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Abstract. In this work we study the galaxy NGC 4736,
using narrow band interference filters imaging centered
at the emission lines [Oii]λλ3727+3729, Hβ, [Oiii]λ5007,
Hα, [Sii]λ6716+6730 and [Siii]λ9070 and nearby continua.
We have obtained sizes, positions, emission line absolute
fluxes, and continua intensities for 90 Hii regions, mainly
distributed in a ring-like structure of 3.2 kpc in diameter.
The Hα luminosities are in the range 37.3 ≤ logLHα ≤
39.4 erg s−1. The Hii regions size distribution presents
a characteristic diameter D0 = 115 pc and verifies the
relation log(LHα) ∝ D3. The temperature of the ioniz-
ing sources and the metallicity of the Hii regions are re-
spectively in the ranges 3.4 104

∼< T? ∼< 4.0 104 K and
8.5 ∼< 12 + log (O/H) ∼< 9.3. The masses of the ionizing
clusters are in the range 5 103

∼< MT/M� ∼< 2 105. The
continua radial surface brightness distribution is better fit-
ted by the superposition of a de Vaucouleurs’, a thin and
a thick exponential disk laws. The monochromatic colors
show that outside the star forming ring the disk presents
a younger stellar population than inside it.
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1. Introduction

NGC 4736 (M 94) is a bright (R)Sab(r) galaxy (de
Vaucouleurs 1976 - RC2), member of Canis Venatici I
group (Geller & Huchra 1983). The galaxy is well stud-
ied in its optical morphology, kinematics of the optically
emitting gas (van der Kruit 1974, 1976; Buta 1984, 1988)
and Hi distribution and kinematics (Bosma et al. 1977;
Mulder & van Driel 1993).

We use in this paper Mulder & van Driel’s (1993)
distance to NGC 4736 (6.6 Mpc,H0 = 50 km s−1 kpc−1).
These authors give a summary of NGC 4736 basic proper-
ties.

Observations of Hii regions in external galaxies are
important as tracers of high mass star formation. They
provide information about the interstellar medium from
which they are formed, as well as stellar population to
which they give origin. Hodge & Kennicutt (1983) have
cataloged 54 Hii regions of NGC 4736. They are mainly
distributed in a ring of 3.2 kpc in diameter. CCD Hα
fluxes and diameters of three Hii regions were measured
by Kennicutt (1988). The chemical abundances of two
of them were studied by McCall et al. (1985). Kennicutt
et al. (1989) studied the luminosity function of 78 Hii re-
gions of NGC 4736, by means of photographic photometry.
Oey & Kennicutt (1993) measured the ratios [Oii]/Hβ and
[Oiii]/Hβ of nine Hii regions of NGC 4736 in an abundance
study of Hii regions in early-type spiral galaxies.

In the present paper we study the physical conditions
of NGC 4736 Hii regions by means of CCD imaging in
strong lines and nearby continua. In Sect. 2 we describe
the observations and data reduction procedures. In Sect. 3
we catalogue the Hii regions position, size, absolute in-
tegrated flux in the [Oii]λλ3727+3729, Hβ [Oiii]λ5007, Hα
[Sii]λλ6716+6730 and [Siii]λ9070 lines and continua intensity
at 3812 Å, 4556 Å, 5276 Å, 6269 Å and 9193 Å. We de-
rive in Sect. 4 the Hii regions physical conditions, their
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diameters distribution, luminosity function, metal abun-
dances and ionizing sources temperature. We also discuss
in Sect. 4 the spatial distribution of the nuclear emission
and the possible origin of the Hα P-Cygni profile observed
by Filippenko & Sargent (1985) in this region.

NGC 4736 brightness distribution was discussed by dif-
ferent authors. Bosma et al. (1977) distinguish 5 morpho-
logical zones in this galaxy (see image in Lynds 1974 and
Mulder & van Driel 1993): A bulge (R < 480 pc); an in-
ner spiral structure (480 pc < R < 1.6 kpc) bounded by a
bright inner ring where the majority of the Hii regions are
located; an outer spiral structure (1.6 kpc < R < 6.4 kpc),
this region probably forms an oval disk; a gap of lower
surface brightness; and a faint outer ring (R ∼ 10.6 kpc).
Furthermore, surface photometry reveals the presence of
sub-structures within Bosma’s zones, such as, a 480 pc
long central bar (Kormendy 1993; Möllenhoff et al. 1995
- MMG), isophotal twisting in the region between 320 pc
and 800 pc (Varela et al. 1990; Beckman et al. 1991), etc.
We also discuss in this paper the morphology of NGC 4736
at different wavelengths. The high S/N of our continua
data set allows to study NGC 4736 brightness and color
distributions and to infer on the stellar population radial
distribution (Sect. 5). Our conclusions are given in Sect. 6.

2. Observations and data reductions

The observations were made during seven consecutive
nights from February, 28 to March, 06, 1989. We used
a CCD camera attached to the Cassegrain f/15 focus of
the 1.0 m Jacobus Kapteyn Telescope, in the Roque de
los Muchachos Observatory, La Palma, Canary Islands.
The detector used was a GEC CCD 400 × 590 pixels
(1 pixel = 22 µm) and the pixel size is equivalent to 0.′′303
on the sky. Typical readout noise was 9 electons per pixel.

We performed narrow band imagery using interfer-
ence filters centered on the red shifted emission lines
[Oii]λλ3727+3729, Hβ [Oiii]λ5007, Hα, [Sii]λ6716+6730 and
[Siii]λ9070, as well as on the continua at 3812 Å, 4556 Å,
5276 Å, 6269 Å and 9193 Å. In Table 1 we show the main
characteristics of the filters, the number of frames ob-
tained in each filter and the total integration time per
filter. Throughout the run the seeing ranged from 0.′′8 to
1.′′2, reaching exceptionally 1.′′8.

Data reductions were carried out using a Silicon
Graphics INDIGO workstation, employing standard
methods of the IRAF1 reduction package, removing bad
pixels, cosmic ray spots, subtracting bias, normalizing by
flat field and correcting atmospheric extinction. Four or
more frames were co-added in each filter. They were pre-
viously re-centered with a maximum error of 0.1 pix and
convolved with a 2D-Gaussian function, in order to correct
the seeing differences.

1 IRAF is distributed by NOAO (National Optical
Astronomical Observatories) which are operated by AURA
Inc., under contract to the NSF.
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Fig. 1. a) NGC 4736 Hα continuum subtracted image in
logarithmic grayscale, as indicated by the color bar. b)
Identification chart of the NGC 4736 Hii regions

The spectrophotometric standard HD84937 (Oke &
Gunn 1983) was observed to calibrate the final images
in absolute flux. This calibration and the subtraction of
continuum frames from line plus continuum ones, to map
the emission line distribution, were performed following
the method outlined by Barth et al. (1994). The sky sub-
traction is automatically done in this procedure, provided
that the sky is similar in both, the line plus continuum
and the nearby continuum frames.

The sky background subtraction constitutes a difficult
task to study NGC 4736 brightness distribution, since the
CCD edges are contaminated by light of the galaxy. In
Table 2 we present the sky brightness at each wavelength
as measured in the galaxy and standard star frames.
In the galaxy frames we averaged four corner areas of
70 × 70 pixels and in the standard star frames about
half of the frame. Furthermore, in order to improve the
S/N, the background brightness from line plus continuum
and continuum frames for each line were also averaged.
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Table 1. Narrow band filters characteristics: Col. 1, ions and continua identification; Cols. 2, 3 and 4 give respectively, the filter
central wavelength, the FWHM and the maximum transmission; Col. 5, rest wavelength of the transmitted lines; Col. 6, filter
transmission at the wavelength of the line corrected by redshift and filter bandpass thermal shift; Col. 7, number of co-added
frames; Col. 8, total integration times

Filter λcentral FWHM Tcentral λline Tline N I. Time
(A) (A) (A) (sec)

[Oii] 3732 52 0.42 3727; −29 0.42; 0.42 8 12 000
[Oii]C 3812 67 0.23 · · · · · · 7 12 000
HβC 4556 114 0.52 · · · · · · 2 2 600
Hβ 4866 52 0.63 4861 0.62 7 12 000
[Oiii] 5012 50 0.62 5007 0.62 7 10 800
[Oiii]C 5276 113 0.44 · · · · · · 2 3 600
HαC 6269 132 0.52 · · · · · · 2 3 600
Hα+[Nii] 6569 57 0.64 6563; −48 ;−84 0.61; 0.60; 0.10 6 8 435
[Sii] 6730 48 0.64 6716; −30 0.58; 0.62 4 7 200
[Siii] 9075 54 0.65 9070 0.74 7 10 300
[Siii]C 9193 145 0.35 · · · · · · 4 6 800

The behavior of the background brightness as a function
of the wavelength is the same in both data sets, but it
is systematically 40% more intense in the galaxy frames
than in the standard star ones. Then, to carry out the sky
subtraction in the surface photometry, we preferred the
sky background measured in the standard star frames.

We measured the emission lines absolute fluxes of
the Hii region of NGC 4736 by aperture photometry (see
Sect. 3). The galactic extinction in the zone is E(B−V ) =
0.0 (Burnstein & Heiles 1984). The Hii regions internal
reddening was obtained from the decrement of the nebular
H Balmer lines. Balmer emission lines intensity was cor-
rected of the underlying absorption line effect, produced
mainly by B, A, and F stars from the ionizing association.
This correction has been based on the average value of
1.9 Å of the Hα and Hβ absorption equivalent width, ob-
tained by McCall et al. (1985) from a sample of 99 Hii re-
gions in 20 spiral and irregular galaxies. Furthermore, the
Hα filter is transparent to the [Nii]λλ6548+6583 lines. This
contamination has been estimated with Hα/[Nii]λ6583=3
relative intensities quoted by Burbidge & Burbidge (1962)
and the filter transmission quoted in Table 1. The correc-
tion amounts to 14% of the Hα intensity.

The sources of external errors of the observations were
analyzed following Barth et al. (1994). The Poissonian
noise

√
N/N for the integrated counts of the most fre-

quent Hii regions is approximately 0.3% in Hα, 1.8% in
Hβ, 1% in [Oiii] and [Sii], and 3.4% in [Oii] and [Siii].

For the atmospheric extinction we adopted the Roque
de los Muchachos Observatory’s standard curve. The in-
tegration times by frame (e.g. 1800 s) imply a maximum
variation in zenithal angle of 7◦30′ during an exposure.
Therefore, the use of a mean air mass do not introduces
large errors in the photometry.

The differences between the environmental tempera-
ture during the observations and that of the laboratory at
which the filter transmission curve is measured (20 ◦C),
cause a shift of 0.3 Å ◦C−1 of the curve maximum. This ef-
fect has been considered carefully in our reductions, since
the instrumental temperature has been registered during
the observations.

The statistical fluctuations of the counts in different
combined frames also introduce an error. For example, 18
independent observations in Hα of the standard star give
a mean of 22286 counts with a standard deviation of 3.7%,
after the correction for atmospheric extinction.

A reasonable estimate is that the errors introduced
by the above mentioned effects in the absolute flux of a
typical Hii region would be about 6% in [Oii], 5% in Hβ
and [Oiii], 4% in Hα and 6% in [Sii] and [Siii].

3. The Hii regions catalog

In this section we present the catalog of Hii regions of
NGC 4736. Table 3a furnishes for each Hii region: Col. 1,
the identification number; Col. 2, Hodge & Kennicutt’s
(1983) identification; Cols. 3 and 4, the coordinates in arc
seconds with respect to the galaxy nucleus, with X to-
ward the East and Y toward the North; Col. 5, the halo
diameter; Cols. 6, 7, 8, 9, 10 and 11, [Oii]λλ3727+3729, Hβ,
[Oiii]λ5007, Hα, [Sii]λλ6716+6730, and [Siii]λλ9070, emission

line fluxes (erg cm−2 s
−1

) respectively; Col. 12, the inter-
nal extinction in the Hβ line; Col. 13 the Hα equivalent
width and Col. 14 the Hβ luminosity. Table 4a gives, for
the Hii regions, the flux of the continuum adjacent to each
line.

a Tables 3 and 4 are available over the Network in elec-
tronic form, via anonymous ftp copy at the CDS: ftp cdsarc.u-
strasbg.fr or ftp 130.79.128.5.
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Fig. 2. Pure [Oii]λλ3727+3729 , Hβ, [Oiii]λ5007, [Sii]λ6716+6730 and [Siii]λ9070 emission line frames
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Pure line flux and continua frames were deconvolved
with the seeing profile in order to measure accurate posi-
tions and diameters (we remark that fluxes were not mea-
sured in deconvolved frames). This procedure is mainly
useful to separate members of crowded groups of Hii re-
gions. The deconvolution was accomplished by means of a
Maximum Entropy Method, using astronomical routines
of the IDL package. The point spread function (PSF) was
obtained through stellar profiles measured in the coadded
continuum images. After 100 iterations the deconvolution
reduced the FWHM from ∼ 1.′′8 to ∼ 0.′′7. The method al-
lows to obtain positions with an uncertainty of ≤ 0.1 pixel.

Hii regions diameters were measured in the Hα decon-
volved image by isophotal areas, as described in Sect. 4.1.

Figure 1a shows NGC 4736 pure Hα frame and Fig. 1b
is an identification chart of the Hii regions. Features that
looks like an Hii region, whose brightness is below a
threshold of three times the background RMS deviation
were disregarded.

4. Hii regions physical conditions

The Hii regions of NGC 4736 are mainly distributed in
a ring of 3.2 kpc in diameter centered at the nucleus
(Fig. 1). A series of short arms detach from the ring out-
wards. Inwards, we find regions 55, 56 and 72 on a weak
Hα emitting arm, which twist itself for more than 180◦,
from Southwest to East, leaning against the ring to the
East. Weak Hα emission is also found in a featureless,
hook like structure, surrounding the nucleus to the East,
which covers an area of about 1.5×1.0 kpc2. Images of the
remaining emission lines are presented in Fig. 2.

Table 2. Background brightness at each wavelength as mea-
sured in the galaxy and standard star frames. The integration
time in Col. 4 corresponds to the data of Col. 3. The integration
time for Col. 2 is that quoted in Table 1

λ Galaxy Std.Star I. Time
Å erg Å−1s−1(′′)−2 sec

3812 3.00E-17 2.06E-17 1080
4556 2.71E-17 2.21E-17 608
5276 3.67E-17 2.29E-17 608
6269 4.42E-17 2.65E-17 988
9193 2.19E-17 1.61E-17 1080

4.1. Diameters distribution

We have defined an isophotal diameter as D =√
(D′)2 − (D′?)

2, with D′ = 2 ·
√

A
π , D′? = 2 ·

√
A?
π , where

A and A? are the areas inside the isophote of a defined
brightness for the Hii region and in the half-maximum of

Fig. 3. The lines are logLHα = 3 logD + C. Full line:
Ne = 150 cm−3; dotted lines: extreme values of Ne (500 cm−3

and 40 cm−3)

Fig. 4. Numerical diameters distribution for D100. The diam-
eter bins are 0.′′20
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a stellar profile respectively. The isophotal diameters have
been measured on the deconvolved Hα image (Sect. 3).

Fig. 5. Cumulative diameters distribution of the Hii regions
of NGC 4736. Points shows the number of Hii regions with
diameters greater than the value indicated in the horizontal
axis. Full line: fit to the law N(D) = N0 · exp(−D/D0) (see
text) with D0 = 115 pc and a correlation coefficient of 0.97

We obtained for each Hii region a halo diameter
(D100, Kennicut 1988), defined by the isophote at level

2 × 1016erg cm−2 s
−1

, roughly equivalent to the halo di-
ameter used in distance scale applications by Sandage
& Tammann (1974). In Fig. 3 we show a plot of D100

vs. LHα. The average slope of the set of points is 3
(logLHα = 3 logD + C, where C is a constant value; full
line in the figure), similar to that obtained by Kennicutt
(1988) for the brightest Hii region of a sample of 95 nearby
spiral and irregular galaxies. As quoted by this author, for
the simplest case of a constant density ionization-bounded
Hii region, the Stromgren sphere should scale as the cube
root of the ionizing luminosity. But the average regression
in Fig. 3, also represents a locus of constant electron den-
sity Ne. We show in that figure the lines embracing 95%
of the Hii regions which represent the extreme values of
Ne in this sample. Ne can be obtained from the following
relations:

N0
912 =

1

1.4286 10−12
LHα (Te = 104 K) , (1)

Fig. 6. Differential luminosity function of NGC 4736 Hii re-
gions. Points: average number of Hii regions per 0.2 dex lumi-
nosity bin. Dashed line gives the fit to the full set of points
with the index of the power law α = 0.82 and the correlation
coefficient is −0.85. Full lines: data set was fitted in two parts.
In the low luminosity part we obtained α = 2.02 and a correla-
tion coefficient of −0.85; in the high luminosity part α = 0.27
whith a correlation correlation coefficient of −0.96

where N0
912 is the number of photons capable to ionize the

Hydrogen. By comparing relation (1) with

N0
912 =

4π

3
r3
1N

2
e αB , (2)

where r1 is the Strömgren radius, αB is the recombina-
tion coefficient to all excited levels, and Ne = NH, the
hydrogen atoms number density (Osterbrock 1989). We
obtained for the average and the two extreme Ne values,
150 cm−3, 500 cm−3 and 40 cm−3 respectively. As a matter
of comparison, from Kennicutt’s (1988, Fig. 6.) data we
calculated 20 cm−3, 200 cm−3 and 4 cm−3 respectively. For
the three regions in common with Kennicutt (regions 12,
16 and 87 in our sample), his mean Ne is 70 cm−3, while
our one is 200 cm−3. The difference appear mainly from
the measured diameters. For these regions, Kennicutt’s
mean diameter is logD100( pc) = 2.5, while we obtained
logD100( pc) = 2.2. The deconvolution process might ex-
plain such a difference.

Figure 4 shows D100 histogram. The distribution of
halo diameters is fairly symmetric and peaks at D100 ≈
2.′′3.

Figure 5 shows the cumulative distribution of D100. It
is fitted by the law N(D) = N0 · exp(−D/D0) (e.g. van
den Bergh 1981; Hodge 1983, 1987), where N(D) repre-
sents the number of Hii regions with a diameter larger
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Fig. 7. Line ratio pairs relations. a) log[Oii]/Hβ vs. log[Oiii]/Hβ; b) log[Sii]/[Oii] vs. logR23; c) logWHβ vs. logR23; d)
log[Oiii]/Hβ vs. logR23. Full lines in a), b) and c) the MRS’s predicting equations. Black dots represents Hii regions with
logLHα ≥ 38.8(erg s−1)

than a characteristic diameter D. A least square fit gives
D0 = 115 pc, with a correlation coefficient of 0.97 and it
is represented by the full line in Fig. 5.

As a matter of comparison, for Ne ≈ 100 cm−3, D0

is approximately five times larger than the radius of the
Strömgren’s sphere of an O5 star, indicating that the
largest Hii regions are certainly ionized by associations of
massive stars. The total number of Hii regions furnished
by the regression is N0≈ 600. The fall down of N(D) for
D100 ∼< 50 pc with respect to the quoted regression indi-

cates that we detected only 2 to 5% of the weakest Hii

regions.

4.2. Luminosity function

Hii regions luminosity functions are generally well repre-
sented by power laws dN(L) = AL−αdL, where dN(L) is
the number of Hii regions emitting an Hα luminosity be-
tween L and L+dL. In Fig. 6 we show the differential lumi-
nosity function for the Hii regions of NGC 4736, where the
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Table 5. Hii regions oxygen abundance 12+log (O/H) and
temperature index η

Reg 12 + log
(

O
H

)
η Reg 12 + log

(
O
H

)
η

2 9.03 0.88 49 9.26 · · ·
4 9.06 1.06 51 9.04 1.30
5 8.85 1.59 55 9.04 · · ·
7 8.63 · · · 56 8.98 · · ·
8 9.09 1.13 57 9.17 1.56
9 9.07 1.10 58 8.94 · · ·

10 8.93 1.24 59 9.19 · · ·
11 9.12 1.29 60 8.96 · · ·
12 9.04 1.13 61 8.58 0.98
13 9.10 1.21 62 9.19 1.13
14 9.14 0.70 63 9.11 0.85
15 9.21 0.65 64 8.87 1.08
16 9.07 1.45 65 8.68 1.11
18 8.94 1.37 66 9.11 1.44
19 9.17 0.85 68 9.14 1.61
20 8.95 · · · 69 9.26 · · ·
23 8.99 1.22 70 9.11 0.72
25 9.03 1.09 75 9.16 · · ·
26 9.04 0.43 76 9.13 1.33
27 9.16 1.19 77 9.07 · · ·
28 8.89 1.49 79 9.06 1.13
29 9.03 1.28 80 9.01 1.21
30 9.14 1.44 81 9.15 0.95
31 9.07 1.14 82 9.08 1.02
33 9.01 1.39 83 9.22 0.76
34 8.99 1.20 84 9.23 · · ·
35 8.98 1.65 85 9.26 · · ·
36 9.11 1.33 86 9.08 0.99
40 8.91 · · · 87 9.16 1.28
41 8.88 · · · 88 9.19 · · ·
43 8.60 · · · 89 9.03 1.28
44 9.13 1.31 90 8.96 · · ·
46 9.19 · · ·

Fig. 8. Hii regions internal extinction C(Hβ) vs.
R23 ≡ ([Oii] + [Oiii])/Hβ. Black dots represents Hii regions
with logLHα ≥ 38.8(erg s−1)

points are the average number of Hii regions per 0.2 dex
luminosity bin. The general properties coincide with that
obtained by Kennicutt et al. (1989). Basically, it deviates
strongly from a single power law, as happens with Hii re-
gions in early-type spirals. NGC 4736, as M 51, NGC 3521
and NGC 3627, presents a turn over in the LF for Hii

regions brighter than logLHα = 38.7 − 39.0 (erg s−1), a
signature of late-type spirals and irregulars. The number
of this type of Hii region is lower than that which would
correspond to the extrapolation of the power law repre-
senting the luminosity function of the faintest Hii regions.
A discussion about the implications of this property can
be found in Kennicutt et al. (1989).

Fig. 9. Relation of the temperature parameter η with Hβ
equivalent width

4.3. Chemical abundances

The Oxygen chemical abundance, 12 + log
(

O
H

)
, was es-

timated by means of the ratio R23 = ([Oii] + [Oiii])/Hβ
(Pagel et al. 1979; McCall et al. 1985, hereafter MRS),
calibrated according to Zaritsky et al. (1994):

12 + log

(
O

H

)
= 9.265− 0.33X − 0.202X2

−0.207X3 − 0.333X4 , (3)

where X = logR23. Since we observed only [Oiii]λ5007,
the total intensity was obtained from [Oiii]λλ4959+5007=
1.335×[Oiii]λ5007. Table 5 gives the set of derived Oxygen
abundances, whose mean from 65 Hii regions is 12 +
log
(

O
H

)
= 9.05 with σ = 0.15. Since the Hii regions are
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Fig. 10. Hα-continuum luminosity vs. Hα intensity compared
to the evolutionary tracks of theoretical ionizing clusters (full
lines). The models are: Mtot = 1.0E5 M�, Mup = 40 M�;
Mtot = 5.0E4 M�, Mup = 40 M�; Mtot = 2.0E4 M�,

Mup = 39 M�; Mtot = 1.0E4 M�, Mup = 37 M�;
Mtot = 5.0E3 M�, Mup = 28 M�. The tick marks on each
model represent the model runs from right to left with t = 0,
1, 3, 5, 7, 9 and 12 Myr

practically located at the same radial distance, we can not
prove radial metallicity gradients.

In Fig. 7 we show MRS diagnostic diagrams,
log[Oii]/Hβ vs. log[Oiii]/Hβ, log[Sii]/[Oii] vs. logR23,
logWHβ vs. logR23, log[Oiii]/Hβ vs. logR23, where we

plot our data set and MRS’s predicting equations. Except
for logWHβ vs. logR23, the positions of the Hii regions
brighter than logLHα = 38.8 (erg s−1) are in good agree-
ment with MRS’s predicting equations.

In Fig. 8 we plot the Hii regions internal extinction
C(Hβ) vs. R23, which shows that higher extinction corre-
sponds with lower metallicities. A possible reason for the
observed correlation is that, on average, the higher metal-
licity, the stronger are the stellar winds and consequently
they are more efficient in blowing out and breaking the
dust grains within the Hii region. We point out that this
correlation cannot be a consequence of the [Oii] extinc-
tion correction, since R23 is more influenced by [Oiii]/Hβ
as can be seen in Figs. 7a and 7d.

4.4. Temperatures of the ionizing sources

The effective temperature of the Hii regions ionizing
source (T?) can be estimated through the parameter η =

(O+/O++)/(S+/S++) (V́ılchez & Pagel 1988), which can
be obtained from the observed line ratio

η′ =

(
[Oii]λλ3727+3729

[Oiii]λλ4959+5007

)/(
[Sii]λλ6716+6739

[Siii]λλ9070+9532

)
, (4)

as

log η = log η′+
0.14

t
+ 0.16, (5)

where t is the electronic temperature Te in units of 104 K.
η is a good criterion of effective temperature of ionizing
stars (T?) and it is relatively insensitive to chemical com-
position and ionization conditions found in observed neb-
ulae, particularly when measurements of the [Siii] lines in
the far red are available, as happens in our case. Assuming
t = 1, we can compute [Siii]λλ9532+9070 = 3.48 [Siii]λ9070

(Mendoza & Zeippen 1982). Table 5 gives the values of η
for 45 Hii regions.

Figure 9 gives the distribution of the Hii regions in
the plane log η vs. WHβ . If the formation of stars in the
ionizing cluster occurs in a burst, the evolution of the Hii

regions as a function of time in this diagram will be in the
sense of decreasing WHβ and increasing η (decreasing T?)
(Copetti et al. 1986, CPD). The full line in Fig. 9 limits
the highest WHβ values. It is the locus of the youngest Hii

regions for a given η, according to CPD. As a consequence,
the upper envelope of the data points (dashed line) would
represent the evolutionary track or fading of the most lu-
minous Hii regions (black dots, logLHα ≥ 38.7). The lower
envelope (dotted line) shows a higher slope than the up-
per one, indicating that the less massive Hii regions suffer
more drastic change in temperature during their fading.
In the next section we carry out a quantitative analysis of
the Hii regions evolution.

4.5. Age and mass of the ionizing clusters

We discuss the Hii region distribution in the plane Hα
intensity vs. Hα-continuum luminosity, which is very suit-
able to study the ionizing clusters properties, because the
Hα intensity measures the amount of ionizing photons fur-
nished directly by the more massive stars in the Main
Sequence, while the Hα-continuum luminosity is mainly
contributed by low-mass stars and evolved massive stars.
In this context, we derive age and mass of the Hii region
ionizing clusters. The data set is compared to theoretical
models of the ionizing clusters, which are computed with
the “ET” code (Cid-Fernandes et al. 1992), which retrives
the temporal evolution of a cluster spectrum by inputting
(i) An IMF formed in a burst, (ii) Stellar evolutionary
tracks and (iii) Model atmospheres, besides the cluster
total mass MT. We assume as input data for “ET”: (i)
A Salpeter’s IMF with a lower mass limit Mlow = 1 M�
and upper mass limit Mup = 40 M�, for clusters with
total mass MT ≥ 2 104M�; Mup = 37 M�, for those
with MT = 104M�; and Mup = 28 M�, for those with
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Fig. 11. Continua images at λ3808 Å, λ4551 Å, λ5270 Å, λ6262 Å and λ9183 Å. North is up, East is to the left. A saw-tooth
lookup table was used; levels in the color bars are logarithm of flux density (erg Å−1 cm−2 s−1 pix−1)
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Fig. 12. Result of the isophote fits to the λ6262 Å image. Left pannel: the isophotal map; brightness levels are 15.4, 16.0,
16.6, 17.0, 17.6, 18.0, 18.2, 18.5, 18.6, 18.8, 19.2, 19.8, and 21.0 mag arcsec−2. Right pannel: fitting for the same levels, which
corresponds to ellipses with semi-major axis length of 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 130, 170 and 220 arcsec

Fig. 13. Ellipticities and position angles vs. distance along the semi-major axis in λ6262 Å image. Error bars are obtained from
the residual intensity scatter, combined with the internal error in the harmonic fit, after removal of the first and second fitted
harmonics

MT = 5 103M�, suitable for the range of sources tem-
perature derived in the previous section. Particularly, for
the two last cases, a larger Mup would require a fractional
number of most massive star. (ii) The set of stellar evolu-
tionary tracks of Maeder & Meynet (1988). (iii) The model
atmospheres of Kurucz (1979). For a theoretical cluster of
a given mass, “ET” furnishes, beside other data, the Hα-
continuum luminosity and the Hα-line intensity, which are

computed by assuming a radiation bounded Hii region
(case B of Backer & Mentzel 1936).

In Fig. 10 we have plotted the data set in the plane
Hα-continuum luminosity vs. Hα intensity, where we have
superimposed the evolutionary tracks of cluster models,
up to 12 Myr. It becomes clear that the right-hand side
limit of the data set distribution corresponds to a Zero
Age Sequence for clusters of different masses. The more
massive ionizing clusters are those of regions 5, 51 and
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Fig. 14. Radial brightness profiles (data points) and its best fits (full lines) for λ3808 a), λ4551 b), λ5270 c), λ6262 d) and
λ9183 e). Individual components of each fit are shown separatelly: de Vaucouleurs’ profiles in dotted lines; Freeman profiles in
dashed lines. We give the values of re, rd (arcsec), µ0, µe (mag) and the RMS deviation to each fit. Error bars were calculated
directly from the RMS scatter in luminosity along the fitted ellipse. f): Zoom of the central part of d), showing the fit and data
set behaviour
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87 (≈ 2 105 M�), with ages of ≈ 5, 6 and 8 Myr, re-
spectively. The models indicate that the Hα intensity of
12 Myr old ionizing clusters, more massive than 5 104 M�,
should be detectable in our observations (sensitivity IHα ∼>

1037erg s−1), nevertheless we fail to. It might indicate that
clusters as massive as those produce enough Supernovae
and massive star winds to blow away the surrounding gas,
transforming the Hii region after 9 Myr in an optically
thin one, which would produce an additional fadding of
the emitting gas due to the leakage of ionizing photons.
Regions 3 and 54 are just two border cases of the fadding
process.
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Fig. 15. Result of subtraction of a bulge + 2 disks two dimen-
sional model image from the λ6262 image

5. Surface brightness distribution

In this section we study the monochromatic surface bright-
ness distribution at λ3808 Å, λ4551 Å, λ5270 Å, λ6262 Å
and λ9183 Å (see Table 1), whose images are shown
in Fig. 11. After masking disturbing field stars, ellipses
were fitted to the isophotes following the algorithm de-
scribed in Jedrzejewski (1987) and implemented in the
ELLIPSE task of the IRAF.STSDAS package. The results
for λ6262 Å image is shown in Fig. 12. In Fig. 13 we plot
the ellipticities and position angles (PA) of the fitted el-
lipses against its semi-major axis for the λ6262 Å image.
It presents the same trends already noted by Varela et al.
(1990) for B, V , R, I and Z images and by MMG for
near-infrared images. Also in our case the other continua
images show essentially the same behaviour as in λ6262 Å.
At r≈10′′, where PA≈28◦, the ellipticity has its first max-
imum (ε = 0.21), suggesting an inner bar-like structure.
It follows a transition zone at 10′′ ∼< r ∼< 25′′, where the

ellipses are nearly round (ε≈ 0). Then, ε increases again,
accompanied by a strong variation in PA from 25′′ to 35′′.
With increasing radius, the ellipticity increases from 0.12
to 0.18 at r ≈ 60′′, the edge of our frames. MMG have
found that ε increases further to 0.25 at r≈ 120′′ and to
∼ 0.4 at larger radii. The local maximum in the ellipticity
at 50′′ corresponds to the external border of the inner ring,
at 45′′. As mentioned by Kormendy (1993), these nested
elliptical regions of different ε indicate that at most one of
these zones can be axially symmetric and part of the disk
must be oval, since warps can be excluded at this high
surface brightness. Assuming axial symmetry for the zone
between r = 50′′ and 70′′, we get an inclination angle of
i = 35◦. This behaviour of ε and PA is what one might ex-
pect of an oval or bar-like structure, more marked in young
stars than in old populations, and with dust obscuration
near the young component (Varela et al. 1990).

5.1. Radial brightness profiles

The mean surface brightness of the fitted ellipses are plot-
ted against the ellipses major axis in Fig. 14. A least
square test, using a downhill simplex minimization algo-
rithm (“amoeba”) implemented in the task NFIT1D of the
IRAF package, shows that the best fit to these profiles are
attained with a de Vaucouleurs’ law, representing a small
bulge, plus two Freeman’s (1970) disks, a thick and a thin
one. The de Vaucouleurs’ law is given by

µb(r) = µe + 8.333

[(
r

re

)1/4

− 1

]
, (6)

where re is the effective radius (the radius of the isophote
that contains a half of the total bulge luminosity) and Ie
is the surface brightness at r = re. The Freeman’s expo-
nential disk law is

µd(r) = µ0 + 2.5
r

rd
log I0, (7)

where rd is the disk scale length and I0 is the luminosity
density at r = 0.

We express µb and µd in Oke & Gunn’s (1983) mag-
nitude scale, where the parameters µe and µ0 are given
by

µe = −2.5 · log Ie − 2.5 · log
λ2

c
− 48.60, (8)

µ0 = −2.5 · log I0 − 2.5 · log
λ2

c
− 48.60. (9)

The respective parameters of each component are also
given in Fig. 14. Sanders & Tubbs (1980) also required the
superposition of two disks plus a bulge, to explain the gas
kinematics in NGC 5383 galaxy.
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Fig. 16. Gray scale representation of two dimensional color maps µ38−45, µ45−52 , µ52−62 and µ62−91. The limits are indicated
in each image, white represents bluer colors. (1 pixel = 0.303 arcsec)

5.2. Rings in the central region

The young stellar population underlying to the ring of Hii

regions produces a bump in the observed continua profiles,
which is more prominent in the λ3808 Å profile (Fig. 14),
where it extends itself between 30′′ ≤ r ≤ 55′′. In order
to search for other substructures in the central regions,
we generated a synthetic image from the profile fitted to
λ6262 Å image, addopting for each brightness level the el-
lipse shown in Fig. 12. This procedure is performed with
the IRAF task BMODEL. The result of the subtraction
of the model from the data for the central 20′′ is shown in
Fig. 15. An oval ring of 20′′ × 15′′ is detected, elongated
in the same direction as the small central bar studied by
MMG. It coincides with the isophote of highest ellipticity
(Fig. 13) and settles the beginning of the strong varia-
tion in the isophotes position angle. At r ∼ 6′′ a smaller
circular ring is found (Fig. 15), which coincides with the
innermost ILR as calculated by Shaw et al. (1993). The
central features inside r < 2′′ are artifacts of images sub-
traction.

5.3. Two-dimensional color indexes

We present in Fig. 16 the two-dimensional distribution of
the color indexes µ38−45 = (λ3808 − λ4551), µ45−52 =
(λ4551−λ5270), µ52−62 = (λ5270−λ6262) and µ62−91 =
(λ6262−λ9183). In these pictures, young (blue) and disk
(red) populations appear as white and grey colors respec-
tively. The population of the Hii regions ring detaches
clearly as white, in color indexes µ38−45 and µ52−62, be-
comes blured in µ45−52 and disappears in µ62−91. Inside
the ring appear small arcs of dust, which present spiral-
like structure. A comparison with Fig. 1 reveals that Hii

regions 55, 56 and 72 are located in the outer part of these
dusty features to the northwest, probably indicating star
formation activity induced by a spiral perturbation in the
inner disk.

5.4. Stellar population across the disk

We obtained the continuum brightness distribution for five
positions across the disk by integrating azimuthal pro-
files. These results are compared in Fig. 17 to combina-
tions of Bica’s (1988) templates, through a simple stellar
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Fig. 17. Comparison of the continuum distribution with combinations of Bica’s templates. We quote the contribution of each
age template at 5270 Å. Bica’s templates include star cluster spectra with different age and metallicity. Globular clusters:
G1([Z/Z�] > 0); G2([Z/Z�] = −0.4); G3([Z/Z�] = −1.0); G4([Z/Z�] = −1.5); G5([Z/Z�] = −1.9). Intermediate age: I1(109

yr); I2(5 109 yr). Young clusters: Y 1(107 yr); Y 2(5 107 yr); Y 3(108 yr); Y 4(5 108 yr)

population synthesis. From the bulge outwards it is pos-
sible to see a small increase of younger stellar population
contribution, which appears massively on the ring, at 46′′.
In the outer disk, at 60′′, there is a clear presence of a
younger population than in the inner disk.

At the very center (r ≤ 1′′) the population is an old
one (Bica’s template G1, > 10 Gyr); at r = 10′′ we need
to introduce intermediate age population of 109−5 109 yr
(template I1) in a similar amount than the old one; at
r = 20′′ we need to add an even younger stellar popula-

tion of 500 Myr and at r = 46′′, the ring of Hii regions,
we need a substantial contribution of 107 years old stellar
population, which corresponds to the continuum of ion-
izing clusters. The spectrum of the disk outside the ring
of Hii regions (r = 60′′), shows the presence of younger
stellar population than the inner disk, showing that the
star formation activity took place not only on the ring but
also in the external disk.
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6. Conclusions

We carried out spectrophotometrically calibrated imagery
of NGC 4736, with narrow band interference filters in
emission lines and continua with high S/N ratio.

We present a catalogue of 90 Hii regions with positions,
sizes, emission line intensities and adjacent continua fluxes
of [Oii]λλ3727+3729, Hβ, [Oiii]λ5007, Hα, [Sii]λλ6716+6730,
and [Siii]λλ9070 lines. They are mainly distributed in a
ring of 3.2 kpc in diameter.

There is no Hii region comparable to 30 DOR in this
galaxy, since the mean Hα luminosity is LHα = 4.4 ×
1038 erg s−1.

The Hii regions size distribution presents a charac-
teristic diameter D0 = 115 pc and follows the relation
log(LHα) ∝ D3.

The physical properties of the set of Hii regions are:
<12+log(O/H)>= 9.05; temperatures of ionizing sources
are in the range 3.4 104

∼< T? ∼< 4.0 104 K; masses of the
ionizing clusters are in the range 5 103

∼< MT/M� ∼<

2 105. Hii regions ionizing associations in NGC 4736 can
reach masses up to 1 105 M�. There are indications that
the most massive ionizing associations, produce enough
supernovae and/or massive star winds, as to fade out the
ionizing gas, transforming the Hii regions in an optically
thin one.

The radial surface brightness distribution of the galaxy
is better fitted by the superposition of a de Vaucouleurs’, a
thin and a thick exponential disk laws. This configuration
was also found in NGC 5383. It was put in evidence an
oval ring of 20′′ × 15′′, elongated in the same direction as
the small central bar.

The monochromatic colors show that oustside the
ring of Hii regions, the disk presents a contribution of
a younger stellar population than that in its inner part.
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