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Abstract. Inthis work, we classified morphologically four galaxies§® NGC2336, NGC2841 and NGC4394) by
studying their isophotal parameters, comparing the bniegg profiles with empirical laws. In particular, we adopted
the de Vaucouleur’s profile for the bulge and an exponendal for the disk. We also modelled the brightness
distribution, fitting the isophotes with ellipses. The alys¢ions were performed by the 82 Schmidt Telescope

of the Asiago Astrophysical Observatory, in R-band filtdieTesults obtained show a reasonable agreement with

the literature.

1. Introduction

Galaxies are morphologically classified, in agreement
with the Hubble sequence, in ellipticals, lenticulars; spi
rals and irregulars (Fi 1). Elliptical galaxies have reg-
ular shape, smooth and featureless light distribution and
appear as ellipses. They are denoted by the letter E, fol-
lowed by a number from 1 to 7 representing their ap-
parent ellipticity. Lenticulars are denoted by SO. Spirals
have a central concentration of stars, called bulge, and a
flattened disk, with stars disposed in a spiral structure.
They are divided in spirals and barred spirals, which
have a bar-like structure across the bulge. These are
denoted by letter S (spiral) or SB (barred spiral) fol-
lowed by “a”, “b”, or “c” (Sa is a spiral with tightly-
wounded arms and with a bright central bulge; Sc has
less wounded spiral arms and a weak bulge.

Our work aimed to classify the observed galaxiesin
three ways: a) using the isophotes, approximated by el-
lipses, b) creating a model to be subtracted from the
original images and analysing the residual image, c)
analysing their brightness profiles.

Isophotes are defined as the lines that link the points
of same brightness. Once the isophotes are approxi-
mated by ellipses, it is possible to analyse their ellip-
ticity, position angle and the coordinates of the centre
as a function of the semi-major axis. All these parame-
ters give information about the morphology of a galaxy.

The second method is based on the modelling of the
galaxy brightness, assuming the isophotes as ellipses,
this time with fixed centre. Using the ftirence be-
tween the original image and the model, called residual
image, it is possible to infer the morphology.
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Fig. 1. Hubble’s classificatior (wikipedia).

Finally, we can classify galaxies by calculating
their T-Type, a number obtained from theffdr-
ence between the bulge and the disk brightness. The
T-Type is related to a class of galaxies according
to thelSimien & de Vaucouleurs (1986) classification
(Tableld).

2. Observational data

The data we used were taken with thg®7 Schmidt
Telescope, of the Asiago Astrophysical Observatory.
This telescope is equipped with a CCD system, SBIG
STL-11000M, KAI-11000M detector with 4008 x 2672
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Table 1. T-Type and Hubble’s classification

T Type | Hubble
-5 E
-2 SO
+1 Sa
+3 Sb
+5 Sc

active pixels. Each pixel has a surface qfr® and the
scale factor is 0.86rcsec/pixel. The images were taken
using the R-band filter (Fi§l 2). In Talilk 2 are shown the
observational data.

The images were corrected by dark, which is the
emission of the CCD due to its own temperature, and by
flat field, in order to correct the non-uniform response
of the CCD.

3. Work description

In our work we approximated isophotes to ellipses
(with the taskellipse of the IRAF package). Then, using
ds9, we created the first ellipse which represented the
first guess of the galaxy limit brightness. Before setting
the program to create the other ellipses, we had to mask
the stars that, with their brightness, could disturb the
isophotes determination. After that, the program was
able to calculate the other isophotes (see Hig. 3 as an
example). Some ellipses were clearly not representative
of the galaxy and we deleted them.

We extracted some parameters from the ellipses
such as: semi-major axis, internal flux, number of pix-
els restrained, coordinates of the centre, position angle,
intensity, ellipticity. There were some ellipses in the ta-
ble with the same number of pixels, thus we deleted
all of them except one, trying to keep the increasing of
the semi-major axis linear. We had to do this because
those ellipses, describing the same isophotes, are use-
less. Then, we arranged a table in ascii format in order
to build the diagrams with the prograf®PCAT.

We applied the same procedure again, but this time
fixing the coordinates of the centre. We created the el-
lipses representing the isophotes of the galaxies, now
all concentric. At this point, we rejected all the ellipses
that were too dterent from the structure of our galax-
ies and obtained a table containing all the parameters
needed to build the diagrams (semi-major axis, internal
flux, number of pixels restrained). The table must be re-
vised, in this case as well, deleting the ellipses with the
same number of pixels and trying to keep the increasing
of the semi-major axis linear.

Method 1: Isophotes analysis

The first way to analyse the morphological structure
is examining the isophotes with unfixed centre of our
galaxies. WithTOPCAT we created few graphs, which
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Fig. 2. Observed galaxies. Top: NGC439%h(the left)
and M85 6n the right); middle: NGC2336; bottom:
NGC2841. 6/92 Schmidt Telescope R filter, Asiago
Observatory.
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gave us afirst identification of the galaxies morphologi-

cal structure. For each galaxy, we plotted the ellipticity,

position angle (P.A.), and the coordinates of the centre
(X, y) versus the semi-major axis (see . 4).

If ellipticity, position angle and coordinates are con-
stant along the semi-major axis the galaxy is probably
an elliptical. If there are variations, these suggest the
presence of structures: the galaxy is probably a spiral.
In particular, when the ellipticity changes while the po-
sition angle remains constant, can be inferred the pres-
ence of a bar.
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Table 2. Galaxies and observational data
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Galaxy NGC2336 NGC2841 NGC4394 M85
Date 06/02/11 06/02/11 06/02/11 06/02/11
Hour 19:18:17 19:11:51 22:00:36 22:00:36
Exp.time | 600 300 300 300
R.A. 07h 26m 58s| 09h 22m 08s| 12h 25m 33s| 12h 25m 33s
Dec +80° 11’ 15" | +50°58'49” | +06° 11'43” | 06° 11’ 43"
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Fig. 4. Morphological parameters for all the galaxies as a funaticthe semi-major axes (SM#Ajxels) of the ellipse.
From the top to the bottom of each plot there are: elliptjd®A. (degree), coordinates of the centre in pixels (x, ).

Method 2: Residuals analysis profile. We had to derive new parameters from the

isophotes with fixed centre using the pack&a@®CAT.

Using thebmodel task of IRAF on the isophotes with These parameters were: the semi-major axes (kpc)
unfixed centre, we created an image that approximates and the surface brightness (nagseé). The sky-

the galaxy. Successively, we subtracted, pixel by pixel, subtracted flux (counts) within each ellipse was given
the modelled image from the original one of the galaxy by:

and we obtained a third image with the residuals (see
Figs.[3 and1B). Isophotes approximation is regular and
so will be the model: any irregular structure will be
shown in the residual image. If in these images struc-
tures, such as bars or spiral arms are noticed, the galaxy
is a spiral. If no structure is seen the galaxy is an ellip-
tical.

flux = (tux. — (npix>< < lsky >)) 1)

texp

where fiu, andnyx are the total counts and the number
of pixels inside each ellipse, respectively,lsq, > is
the mean sky intensity per pixel, and finallytis the
exposure time.

The surface intensity between two consecutive el-

Method 3: Brightness profile lipses was obtained using the following formula:

A third way to analyse the morphological structure

of our galaxies is based on building their brightness Igp= (flux, — flux;)/(area — area) (2)
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Fig. 3. Isophotes approximated by ellipses @neen)
overlapped to M85 (the galaxy on the right). The el-
lipses has been obtained using the IRAF’s tesipse.
The squares and clusters of squaresg(ieen) are the
masked stars (see text).

J 5000 10000 15000 20000 25000 30000 35000 40000 45000

Fig.5. The images show respectively the models (top)
and residuals (bottom) of NGC4294 and M85. The
models were created based on the ellipses that ap-
proximate the isophotes. The residual image was found
through the subtraction of the model from the original
image.
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Fig. 6. The images show respectively the models (on the
left) and residuals (on the right) for NGC2336 (top) and
NGC2841 (bottom).

where area is the the number of pixel in each el-
lipse multiplied by the pixel area in arcge@®.4 x 0.4
arcseé).

At this point, it was possible to determine the instru-
mental surface brightness)(through the classical rela-

tion between intensity and magnitu tal.,
[1996):

This value had to be calibrated taking into account
the atmospheric extinction (given tiyk, wherek is the
extinction codficient andx the airmass) and the zero-
point magnituderty)

mEee = p + Mo + kX (4)

In our casemp + kx ~ 5 and we adopted this value
as calibration coféicient.

Finally, we built the surface brightness profile
graphs, placing on the abscissa the semi-major axis
and on the ordinate the observed calibrated brightness.
At this point, we studied the surface brightness profile
of each galaxy using two flerent laws. We described

the brightness profile of the bulgpb("ge% using the de
Vaucouleurs’ lawl(Simi 86):

Hbuige = Me + 8.325 ((r/re)l/4 -1) )]
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Table 3. Bulge and disk parameters

Object pe | te(") | po | ()

NGC2336| 26.0 | 35 23.8 | 45

NGC2841| 24.0 | 40 23.2| 75

M85 23.7| 35 235 | 65

NGC4394| 24.4 | 20 23.5| 30

Table 4. Bulge and disk intensities
Object le B lo D

NGC2336| 2.5x101 | 3.7x107 | 3.0x10° | 4.0x10°
NGC2841| 2.5x10%° | 4.8x10° | 5.0x10° | 1.8x10°
M85 3.3x101° | 4.8x10° | 4.0x10%° | 1.1x10°
NGC4394| 1.7x101° | 8.1x107 | 4.0x10'° | 2.3x10°

wherer, is the distance from the centre in which we
find half of the light of the bulge, and. is the surface
brightness withirre. The disk can be described by an
exponential law:

Mdisk = po + 1.085 (/h) (6)
wherepy is the surface brightness in the centre dénd
represents the distance at which
I =1lo/e (7

For an elliptical galaxy, the brightness profile is entirely
described by the first law (edd. 5), while in the case of
a spiral galaxy one law is not fiicient to describe the
whole galaxy. In particular, it is needed a law describing
the component of the disk (edd. 6).

We found the parameters empirically in order to re-
produce the surface brightness profiles shown in[Fig. 7,
the values are given in Tab[d 3. After this, by using
eqn. [B), we obtained the surface brightness of each
component.

The bulge and disk total intensities were calculated

by means of the following equations and are summa-
rized in Tabld®}:

limige = 1193112 = B (8)
I =271gh? =D 9)

We found the morphological type using the T-Type
scalel(Simien & de Vaucouleurs , 1986). From the ratio
B/(B+D) we foundAm using the following equation:
Am= -25log[B/(B+ D)] (10)
With Am it is possible to obtain the pa-

rameter T by exploiting the graph reported in
Simien & de Vaucouleuis _(1986). See TaHle 5.
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Table 5. T-Type Classification

Object B/(B+D) | Am T
NGC2336| 0.08 2.74 | ~5
NGC2841| 0.21 169 | ~3
M85 0.31 1.27 | ~1.5
NGC4394 | 0.26 146 | ~3
4. Results

In this work, we classified the morphological type
of four galaxies, NGC2336, NGC2841, M85 and
NGC4394, adopting three ftitrent methods: a)
isophote analysis, b) residual analysis, c) brightness
profile. The isophotes, approximated by ellipses, were
obtained in two ways, with free and fixed centres. The
ellipses with free centres were used to analyse the
isophote parameters (ellipticity, position angle, and the
coordinates of the centre (x,y) as a function of the semi-
major axis), and to built the models of the galaxies in
order to find the residual maps subtracting the model
from the original images. Ellipses with fixed centre
were used to obtain the brightness profile and then we
fitted it through the composition of two models, one
for the bulge and the other for the disk. Concerning
the first method we gave only an approximate classi-
fication, whether the galaxy is an elliptical or a spiral,
with or without a bar. With the residuals method, pe-
culiar structures become evident, obviously the results
depended on the quality of the model. Finally, from the
brightness profile analysis it was not possible to repro-
duce bars or other peculiar structures because the mod-
els we built were based on two components: bulge and
disk.

With the first method, we found a well defined
trend, with sometimes some variations, both in ellip-
ticity and position angle up to 40 arcsec from the cen-
tre. In NGC2841 the variationsfact the centre coordi-
nates too. In the case of M85, we found a variation of
the centre coordinates and ellipticity between 50 and 60
arcsec, where the position angle shows a regular trend.
This could be due to a not corrected determination of
the ellipses. If we remove these points, the trend be-
comes regular for all the parameters excluding the inner
parts of the galaxy< 10 arcsec), where a variation in
position angle and ellipticity is however seen. Finally,
M85 is an S type galaxy with probably inner substruc-
tures. The presence of substructures, on the other hand,
is clear in the other three objects, therefore we can con-
clude that the morphological type is S. The residual im-
ages show substructures indicative of spiral arms in all
the objects but M85. In this case, the residuals show
a cross shape feature, typical of elliptical galaxies, al-
though it appears weakly distorted like spiral arms, in-
dicating that the morphological type could be interme-
diate between E and S (an S0), but the presence of a disk
is undoubted. Furthermore, the residuals of NGC2336
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Fig.7. For each galaxy are indicated: the brightness profile,/arageé (dotted-solid-red line, the isophotes were
approximated by ellipses with fixed centre); the bulge€ circles) and disk §reen diamonds) model profiles, and the
composition of both modeldlack-solid line) versus the major semi-axes, in kpc.

Table 6. Classification results

Object methods SIMBAD
11 2 3
NGC2336| S| SB | Sc | SBc
NGC2841| S | S Sb | Sb
M85 S| E/S| Sa| SO
NGC4394| S| SB | Sb| SBb

and NGC4294 show a clear evidence of bars. Finally,
from the brightness profile we confirmed the S type for
all the galaxies.

As final step, we compared our results with the
official data (SIMBAD). The results are summarized
in Table [B. Concerning NGC2336, NGC2841 and
NGC4394, our findings are in agreement with the pub-
lished morphological types. M85 is classified as an SO
galaxy. With the third method we obtained a later mor-
phological type, Sa, which means that the disk compo-
nent was overestimated. This could be due to an incor-
rect model used to fit the profiles, in fact we applied
only the de Vaucouleurs’ law. The presence of possible
substructuresin the inner parts of the galaxy pointed out
with the first method could be real, because this galaxy
is a product of a recent mergeér (Lauer etlal., 2005).
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