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Abstract. We present one-dimensional decomposition of edge-on galactic pro-
files in the spirit of Kormendy (1977) [18]. The profile is decomposed by means
of the Sersic (1968) [25] formula, used both for the bulge and disk components.
This method is applied on 22 deep profiles and has reached in all cases good
fitting of the data. The RMS of the Tully-Fisher (1977) [29] relation “absolute
magnitude — HI line width” is 0.34 mag,i.e. the magnitudes of the edge-on
spiral galaxies are good distance indicators. We show that the edge-on surface
brightness of the large and massive disks have well prominent convexshape,
while in cases of small ones the surface brightness along the edge decreases al-
most linearly,i.e. almost exponentially in the intensity scale. The same conclu-
sion has been made previously out of the profiles of the nearby galaxiesM 31,
M 33, LMC and SMC (Georgiev, 2004) [9]. Generally, the Freeman’s expo-
nential law for the radial disk profiles, introduced by Freeman (1977) [17] rests
usable as the first approximation in the cases of small disks.

PACS number: 98.62.Hr

1 Introduction

The exponential shapes of the radial profiles of the galacticdisks are introduced
by Freeman (1977) [17] and they are known as “Freeman’s law”.These shapes
could be understood from theoretical point of view (Freeman1970 [17], Moet
al., 1998 [20], Reshetnikov 2000 [24]). However, now we know that the majority
of the deep disk profiles have convex or truncated forms and the Freeman’s law
seems to be a rough approximation.

Due to the projection effect, the truncations of the galactic disks become more
obvious in the case of an edge-on view of the galaxy. RecentlyStanchevet al.
(2002) [27] show that approximately 80% of the profiles of about 200 late type
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edge-on galaxies (practically all such objects with deep observations) show well
prominent truncations at surface brightness levels 24–25 mag/arcsec2 in the R-
band. In the rest cases, where the truncation is poor prominent, or even absent,
one must suspect bad or not deep enough observational data. The steep decreas-
ing of the surface brightness of the outer part of the disks could be explained by
sharp decrease of the star forming rate, due to insufficient matter concentration,
and/or lack of reasons for disk instabilities (Bottema 1993[6], Geressenet al.
1997 [10], Biziaev and Zasov 2002 [5]).

The profiles of the galaxies could be investigated by decomposition into bulge
and disk components (de Vaucouleurs 1959 [14]). It is concerning that there is
no strong physical basis of such procedure, but this approach is an universal way
for describing and comparing of galaxy profiles by means of small number of
well defined parameters (see f.e. Baggetet al. 1998 [1], Simardet al. 2002 [26],
Balcellset al. 2003 [2] and references therein). The problem is that profiles
depend strongly on the observational conditions. Usually the central parts of
the bulge profiles are significantly blurred due to the limited resolution of the
observations, and the faint outer parts of the disk profiles occur below the well
observing surface brightness. In the present work we concentrate only on the
shapes of the deep edge-on disk profiles.

Figure 1 shows typical examples of deep profiles of edge-on galaxies from
Barteldrees and Dettmar (1994) [4] and Pohlenet al. (2000) [22]. In Figure 1(a)
the exponential disk model, integrated to the edge-on view,is presented by mod-
ified Bessel function (dotted curve). However, we see that the outer part of this
model occurs about 10 times brighter than the observed profile. This discrepancy
is too big and it cannot be omitted as a peculiar case.

The truncated shapes of the disk profiles are described and modeled by van der
Kruit and Searle (1981) [31] and Barteldrees and Dettmar (1994) [4] as “cut-off
profiles”. However, when the observational limiting magnitude increases, the art
parameter “cut-off radius” increases too. By this reason Pohlenet al. (2000) [22]
made the next step. They introduced presentation of the diskshapes with two
exponents — inner and outer, (more steep). The special very deep observations
of 3 face-on galaxies, up to about 29 mag/arcsec2 of Pohlenet al. (2002) [22]
confirmed the model with two exponents.

In the present paper we explore another, more simple model — smooth con-
vex shape of the disk profile. The shapes of the edge-on disk profiles are close
to parabolas and such typical examples are shown in Figure 1 by parabola fits
(dashed curves). This fact is interesting by the following reason. Let us con-
sider the disk profile to be just parabolic. In the intensity scale it must be just
Gaussian, and therefore, in face-on view, before the integration along the line
of sight, it must be just Gaussian, too. Consequently, the magnitude shape of
the radial (face-on) profile in magnitudes must be just parabolic, too. Therefore,
in cases of deep face-on observations we must expect parabola-like shapes of
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Figure 1. (a) Deep major axis profile of the edge-on galaxy ESO 189-G12 (solid curve)
and the respective exponential model of the bright part of the disk (dotted curve) from
Barteldrees and Dettmar (1994) [4]; the general shape of the profile isclose to the
parabola fit (dashed curve); (b) Deep major axis profiles of the bulgeless edge-on galaxies
ESO 446-018 and ESO 512-012 (solid curves) from Pohlenet al. (2000) [22]; the general
shapes of the profiles are close to the parabola fits (dashed curves).

the galactic disks in the magnitude scale. However, the shapes of the galactic
disks seem to be more complicated than the Gaussian and by this reason we use
a more common presentation. A general formula describing the shapes of the
galactic bulges has been introduced by Sersic (1968) [25] and the Gaussian-like
functions are special cases of this formula (see Part 2).

The main result of the recent decompositions of many galactic profiles is the
establishment of the correlation between the shape of the bulge and the morpho-
logical type of the galaxy. The bulge shapes of the early typespirals are close to
the de Vaucouleurs (1948) [15] “1/4 law”, while the bulges ofthe late type spi-
rals seem to be a little truncated (see Graham and de Block, 2001 [11]; Trujillo et
al. 2002 [28] and references therein). Another result is a hint of correlation be-
tween the central brightness and the scale length of the diskon the one hand and
the morphological type on the other. Generally, massive disks, inherent to early
type galaxies, have short scale lengths (see Graham and de Block, 2001 [11] and
references therein). There is also an old negative result — the scale length does
not correlate with the Hubble type (see van der Kruit, 2002 [30] and references
therein). The facts could be established or rejected with the use of a better disk
profile model, such as the presented here (see Part 2).

The first application of this approach was made on 22 published profiles of the
nearby galaxies (Georgiev 2004 [9]). The main result is: theradial disk profiles
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of the large galaxies — M 31 and Milky Way show convex shapes, close to the
Gaussian, while in the cases of the dwarf galaxies LMC and SMCthe disk shapes
are close to the exponential. The disk of the galaxy M 33 is an intermediate
case. In the present work we explore decomposition or fit of the published deep
profiles of edge-on galaxies and show almost the same results.

2 The Sersic Formula and its Generalization

It is well known that the apparent profiles of the bulges, as well as the profiles of
the elliptical galaxies, could be described by the formula of Sersic (1968) [25].
This is a three parameter formula which could be written in two appearances: in
the linear scale,i.e. in intensitiesIR, or in the logarithmic scale,i.e. in surface
brightness (expressed in mag/arcsec2)µR:

IR = I0 exp(−(R/H)N ) or µR = µ0 + CRN . (1)

The 3 free parameters that must be derived from the observations are the central
brightnessI0 or µ0 = −2.5 log I0, the scale lengthH = (1.0087/C)1/N and
the shape parameter — the exponential numberN . The Sersic formula (1) could
describe the radial disk shapes in the first approximation while the Freeman’s
law, regarded as “zero order approximation”, is a particular case of (1) with
N = 1.

Various profiles modeled by means of (1) withµ0 = 0 andH = 1 are given in
Figure 2 with solid lines. The caseN = 0.25 corresponds to the de Vaucouleurs’
(1948) [13] law, which describes the profiles of the giant elliptical galaxies.N =
0.5 corresponds to some profiles of big ellipticals or bulges of early type spirals.
N = 1 corresponds to some small ellipticals, some bulges of late type galaxies
and just to the Freeman’s exponential law. The valueN = 2 seems to correspond
to some dwarf ellipticals, to some bulges of the late type galaxies and just to the
Gaussian function. The caseN = 4 may correspond to some strongly convex
disk profiles and it may be called a “second order Gaussian function”.

In some cases, f.e. S0 galaxies, the disks are suspected to have significant cen-
tral depressions. Only Kormendy (1977) [18] and Baggetet al. (1998) [1] have
included improvement of the Freeman’ law using usual exponential term with
N1=1 and adding a second exponential term withN2 = 3. This model repre-
sents a disk with inner truncation, however, the outer part of the disk is again
exponential. To avoid this disadvantage we introduce a moreuniversal approach
— a generalization of the Sersic formula by adding of a secondorder term with
N2 = 2N , that could be called “2nd order Sersic formula”:

IR =I0 exp(−(R/H1)
N
− (R/H2)

2N ) or

µR = µ0 + C1R
N + C2R

2N . (2)
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Figure 2. Shapes of radial profiles according to the Sersic’s (1968) [25] formula (1)
for N = 0.25, 0.5, 1, 2 and 4 (from dawn to up, solid lcurves), and by the second
order Sersic’s formula (2) (dashed lines), representing convex disk profiles with central
depressions (dashed curves): (a) — in linear scale; (b) — in magnitudescale.

The second order Sersic formula (2) has 4 free parameters andit is able to de-
scribe the disk profiles in a second approximation. In this case the observed
profile is presented as a difference between two components:positive, corre-
sponding to the second term which describes the outer truncation, and neg-
ative, corresponding to the first term which describes the inner depression.
The scale length of the two terms is as follows:H1 = (1.0087/C1)

1/N and
H2 = (1.0087/C2)

1/2N . The formula (2) could comprehend the Kormendy
(1977) [18] formula when the terms have the first exponentialnumber equal to
1 and the second one equal to 3. Models, built by (2) are illustrated in Figure 2
by means of dashed lines.

In some cases, as well as in the fitting of the whole galaxy profile, the ordinary
MLS fit of 3rd order does not approximate the data well. In such cases we adda
third order term in (2) and obtain “3rd order Sersic formula” (Georgiev 2004) [9].
This generalization occurs very useful, because the inflex point of the 3rd order
formula, situated between the bulge and disk parts of the profile, is the natural
dividing point of the profile, needed for decomposition.

Thousands of decompositions of galactic profiles are presented in the literature
(see Baggetet al. 1998 [1] and references therein). In modern works the bulge
is presented by the formula (1), with search of the optimal exponential number
N , however the disk profiles are presented routinely by the Freeman’s law,i.e.
again by (1), withN = 1.
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Here we apply the model (1) both for bulge and disk profiles of edge-on galax-
ies. An iterative decomposition technique if the spirit of Kormendy (1977) [18]
is build as C-program. Optionally, the shape parameter (theexponential num-
ber) could be preliminary fixed or program derived separately for the bulge and
disk. The possibility to use 2nd order Sersic’s formulae is included, but it is not
explored here. In cases of galaxies with “bulgeless” profiles using (1) and only
the general fit of the whole profile (without decomposition) is applied. The 3rd

order Sersic’s formula is applied for deriving of the profiledividing point in the
beginning of the decomposition.

3 The Profiles and their Decompositions

We have used 22 published profiles of edge-on galaxies, whichare almost full
sample of the classical data for such near galaxies in the B band. Decompositions
of contemporary CCD profiles of edge-on galaxies will be presented in another
paper.

The basic parameters of the galaxies and the derived here parameters are pre-
sented in Table 1, as follows: 1 — catalogue name, 2 — morphological type,
3 — distance modulus, 4 — galactic extinction in B-bandAB , 5 — absolute
magnitudeMB , 6 — logarithm of the Hi line widthW at 50% of the peak (in
km/s), 7 — logarithm of the exponential number of the disk profile Nd in (1), 8
— central surface brightness of the disk profileB0, 9 — logarithm of the abso-
lute diameter of the disk A (in kpc) at surface brightness level 25 mag/arcsec2

(derived from (1), after preliminary subtraction ofAB from the profile), 10 —
limiting magnitude of the profileBlim, 11 — literature source of the profile,
referenced below the Table.

The data in columns 2, 3, 4, 5 and 6 are taken from the data archive LEDA. The
free parameters in the disk model (1), derived in the presentpaper, are given in
columns 7, 8 and 9.

Sources of data and kind of the method of surface photometry:

1 — NGC 55 – [15], isophote ellipses; 2 — NGC 891, NGC 4244, NGC 4565,
NGC 5907 – [31], sections along the major axis; 3 — NGC 100, UGC290,
UGC 1281’, UGC 1501, UGCA 61 – [32] isophote ellipses; 4 — NGC 1560
– [7], isophote ellipses; 5 — NGC 3109 – [8], azimuth averagedprofiles; 6 —
NGC 4216, NGC 4244’, NGC 4594, NGC 4710, NGC 4762, NGC 4710, NGC
7814 – [12], sections along the major axis; 7 — NGC 4945 – [16],isophote el-
lipses; 8 — UGC 1281 – [1], equivalent radial profiles obtained from numerical
differentiating of the magnitude growth curves; 9 — UGCA 193, ESO 115-G021
– [21], as in previous case; 10 — UGC 7321 – [19], azimuth averaged profiles.

The plots of the decompositions are presented in Appendix 1 as follows. The
profile points are presented with dots. The shapes of the bulges, disks and re-
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stored profiles, as well as the general fit only, are given withsolid lines. The
general fits with 3rd order Sersic formula, used for automatic determination of
the profile dividing points, as the second used profiles of NGC4244 and UGC
1281, are presented with dashed lines. The vertical dashed lines show the inter-
val of the points that are not used in the fits, pointing out theright limiting point
of the bulge and the left limiting point of the disk.

4 Results

The collected profiles are results of various kinds of photometric techniques and
they could be used only for qualitative conclusions. The influence of the limiting
surface brightness (column 10 in Table 1) on the shape of the profile is not a
remarkable one. The analysis of the results of the decompositions is presented
in the next plots, where in majority cases the most deviated galaxies are not used
for the fits.

Figure 3 and Figure 4 represent the Tully-Fisher (1977) [29]relations (TFRs)

Table 1. Basic data about the used galaxies

1 2 3 4 5 6 7 8 9 10 11

Name Type DM AB MB log W log Nd B0 log A Blim Source

NGC0055 Sm 27.16 0.06 -18.05 2.233 0.111 20.58 1.491 25.7 1
NGC0891 Sb 30.80 0.28 -20.88 2.651 0.493 23.58 1.641 27.3 2
NGC0100 Sc 30.54 0.26 -18.5 2.318 0.042 21.16 1.174 26.7 3
NGC1560 Scd 27.18 0.81 -17.26 2.114 0.012 21.22 0.933 25.3 4
NGC3109 Sm 25.67 0.29 -16.97 2.053 -0.006 21.64 0.911 26.1 5
NGC4216 SBb 31.58 0.14 -21.63 2.714 0.750 22.17 1.678 25.2 6
NGC4244 Sc 28.54 0.09 -8.85 2.310 0.147 22.75 1.222 27.8 2
NGC4244’ Sc 28.54 0.09 -18.85 2.310 0.234 21.36 1.371 25.4 6
NGC4565 Sb 31.20 0.07 -21.78 2.688 0.580 24.04 1.754 25.6 2
NGC4710 S0a 31.56 0.13 -19.84 2.522 0.470 20.60 1.332 24.2 6
NGC4762 S0B 30.30 0.10 -19.14 2.420 0.538 24.10 1.462 24.7 6
NGC4945 SBc 27.45 0.76 -20.08 2.555 0.538 22.33 1.290 26.0 7
NGC5907 Sc 30.80 0.05 -21.23 2.668 0.495 22.94 1.587 27.9 2
NGC7814 Sab 32.70 0.19 -21.62 2.667 0.686 23.66 1.824 25.5 6
UGC0290 Irr 30.32 0.47 -14.62 1.968 0.037 22.56 0.667 26.5 3
UGC1281 Sd 27.72 0.20 -16.68 2.083 0.212 21.23 0.307 25.8 8
UGC1281’ Sd 27.72 0.20 -16.68 2.083 0.150 21.89 0.202 26.8 3
UGC1501 SBd 28.88 0.26 -16.75 1.978 0.126 21.58 1.045 27.1 3
UGC7321 Scd 29.44 0.13 -15.50 2.322 0.046 21.54 1.072 25.3 10
UGCA061 SBm 31.72 0.07 -18.92 2.236 0.092 22.41 1.322 27.4 3
UGCA193 Scd 29.69 0.17 -17.01 2.114 -0.052 21.29 0.429 27.9 9
E 115-G21 SBd 27.44 0.11 -14.41 2.057 0.045 21.80 0.266 27.9 9
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Figure 3. The Tully-Fisher relation “HI line width – absolute magnitude” from19 profiles
(dots). Here and in the next plots the galaxies which are not used for the fit are shown
with circles.

for the used edge-on galaxies. The slopes of the dependencesare 7.18 and
1.01, respectively. Because of the limiting sample of galaxies (they are neither
magnitude limited nor volume limited) these slopes are lessthan the theoreti-

Figure 4. The Tully-Fisher relation “HI line width — absolute diameter at 25
mag/arcsec2” from 17 profiles (dots).
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cal expectations and we concentrate on the RMS values of the fits. They are
a measure of the minimum distance modulus error, when the TFRis used as a
distance determination method. In the present cases they are σDM = 0.34 mag
andσDM = 0.147 × 5 ≈ 0.72 mag, respectivelly. The large RMS in the sec-
ond case is due to the various kinds of profile types (see Table1), but gen-
erally, the magnitudes of the edge-on galaxies seem to be a good distance in-
dicator. The relative distance error, corresponding toσDM = 0.34 mag is
σD/D = ln 10 × σDM/5 ≈ 16%

The first important correlation, that is, between the HI linewidth W and the
exponential number of the disk modelNd, is shown in Figure 5. The error bars
correspond to 0.1 in the logarithmic scale, which is estimated as typical value of
the error in the previous paper of Georgiev (2004) [9]. This correlation shows
that the disks of the small galaxies, withW ≈ 100 km/s have almost exponential
edge-on shapes (with N=1), while the masisve galaxies, withW ≈ 500 km/s,
have strongly convex edge-on shapes, close to the second order Gaussian (with
N = 4).

One reflection of the correlation in Figure 5 is the correlation between thelog Nd

andMB , shown in Figure 6. Another reflection is the correlation betweenlog Nd

and log A, shown in Figure 7. In principe, these correlations testify, that the
exponential number could be regarded as an indicator of the giantism of the
disk, like log W in the TFRs. However, the RMS of the presented fits, which
is about 0.64 mag in Figure 6 and0.155 × 5 ≈ 0.78 mag in Figure 7, are too
large. We may expect that in case of uniform sample of profilesthe correlation
in Figures 5, 6 and 7 will be narrower.

Figure 5. Correlation between the HI line width W and the exponential numberNd out
of 22 profiles in the sample.
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Figure 6. Correlation between the exponential numberNd and the absolute magnitude
of the galaxyM(B) out of 19 profiles.

We expect also that the central surface brightness of the disk could be another
indicator of giantsm — the large disks might have high central brightness. How-
ever, in the edge-on view the situation is more complicated,depending strongly
on the method of profile derivation. The collected profiles are not made to an

Figure 7. Correlation between the exponential number Nd and the absolutediameter of
the galaxy out of 17 profiles.

74



Modeling and Decomposition of Profiles of Edge-On Galaxies

Figure 8. Correlation between the exponential numberNd and the central brightness of
the diskB(0) out of 20 profiles. The galaxies which are used in the next illustration are
shown with asterisks.

assessment of the usefulness of the central brightnessB0 as an indicator of the
giantism of the disk. Though, an expected anti correlation betweenNd andB0

is shown in Figure 8: when the disk is more convex, the centralbrightness is
lower.

The last diagram, shown in Figure 9 represents comparing of the shapes of 5
edge-on galaxies, noted also in Figure 8 with asterisks. It is visible, that the large

Figure 9. CComparison between the curvatures of the edge-on disk profiles and the sizes
of the disks of 5 — UGCA 193, NGC 3109, UGCA 61, NGC 5907, NGC 7814 (from the
left to the right). It is seen that the small galaxies have almost exponentialdisk profiles,
while the large ones have strong curvatures and flat central parts.
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disks of NGC 5907 (similar to the Milky Way) and NGC 7814 have strongly
pronounced convex profiles. The less large disk of the galaxyUGCA 61 has
week profile curvature and the profiles of the disks of the dwarf galaxies of
NGC 3109 and UGCA 193 are close to the lines,i.e. they have exponential
radial profiles. However, note that the profiles of NGC 5907 and NGC 7814 are
photometry sections along the bands of strong extinction, corresponding to the
disk planes. Therefore, their central parts should be additionally depressed. The
kinds of the profiles of other 3 galaxies are more sophistic (see Table 1).

5 Conclusions

The main results of the present work are as follows:

1. The Sersic’s formula (1) could be used sucessfully for fitting of the general
shape of the galactic disk in edge-on orientation and it is a good tool to
measure the disk size at a chosen brightness level.

2. The shape of the edge-on disks depends on the luminosity (or size) of the
disk as follows: the small disks tend to have exponential shapes (Nd ≈ 1)
and peak of the central brightness, while the large disks tend to have
strongly prominent convex shapes (Nd > 2) and depressed central bright-
ness. This dependence is found earlier for the disks of the nearby galaxies
(Georgiev 2004) [9].

3. More representative and uniform sample of the profiles of the edge-on
galaxies could be used to obtain more clear results of the apparent central
brightness of the edge-on disks as a possible indicator of the giantism of
the disk.

Appendix

Decomposition or fit of 20 profiles of edge-on galaxies (see the text).
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