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Abstract. — We present new B and R CCD surface photometry for a sample of 4 Blue Compact Dwarf Galaxies 
(BCDs) and 2 higher luminosity starburst galaxies. We find that the BCD surface brightness profiles (SBPs) can be 
generally well fitted by the sum of the light of 3 distinct components: 1) an exponential component at large radii, with 
or without a central flattening which describes the underlying older stellar population; 2) a plateau component at 
intermediate radii and 3) a gaussian component at small radii. The last 2 components describe the ongoing starburst 
superimposed on the older stellar component. We apply the 3-component decomposition scheme to 8 more BCDs from 
the literature and, for the total sample of 14 galaxies, derive structural properties such as central surface brightness 
and scale length, and perform a deprojection to obtain the luminosity density distribution for each component. We 
also derive B — R color profiles and find that BCDs show generally a reddening outwards, followed by a blueing beyond 
a transition radius.
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1. Introduction

Following the pioneering work of Searle & Sargent (1972), 
the main defining characteristics of the class of Blue Com
pact Dwarf Galaxies (BCDs) were formulated by Thuan 
& Martin (1981): low luminosity (M b ≥ –18), com
pact optical size, and spectra similar to those of HII re
gions. Later work showed BCDs to be metal-deficient 

 (ZO/ 50 ≤ Z  ≤  ZO/3) as compared to the solar vicin
ity with a mean abundance of ZO/ 10 (Kunth & Sargent 
1986; Thuan et al. 1994). Both their optical spectra which 
exhibit strong emission lines superimposed on a nearly fea
tureless blue continuum and their blue optical colors imply 
the presence of a large population of young OB stars. For
mation rates of massive OB stars were estimated to range 
between 0.1 and 1 MO yr- 1(Fanelli et al. 1988). The cur
rent level of star formation in BCDs cannot be maintained 
for more than ~ 109 yr without exhausting their gas reser
voir (~ 108 —109 MO, Thuan & Martin 1981). Thus, star 
formation in BCDs has to proceed in intermittent bursts,

Send, offprint requests to: papade@usw008.dnet.gwdg.de

lasting less than 107 yr and separated by long (1—3 Gyr) 
quiescent phases (Thuan 1991).

There have been many theoretical studies of the evo
lution of the photometric and chemical properties of 
BCDs (Lequeux et al. 1979, Matteucci k  Chiosi 1983; 
Vigroux et al. 1987; Krüger et al. 1991; Marconi et al. 
1994; Pilyugin 1994; Roy k  Kunth 1995). The main out
come of many of these studies was that the chemical abun
dances of BCDs cannot be adequately accounted for with
out invoking galactic winds. Strong galactic winds are ex
pected to be powered by the collective input of energy 
and momentum into the interstellar medium (ISM) from 
OB stars and SNe (Vader 1986; De Young k  Gallagher 
1990; De Young k  Heckman 1994). Indeed, recent studies 
have revealed in several BCDs a violently disturbed, tur
bulent gaseous component with a velocity close to or above 
the escape velocity (Sargent & Filippenko 1991; Roy et al. 
1992; Izotov et al. 1993; Lequeux et al. 1995). Further ob
servational support for starburst-driven winds in BCDs 
comes from narrow-band optical imaging and X-ray ob
servations (Meurer et al. 1992; Papaderos et al. 1994; 
Marlowe et al. 1995).

mailto:papade@usw008.dnet.gwdg.de


208 P. Papaderos et al.: Optical structure and star formation in blue compact dwarf galaxies. I .

The very low metallicity of BCDs has raised the ques
tion whether they are genuinely young systems undergo
ing their first major starburst event. A strong objection 
against this idea came from deep CCD imaging which 
revealed a faint extended stellar envelope in the vast 
majority of them (Loose & Thuan 1985). Observational 
work in the optical and NIR (Thuan 1983; Campbell & 
Terlevich 1984; Thuan 1985; Kunth et al. 1988; Freitag 
1992; James 1994) and evolutionary synthesis models 
(Kruger 1991, 1995) have shown that this underlying faint 
component consists of stars older than several Gyr. Loose 
& Thuan (1985) subdivided BCDs possessing a faint stel
lar component into two major classes based on the mor
phologies of the High Surface Brightness (HSB) star
forming region and the Low Surface Brightness (LSB) un
derlying stellar component. The vast majority of BCDs 
(£ 70%) belong to the iE class, with a smooth elliptical 
LSB component on which are superimposed several irreg
ular knots of star formation, and ~ 20% to the nE class 
with nuclear star formation activity superimposed on a 
LSB elliptical component. Hence, from the morphological 
point of view the classes nE and iE differ only in the degree 
in which star formation is confined to the center of their 
elliptical or circular LSB stellar component. A very small 
fraction of BCDs (< 10%) does not possess an underlying 
stellar component.

Despite the extensive work carried out during the past 
decade, the BCD phenomenon remains puzzling. Three 
long-standing questions are still unanswered.
i) What is the physical origin of the starburst activity? 
Since most BCDs (¡Si 70%) are isolated (Salzer 1989, 
Campos-Aguilar & Moles 1991; Rosenberg et al. 1994; 
Pustil’nik et al. 1995; Telles & Terlevich 1995; Lindner 
et al. 1996) their activity is unlikely to be initiated by dy
namical interactions or merging with close companions. 
Most probably, the origin of both bursts of star formation 
and the long interburst quiescent period is associated with 
internal processes not yet well understood.
ii) What is the role played by the older LSB stellar com
ponent in the global star formation history? This high 
mass-to-light ratio component of BCDs is mainly respon
sible for the gravitational potential within which the gas 
collapses to form new stars. Thus, it is important to de
termine its structural properties and investigate in which 
way it may influence the global star formation.
iii) How does a BCD appear in an interburst phase and 
after its gas content is depleted? Since BCDs experi
ence < 10 bursts during their evolution each lasting for 
<; 107 yr (Thuan 1991) they spend ~ 99% of their lifetime 
in a dormant state. The understanding of this quiescent 
phase is also crucial for the development of a coherent 
evolutionary picture for dwarf galaxies in general. It is 
commonly thought that dwarf irregulars (dls) are BCDs 
in a quiescent phase and that dwarf ellipticals (dEs) are 
the final evolutionary stage of BCDs (Thuan 1985; Davies

& Phillipps 1988). The comparison of the structural prop
erties of the underlying LSB component of BCDs with 
those of dls and dEs, will be important for establishing 
evolutionary connections.

In order to address these fundamental questions we ob
tained broad-band CCD surface photometry of a sample 
of BCDs. Section 2 describes the observations and data re
duction. In Sects. 3 and 4 we discuss the decomposition 
of the surface brightness profiles into three distinct com
ponents: two of them describe the light from the younger 
stellar population and the third one the old LSB compo
nent. In Sect. 5 we derive the intrinsic luminosity densities 
for each of the components which can be used to constrain 
the radial mass density distribution and the form of the 
gravitational potential in BCDs. In Sect. 6 we discuss the 
color profiles and in Sect. 7 we summarize our results. In 
an accompanying article (Paper II), we shall investigate 
relationships between the properties of the old underlying 
stellar component and those of the superimposed young 
starburst component. Furthermore, the structural proper
ties of the old component will be compared to those of 
other types of dwarf galaxies in order to check for evolu
tionary connections. We adopt throughout a Hubble con
stant of Ho = 75 km s-1 Mpc-1.

1.1. Observations

The data were obtained with the Kitt Peak National Ob
servatory (KPNO) No. 1 0.9 m telescope during the period 
1983 May 15-17. The CCD camera consisting of a RCA 
320 x 512 pixels chip, was used at the f /7.5 focus of the 
telescope giving a scale of 0".86/pixel and a field of view of 
4.'6 x 7.'3, large enough to allow a precise sky background 
determination. Images were obtained in two bandpasses 
in the Mould filter system [B(λC = 4400 A, ∆A = 1125 A) 
and R(λc = 6500 A, AA = 1280A)], close to the Johnson 
system. Calibration exposures taken each night consisted 
of bias frames, dark frames, and flat fields. The latter were 
made by exposing the CCD to a patch illuminated by a 
spotlight on the inside of the dome. Throughout the obser
vations the weather was photometric. There were optical 
problems with the telescope which made the images of 
stellar objects in the B and R frames not perfectly round. 
The stellar point spread function, PSF ≈  exp [-1/2 (r/σ)2] , 
as determined from four separate stars, gave σB = 2.''6 and 
σR = 2'.'2. Thus the inner parts of the SBPs (R* 5" )
which are affected by the above problems may not repro
duce precisely the luminosity and color distributions of 
the most luminous components in the observed targets.

, Usual reduction procedures (bias, dark and flat field cor- 
; rections) were applied to the data (see also Loose & Thuan 
; 1986), and absolute calibration was accomplished using
s standard stars from the M 92 photometric calibration field 
 (Christian et al. 1985) and the blue star Feige 34 (Sargent 
 & Searle 1968).
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The observed sample consists of six galaxies, chosen 
from the BCD list of Thuan & Martin (1981), with the 
exception of Mkn 297. Although Mkn 297 and I Zw 89 are 
brighter than Mb = —18, the magnitude cut-off of Thuan 
& Martin (1981), they were included for comparison. We 
summarize the main properties of the observed galaxies in 
Table 1.

1.2. Surface photometry

1.2.1. Derivation of surface brightness profiles

The derivation of a surface brightness profile (SBP) 
is equivalent to a transformation of an arbitrary two- 
dimensional flux pattern into a spherically-symmetric in
tensity distribution p(R*), which is monotonically de
creasing with radius R*. Here, R* is the photometric ra
dius corresponding to the surface brightness level p. The 
most simple technique for obtaining a SBP is to sum up 
the flux enclosed within a circular aperture for a sequence 
of aperture sizes. Alternatively, for elliptical galaxies, one 
may use instead of rings, a set of elliptical apertures ad
justed to the position angle and ellipticity of the galaxy 
and centered on it. Such a technique is not appropriate 
for BCDs mainly because they contain off-center irregular 
and clumpy HSB star-forming regions and their isophotes 
frequently show a strong twist with decreasing intensity.

Because of the large variety of isophote shapes in 
BCDs, we applied three distinct methods for different 
ranges of intensity levels. The photometric radius R* at 
the intensity level I0 has been calculated as the equivalent 
radius of the enclosed area A(I0), R* = √A(I0)/π. The 
advantage of averaging over an isophotal contour as com
pared to a simple slice through the luminosity pattern of 
the galaxy is the increased number N of pixels defining 
the isophote, and hence the reduction of the uncertainty 
at R* by a factor √ N. Contamination of an isophote by 
foreground stars or background galaxies may in some cases 
cause a slight overestimation of A(I0). To avoid such prob
lems, we developed a software package where contaminat
ing objects are interactively determined and rejected. At 
flux levels below ~ 4 x  (rms noise) we smoothed the CCD 
images with a 3 x 3 pixel median filter to improve the S/N, 
and better define the isophote’s shape. Three equivalent 
methods were employed:

i) At low intensity levels, an improved version of the 
algorithm described by Loose & Thuan (1986) was used to 
fit ellipses to the isophotes. The five parameters necessary 
to define an ellipse in the plane, the major and minor axes 
a and b, the center coordinates xc and yc, and the position 
angle φ, are obtained from a polynomial fit to the isophote 
by a coordinate transformation. The photometric radius 
corresponding to the area of the ellipse is √ ab.

ii) The isophotes of BCDs at intermediate intensity 
levels are frequently irregular. Their enclosed area can be

directly computed by a line integral of the form:

where the integral is evaluated along the isophote. The 
center of gravity xc, yc is defined by

The integration can be performed in both cartesian 
and polar coordinates. This method yields reliable results 
when applied to an isophote of arbitrary shape, provided 
it contains a sufficient number of pixels (≥ 20) and the 
noise is not dominant.

iii) The central region of iE BCDs, may consist of sev
eral HSB star-forming knots. The area evaluation of every 
single knot by techniques i) and ii) is time-consuming and 
may be inaccurate since the isophote contains generally 
a low number of pixels. In such cases we defined interac
tively on the monitor screen a polygon of suitable shape 
within which all pixels of intensity larger than or equal to 
Io were summed up. The corresponding area is:

where Ai is the pixel area and i runs over all pixels with 
I (x, y) ≥ I0. Tests showed that this method gave reli
able results in the situations described above. By contrast, 
in the outer regions of BCDs this technique results in a 
slight overestimation of R* because of noise. Although we 
have checked that all three techniques gave results in good 
agreement with each other, we have adopted throughout 
the results of the method which is most appropriate to the 
shape of a given isophote.

The uncertainty σµ in mag of the SBPs at a surface 
brightness level p were estimated assuming that Poisson 
statistics apply and taking into account inaccuracies in 
the determination of the background level, as:

where: I0 is the number of galaxy counts above the back
ground received per pixel, I  — I0 + Ibg the sum of the 
galaxy counts I0 and the background counts Ibg, 9 (~ 0.1 
for the KPNO CCD) the conversion factor from the num
ber ne- of detected electrons in one pixel into counts, δbg 
the uncertainty in the determination of the background in 
counts, and N the number of pixels defining the isophote. 
The uncertainties in the calibration σc, not shown in 
Figs. 1-6, are 0.036 mag in B and 0.01 mag in R. The main 
systematic uncertainties in the SBPs come from the uncer
tainties in the sky level determination. Our photometry is 
better than 0.1 mag for surface brightness levels brighter 
than 23 mag arcsec~2 in B and 22.5 mag arcsec-2 in R,
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Table 1. Observed galaxy sample

Object other designations 01950 lII Filter M(HI)° ∆tobs D [Mpc] mB
δ 1950 bII M T [min] [pc arcscec-1 ] bsource

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Haro 3 Mkn 35, NGC3353 10 42 15.8 152.31 B 0.54 60 13.9 13.15

UGC5860 +56 13 26 53.37 R 1.2 60 67.39 (1)
Mkn 86 VV 138, Arp 6 08 09 42.6 173.81 B 0.24 60 7.0 12.55

NGC2537 +46 08 32 32.96 R 0.58 60 33.9 (1)
Mkn 209 Haro 29, I Zw 36 12 23 50.5 134.15 B 0.041 60 4.6 14.84

UGCA281 +48 46 13 68.08 R 0.18 60 22.3 (1),(2)
Mkn 297 NGC6052, Arp 209 16 03 01.4 35.31 B 11.8 50 63 15.0

VV 86, UGC 10182 +20 40 37 45.47 R — 60 305 (3)
I Zw 89 NGC 5633 14 25 36.4 84.34 B 2.60 60 32.4 12.96

UGC 9271 +46 22 14 63.13 R 35.0 60 158 (1)
I Zw 115 UGC 9893 15 31 19.6 75.20 B 0.13 60 10.5 15.20

VV 720 +46 37 09 52.90 R 0.15 60 50.9 (1)

(a) : Neutral hydrogen mass M (HI) and total mass M t (Col. 6) in units of 109 MO.
(b)  : (1) Thuan & Martin (1981); (2) Staveley-Smith et al. (1992); (3) Gordon & Gottesmann (1981).

whereas the errors increase to several tenths of magnitude 
at ~ 25.5 mag arcsec-2 in B and R, when the light inten
sity becomes comparable to the background noise.

1.2.2. Profile fitting

The derived surface brightness profiles are shown over 
three radial coordinates to probe different fitting laws. In 
all cases, a straight line corresponds to a perfect fit to one 
of the three fitting laws:

i) an exponential law of the form I  = I0 exp(—R*/α) 
where Io is the central intensity and α the exponential 
scale length (Figs. 1b-6b). This law is known to provide a 
good approximation to the disk component of spiral galax
ies (Freeman 1970) and to the SBPs of low-luminosity 
dwarf ellipticals dEs and nucleated dwarf ellipticals dE, 
Ns (Binggeli et al. 1984; Binggeli & Cameron 1991).

ii) a power law distribution log(I / I o) = —ι log R* 
(Figs. 1c-6c). A power index r  ~ 2 would correspond 
to the law proposed by Reynolds (1913) and Hubble 
(1930) to reproduce the SBPs of giant E galaxies: /  = 
Io/(1 + R*/RH)2 for R*≥ Rh· The Hubble radius RH 
is typically ~ 0.1 of the effective radius Re contain
ing half of the total luminosity of the system. Typical 
power-law indexes in E galaxies range between 1.7 and 2 
(Kormendy 1977). From a theoretical point of view, a 
spherical system in thermodynamic equilibrium would 
produce an isothermal polytrope distribution (r = 1) at 
large radii. A truncated isothermal polytrope distribution, 
such as the King model (King 1966) has been found to re
produce well the SBPs of low-luminosity dwarf galaxies

(Binggeli et al. 1984; Binggeli & Cameron 1991; Vader & 
Chaboyer 1994).

iii) a de Vaucouleurs law log (I / Ie) = —3.33
[(R*/ Re)1/4 — 1] where Ie is the intensity at the effec
tive radius Re (Figs. 1d-6d). This fitting law is known to 
provide a good fit to SBPs of giant Es and of bulges of SO 
galaxies.

Except for Mkn 86, with its outer isophotes being 
nearly circular and Mkn 297 showing an abrupt discon
tinuity at a surface brightness µB = 21 mag arcsec-2, 
the position angle ϕ varies slowly with radius, typically 
|∆ϕ/∆R * |~ 1—2degree arcsec-1 (Figs. 1f and Figs. 3f-6f). 
At large radii <j> becomes roughly constant for all galaxies 
in our sample, similar to the results obtained for BCDs by 
Diehl (1988), Kunth et al. (1988) and Meurer et al. (1994).

1.3. Sample description

We now describe briefly the observed galaxies:
i) Haro 3 (Fig. 1) is a BCD of iE type. A contour plot of 

the B frame is shown in Fig. la and Fig. 1f illustrates the 
characteristic isophotal twist as function of radius. In the 
color map of Haro 3 there is a sequence of three successive 
knots aligned from northeast to southwest with increasing 
blue colors. Kunth et al. (1988) reported in the BCDs Tol 2 
and Tol 3 a similar sequence of blue knots, interpreting 
that as a signature of propagating star-formation. The 
SBP of Haro 3 in B can be described best by a R1/4 fitting 
law.
ii) Mkn86 (Fig. 2) is an extreme example of an iE BCD, 
exhibiting numerous star-forming knots, the bluest of 
them having B —R ~ 0.7. A striking feature in the SBPs of
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Fig. 1. Haro 3: a) contour plot in B, from 19.0 to 25.5 mag arcsec-2 in steps of 0.5 mag. b) linear representation of the SBP 
in the B and R. The exponential, plateau and gaussian luminosity components as obtained by fitting Eq. (9) to the B SBP are 
shown by a solid, dashed and dotted curve, respectively. c-d) logarithmic and R* 1/4 representation of the SBPs in B and R, 
e) B — R profile as derived with method I and I I  (Sect. 6), f )  position angle ϕ vs. R*

this BCD is a plateau (nearly constant intensity as a func
tion of R*) at intermediate intensity levels reminiscent of 
the bulge component in SBPs of SO galaxies. Contrary to 
Haro 3, none of the fitting laws shown in Figs. 2b-d can 
satisfactorily describe the observed intensity distribution,
iii) The iE BCD Mkn 209 (Fig. 3) is the most compact 
in our sample with an optical radius of ~ 0.6 kpc at 
25 mag arcsec-2. Fanelli et al. (1988) concluded from syn
thesis analysis of UV spectra that this system may be 
experiencing currently only its first or second starburst 
event. A less prominent clump ~ 18" eastwards from the 
brightest knot (Fig. 2a) does suggest a previous episode 
of star formation. Recent HST observations (Deharveng 
et al. 1994) of the central 11" x 11" region uncovered a 
massive stellar population, consistent with the very blue 
colors (B -  R ~ 0.0) we derived here. This galaxy is of 
particular interest because it has been discussed as a pos
sible example of a BCD whose mass is dominated by dark 
matter (Viallefond & Thuan 1983).

iv) Although the morphology of Mkn 297 (Fig. 4) re
sembles that of a BCD of type iE, its luminosity (M b =  
—20.4) is brighter than the luminosity cutoff of Mb = —18 
(Thuan & Martin 1981) and it is not a bona-fide dwarf 
galaxy. Hecquet et al. (1987) have resolved the central re

gion in ~ 40 knots, one of them coinciding with the strong 
radio source Mrk297A (Heeschen et al. 1983). Spectro
scopic observations (Alloin & Dufflot 1979) revealed two 
kinematically decoupled components, giving circumstan
tial evidence for the interpretation that Mkn 297 is a dy
namically perturbed system (Taniguchi & Noguchi 1991). 
Its B — R colors increase inwards which suggests a high 
internal extinction near the central region. This may re
sult from large amounts of gas driven inwards, a pro
cess known to occur in interacting galaxies (Barnes & 
Hernquist 1991).

v) The starburst system IZw89 (Fig. 5) has been in
cluded in the Thuan & Martin (1981) sample because 
of its blue UBV colors, although it is clearly a non
dwarf (Mb = -20.2, Thuan & Martin 1981) spiral galaxy 
(Fig. 5a). The knots of star-formation are off-center, prob
ably associated with spiral arms. The SBPs of IZw89 
show an exponential intensity decrease for intermediate 
radii 10" ≤  R* ≤ 30", and a flattening for R* ≤  10". As 
for Mkn 297, I Zw 89 has been included in our sample for 
comparison.

vi) The iE BCD IZw ll5  (Fig. 6) was described by 
Vorontsov -  Velyaminov (1977) as “a pair of coalescents” . 
An interesting feature of this BCD is its asymmetric
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Fig. 2. Mkn 86: a) contour plot in B, from 20.25 to 24.5 mag arcsec-2 in steps of 0.25 mag. b) linear representation of the SBP 
in the B and R. The exponential, plateau and gaussian luminosity components as obtained by fitting Eq. (9) to the B SBP are 
shown by a solid, dashed and dotted curve, respectively. The extents of the starburst component P25 and of the LSB component 
E25 measured at 25 mag arcsec-2 are indicated, c-d) linear, logarithmic and R* 1/4 representation of the SBP in B and R and 
e) B — R profile as derived with method I and I I  (Sect. 6)

intensity distribution along the major axis, caused by 
an abrupt drop in surface brightness southwest from its 
optical center. I Zw115 is the only member of the sam
ple under study which exhibits boxy-like outer isophotes, 
possibly the signature of a dynamically young, unrelaxed 
underlying stellar component. This is in accord with the 
blue colors of the outer parts of its color profile (Fig. 6e). 
In the SBPs of I Zw 115 the plateau feature at intermedi
ate radii is only marginally present.

1.3.1. Characteristics of the surface brightness profiles

None of the fitting laws described above can satisfacto
rily reproduce the derived SBPs over their entire intensity 
range. While the exponential law fits well the outer parts 
of the SBPs, it falls below of them at intermediate inten
sity levels. In most cases, this is due to the presence of 
a pronounced plateau feature. This is most obvious for 
Mkn 86, where for µB ≤ 24 mag arcsec-2 the exponential 
fitting law falls below the SBP which is also the case for 
Mkn 209 and Mkn 297 for µB ≤ 25 mag arcsec-2. Diehl 
(1988) has also reported a number of BCDs with SBPs 
well fitted by an exponential law at low surface brightness

levels, while exhibiting a marked plateau at intermediate 
surface brightness levels (Mkn 5, Mkn 36, Mkn 49, Mkn 400 
and Mkn 487; see Fig. 7). Other examples are VCC213, 
VCC562 and VCC1179 in the Virgo Cluster (Binggeli 
& Cameron 1993), RMB 56 (Drinkwater & Hardy 1991), 
RMB46 (Bothun et al. 1986), Tol2 (Kunth et al. 1988) 
and a number of HII galaxies in the Wasilewski sample 
studied by Bothun et al. (1989).

For I Zw 115, an exponential law gives an acceptable fit 
to the data for nearly all radii, although slightly overesti
mating the central surface brightness because of a central 
flattening of the SBP. Such a central flattening is quite 
usual in dE galaxies fainter than —16 mag. Profiles ex
hibiting this kind of behavior have been called type V pro
files by Binggeli & Cameron (1991). Other BCDs with ex
ponential profile flattening at the center are RMB 175 and 
Bo 146 (Drinkwater & Hardy 1991). In both latter BCDs, 
however, the SBPs steepen again at radii close to the res
olution limit, producing a spike-like central excess. Such 
profiles bear a qualitative resemblance to those of nucle
ated dwarf elliptical galaxies (dE,N; Binggeli & Cameron 
1991) and numerous LSB galaxies (Bothun et al. 1991; 
McGaugh & Bothun 1994; Ronnback & Bergvall 1994).
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Fig. 3. Mkn 209: a) contour plot in B, from 19.5 to 25.5 mag arcsec.- 2 in steps of 0.25 mag. b) linear representation of the SBP 
in the B and II. The exponential, plateau and gaussian luminosity components as obtained by fitting Eq. (9) to the B SBP are 
shown by a solid, dashed and dotted curve, respectively, c-d) logarithmic and R* 1/4 representation of the SBP in B and R, e) 
B — R profile as derived with method I and II (Sect. 6). f )  position angle ϕ vs. R

An analogous central light depression as compared to a 
perfect exponential law is also apparent in the SBP of 
IZw 89 for R* ≤ 10"  which resembles, especially in R, the 
type IIlia profile described by Binggeli & Cameron (1991).

The de Vaucouleurs law fits best the SBP of Haro 3 in 
the B band. Other BCDs like Tol3 (Kunth et al. 1988) 
and Haro 2 (Loose & Thuan 1986) belonging to the nE 
class have SBPs close to a R4/4 law while the plateau 
feature is virtually present. However, even this class does 
not seem to be entirely uniform regarding the SBPs in 
different broad-band colors. For example, Haro 2 can be 
better described by a R1/4 law than by a power law in 
the R band, while the situation is reversed in the B band 
(Loose & Thuan 1986).

Aside from a few cases, as cited below, a power-law 
generally fails to reproduce SBPs of BCDs satisfactorily. 
We note however that the power law index r, formally 
derived for the BCDs in our sample and objects in the lit
erature is typically ≥  2, in disagreement to the isothermal 
polytropic distribution (cf. Kunth et al. 1988), and slightly 
steeper than the power law index (≤ 2) of gE galaxies.

From the limited existing data, we conclude that BCDs 
show a great variety in their morphology and surface 
brightness distributions, justifying the attribute of “mixed

bag” ascribed to them by Kunth et al. (1988). On the 
other hand, there appears to exist a basic correspondence 
between the morphology and the radial intensity distribu
tion. SBPs of BCDs of the iE type are usually character
ized by a plateau at intermediate intensity levels and an 
exponential intensity decrease at low surface brightness 
levels. By contrast, SBPs of BCDs of the nE type, with 
a more regular morphology in their star-forming compo
nent do not exhibit a prominent plateau and can in some 
cases be well described by a R1/4 or a power-law over 
large intensity ranges. In summary, the variety of SBPs 
of BCDs of the different morphological classes cannot be 
described by a unique single fitting law over their whole 
radius range. In the next section we interpret the surface 
brightness profiles of BCDs in terms of a superposition of 
3 distinct luminosity components.

2. Decomposition of the surface brightness profiles 
of BCDs

BCDs are thought to consist of two major stellar con
stituents: an old LSB stellar population and a superim
posed younger stellar population formed in recent star- 
bursts (Searle et al. 1973; Thuan 1985; Loose & Thuan
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Fig. 4. Mkn 297. a) contour plot in B, from 20.0 to 25.0 mag arcsec 2 in steps of 0.5 mag. b) linear representation of the SBP 
in the B and R. The exponential, plateau and gaussian luminosity components as obtained by fitting Eq. (9) to the B SBP are 
shown by a solid, dashed and dotted curve, respectively, c-d) linear, logarithmic and R*1/4 representation of the SBP in B and 
R, e) B -  R profile as derived with method I and II (Sect. 6). f)  position angle ϕ vs. R*

1985). A quantitative study of the structure and lumi
nosity of these stellar populations can be achieved by an 
appropriate decomposition of the surface brightness pro
files. Kunth et al. (1988) performed a decomposition of the 
SBPs of Tol 2, Tol 3 and I Zw 123 (Mkn 487) into a disc and 
bulge component described by an exponential and a R1/4 
law, respectively. Such a two-component model approxi
mates well SBPs of nE BCDs but fails to reproduce the 
intermediate plateau component in iE BCDs. We there
fore use a more general 3-component scheme, initially dis
cussed by Diehl (1988), to describe the SBPs of the BCDs 
derived in this paper and those taken from the literature.

2.1. Decomposition scheme

i) The first component describes the underlying extended 
dwarf galaxy which contains stars of higher mass-to-light 
ratio, and which determines to a large degree the gravi
tational potential in which the gas accumulates and col
lapses, leading to the formation of the lower M /L star- 
burst component. This first component is only partly ac
cessible to direct observations as its light is contaminated 
by the luminous superimposed starburst component. We 
can fit its outer, low surface brightness region, which is

not polluted by the light from young stellar clusters or 
nebular emission from ionized gas, by an exponential law 
of the form:

Ie = Ie,0 exp [ -  (R*/ α )] (3)
or equivalently

µ  =  —2.5 log / e  +  constant =  µ E,0 +  1.086 (R*/a) (4)

where Ie,o and µe,0  denote respectively the central inten
sity and the central surface brightness, and α is the expo
nential scale length. Equation (3) assumes that the expo
nential law can be extrapolated all the way to R* =0. This 
hypothesis is inappropriate for the BCDs which exhibit 
an intensity flattening near the center (see Sect. 2.3.1). To 
take into account these cases, we shall introduce a slightly 
modified version of Eq. (3) in Sect. 5 (Eq. 22).

ii) The second component characterizes the plateau, 
seen mainly in SBPs of iE BCDs. It is well fitted by a 
generalized exponential distribution of the form:

Ip = I p,o exp [ — (R* / β)n] (5)
or equivalently:

µP = µp,0 + 1.086 [(R*/B)T1] (6)
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Fig. 5. I Zw 89: a) contour plot in B , from 20.5 to 25.5 mag arcsec- 2 in steps of 0.5 mag. b) linear representation of the SBP 
in the B and R . The exponential, plateau and gaussian luminosity components as obtained by fitting Eq. (9) to the B SBP are 
shown by a solid, dashed and dotted curve, respectively, c-d) logarithmic and R* 1/4 representation of the SBP in B and R, e) 
B — R profile as obtained with method I and II (Sect. 6). f )  position angle ϕ vs. R*

We find that η > 1 gives good fits. Values of η  < 1 give 
concave surface brightness distributions which cannot fit 
the plateau component1.

iii) The third component characterizes the inner part 
of SBPs of BCDs, which in general shows a luminosity 
excess over the plateau. It can be fitted by a gaussian 
distribution of the form:

I g -  Ig,0 exp [ -  0.5 (R*/γ )2] (7)

which translates to

µG = Mg + 0.54 [(R*/ γ )2] (8)

Because this component is usually very compact (size < 
10") the derived parameters (the central intensity Iq,o 
and the scale length 7) can be seeing-dependent. Thus,

1We note that the functional form given by Eq. (5) is well 
suited for describing a wide variety of SBPs, ranging from a 
de Vaucouleurs law (η =  0.25) to an exponential law (η =  1). 
It has been found to provide a reasonably good approximation 
to SBPs of various types of galaxies (Cellone et al. 1994; James 
1994; Young & Currie 1994). For dEs, the exponent η has been 
proposed to be used as a distance indicator (Young & Currie 
1994, 1995).

we shall avoid using them in our analysis of the struc
tural parameters of BCDs (Paper II, Sect. 2) and consider 
instead only the integrated luminosity of this component.

To summarize, the surface brightness at a given radius 
can be written as:

µ (R *) =  —2.5 · log(I o +  Ip  +  I e ) +  constant (9)

The morphological transition from iE to nE type BCDs 
translates into a gradual decrease in the importance of 
the plateau component. Thus, only in the case of extreme 
nE BCDs, does a simplified 2-component model (Eqs. (3) 
and (5) with η ≤ 2), produce fits of comparable quality to 
the 3-component model.

We shall characterize the radial extent of the HSB and 
of the LSB components respectively, by the radii P25 of 
the plateau and E25 of the exponential component, de
fined at a surface brightness level of 25 mag arcsec-2. We 
illustrate these radii on the SBP of Mkn 86 (Fig. 2b).
As pointed out in Sect. 2.3.1, from the morphological point 
of view, there are many intermediate types between the 
extreme examples of iE BCDs (Mkn86) and nE BCDs 
(Haro 2). In order to describe quantitatively this morpho
logical variation we introduce the distance-independent
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Fig. 6. I Zw 115: a) contour plot in B, from 22.0 to 26.0 mag arcsec- 2 in steps of 0.25 mag, b) linear representation of the SBP 
in B and R. The exponential, plateau and gaussian luminosity components as obtained by fitting Eq. (9) to the SBP are shown 
by a solid, dashed and dotted curve respectively. Note that instead of Eq. (3), we used Eq. (22) (b, q =  1.2, 0.4) to describe the 
underlying LSB component, c-d) logarithmic and R* 1/4 representation of the SBP in B and R. e) B -  R profile as obtained 
with method I and I I  (Sect. 6). f )  position angle ϕ vs. R*

concentration index CI , a measure of the ratio of the area 
of the star-forming region to the total projected area of a 
BCD in the B band.

The CI  is given in Col. 6 of Table 42. Along the morpho
logical sequence of BCDs (Loose & Thuan 1985) CI  varies 
from ≥ 0.8 for BCDs with nuclear starburst (type nE) to

2 We prefer to use CI  rather than the King concentration pa
rameter (King 1966) c = log(R t/ Rc), where Rc is the core ra
dius and Rt is the tidal radius, because P25 and R25 are much 
less sensitive to seeing effects than Rc and it can be better 
interpreted in the context of the decomposition scheme used 
here.
James (1991) has proposed another concentration parameter 
defined as log(R80/ R20) where R80 and R20 denote the radii 
containing 80% and 20% of the total light of the galaxy. This 
concentration parameter or the one proposed by Okamura 
et al. (1980) (see also Doi et al. 1995) are more suited for near- 
infrared profiles of BCDs which describe mainly the underlying 
component, than for the optical profiles, where the starburst 
component is more prominent.

< 0.5 for those where the starburst activity is spread al
most over the entire surface of the galaxy. The extreme 
BCD type iO of Loose & Thuan would have CI  = 0.

The apparent luminosity of an arbitrary component 
within its isophotal radius R25 defined at 25 mag arcsec-2 
can be obtained by

The total apparent luminosity of the components de
scribed by Eqs. (3) and (5) is

where I0, l and η are respectively the central intensity, 
scale length and exponent (η = 1 for the exponential 
component and η ≥ 1 for the plateau component) and 
Γ is the Gamma-function. We also applied Eq. (9) to the 
B and R SBPs of additional BCDs from the literature: 
Haro 2 (Loose & Thuan 1986) and NGC2915 (Meurer 
et al. 1994). Throughout we utilized the iterative non
linear fitting algorithm described by Marquardt (1963).
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This standard x2-minimizing routine has proven to be ef
ficient. With regard to the structural parameters µe,0 and 
α of the LSB component it gave results in good agreement 
with those one would obtain from a linear extrapolation 
of the outer slope of the SBP inwards. Whenever error 
estimates were available, fits were performed twice, one 
weighting each point by its error bar (designated by W), 
and another with all points having equal weight (desig
nated by N). We rejected fits with reduced x2 > 2 and 
those giving an exponent η < 1 in Eq. (5). Furthermore, 
we include in our analysis the data of Diehl (1988) for 
Mkn 36 and and the B data for Mkn 5, Mkn7, Mkn49, 
Mkn400 and Mkn487. As there were guiding problems 
with the exposure of Mkn 7, we shall consider only the 
structural properties of its LSB component which are not 
affected by these difficulties.

3. Results of the decomposition scheme
We display the profile decomposition for the SBPs in the 
B-band for each of the above galaxies in Figs, 1b -6b for 
our sample and in Fig. 7 and Fig. 8 for the BCDs from 
other authors. The underlying, plateau and gaussian com
ponents are shown as solid, dashed and dotted lines, re
spectively.

The derived fit parameters along with their uncertain
ties as they were deduced from the fit are listed in Ta
bles 2 and 3. Secondary parameters, such as the radii E25 
and P25 are given in Tables 4 and 5, and Tables 6 and 7 
contain the absolute luminosities of the individual compo
nents within R25· Errors included in Tables 4-7 denote the 
mean uncertainties of secondary properties as estimated 
from the uncertainties of the primary fit parameters. Re
lations between various quantities listed in Tables 2-7 and 
their physical implications will be discussed in Paper II.

4. Deprojection of the three photometric
components of the surface brightness profiles

Understanding the starburst phenomenon in isolated 
dwarf galaxies requires the knowledge of the global gravi
tational potential within which the starburst activity oc
curs. In the absence of dark matter, the total mass of a 
BCD is the sum of its gas and stellar mass.

In this section we derive the radial luminosity density 
distribution of the stellar mass component. From the ob
servable intensity distribution I(R*) ∞dex (—0.4 µ R*)) at 
the photometric radius R* the luminosity density l(r) as 
a function of the intrinsic radius r is obtained by depro
jection. For a known mass-to-light ratio M (r)/£(r), the 
stellar density distribution is then

p(r) = M (r) / £(r)  l(r) (13)

Although l(r) can in principle be deduced directly by de
projection of a surface brightness profile, we did not do

so, mainly because in that case the result cannot be in
terpreted in an unambiguous and systematic manner. The 
separate derivation of l(r) for each of the luminosity com
ponents described in Sect. 3.1 can be justified in so far 
as these components can be considered to represent dis
tinct entities with respect to extent and mean stellar type. 
This approach allows us to introduce dimensionless quan
tities and describe l (r) in a simple way. Figure 9 illustrates 
the parameters to be derived for a spherically symmetric 
distribution where r ≤ r i is the intrinsic radial variable. 
Assuming isotropy of the radiation, the emission coeffi
cient e(r) in units of erg s-1 cm-3 sr-1 is e(r) = l(r)/4π 
where l(r) is in units of ergs-1 cm- 3. The line-of-sight 
variable x ranging between —X1 and +x\ is related to the 
intrinsic radius r < r1 and the photometric radius R* by 
x = ±(r2 — R*2 )1/ 2.
In the absence of absorption or scattering, the equation of 
radiation transfer reads:

Since dI /dx = 0 for — X1 ≥ x and x > + x1, Eq. (14) can 
be written in terms of the Abel integral equation

From the inversion of Eq. (15) the intrinsic luminosity den
sity obtains as follows:

where Ϛ  is given by:

Utilizing the scale length α of an intensity distribution 
I(R*), it is convenient to introduce the dimensionless ra
dius y = r / α and luminosity density L(y)

The intrinsic luminosity density is then l(y) = (Io/α ) L(y) 
where I0 is the intensity at y = 0.

Except for some simple cases (e.g. a power-law in
tensity distribution) the integral in Eq. (18) has to be 
computed numerically. Usually the integration has been 
performed out to y ≥ 10 which encloses typically more 
than 99% of the flux of the intensity distribution. We 
used throughout a 4th order Runge-Kutta method with 
estimation and correction of the local error and a vari
able step size. The derivative dϛ(r)/dr has been calculated
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Table 2. Derived parameters in the B banda

Name Pμe,0 α Mp ,o P V P G,0 7 N /W b
[kpc] [kpc ! [kpc]

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Haro 2 22.49 ± 0.10 1.51 ± 0.02 22.52 ± 0.11 1.44 ± 0.04 3.80 ± 0.35 (19.3 ± 0.1) (1.16 ± 0.02) N ,(l)
Haro 3 21.09 ± 0.17 0.65 ± 0.04 20.18 ± 0.29 0.50 ± 0.07 1.73 ± 0.26 19.20 ± 0.11 0.22 ± 0.01 W
Mkn 5 20.91 ± 0.08 0.30 ± 0.01 23.80 ± 0.36 0.56 ± 0.02 6.74 ± 2.59 20.79 ± 0.06 0.071 ±0.01 N,(2)

21.13 ± 0.12 0.32 ± 0.01 23.22 ± 0.30 0.54 ± 0.01 4.98 ± 1.27 20.72 ± 0.04 0.075 ±0.01 W,(2)
Mkn 7 21.06 ± 0.17 1.49 ± 0.11 — — — — — N,(2) b
Mkn 36 20.91 ± 0.08 0.13 ± 0.01 21.69 ± 0.18 0.21 ± 0.01 3.51 ± 0.41 19.82 ± 0.03 0.05 ±0.01 N,(2)

21.11 ± 0.12 0.14 ± 0.01 21.88 ± 0.10 0.22 ± 0.01 4.32 ± 0.32 19.77 ± 0.02 0.06 ± 0.01 W,(2)
Mkn 49 20.57 ± 0.04 0.65 ± 0.01 22.37 ± 0.13 0.79 ± 0.02 3.57 ± 0.53 19.76 ± 0.02 0.12 ± 0.01 N,(2)

20.66 ± 0.12 0.67 ± 0.03 22.00 ± 0.30 0.73 ± 0.03 2.55 ± 0.44 19.75 ± 0.02 0.11 ± 0.01 W,(2)
Mkn 86 22.08 ± 0.15 0.76 ± 0.04 20.84 ± 0.07 0.77 ± 0.02 2.91 ± 0.19 20.29 ± 0.10 0.09 ±0.01 N

21.98 ± 0.22 0.74 ± 0.06 20.88 ± 0.07 0.78 ± 0.02 3.00 ± 0.21 20.29 ± 0.07 0.09 ±0.01 W
Mkn 209 21.99 ± 0.13 0.21 ± 0.01 21.60 ± 0.50 0.15 ± 0.04 1.47 ± 0.33 19.41 ± 0.06 0.05 ± 0.01 N

22.63 ± 0.32 0.26 ± 0.03 21.97 ± 0.36 0.22 ± 0.03 1.83 ± 0.42 19.40 ± 0.06 0.05 ± 0.01 W
Mkn 297 22.43 ± 0.09 2.97 ± 0.08 20.67 ± 0.03 3.97 ± 0.04 2.46 ± 0.04 20.21 ± 0.02 1.03 ±0.02 N

20.82 ± 0.03 2.07 ± 0.01 21.17 ± 0.02 4.39 ± 0.02 3.22 ± 0.04 20.34 ± 0.01 1.13 ± 0.01 W
Mkn 400 20.32 ± 0.04 0.79 ± 0.01 20.39 ± 0.06 0.78 ± 0.02 2.28 ± 0.12 19.49 ± 0.16 0.08 ± 0.01 N,(2)

20.36 ± 0.06 0.80 ± 0.02 20.36 ± 0.05 0.78 ± 0.01 2.26 ± 0.07 19.48 ± 0.03 0.08 ± 0.01 W,(2)
Mkn 487 21.24 ± 0.08 0.19 ± 0.01 20.51 ± 0.34 0.18 ± 0.02 2.01 ± 0.24 20.31 ± 0.26 0.07 ±  0.01 N,(2)

21.56 ± 0.04 0.21 ± 0.01 21.11 ± 0.06 0.22 ± 0.02 2.34 ± 0.15 19.94 ± 0.16 0.08 ±  0.01 W,(2)
I Zw 89 20.34 ± 1.04 0.14 ± 0.12 23.88 ± 0.10 6.31 ± 0.22 2.85 ± 0.20 20.34 ± 0.06 1.47 ±  0.02 N 1

20.39 ± 0.02 0.15 ± 0.01 22.09 ± 0.01 7.70 ± 0.02 6.56 ± 0.19 20.33 ± 0.04 1.52 ±0.01 W j
1 Zw 115 21.38 ± 0.15 0.36 ± 0.01 23.67 ± 0.29 0.46 ± 0.01 5.38 ± 0.92 27.28 ± 0.80 0.47 ±0.18 N *

21.32 ± 0.17 0.37 ± 0.01 23.51 ± 0.05 0.48 ± 0.01 5.47 ± 0.24 24.20 ± 0.04 0.08 ± 0.01 W *
NGC2195 21.69 ± 0.07 0.33 ± 0.01 22.38 ± 0.24 0.35 ± 0.02 4.10 ± 0.45 19.75 ± 0.06 0.10 ± 0.01 N,(3)

a: F it parameters derived by applying the 3-component model Eq. (9) to the SBPs of BCDs in the B band, corrected for galactic
foreground absorption.
b: N =  non-weighted fit; W =  weighted fit
(1) . SBP from Loose & Thuan (1986). Photometry has been published for radii 14 6/;, thus only indicative parameters could be 
deduced for the gaussian component (Cols. 7 and 8).
(2) : Surface photometry and decomposition according to Eq. (9) from Diehl (1988).
(3) : SBP by Meurer et al. (1994). From the velocity of NGC2915 relative to the Local Group (Reif et al. 1982) and with a 
Hubble constant of 75kms_1 Mpc-1 we adopt Dngc2915 =  2.7 Mpc.
t>: Due to guiding problems, the SBP flattens near the center, making the parameters of the gaussian and plateau components 
uncertain. Therefore only the parameters of the LSB component are listed.
★ : The underlying BCD component has been modeled by Eq. (22) with (6, q) =  (1.2, 0.4) instead of a pure exponential law (Eq. 3). 
j: The SBP of the non-BCD spiral galaxy IZw89 can be formally described by Eq. (9). However the resulting parameters are 
very dissimilar to those derived for BCDs.

from cubic spline interpolation. To check our results, we 
carried out the procedure in the reverse direction, i.e. we 
re-projected l(y) and compared the results with the initial 
intensity distribution. We always found good agreement. 
In the following sections we discuss the intrinsic luminosity 
densities for the 3 components considered in the decom
position scheme.

4.1. Deprojection of the gaussian component

A gaussian intensity distribution is projection-invariant. 
The luminosity density and projected intensity are related 
by the following equations:
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Table 3. Derived parameters in the R band

Name µE,0 α µP,0 β V µG,0 7 N/W
[kpc] [ MAG] [kpc]

[ MAG]
[kpc]

(1) 2) (3) (4) (5) (6) (7) (8) (9)
Haro 2 20.79 ±0.15 1.04 ±0.11 22.08 ±0.59 1.39 ±0.18 3.70 ±  1.24 (19.0 ±0.1) (0.4 ±0.02) N, (1)
Haro 3 19.68 ±0.02 0.59 ±  0.01 21.89 ±0.04 0.78 ±0.01 7.86 ±0.34 18.40 ±0.01 0.23 ±0.01 W
Mkn 36 20.81 ±0.23 0.15 ±  0.01 20.64 ±0.29 0.20 ± 0.02 2.42 ±0.41 19.74 ±  0.11 0.05 ±0.01 N, (2)

19.64 ±0.03 0.12 ±  0.01 22.32 ±0.06 0.24 ±0.01 9.78 ±0.32 20.10 ±  0.03 0.05 ±0.01 W, (2)
Mkn 86 19.86 ±0.10 0.54 ±0.02 20.38 ±0.09 0.85 ±0.01 4.18 ±  0.33 19.09 ±  0.06 0.07 ±0.01 N

19.42 ±0.03 0.48 ±0.01 20.85 ±0.05 0.89 ±0.01 6.11 ± 0.10 19.17 ±  0.02 0.07 ±0.01 W
Mkn 209 22.34 ±0.12 0.34 ±0.02 19.13 ±0.08 0.06 ± 0.01 1.43 ±  0.09 21.66 ±  0.04 0.19 ±0.01 N

20.47 ±0.01 0.17 ±0.01 21.55 ±0.16 0.03 ±0.01 6.03 ±0.91 19.61 ±0.01 0.05 ±0.01 W
Mkn 297 20.52 ±0.14 2.27 ±0.07 19.57 ±0.07 3.46 ±0.08 2.13 ±  0.07 19.66 ±0.04 0.96 ±0.03 N

19.42 ±0.02 1.85 ±0.01 20.28 ±0.03 4.03 ±0.03 2.86 ±  0.06 19.83 ±0.01 0.11 ± 0.01 W
I Zw 89 19.28 ±0.09 1.26 ±0.04 24.03 ±0.14 8.66 ±0.3 3.45 ±0.65 19.54 ±0.07 1.37 ±0.02 N ↓
I Zw 115 23.06 ±0.77 0.60 ±0.19 21.99 ±0.06 0.45 ±  0.04 2.99 ±0.15 22.17 ±0.17 0.58 ±0.01 N *
NGC2915 20.04 ±0.06 0.32 ±0.01 21.54 ±0.32 0.36 ±0.05 4.1 ±0.56 19.02 ±0.05 0.11 ± 0.01 N, (3)

See notes in Table 2.

Table 4. Extent of the starburst and underlying components in the B band

Name E25 E25 P25 P25 Cl W /N

[arcsec] [kpc] [arcsec] [kpc]

(1) (2) (3) (4) (5) (6) (7)
Haro 2 35.16 ±  1.14 3.49 ±0.11 17.99 ±0.40 1.79 ±0.04 0.74 ±0.08 N, (1)
Haro 3 34.88 ±  1.79 2.35 ±0.12 17.72 ±  2.39 1.19 ±  0.16 0.74 ±0.06 W
Mkn 5 17.63 ±0.39 1.14 ±0.02 8.55 ±  0.37 0.55 ±0.02 0.76 ±  0.02 N, (2)

17.93 ±0.64 1.16 ±0.04 9.01 ±0.32 0.59 ±0.02 0.75 ±  0.03 W, (2)
Mkn 7 25.89 ±  1.48 5.39 ±0.31 — — — N
Mkn 36 12.35 ±  0.23 0.48 ±0.01 7.38 ±0.31 0.29 ±0.01 0.64 ±0.03 N, (2)

12.55 ±0.44 0.49 ±0.02 7.39 ±0.13 0.29 ±0.01 0.65 ±0.03 W, (2)
Mkn 49 29.96 ±0.30 2.64 ±  0.03 11.48 ±0.41 1.01 ±  0.04 0.85 ±0.01 N, (2)

30.20 ±  1.12 2.66 ±0.10 12.34 ±0.78 1.09 ±0.07 0.83 ±0.02 W, (2)
Mkn 86 60.53 ±  3.27 2.06 ±0.11 36.20 ±  0.97 1.23 ±0.03 0.64 ±  0.04 N

60.36 ±  4.78 2.05 ±0.16 35.82 ±  0.94 1.22 ±0.03 0.65 ±0.06 W
Mkn 209 25.73 ±  1.03 0.57 ±0.02 15.08 ±2.38 0.34 ±0.05 0.66 ±0.11 N

25.05 ±3.27 0.56 ±0.07 17.38 ±  2.69 0.39 ±0.06 0.52 ±0.08 W
Mkn 297 23.04 ±  0.74 7.04 ±0.23 22.82 ±0.23 6.97 ±0.07 0.02 ±0.06 N

26.16 ±0.19 7.99 ±0.06 21.24 ±0.10 6.49 ±  0.03 0.34 ±0.01 W
Mkn 400 21.67 ±0.21 3.39 ±0.03 9.42 ±0.26 1.48 ±  0.04 0.81 ±0.01 N, (2)

21.78 ±0.02 3.41 ±0.06 9.50 ±  0.15 1.49 ±0.02 0.81 ±  0.01 W, (2)
Mkn 487 12.63 ±  0.26 0.67 ±0.01 6.90 ±0.70 0.36 ±0.04 0.70 ±0.06 N, (2)

12.81 ±  0.40 0.68 ± 0.02 7.25 ±0.45 0.38 ±  0.02 0.68 ±0.04 W, (2)
I Zw 89 3.72 ±2.63 0.58 ±  0.41 40.64 ±  0.03 6.38 ±0.20 < 0 N ↓

4.02 ±0.01 0.63 ±0.01 56.94 ±0.22 8.94 ±0.03 < 0 W ↓
I Zw 115 23.41 ±0.76 1.19 ±0.04 9.47 ±0.33 0.48 ±  0.02 0.83 ±0.01 N*

24.68 ±  0.90 1.26 ±0.05 9.98 ±  0.06 0.51 ±0.00 0.84 ±0.02 W*
NGC2915 75.61 ±  1.48 1.00 ± 0.02 33.20 ±  1.44 0.44 ±  0.02 0.81 ±  0.02 N, (3)

See notes in Table 2.
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Table 5. Extent of the starburst and underlying components in the R band

Name E25 E25 P25 P25 W /N

[arcsec] [kpc] [arcsec] [kpc]

(1) (2) (3) (4) (5) (6)

Haro 2 40.55 ±3.46 4.03 ±0.34 18.29 ±2.34 1.82 ±0.23 N, (1)
Haro 3 43.03 ±0.31 2.90 ±  0.02 13.30 ±0.06 0.90 ±0.01 W
Mkn 36 14.96 ±0.88 0.58 ±0.03 9.20 ±  0.90 0.36 ±0.03 N, (2)

14.62 ±0.13 0.57 ±0.01 6.78 ±0.05 0.27 ±0.01 W, (2)
Mkn 86 76.10 ±2.15 2.58 ±0.07 35.30 ±0.82 1.20 ±0.03 N

72.46 ±  0.65 2.46 ±0.02 32.67 ±0.15 1.11 ± 0.01 W
Mkn 209 36.86 ±  1.75 0.82 ±0.04 8.16 ±0.53 0.18 ± 0.01 N

31.62 ±0.85 0.70 ±0.02 1.69 ±0.04 0.04 ±0.01 W
Mkn 297 30.63 ±  0.97 9.36 ±  0.29 24.16 ±0.56 7.38 ±0.17 N

31.09 ±0.16 9.50 ±0.05 22.06 ± 0.21 6.74 ±  0.06 W
IZw 89 42.32 ±  1.08 6.65 ±0.17 53.32 ±2.02 8.37 ±0.32 N ↓
I Zw 115 21.13 ±  8.25 1.08 ±0.42 12.47 ±0.18 0.63 ±0.01 N *
NGC2915 112.6 ± 2.10 1.48 ±  0.03 36.08 ±  2.06 0.48 ±  0.03 N,(3)

See notes in Table 2.

Table 6. Absolute luminosities of the components within R25 in B

Name Me Mp Mg Mg+p Mfit LG+P
Le W /N

[mag] [mag] [mag] [mag] [mag]

(1) (2) (3) (4) (5) (6) (7) (8)

Haro 2 -16.59 ±  0.11 -15.92 ±0.09 -17.04 ±0.06 -17.37 ±0.05 -17.80 ±0.04 3.05 N (1)
Haro 3 -16.40 ±0.17 -16.21 ±0.29 -16.05 ±0.12 -16.89 ±0.16 -17.50 ±0.10 1.57 W

Mkn 5 -14.89 ±0.08 -12.63 ±0.29 -12.03 ±0.12 -13.12 ±0.18 -15.09 ±0.07 0.19 N, (2)
-14.80 ±0.12 -13.12 ±0.23 -12.22 ±0.04 -13.51 ±0.16 -15.09 ±0.09 0.30 W , (2)

Mkn 7 -18.22 ±0.19 — — -18.21 ±0.18 -18.97 ±0.05 0.99 Nb

Mkn 36 -13.05 ±0.07 -12.60 ±0.14 -12.35 ±0.10 -13.23 ±0.08 -13.90 ±0.05 1.18 N, (2)
-12.97 ±0.12 -12.56 ±0.07 -12.52 ±0.05 -13.29 ±0.07 -13.90 ±0.05 1.36 W, (2)

Mkn 49 -16.96 ±  0.04 -14.81 ±0.10 -14.13 ±0.05 -15.28 ±0.06 -17.16 ±0.03 0.21 N, (2)
-16.92 ±0.12 -15.05 ±0.23 -14.09 ±0.03 -15.43 ±  0.16 -17.17 ±0.10 0.25 W , (2)

Mkn 86 -15.55 ±0.17 -16.31 ±0.06 -13.14 ±0.24 -16.37 ±0.06 -16.79 ±0.05 2.13 N
-15.60 ±0.25 -16.29 ±0.06 -13.15 ±0.17 -16.34 ±0.06 -16.79 ±0.08 1.98 W

Mkn 209 -12.86 ±0.13 -12.27 ±0.41 -12.41 ±0.09 -13.10 ±0.19 -13.74 ±0.11 1.24 N
-12.50 ±  0.39 -12.53 ±0.35 -12.57 ±0.12 -13.30 ±0.17 -13.73 ±0.14 2.09 W

Mkn 297 -18.09 ±0.10 -20.08 ±0.03 -18.41 ±0.05 -20.29 ±0.02 -20.42 ±0.02 7.58 N
-19.22 ±0.03 -19.72 ±0.02 -18.48 ±0.01 - 20.02 ± 0.01 -20.44 ±0.01 2.09 w

Mkn 400 -17.64 ±0.04 -16.84 ±0.05 -13.50 ±0.23 -16.89 ±0.05 -18.08 ±0.03 0.50 N, (2)
-17.63 ±0.06 -16.87 ±0.04 -13.51 ±0.04 -16.92 ±0.04 -18.08 ±0.03 0.52 W, (2)

Mkn 487 -13.59 ±0.08 -13.58 ±0.29 -12.55 ±0.27 -13.94 ±0.21 -14.53 ±0.12 1.38 N, (2)
-13.45 ±0.07 -13.38 ±0.12 -13.17 ±0.22 -14.03 ±0.10 -14.53 ±0.07 1.71 W, (2)

IZw 89 -13.90 ±2.43 -17.81 ±0.11 -19.06 ±  0.06 -19.36 ±0.05 -19.37 ±0.05 152 N ↓
-13.82 ±0.02 -17.55 ±0.01 -19.05 ±0.01 -19.29 ±0.01 -19.30 ±0.01 2.09 W ↓

IZw 115 -14.67 ±0.13 -12.26 ±0.24 — -12.26 ±0.24 -14.79 ±0.12 0.11 N*
-14.91 ±0.15 -12.51 ±0.04 -8.28 ± 0.10 -12.53 ±0.04 -15.03 ±0.13 0.11 W *

NGC2915 -14.22 ±0.07 -13.01 ±0.19 -13.71 ±0.13 -14.17 ±0.08 -14.94 ±0.05 0.95 N, (3)

See notes in Table 2.
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Table 7. Absolute luminosities of the components within R25 in R

Name M e M P M g M g+p Mfi t l g+p
L e W /N

[mag] [mag] [mag] [mag] [mag]

(1) (2) (3) (4) (5) (6) (7) (8)
Haro 2 -17.74 ± 0.20 -16.30 ±0.47 -17.51 ±0.10 -17.81 ±0.12 -18.53 ±0.10 2.07 N, (1)
Haro 3 -17.70 ± 0.02 -15.28 ±0.03 -16.98 ±0.01 -17.18 ±0.01 -18.22 ± 0.01 0.62 W
Mkn 36 -13.53 ± 0.22 -13.63 ±0.24 -12.28 ±  0.28 -13.90 ±0.18 -14.49 ±0.12 1.41 N, (2)

-14.18 ±0.03 -12.33 ±0.04 -12.16 ±0.05 -13.00 ±0.02 -14.49 ±0.02 0.34 W, (2)
Mkn 86 -17.33 ±0.09 -16.94 ±0.07 -13.82 ±  0.12 -17.00 ±  0.07 -17.93 ±0.05 0.74 N

-17.51 ±0.03 -16.60 ±0.04 -13.49 ±0.04 -16.66 ±0.04 -17.92 ±0.02 0.46 W
Mkn 209 -13.47 ±0.14 -12.63 ±0.10 -13.26 ±0.04 -13.75 ±0.04 -14.37 ±0.06 1.29 N

-14.15 ±0.06 -8.61 ±0.13 -12.25 ±  0.02 -12.28 ±  0.02 -14.33 ±0.05 0.18 W
Mkn 297 -19.72 ±0.13 -20.91 ±0.06 -18.80 ±  0.10 -21.05 ±0.05 -21.33 ±0.04 3.42 N

-20.44 ± 0.02 -20.45 ±0.03 -19.00 ±0.03 -20.71 ±0.02 -21.33 ±0.01 1.27 W
I Zw 89 -19.79 ±0.09 -18.44 ±0.15 -19.71 ±0.07 -20.00 ±0.05 -20.65 ±0.05 1.22 N ↓
IZw 115 -13.71 ±  1.12 -14.02 ±0.04 -15.13 ±0.16 -15.47 ±0.12 -15.66 ±0.20 5.02 N *

-14.85 ±  0.12 -13.35 ±0.06 -14.78 ±0.19 -15.03 ±0.15 -15.70 ±0.08 1.18 W *
NGC2915 -16.02 ±  0.06 -13.90 ±0.25 -14.67 ±0.13 -15.10 ±0.09 -16.41 ±0.05 0.43 N, (3)

See notes in Table 2.

Fig. 7. Fits obtained by Diehl (1988) for the BCDs Mkn5, Mkn 7, Mkn36, Mkn49, Mkn400 and Mkn487 according to the 
3-component decomposition scheme (Eq. 9). The exponential, plateau and gaussian components are illustrated by a solid, dashed 
and dotted curve, respectively. For Mkn7, we consider only the exponential component which is not affected by the guiding 
problems described in the text
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Fig. 8. Fits obtained for the BCDs Haro2 and NGC2915 
according to the 3-component decomposition scheme (Eq. 9). 
The exponential, plateau and gaussian components are illus
trated by a solid, dashed and dotted curve, respectively

Fig. 9. Spherically symmetric luminosity distribution. The 
parameters r and R* in Eq. (15) are indicated

Here l0 and Io denote respectively the central 
luminosity density and intensity, and T is the Gamma- 
function. According to Eq. (20) a gaussian luminosity den
sity differs from the corresponding projected intensity by 
a factor 27r7~1r(1.5)~1 = 7.097γ

4.2. Deprojection of the plateau component

Figure 10 shows the dimensionless intensity I(y )/I0 and 
luminosity density L(y) = βη-1I0-1l(y) of two different 
plateau components with exponents η = 2.5 and 3.5.

Fig. 10. Dimensionless luminosity density L(y) versus dimen
sionless radius y = r /β for plateau components with exponent 
η = 2.5 (solid curve) and y = 3.5 (dashed curve). The corre
sponding dimensionless plateau intensities I(R*)/Io are shown 
in the lower part of the diagram

In both curves, the luminosity density reaches a lo
cal minimum at y — 0. This central depression occurs 
for all plateau intensity distributions with rj > 2 and be
comes more pronounced with increasing η (Fig. 11). This 
does not mean that the luminosity density of the starburst 
component in a BCD actually decreases near the center, 
since a gaussian component with typically a much higher 
central luminosity density is invariably superimposed on 
the plateau component. This is illustrated for Mkn86 in 
Fig. 12.

Fig. 11. Dimensionless luminosity density L(y = 0) (solid line) 
and radius y(max) at which L{y) attains a maximum (dashed 
curve) as a function of plateau distribution exponent

4.3. Deprojection of the exponential component

Although young massive stars formed during the current 
or previous starbursts provide on average about half of the 
total B light of a BCD (Paper II, Sect. 2.3), their dynam
ical influence is far less than that of the older LSB stellar 
population. Consequently M*(r) is primarily controlled by 
the characteristics of the underlying exponential compo
nent. To describe the SBPs of some BCDs (see Sect. 2.3.1) 
with a centrally flattened exponential light distribution,
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Fig. 12. Radial distributions of the luminosity densities of 
the gaussian component l(r)a  (dotted line), plateau com
ponent l( r )p (dashed-dotted line) and starburst component 
l(r)σ  +  (Solid line) of M kn86 in the B band. The lu
minosity densities are in units of Lq,b Pc- 3· The exponent of 
the plateau is 2.9, corresponding to a dimensionless luminosity 
density distribution L(y) between the solid and dashed curves 
in Fig. 10

we propose a modification of the pure exponential law de
scribed by Eq. (3) as follows:

where P3(R*) is

The intensity distribution given by Eq. (22) depends 
near the center on q = ∆ I / I 0, where I0 is the central in
tensity of a pure exponential law, and on the cutoff-radius 
bα within which flattening occurs. The function P3(R*) 
vanishes as R* tends to 0, and becomes much larger than 
unity for R* > b a. Thus, for q > 0, Eq. (22) produces a 
centrally truncated exponential distribution similar to the 
type-V profiles discussed by Binggeli & Cameron (1991), 
with dl/dR* = 0 for R* = 0 and a finite value for the 
central luminosity density.

The (b, q) parameter space can be explored directly 
only when the central part of the underlying component 
is visible. Lacking such objects (there is always a central 
starburst component superimposed), (b, q) parameter sets 
can be derived by requiring that the intensity increases 
smoothly and monotonically for R* ba. After investiga
tion of the (6, q) parameter space, we adopt b = 3 q. This is 
in qualitative agreement with (6, q) = (0.95±0.5,0.3±0.1) 
obtained by fitting Eq. (22) to 20 SBPs of dEs and dE,Ns 
taken from Binggeli & Cameron (1991). Fig. 13 shows the 
intensity profiles resulting from Eq. (22) with the prescrip
tion b = 3q for q — 0.1 and 0.4. For comparison, we also

plot the distribution for b = q and q = 0.5. It is obvi
ous that the latter distribution is not compatible with the 
observations.

Fig. 13. Dimensionless intensity I(y )/Io  for three (6, q) sets 
in Eq. (22): (0.3, 0.1), (1.2, 0.4) and (0.5, 0.5) near the center. 
Evidently, the third parameter set results in a non-monotonic 
intensity distribution for radii ≤  0.6 α

Table 8. A M  as a function of (b, q)

b AIo
q =  ∆ A M ∆ M3.4α

(10~2 mag) (10-2 mag)

0.3 0.1 0.08 0.07
0.6 0.2 0.61 0.71
0.9 0.3 2.06 2.42
1.2 0.4 4.96 5.83
1.5 0.5 9.90 11.7

The uncertainty in (b, q) introduces in turn an uncer
tainty in the determination of the central luminosity den
sity of the underlying component of BCDs. However the 
impact of the central flattening on the total luminosity 
of the exponential component is not large. This is evi
dent from Eq. (11) which implies that the contribution of 
an intensity distribution I(R*) to the total luminosity is 
weighted with R*. Column 3 of Table 8 lists the luminosity 
decrease AM if Eq. (22) is used to describe the underlying 
LSB component instead of a pure exponential, for different 
(b, q) values.

Column 4 lists the same quantity as Col. 3, but gives 
the luminosity decrease within E25, taken to be 3.4 a. This 
radius was derived from the average ratio E25/α = 3.4 ±
0.14 in B obtained from Tables 2 and 4.

Figure 14 shows in a logarithmic representation the 
luminosity density corresponding to an intensity distri
bution of the form of Eq. (22) (solid and dashed curve 
respectively). A linear fit to the luminosity density in the
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Fig. 14. Linear fit (dashed line) to the dimensionless lumi
nosity density distribution L(y) =  (α / Io)l (y) (solid curve) 
corresponding to a modified exponential intensity distribution 
(Eq. 22) with (b,q) =  (0.3, 0.1) (dotted line). L(y) can be ap
proximated in the range 2a ≤  y ≤  7a by an exponential dis
tribution with a scale length =  0.9 a, slightly steeper than the 
projected intensity. The residuals between the fit and L(y) are 
shown in the lower panel

range 2a ≤ y ≤ 7a yields the relation

between the luminosity density and the intensity. For the 
BCDs listed in Tables 2 and 4, we obtain a mean ratio 
P25/ α of 1.7 ± 0.1 in the B band. Thus, Eq. (24) gives an 
approximation to the luminosity density of the underlying 
component of a BCD for radii ≥ P25, where the underlying 
component becomes free from starburst light. Assuming a 
constant M / L ratio one can then directly infer the intrin
sic mass density distribution.

4.4. Central luminosity densities of the three components

In this section we give estimates for the B central luminos
ity densities3 in units of L0,b pc-3 for the galaxies listed 
in Table 9. Columns 3 and 4 list respectively the central 
luminosity densities lp , of the plateau and lG,0 of the 
gaussian component.

Clearly lG,0 is strongly affected by seeing-dependent 
spatial resolution effects and is meant to be indicative 
only. High spatial resolution observations of star-forming 
regions in BCDs, as for instance He 2-10 (Conti & Vacca 
1994), indicate that a knot of ~ 10 pc in diameter may 
contain up to several thousands of massive stars. With 
the simplifying assumption that this young stellar pop
ulation is distributed homogeneously within a spherical 
volume, we estimate a number density of ≤ 1 pc- 3. Since 
early-type stars have blue luminosities of several 103 Lʘ,b

3Throughout we adopt M ʘ,b =  5.54.

we deduce a mean luminosity density within such a knot 
much higher than the ZG,0 values listed in Table 9.

With regard to the plateau component, we recall that 
the luminosity density reaches a local minimum at R* = 0 
for exponents n> 2. Because of seeing effects on the gaus
sian component and the large change in stellar popula
tions within P25, we avoid to estimate mass densities for 
the starburst component.

Column 2 yields the central luminosity density of the 
underlying component Ze ,o, calculated by deprojection 
of Eq. (22) and assuming (b,q) = (0.3, 0.1). Whenever 
the data for the total and the HI masses are avail
able, we estimate an approximate mass-to-luminosity ra
tio M / LB,E = [MT-M (H I)]/LB,e  of the underlying com
ponent, assuming it to be constant (Col. 8). Estimates for 
the central stellar mass density pE,o, in units of Mʘ pc-3, 
are listed in Col. 9.

5. Color profiles
As BCDs are known to be metal-deficient (Zʘ/50≤, Z 
Z≤/3, Thuan 1991) their dust content is low, and color 
changes cannot be attributed to dust variation. The study 
of color gradients in BCDs therefore tells us about changes 
in stellar populations and/or metallicity as a function of 
radius. We use two different methods to derive the color 
profiles:

i) we directly subtract the R SBPs from the B SBPs. 
Before subtraction, the profile with the highest resolution 
is smoothed to the lower resolution of its counterpart. 
The results obtained in this way are shown Figs. 1e-6e 
by squares with error bars attached.

ii) While the first technique works well for nE BCDs 
with nuclear star formation, it may give misleading results 
for iE BCDs in some cases. In nE BCDs, the most lumi
nous region in both B and R bands is also the bluest one, 
while in iE BCDs, where star formation is spread out in 
several knots, the most luminous region in a given band 
and the bluest region do not necessarily coincide. For ex
ample, a fading starburst knot containing a large number 
of intermediate-age stars from a previous starburst, can be 
the most luminous in R (and B), whereas another knot 
in which the starburst has just begun can be the bluest 
but not necessarily the brightest one. Since the surface 
brightness decreases with radius, the first knot will de
termine the central surface brightness in both bands and 
hence the color index near the center, whereas the sec
ond knot will have little influence on the SBPs and the 
color profile. This would produce, on the average, redder 
colors in the region interior to the plateau radius than is 
really the case. To circumvent this problem, we applied to 
every color map a Fourier filter to suppress the noise and 
then used a method similar to that described in Sect. 2.2.1 
(Eq. 2) to deduce the B — R index as function of R*, for 
photometric radii P25. The solid lines in Figs. le-6e 
illustrate the results obtained by this method. While for
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Table 9. Central luminosity densities of the components in the B band

Target lE,0 lp,o lG,0 M (HI)a MT L b,e M b 
Lb,e PE,0 W/N

0.1 LO,b pc-3 0.1 LO,b pc-3 0.1 LO,b pc-3 108 M O 108 LO,b M O pc-3
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Haro 2 0.8 ± 0.1 0.2±0.03 4.7±0.3 4.6 15.0 10.1 1.03 0.09 N
Haro 3 7.1 ±  1.3 7.8 ±  2.7 26.9±3.1 5.4 12.0 6.8 0.97 0.7 W
Mkn 5 18.2 ±  1.4 0.1 ±0.05 18.9 ±  1.4 1.3 2.6 1.73 0.75 1.4 N

13.9 ±  1.6 0.25 ±0.08 19.17 ±1.44 1.3 2.6 1.63 0.79 1.1 W
Mkn 7 3.2 ±  0.2 — — — — 36.7 — — N
Mkn 36 43.4±3.2 2.9±0.5 62.2 ±4.7 0.19 0.25 0.31 0.19 0.84 N

33.7±3.9 2.1 ± 0.2 61.6 ±4.6 0.19 0.25 0.29 0.21 0.70 W
Mkn49 11.6±0.4 0.4 ±0.05 30.0 ±  2.3 1.9 0.95 11.0 — — N

10.4 ±  1.2 0.7 ±0.2 30.8 ±  2.3 1.9 0.95 10.6 — — W
Mkn 86 2.4 ±0.4 1.8 ± 0.1 22.7 ±2.9 2.4 5.8 3.8 0.90 0.22 N

2.8 ± 0.6 1.7 ±0.1 22.7 ±  1.7 2.4 5.8 3.84 0.89 0.25 W
Mkn 209 9.8 ±  1.3 8.7 ±5.6 109±8 0.426 1.82 0.30 4.65 4.53 N

4.4 ±  1.5 3.2 ±  1.3 101 ±8 0.426 1.82 0.26 5.36 2.37 W
Mkn 297 0.5 ±0.03 0.4 ±0.01 22.3±0.2 118 — 41.4 — — N

2.9 ±0.01 0.2 ± 0.01 1.8 ± 0.1 118 — 89.5 — — W
Mkn 400 12.0 ±  0.4 3.1 ±0.2 58.0 ±4.4 7.7 44.0 20.3 1.78 2.15 N

11.4 ±0.7 3.2 ±0.2 58.5 ±4.4 7.7 44.0 20.1 1.80 2.06 W
Mkn 487 21.0 ±  1.6 13.7 ±5.2 29.1 ±2.2 0.49 0.49 0.52 — — N

14.2 ±0.7 5.6 ±0.5 36.4 ±  2.7 0.49 0.49 0.47 — — W
I Zw 115 9.9 ±1.4 0.2 ±  0.01 — 1.3 1.5 1.51 0.13 0.13 N

10.1 ±  1.7 0.2 ± 0.01 0.7 ±  0.1 1.3 1.5 1.71 0.12 0.12 W
NGC2915 8.1 ±  0.6 0.9 ±0.2 36.2 ±  2.7 1.53 7.49 1.01 5.9 4.8 N

a: HI and total masses are from Thuan & Martin (1981), except for M kn209 (Staveley Smith et al. 1992), Mkn297 (Gordon 
& Gottesman 1981) and NGC2915 (Reif et al. 1982).
b: M /L B ,E is estimated as =  M t ~ M (H I)/L b,e , where L b,e is the total luminosity of the underlying stellar component in 
LO,b .

most BCDs the results of the second method are in good 
agreement with those of the first method, they are very 
different for the non-BCD starburst galaxies Mkn 297 and 
I Zw 89.

Prom the center outwards, apart from local minima, 
the B -  R color first increases nearly linearly with radius. 
Mkn 209 (Fig.3e) is the only BCD in our sample, which 
slightly deviates from this behavior, showing first a steep 
slope for small radii (R* < 0.25 kpc) and then a flattening 
for 0.25 kpc ≤ R* ≤ 0.6 kpc. The B -  R color then reaches 
a maximum corresponding to the reddest color and, fre
quently, for radii greater than the transition radius Rt , 
there is a tendency for getting bluer again. However, the 
large photometric uncertainties in the outermost regions 
prevent a precise determination of this negative color gra
dient, and the possibility of the color being constant (cf. 
Loose & Thuan 1986) cannot be ruled out.

A typical B — R profile is that of Mkn 36 (Fig. 15) as 
derived by Diehl (1988) with the first method.

Fig. 15. B — R profile of Mkn36 as derived by subtraction of 
the R SBP from the B SBP (Diehl 1988). The inner and outer 
color gradients, 7+ and 7-  respectively, are indicated

We can approximate the two parts of such a B — R 
profile by the following linear fits:

B  -  R = C1 +  γ + x R* (R *≤ RT) (25)
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B -  R = c2 + γ_ x R* (R* ≥ RT) (26)

where R* is the photometric radius in kpc, γ  and the
color gradients of the inner and outer parts respectively, 
in mag kpc-1, RT the transition radius in kpc and c1 C2 
constants. The parameters entering in Eqs. (25) and (26) 
are also shown in Fig. 16 for the B — R profile of IZw 115 
as determined with method I.

Fig. 16. B — R profile of IZw115 derived according to 
method I. The positive and negative slopes of the profile 7+ 
and γ -  and the transition radius RT (Eqs. (25) and (26)) are 
indicated

Table 10 contains the parameters describing the B — 
R profiles of the galaxies under study for which both B 
and R data are available. Column 2 gives the extrapolated 
B — R index c\ at R* — 0, Cols. 3 and 4 the positive 
color gradients γI+ and γII+, as derived respectively from 
methods I and II, Col. 5 an approximative value for the 
transition radius RT, Col. 6 the ratio between RT and the 
plateau radius P25 and Col. 7 the negative color gradient 
γ

The mean positive color gradient γ+ for BCDs as de
duced from methods I and II is 0.8 ± 0.2 mag kpc-1. The 
most compact BCDs in our sample, Mkn 36 and Mkn 209, 
also possess the largest color radients (γ > 1.5 mag kpc-1). 
From Kunth et al. (1988) data, we found positive color 
gradients of ~ 0.5 mag kpc-1 in the BCDs Tol 2 and Tol 3, 
comparable to the mean value derived here. As for the ex
tended starburst galaxies Mkn 297 and IZw89, they ex
hibit very small positive color gradients of the order of 
γ+ ≤  0.05 mag kpc-1.

Diffuse HII emission from regions of active star forma
tion contributes a considerable fraction of the light within 
the starburst component and thus Ha emission may, de
spite the large bandwidth of the R filter, strongly influence 
the B — R color index. Kriiger et al. (1995) derived from 
model-calculations B — R= 1.1 for a HII region with solar 
metallicity and B — R = 0.48 for a HII region with Z©/20. 
The BCDs in our sample have 0.0 ≤ (B — R) ≤ 0.88 in 
their central parts. Thus only for the bluest BCDs in our 
sample, there is strong evidence that the dominant frac-

tion of light is provided by young stars. In those cases 
the reddening in B -  R within RT can be attributed to a 
change in stellar populations from very young (≤ 107 yr) 
stars formed in the present burst of star-formation to 
older (≤ 2 109 yr) stellar populations from previous star- 
bursts which have diffused outwards. For R* ≥ P25, the 
light from the underlying older (≥ 10 Gyr) and redder 
stellar component begins to become important, dominat
ing at R* ≥ RT. Negative color gradients beyond RT may 
be attributed to a decrease in metallicity or in mean stellar 
age (cf. Vader et al. 1988). The slope γ_ ranges between
0.0 and —0.3 (Table 10, Col. 7), with an average value of 
γ - =  —0.14±0.04mag kpc-1. These negative color gradi
ents are reminiscent of the ones found in early-type dwarf 
galaxies (Vigroux et al. 1988; Vader et al. 1988).

6. Conclusions

The main conclusions of this work are as follows:

1. BCDs form a heterogeneous class of galaxies as re
gard their morphology and surface brightness pro
files (SBPs). However, a closer look into the nE and 
iE subclasses which contain the vast majority of BCDs, 
reveals a connection between morphology and the light 
distribution:

a. BCDs of the nE type, i.e. those with nuclear 
star-forming activity, show SBPs which are frequently 
well fitted by a de Vaucouleurs or a power law.

b. By contrast BCDs of the iE type, with multiple 
knots of star formation spread over a large fraction of 
their surface, exhibit a plateau feature at intermedi
ate intensity levels in their SBPs. Such SBPs resemble 
those of SO galaxies and cannot be described by a sin
gle fitting law.
While the above two types of BCDs differ at high inten
sity levels, they appear fairly similar at surface bright
ness levels fainter than ~ 24mag arcsec-2 in B, where 
the more extended faint stellar population dominates 
the light. This underlying LSB component has mostly 
elliptical isophotes and is characterized by redder col
ors, suggesting an older stellar population formed prior 
to the present starburst.

2. We have applied a 3-component decomposition scheme 
to the SBPs consisting of:
(a) A gaussian component which describes the inten

sity distribution of the most luminous knot in the 
starburst region.

(b) A plateau component which is most prominent 
at intermediate intensity levels in iE BCDs and 
less important in nE BCDs. Its intensity can be 
described by a modified exponential distribution 
characterized by 3 parameters: the central inten
sity, the scale length and the exponent η) which 
controls the curvature of the fit.



P. Papaderos et al.: Optical structure and star formation in blue compact dwarf galaxies. I. 227

Table 10. Color gradients

(1) (2) (3) (4) (5) (6) (7) (8)

Haro 2 0.53 0.32 ■— 1.8 1.0 -0.32 N
Haro 3 0.67 0.26 0.34 2.5 2.1 - 0.11 W
Mkn 36 0.18 2.34 — 0.32 1.1/ 1.1 -0.17 N/W
Mkn 86 0.90 0.29 0.35 1.25 1.0/ 1.0 - 0.21 N/W
Mkn 209 0.18 1.55 1.60 0.65 1.9/1.7 ~  0.0 N
Mkn 297 0.60 — 0.043 ~8.4 1.2/ 1.3 - 0.1 N/W  (a)
I Zw 89 0.98 — 0.05 ~4.9 — -0.07 N/W  (a)
I Zw 115 0.56 0.24 0.29 1.2 2.5/2.3 - 0.20 N/W
NGC2915 0.98 1.1 — ~ 1.0 ~  2.3 ~ 0.0 N

a: The extrapolated color index at R* = 0 and the approximative color index at P25 are obtained with method II.

(c) An exponential component which describes the in
tensity of the older LSB stellar component. The 
scale length and central intensity of this compo
nent are determined from the fit to the outer re
gions where the light contribution from young OB 
star associations and nebular emission is negligible. 
As the SBPs of some BCDs (for instance I Zw 115) 
suggest a flattening of the exponential component 
near the center, we discuss also a modified expo
nential fitting law to account for that behavior. 

The decomposition scheme yields the following phys
ical quantities: a) the central surface brightness and 
scale length of the underlying LSB stellar component; 
b) the extents of the underlying galaxy E25 and of 
the starburst component P25 determined as the radii 
at 25 mag arcsec-2 of the exponential and the plateau 
components, respectively. Both quantities are typically 
much larger than the resolution limit of ground-based 
observations and are thus not seeing-dependent. c) the 
concentration index CI  (Eq. 10) which measures the 
surface of the star-forming region relative to the total 
surface of a BCD, and, by definition, increases from iE 
to nE BCDs. d) the luminosity of the starburst com
ponent equal to the sum of the luminosities of gaussian 
and plateau components and e) that of the underlying 
galaxy, described by the exponential component.

3. For small radii, B -  R color profiles of most BCDs 
show a reddening, with an average linear color gradient 
γ+ ~ 0.8 mag kpc-1. There appears to be a relation 
between the compactness of the galaxy and the steep
ness of the color gradient. The most compact members 
in our sample, Mkn 209 and Mkn 36, exhibit strong 
color gradients (7+ > 1.5 mag kpc-1), whereas the 
color gradients of the two extended non-BCD galax-

ies, IZw89 and Mkn 297, included in this study for 
comparison, are much smaller 0.05 mag kpc-1). 
Beyond the transition radius Rt , the photometric 
uncertainties prevent a decisive determination of the 
color gradient. There is, however, a general tendency 
for a blueing with increasing radius, perhaps due to 
a decrease in metallicity and/or mean stellar age out
wards.

4. Assuming spherical symmetry, the three luminosity 
components resulting from the decomposition have 
been deprojected and intrinsic luminosity densities 
have been derived.

In a subsequent paper (Papaderos et al. 1996), we shall use 
the above data to investigate correlations between differ
ent physical parameters and gain insight into star-forming 
processes in BCDs. We shall also compare the structural 
parameters derived here for BCDs to those of other types 
of dwarf galaxies such as dwarf irregulars and dwarf ellip
ticals in view of possible evolutionary connections between 
them.
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