction of the Petrosian radius.

S ¼
P

i; j jI(i; j)# IS(i; j)jP
i; j jI(i; j)j

# BS ; ð11Þ

where IS is the galaxy’s image smoothed by a boxcar of width
0.25 rp, and BS is the average smoothness of the background.
Like A, S is summed over the pixels within 1.5 rp of the
galaxy’s center. However, because the central regions of most
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where Si is pixel i’s flux, !sky is the sky noise, and n is the
number of galaxy pixels in the segmentation map. As hS/Ni
decreases, the distribution of measured flux values in the
faintest pixels becomes broader. The measured Gini coefficient
increases because low surface brightness galaxy pixels are
scattered to flux values below the mean sky level, resulting in
negative flux levels for the faintest pixels assigned to the gal-
axy by our smoothed segmentation map. We note that, while
the Poisson noise redistributes all the pixel flux values, the
effects are significant only for pixels with intrinsic flux values
!3 !sky. Therefore, as a first-order correction we compute the
Gini coefficient of the distribution of absolute flux values:

G ¼ 1
¯jX jn(n# 1)

Xn

i

(2i# n# 1)jXij: ð6Þ

Low surface brightness galaxy pixels with flux values scat-
tered below the sky level are reassigned positive values (right,
Fig. 2). This correction recovers the ‘‘true’’ Gini coefficient to
within 10% for images with S=N > 2; at very low S/N values,
even the brightest galaxy pixels are strongly affected by noise
and the Gini coefficient is not recoverable. In Figures 3–4 we
show the final segmentation maps used to compute the Gini
coefficient as contour maps for eight galaxies of varying
morphological type (Table 1).

2.2. The Moment of Ligght

The total second-order moment Mtot is the flux in each pixel
fi multiplied by the squared distance to the center of the gal-
axy, summed over all the galaxy pixels assigned by the seg-
mentation map:

Mtot ¼
Xn

i

Mi ¼
Xn

i

fi (xi # xc)
2 þ ( yi # yc)

2
! "

; ð7Þ

where xc, yc is the galaxy’s center. The center is computed by
finding xc, yc such that Mtot is minimized.

The second-order moment of the brightest regions of the
galaxy traces the spatial distribution of any bright nuclei, bars,
spiral arms, and off-center star clusters. We define M20 as the
normalized second-order moment of the brightest 20% of the
galaxy’s flux. To compute M20, we rank-order the galaxy
pixels by flux, sum Mi over the brightest pixels until the sum
of the brightest pixels equals 20% of the total galaxy flux, and
then normalize by Mtot:

M20 ' log10

P
i Mi

Mtot

# $
; while

X

i

fi < 0:2 ftot: ð8Þ

Here ftot is the total flux of the galaxy pixels identified by the
segmentation map and fi are the fluxes for each pixel i, order
such that f1 is the brightest pixel, f2 is the second brightest
pixels, and so on. The normalization by Mtot removes the
dependence on total galaxy flux or size. We find that defining
M with brighter flux thresholds (e.g., 5% of ftot) produces
moment values that are unreliable at low spatial resolutions
(x 2.3), while lower flux threshold lead to a less discriminating
statistic.

While our definition of M20 is similar to that of C, it differs
in two important respects. First, M20 depends on r2 and is
more heavily weighted by the spatial distribution of luminous
regions. Second, unlike C, M20 is not measured within circular
or elliptical apertures, and the center of the galaxy is a free
parameter. We will see in x 3 that these differences make M20

more sensitive than C to merger signatures such as multiple
nuclei. In Figures 3–4 we display the segmentation maps and
the regions containing the brightest 20% of the flux for the
eight test galaxies.

2.3. Concentration, Asymmetry, and Smoothness

Concentration is defined in slightly different ways by dif-
ferent authors, but the basic function measures the ratio of
light within a circular or elliptical inner aperture to the light
within an outer aperture. We adopt the Bershady et al. (2000)
definition as the ratio of the circular radii containing 20% and
80% of the ‘‘total flux’’:

C ¼ 5 log
r80
r20

# $
; ð9Þ

where r80 and r20 are the circular apertures containing 80%
and 20% of the total flux, respectively. For comparison with
the most recent studies of galaxy concentration, we use
Conselice’s (2003) definition of the total flux as the flux
contained within 1.5 rp of the galaxy’s center (as opposed to
Bershady’s definition as the flux contained within 2 rp). For
the concentration measurement, the galaxy’s center is that
determined by the asymmetry minimization (see below). In
Figures 3–4 we overplot r80 and r20 for eight galaxies of
varying morphological type in the far left-hand panels.
The asymmetry parameter A quantifies the degree to which

the light of a galaxy is rotationally symmetric. A is measured
by subtracting the galaxy image rotated by 180( from the
original image (Abraham et al. 1996; Wu 1999; Conselice
et al. 2000):

A ¼
P

i; j jI(i; j)# I180(i; j)jP
i; j jI(i; j)j

# B180; ð10Þ

where I is the galaxy’s image and I180 is the image rotated by
180( about the galaxy’s central pixel, and B180 is the average
asymmetry of the background. A is summed over all pixels
within 1.5 rp of the galaxy’s center. The central pixel is de-
termined by minimizing A. The asymmetry due to the noise
must be corrected for, and it is impossible to reliably measure
the asymmetry for low S/N images. In Figures 3–4 we display
the residual I # I180 image and the 1.5 rp aperture in the second
column. Objects with very smooth elliptical light profiles have
a high degree of rotational symmetry. Galaxies with spiral arms
are less symmetric, while extremely irregular and merging
galaxies are often (but not always) highly asymmetric.
The smoothness parameter S has been recently developed

by Conselice (2003), inspired by the work of Takamiya
(1999), to quantify the degree of small-scale structure. The
galaxy image is smoothed by a boxcar of given width and then
subtracted from the original image. The residual is a measure
of the clumpiness due to features such as compact star clus-
ters. In practice, the smoothing scale length is chosen to be a
fraction of the Petrosian radius.

S ¼
P

i; j jI(i; j)# IS(i; j)jP
i; j jI(i; j)j

# BS ; ð11Þ

where IS is the galaxy’s image smoothed by a boxcar of width
0.25 rp, and BS is the average smoothness of the background.
Like A, S is summed over the pixels within 1.5 rp of the
galaxy’s center. However, because the central regions of most
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where Si is pixel i’s flux, !sky is the sky noise, and n is the
number of galaxy pixels in the segmentation map. As hS/Ni
decreases, the distribution of measured flux values in the
faintest pixels becomes broader. The measured Gini coefficient
increases because low surface brightness galaxy pixels are
scattered to flux values below the mean sky level, resulting in
negative flux levels for the faintest pixels assigned to the gal-
axy by our smoothed segmentation map. We note that, while
the Poisson noise redistributes all the pixel flux values, the
effects are significant only for pixels with intrinsic flux values
!3 !sky. Therefore, as a first-order correction we compute the
Gini coefficient of the distribution of absolute flux values:

G ¼ 1
¯jX jn(n# 1)

Xn

i

(2i# n# 1)jXij: ð6Þ

Low surface brightness galaxy pixels with flux values scat-
tered below the sky level are reassigned positive values (right,
Fig. 2). This correction recovers the ‘‘true’’ Gini coefficient to
within 10% for images with S=N > 2; at very low S/N values,
even the brightest galaxy pixels are strongly affected by noise
and the Gini coefficient is not recoverable. In Figures 3–4 we
show the final segmentation maps used to compute the Gini
coefficient as contour maps for eight galaxies of varying
morphological type (Table 1).

2.2. The Moment of Ligght

The total second-order moment Mtot is the flux in each pixel
fi multiplied by the squared distance to the center of the gal-
axy, summed over all the galaxy pixels assigned by the seg-
mentation map:

Mtot ¼
Xn

i

Mi ¼
Xn

i

fi (xi # xc)
2 þ ( yi # yc)

2
! "

; ð7Þ

where xc, yc is the galaxy’s center. The center is computed by
finding xc, yc such that Mtot is minimized.

The second-order moment of the brightest regions of the
galaxy traces the spatial distribution of any bright nuclei, bars,
spiral arms, and off-center star clusters. We define M20 as the
normalized second-order moment of the brightest 20% of the
galaxy’s flux. To compute M20, we rank-order the galaxy
pixels by flux, sum Mi over the brightest pixels until the sum
of the brightest pixels equals 20% of the total galaxy flux, and
then normalize by Mtot:

M20 ' log10

P
i Mi

Mtot

# $
; while

X

i

fi < 0:2 ftot: ð8Þ

Here ftot is the total flux of the galaxy pixels identified by the
segmentation map and fi are the fluxes for each pixel i, order
such that f1 is the brightest pixel, f2 is the second brightest
pixels, and so on. The normalization by Mtot removes the
dependence on total galaxy flux or size. We find that defining
M with brighter flux thresholds (e.g., 5% of ftot) produces
moment values that are unreliable at low spatial resolutions
(x 2.3), while lower flux threshold lead to a less discriminating
statistic.

While our definition of M20 is similar to that of C, it differs
in two important respects. First, M20 depends on r2 and is
more heavily weighted by the spatial distribution of luminous
regions. Second, unlike C, M20 is not measured within circular
or elliptical apertures, and the center of the galaxy is a free
parameter. We will see in x 3 that these differences make M20

more sensitive than C to merger signatures such as multiple
nuclei. In Figures 3–4 we display the segmentation maps and
the regions containing the brightest 20% of the flux for the
eight test galaxies.

2.3. Concentration, Asymmetry, and Smoothness

Concentration is defined in slightly different ways by dif-
ferent authors, but the basic function measures the ratio of
light within a circular or elliptical inner aperture to the light
within an outer aperture. We adopt the Bershady et al. (2000)
definition as the ratio of the circular radii containing 20% and
80% of the ‘‘total flux’’:

C ¼ 5 log
r80
r20

# $
; ð9Þ

where r80 and r20 are the circular apertures containing 80%
and 20% of the total flux, respectively. For comparison with
the most recent studies of galaxy concentration, we use
Conselice’s (2003) definition of the total flux as the flux
contained within 1.5 rp of the galaxy’s center (as opposed to
Bershady’s definition as the flux contained within 2 rp). For
the concentration measurement, the galaxy’s center is that
determined by the asymmetry minimization (see below). In
Figures 3–4 we overplot r80 and r20 for eight galaxies of
varying morphological type in the far left-hand panels.
The asymmetry parameter A quantifies the degree to which

the light of a galaxy is rotationally symmetric. A is measured
by subtracting the galaxy image rotated by 180( from the
original image (Abraham et al. 1996; Wu 1999; Conselice
et al. 2000):

A ¼
P

i; j jI(i; j)# I180(i; j)jP
i; j jI(i; j)j

# B180; ð10Þ

where I is the galaxy’s image and I180 is the image rotated by
180( about the galaxy’s central pixel, and B180 is the average
asymmetry of the background. A is summed over all pixels
within 1.5 rp of the galaxy’s center. The central pixel is de-
termined by minimizing A. The asymmetry due to the noise
must be corrected for, and it is impossible to reliably measure
the asymmetry for low S/N images. In Figures 3–4 we display
the residual I # I180 image and the 1.5 rp aperture in the second
column. Objects with very smooth elliptical light profiles have
a high degree of rotational symmetry. Galaxies with spiral arms
are less symmetric, while extremely irregular and merging
galaxies are often (but not always) highly asymmetric.
The smoothness parameter S has been recently developed

by Conselice (2003), inspired by the work of Takamiya
(1999), to quantify the degree of small-scale structure. The
galaxy image is smoothed by a boxcar of given width and then
subtracted from the original image. The residual is a measure
of the clumpiness due to features such as compact star clus-
ters. In practice, the smoothing scale length is chosen to be a
fraction of the Petrosian radius.

S ¼
P

i; j jI(i; j)# IS(i; j)jP
i; j jI(i; j)j

# BS ; ð11Þ

where IS is the galaxy’s image smoothed by a boxcar of width
0.25 rp, and BS is the average smoothness of the background.
Like A, S is summed over the pixels within 1.5 rp of the
galaxy’s center. However, because the central regions of most
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Bershady et al. 2000; Conselice et al. 2000). The third quantity
in the ‘‘CAS’’ morphological classification system is a measure
of a galaxy’s residual clumpiness S, which is correlated with a
galaxy’s color and star formation rate (Isserstedt & Schindler
1986; Takamiya 1999; Conselice 2003). Other more computer-
intensive approaches to galaxy classification, such as artificial
neural networks and shapelet decomposition have also been
applied to local and distant galaxies. Artificial neural networks
are trained by an astronomer on a set of galaxies of known
morphological type and use a combination of size, surface
brightness, concentration, and color to classify galaxy types
(Odewahn et al. 1996; Naim et al. 1997). ‘‘Shaplets’’ decon-
struct each galaxy’s image into a series of Hermite polynomials
(Refregier 2003; Kelly & McKay 2004). The eigenshapes
produced by shapelet decomposition are often difficult to in-
terpret by themselves, and the additional step of principle
component analysis is performed to classify galaxies.

While CAS is perhaps the most straightforward of the non-
parametric methods, it is not without its weaknesses. Because
concentration is measured within several circular apertures
about a predefined center, it implicitly assumes circular sym-
metry, making it a poor descriptor for irregular galaxies.
Asymmetry is more sensitive to merger signatures than con-
centration, but not all merger remnant candidates are highly
asymmetric, and not all asymmetric galaxies are mergers (e.g.,
dusty edge-on spirals). Finally, the clumpiness determination
requires one to define a galaxy smoothing length, which must
be chosen carefully to avoid systematic effects dependent on a
galaxy image’s point-spread function (PSF), pixel scale, dis-
tance, and angular size. Also, the bulges of highly concentrated
galaxies give strong residuals that are not due to star-forming
regions and must be masked out when computing S.

In this paper we examine two new nonparametric ways of
quantifying galaxy morphology that circumvent some of the
problems with the CAS system. We use the Gini coefficient, a
statistic used in economics to describe the distribution of
wealth within a society. It was first adapted for galaxy mor-
phology classification by Abraham et al. (2003) to quantify the
relative distribution of flux within the pixels associated with a
galaxy. It is correlated with concentration, but does not assume
that the brightest pixels are in the geometric center of the
galaxy image. We also define a new indicator, M20, which
describes the second-order moment of the brightest 20% of the
galaxy. While similar to the concentration index, M20 is more
sensitive to merger signatures like multiple nuclei and does not
impose circular symmetry. In x 2 we modify Abraham’s defi-
nition of the Gini coefficient to make it applicable to distant
galaxies, and we define M20. In x 3 we test the robustness of
these statistics to decreasing signal-to-noise ratio (S/N) and
resolution and find that at average S/N per galaxy pixel greater
than 2 and spatial resolutions less than 500 pc, they are reliable
to within 10%. We also compare the robustness ofG andM20 to
CAS. In x 4 we compare the ability of G and M20 to classify
local Hubble type and merging galaxies to the CAS system.
Finally, in x 5 we examine the near-ultraviolet/optical mor-
phologies of 49 1:7< z< 3:8 Lyman-break galaxies and at-
tempt to classify these LBGs as ellipticals, spirals, or merger
candidates.

2. MEASURING GALAXY MORPHOLOGIES

2.1. The Gini Coefficient

The Gini coefficient is a statistic based on the Lorenz
curve, the rank-ordered cumulative distribution function of a

population’s wealth, or in this case a galaxy’s pixel values
(Abraham et al. 2003). The Lorenz curve is defined as

L( p) ¼ 1

X̄

Z p

0

F"1(u) du; ð1Þ

where p is the percentage of the poorest citizens or faintest
pixels, F(x) is the cumulative distribution function, and X̄ is
the mean over all (pixel flux) values Xi (Lorenz 1905). The
Gini coefficient is the ratio of the area between the Lorenz
curve and the curve of ‘‘uniform equality’’ where L( p) ¼ p
(shaded region, Fig. 1) to the area under the curve of uniform
equality (=1

2). For a discrete population, the Gini coefficient is
defined as the mean of the absolute difference between all Xi :

G ¼ 1

2 X̄ n(n" 1)

Xn

i¼1

Xn

j¼1

jXi " Xjj; ð2Þ

where n is the number of people in a population or pixels in a
galaxy. In a completely egalitarian society, G is zero, and if
one individual has all the wealth, G is unity. A more efficient
way to compute G is to first sort Xi into increasing order and
calculate

G ¼ 1

X̄ n(n" 1)

Xn

i

(2i" n" 1)Xi ð3Þ

(Glasser 1962).
For the majority of local galaxies, the Gini coefficient is

correlated with the concentration index and increases with the
fraction of light in a compact (central) component. In a study of
930 Sloan Digital Sky Survey (SDSS) Early Data Release
galaxies, Abraham et al. (2003) found G to be strongly cor-
related with both concentration and surface brightness. How-
ever, unlike C, G is independent of the large-scale spatial

Fig. 1.—Lorenz curve: the Gini coefficient is the area between the Lorenz
curve of the galaxy’s pixels and that of equitable distribution (shaded region).
The given curve is for S0 NGC 4526, G ¼ 0:59.
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A tale of two Galaxies
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Results: Concentration

• LOW IN HI
• PEAKS IN OPTICAL WITH INTERACTION
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Results: Concentration
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Results: Concentration

• LOW IN HI
• PEAKS IN OPTICAL WITH INTERACTION

24 µm

UV

HI

24 µm

UV

HI

Thursday, 11 June 2009



Results: Asymmetry

INCREASED IN HI, SIMILAR TO STAR-FORMATION TRACERS
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Results: Asymmetry
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Results: Asymmetry
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Results: Smoothness
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Results: Gini

INTERACTION ENHANCES HI INEQUALITY
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Results: M20

INTERACTION  ADDS MOMENT TO HI MAP
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Results: Ellipticity

GENERALLY THE GALAXY IMAGE IS ELONGATED
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Conclusions	
Quantified morphology over a range of 
wavelengths within two HI contours in two 
galaxies, isolated NGC 3184 and interacting M51.

The interaction signal is strongest in UV, 24 micron 
and HI: star-formation and its fuel.

HI morphology is equal or better indicator of 
interaction (Asymmetry, GINI and M20) compared 
to any other wavelength. 

Interaction rate local volume with MeerKAT/
ASKAP/APERTIF, SKA up to redshifts of z=1.
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Disturbance

Karenchentsev et 
al. 2004

High value of Θ 

implied close-by 
and massive 
neighbour.

Gini and M20 
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Non-circular Motion

Relative 
estimate of non-
circular motion 
(Ar / vmax)

correlates with 
A, 1/M20
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Hubble Type

Parameters in HI 
do not correlate 
well with Hubble 
(sub)type.
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Distance Effects

Bendo et al. 2008

Asymmetry most 
strongly depends on 
distance

Correction workable.

Local Volume (< 60 Mpc)

Variations in 24-µm morphologies in SINGS 1319

Table 6. Comparison of 24-µm morphological parameters measured in original images and images simulated to represent 30 Mpc distances.

Name Distance (Mpc)a C M20 log(Reff) A G

IC 2574 3.5 (orig) 1.582 ± 0.014 −0.653 ± 0.016 −0.3259 ± 0.0017 1.884 ± 0.005 0.62
30 (sim) 1.99 ± 0.02 −0.6 ± 0.4 −0.3418 ± 0.0018 1.1 ± 0.4 0.54

NGC 2403 3.5 (orig) 2.53 ± 0.03 −1.138 ± 0.015 −0.925 ± 0.004 1.009 ± 0.0004 0.82
30 (sim) 2.64 ± 0.03 −1.37 ± 0.014 −0.863 ± 0.004 0.59 ± 0.02 0.80

NGC 3031 3.5 (orig) 2.95 ± 0.02 −1.01 ± 0.02 −0.6818 ± 0.0019 0.763 ± 0.005 0.71
30 (sim) 2.95 ± 0.03 −1.3 ± 0.3 −0.6676 ± 0.0019 0.38 ± 0.04 0.69

NGC 4236 3.5 (orig) 1.414 ± 0.013 −0.896 ± 0.014 −0.600 ± 0.002 1.786 ± 0.003 0.67
30 (sim) 1.858 ± 0.016 −0.8 ± 0.5 −0.5618 ± 0.0018 0.95 ± 0.16 0.66

NGC 4736 5.3 (orig) 2.96 ± 0.10 −1.661 ± 0.017 −0.971 ± 0.009 0.30 ± 0.02 0.89
30 (sim) 2.53 ± 0.08 −2.07 ± 0.06 −0.899 ± 0.008 0.15 ± 0.02 0.66

NGC 6946 5.5 (orig) 5.82 ± 0.13 −2.02 ± 0.11 −0.525 ± 0.003 0.656 ± 0.014 0.78
30 (sim) 4.42 ± 0.07 −2.47 ± 0.03 −0.510 ± 0.003 0.453 ± 0.019 0.74

aThe measurements in the original images have distances labelled as (orig). The measurements in the simulated images have distances labelled as (sim).
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Figure 1. Variations in the A parameter measured in images of NGC 3031
simulated to represent the galaxy’s appearance at distances between 3.5 and
∼30 Mpc (see Section 3.1). The line represents the best-fitting power law,
which has a slope of −0.30.

images of two different wavebands, the images must have matching
resolutions.

3.2 Dependence of morphological parameters on inclination

Since the galaxies in this sample exhibit a wide range of inclinations
and since galaxies’ appearance change when viewed edge-on, we
simulated the effects of inclining a galaxy between 0◦ and 80◦ using
NGC 628, 3184 and 3938, which have minor/major axis ratios of
0.9 or higher and optical diameters greater than 5 arcmin. In this
analysis, these galaxies are treated as having inclinations of 0◦,
although the axis ratios may imply a slight inclination. The simulated

Table 7. Comparison of 3.6-µm morphological parameters measured in original images and images simulated to various inclinations.

Name Inclinationa C M20 log(Reff) A G

NGC 628 0◦ (orig) 2.97 ± 0.04 −1.592 ± 0.017 −0.482 ± 0.017 0.273 ± 0.004 0.65
40◦ (sim) 2.97 ± 0.04 −1.574 ± 0.019 −0.60 ± 0.02 0.2736 ± 0.0015 0.65
80◦ (sim) 3.78 ± 0.07 −1.520 ± 0.011 −1.04 ± 0.06 0.2750 ± 0.0005 0.64

NGC 3184 0◦ (orig) 2.43 ± 0.04 −1.63 ± 0.02 −0.386 ± 0.019 0.241 ± 0.002 0.55
40◦ (sim) 2.48 ± 0.04 −1.68 ± 0.02 −0.50 ± 0.02 0.241 ± 0.002 0.55
80◦ (sim) 3.43 ± 0.08 −1.94 ± 0.03 −0.94 ± 0.07 0.2419 ± 0.0006 0.55

NGC 3938 0◦ (orig) 2.96 ± 0.07 −2.03 ± 0.03 −0.49 ± 0.03 0.214 ± 0.004 0.63
40◦ (sim) 2.91 ± 0.08 −2.03 ± 0.03 −0.60 ± 0.04 0.214 ± 0.004 0.63
80◦ (sim) 3.63 ± 0.14 −2.09 ± 0.03 −1.03 ± 0.12 0.230 ± 0.004 0.63

aThe measurements in the original images have inclinations labelled as (orig). The measurements in the simulated images have inclinations labelled as (sim).

inclinations were performed simply by projecting the images onto
a plane tilted to the desired angle. For this analysis, the emission
is assumed to be infinitely thin, although we note that significant
stellar emission may extend outside the plane of S0 and early-type
spiral galaxies.

A comparison between the 3.6- and 24-µm morphological pa-
rameters measured in the original images and images with simu-
lated inclinations of 40◦ and 80◦ is shown in Tables 7 and 8. For
this section alone, the measurement region is treated as circular in
the original images. In the images with simulated inclinations, the
ratio of the axes of the measurement region is set to the cosine of the
inclination angle. The A, M20 and G parameters all vary less than
∼20 per cent between the original and simulated images, but the
comparison demonstrates that C and log(Reff) for both wavebands
are sensitive to inclination effects. These will need to be corrected
to deal with these inclination effects.

We derive relations for the corrections needed to be applied to
these parameters by measuring the C and log(Reff) parameters mea-
sured in the 3.6- and 24-µm images simulated with inclinations be-
tween 0◦ and 85◦. For the C parameter, we empirically determined
that it varies as a function of a constant added to θ4, where θ is
the inclination angle in degrees. The log(Reff) parameter was found
to vary as a function of cos (θ ). These functions were fit to C and
log(Reff) for each galaxy in each wave band, and then the median
and uncertainty for the resulting coefficients were calculated to give
the following correction functions:

Ccorrected = Coriginal − (2.0 ± 0.3) × 10−8θ4, (9)

log(Reff)corrected = log(Reff)original

+ (0.675 ± 0.012)[1 − cos(θ )]. (10)

C© 2007 The Authors. Journal compilation C© 2007 RAS, MNRAS 380, 1313–1334
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Inclination Effects

Bendo et al. 2008

Affects Concentration

Not really an issue below 
60 degrees

HI inclination estimate 
vital.

1320 G. J. Bendo et al.

Table 8. Comparison of 24-µm morphological parameters measured in original images and images simulated to various inclinations.

Name Inclinationa C M20 log(Reff) A G

NGC 628 0◦ (orig) 1.94 ± 0.03 −0.845 ± 0.014 −0.446 ± 0.015 0.9016 ± 0.0007 0.73
40◦ (sim) 1.96 ± 0.03 −0.884 ± 0.015 −0.58 ± 0.02 0.9002 ± 0.0010 0.73
80◦ (sim) 2.76 ± 0.05 −1.02 ± 0.02 −1.01 ± 0.06 0.841 ± 0.009 0.74

NGC 3184 0◦ (orig) 2.02 ± 0.04 −0.997 ± 0.018 −0.40 ± 0.02 0.728 ± 0.006 0.68
40◦ (sim) 2.16 ± 0.04 −1.021 ± 0.019 −0.51 ± 0.03 0.723 ± 0.010 0.68
80◦ (sim) 3.44 ± 0.09 −1.09 ± 0.06 −0.94 ± 0.07 0.688 ± 0.010 0.68

NGC 3938 0◦ (orig) 2.37 ± 0.06 −0.858 ± 0.008 −0.47 ± 0.03 0.6574 ± 0.0006 0.71
40◦ (sim) 2.39 ± 0.06 −0.817 ± 0.008 −0.59 ± 0.04 0.6553 ± 0.0009 0.71
80◦ (sim) 3.22 ± 0.11 −0.694 ± 0.007 −0.97 ± 0.10 0.612 ± 0.008 0.71

aThe measurements in the original images have inclinations labelled as (orig). The measurements in the simulated images have inclinations labelled as (sim).
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Figure 2. Variations in the C parameter measured in images of NGC 3938
simulated to represent the galaxy’s appearance at various inclinations (see
Section 3.2). The lines represent the best-fitting function.

The values for Ccorrected and log(Reff)corrected are the parameters that
would be measured if the galaxies were viewed face-on. Exemplary
fits are shown for NGC 3938 in Figs 2 and 3. Note that the variations
in each waveband are statistically similar.

The inclination-related corrections are only applied to disc galax-
ies (S0-Sd galaxies). To apply these corrections, the inclination is
calculated using

θ = cos−1

(

[

(rminor/rmajor)2 − q2
o

1 − q2
o

]0.5
)

, (11)

where rminor is the optical semiminor axis, rmajor is the optical semi-
major axis, and qo is the intrinsic optical axial ratio, which is set to
0.20. NGC 3190, 4631 and 5866 are viewed close to edge-on, so
the inclination is set to 90◦ for these galaxies.
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Figure 3. Variations in the log(Reff) parameter measured in images of NGC
3938 simulated to represent the galaxy’s appearance at various inclinations
(see Section 3.2). The lines represent the best-fitting function.

Because the correction was calculated assuming that the stellar
and 24-µm emission was infinitely thin (geometrically and opti-
cally), the corrections may be inaccurate for the 3.6-µm parameters
of some nearly edge-on early-type spiral and S0 galaxies. How-
ever, we anticipate that the 24-µm emission should originate mostly
from a thin disc, so the corrections should be accurate for the
24-µm parameters. The 3.6-µm stellar emission from late-type
galaxies should also originate from a relatively thin disc, so the
corrections for the 3.6-µm emission for these galaxies should also
be fairly accurate.

This analysis demonstrates that the C parameter has the added
disadvantage over the M20 parameter of being more sensitive to
inclination effects. Given that M20 is also a more sensitive concen-
tration parameter (Lotz et al. 2004), it should be used instead of C
as a concentration parameter. The C parameter is still included here

C© 2007 The Authors. Journal compilation C© 2007 RAS, MNRAS 380, 1313–1334
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Conclusions (2)

Initial results from the THINGS sample:

Morphology will give a likelihood for interaction, 
see how well combination with dynamical info

Hubble (sub)type classification problematic 

Inclination not a major issue till > 60o

Distance & resolution not an issue for Local 
Volume.
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Inclination

1320 G. J. Bendo et al.

Table 8. Comparison of 24-µm morphological parameters measured in original images and images simulated to various inclinations.

Name Inclinationa C M20 log(Reff) A G

NGC 628 0◦ (orig) 1.94 ± 0.03 −0.845 ± 0.014 −0.446 ± 0.015 0.9016 ± 0.0007 0.73
40◦ (sim) 1.96 ± 0.03 −0.884 ± 0.015 −0.58 ± 0.02 0.9002 ± 0.0010 0.73
80◦ (sim) 2.76 ± 0.05 −1.02 ± 0.02 −1.01 ± 0.06 0.841 ± 0.009 0.74

NGC 3184 0◦ (orig) 2.02 ± 0.04 −0.997 ± 0.018 −0.40 ± 0.02 0.728 ± 0.006 0.68
40◦ (sim) 2.16 ± 0.04 −1.021 ± 0.019 −0.51 ± 0.03 0.723 ± 0.010 0.68
80◦ (sim) 3.44 ± 0.09 −1.09 ± 0.06 −0.94 ± 0.07 0.688 ± 0.010 0.68

NGC 3938 0◦ (orig) 2.37 ± 0.06 −0.858 ± 0.008 −0.47 ± 0.03 0.6574 ± 0.0006 0.71
40◦ (sim) 2.39 ± 0.06 −0.817 ± 0.008 −0.59 ± 0.04 0.6553 ± 0.0009 0.71
80◦ (sim) 3.22 ± 0.11 −0.694 ± 0.007 −0.97 ± 0.10 0.612 ± 0.008 0.71

aThe measurements in the original images have inclinations labelled as (orig). The measurements in the simulated images have inclinations labelled as (sim).
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Figure 2. Variations in the C parameter measured in images of NGC 3938
simulated to represent the galaxy’s appearance at various inclinations (see
Section 3.2). The lines represent the best-fitting function.

The values for Ccorrected and log(Reff)corrected are the parameters that
would be measured if the galaxies were viewed face-on. Exemplary
fits are shown for NGC 3938 in Figs 2 and 3. Note that the variations
in each waveband are statistically similar.

The inclination-related corrections are only applied to disc galax-
ies (S0-Sd galaxies). To apply these corrections, the inclination is
calculated using

θ = cos−1

(

[

(rminor/rmajor)2 − q2
o

1 − q2
o

]0.5
)

, (11)

where rminor is the optical semiminor axis, rmajor is the optical semi-
major axis, and qo is the intrinsic optical axial ratio, which is set to
0.20. NGC 3190, 4631 and 5866 are viewed close to edge-on, so
the inclination is set to 90◦ for these galaxies.
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Figure 3. Variations in the log(Reff) parameter measured in images of NGC
3938 simulated to represent the galaxy’s appearance at various inclinations
(see Section 3.2). The lines represent the best-fitting function.

Because the correction was calculated assuming that the stellar
and 24-µm emission was infinitely thin (geometrically and opti-
cally), the corrections may be inaccurate for the 3.6-µm parameters
of some nearly edge-on early-type spiral and S0 galaxies. How-
ever, we anticipate that the 24-µm emission should originate mostly
from a thin disc, so the corrections should be accurate for the
24-µm parameters. The 3.6-µm stellar emission from late-type
galaxies should also originate from a relatively thin disc, so the
corrections for the 3.6-µm emission for these galaxies should also
be fairly accurate.

This analysis demonstrates that the C parameter has the added
disadvantage over the M20 parameter of being more sensitive to
inclination effects. Given that M20 is also a more sensitive concen-
tration parameter (Lotz et al. 2004), it should be used instead of C
as a concentration parameter. The C parameter is still included here
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Multi-wavelength
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