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Abstract. One of the most metal-deficient blue compact galaxies (BCGs) HS 0822+3542 (Z = 1/34 Z�), is also one of the
nearest such objects (D ∼ 11 Mpc). It is in addition well isolated from known bright galaxies. A trigger mechanism for its
current star-formation (SF) burst has thus remained unclear. We report the discovery of a very blue ((B − V)0

tot = 0.08 and
(V−R)0

tot = 0.14) low surface brightness (LSB) (µ0
B & 23.m4 arcsec−2) dwarf irregular (dIrr) galaxy, which we have named SAO

0822+3545. Its small relative velocity and projected distance of only∼11 kpc from the BCG imply their physical association.
For this LSB dIrr galaxy, we present spectroscopic results, totalB,V,Rmagnitudes, and the effective radii and surface brightness
(SB), and we describe its morphological properties. We compare the very blue colours of this dwarf with PEGASE.2 models of
the colour evolution of aZ = 1/20Z� stellar population, and combine this analysis with the data on the LSBDEW(Hα) values.
The models best describing all available observational data depend on the relative fraction of massive stars in the IMF used. For
a Salpeter IMF withMup = 120 M�, the best model includes a “young” single stellar population (SSP) with an age of∼10 Myr
and an “old” SSP with the age of∼0.2–10 Gyr. The mass ratio of the old to young components should be in the range of 10 to
30. If the age of the old component is more than∼1 Gyr, an additional coeval component of “intermediate” age (∼100 Myr) with
a mass comparable to that of the “young” population, although not required, provided a good fit to the current data. For the two
options of a model IMF biased toward the low-mass end, the best match of the observedBVRand EW(Hα) is for continuous
star-formation rate (SFR) single-component models, with SF durations in the range of∼0.1 to∼1 Gyr. However, only a longer
time-scale SF gives the stellar mass, compatible with the LSB galaxy mass estimates. Nevertheless, such a scenario would be
inconsistent with the recent encounter of these two dwarfs. The role of interaction between the LSBD and BCG HS 0822+3542
in triggering their major SF episodes during the last∼100–200 Myr is emphasized and discussed. For the BCG, based on the
results of new spectroscopy with the Russian 6 m telescope, we estimate the physical parameters of its SF region and present the
first evidence of an ionized gas supershell. This pair of dwarfs lies deep within the nearby Lynx-Cancer void, with the nearest
bright (L > L∗) galaxies at distances>3 Mpc. This is probably one of the main factors responsible for the unevolved state of
HS 0822+3542.
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1. Introduction

A few known blue compact galaxies (BCGs) with extremely
low metallicities (1/50 to 1/20 Z�) are considered to be
the best candidates for truly young local low-mass galax-
ies, in which we are witnessing the first star formation
episode, with the oldest stars formed less than∼100–200 Myr
ago. The best known examples are SBS 0335−052 (Izotov
et al. 1997; Papaderos et al. 1998; Pustilnik et al. 2001a),
and I Zw 18 (Searle & Sargent 1972; Izotov & Thuan 1999;

Send offprint requests to: S. Pustilnik, e-mail:sap@sao.ru

Papaderos et al. 2002)1. A question then arises: why did their
progenitors – protogalactic H clouds not experience gas col-
lapse earlier, during the time after their neutral gas settled down
into the gravitational wells of their dark matter halos? Recent
observational data indicate that some of them certainly interact
with their nearest neighbours (e.g., Dw 1225+0152, Chengalur
et al. 1995; SBS 0335−052 E, Pustilnik et al. 2001a; and prob-
ably IZw18 with the tiny object IZw18C, Dufour et al. 1996;

1 Note that debates on the possible youth of these BCGs still con-
tinue in the literature (see, e.g., the most recentÖstlin 2000;Östlin &
Kunth 2001; Kunth &Östlin 2001).
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van Zee et al. 1998; Izotov et al. 2001). This, presumably,
is a key moment of their history. Moreover, it is probably
not by chance that in both the cases of Dw 1225+0152 and
SBS 0335−052 E the nearest neighbour is very gas-rich, and
either is an H cloud without any hint of past star formation (as
in the case of Dw 1225+0152, Salzer et al. 1991), or is also an
extremely metal-deficient, probably truly young, blue compact
galaxy (SBS 0335−052 W, Pustilnik et al. 1997; Lipovetsky
et al. 1999).

Low surface brightness galaxies (LSBGs) comprise a large
fraction of the general field galaxy population and outnum-
ber by a factor of several times the high surface brightness
(HSB) population (e.g., McGaugh 1996; Dalcanton et al. 1997;
O’Neil & Bothun 2000). Therefore, these LSBGs can be an im-
portant factor for interaction-induced star-formation activity in
gas-rich galaxies in general, mostly through distant/weak tidal
encounters (see, e.g., Taylor et al. 1995; O’Neil et al. 1998;
Pustilnik et al. 2001b). In particular, through interaction they
can trigger the first starbursts in the hypothetical population
of local protogalactic H clouds. To check this hypothesis the
authors are conducting a systematic study of the local envi-
ronment of the most metal-deficient BCGs. We present here
new evidence in support of this idea. We report the discovery
of a LSB dwarf irregular galaxy (named SAO 0822+3545) at
a projected distance of∼11.4 kpc from one of the most metal-
deficient BCGs, HS 0822+3542 (Kniazev et al. 2000). We have
used the SAO RAS 6 m telescope spectrum in the Hα region,
as well asBVRphotometry from the Nordic Optical Telescope
(NOT) to study its properties and estimate its tidal effect on the
BCG HS 0822+3542. We also present new high signal-to-noise
(S/N) 6 m telescope spectra for HS 0822+3542 which allow us
to make more accurate measurements of some of the physical
parameters of its star-forming (SF) region and discover the first
kinematic evidence of an ionized gas supershell. In Sect. 2 we
describe the observations and their reduction. Results of the
data analysis are presented in Sect. 3. We discuss these results
in Sect. 4, and summarize our findings and draw conclusions in
Sect. 5.

2. Observations and reduction

2.1. Nordic Optical Telescope photometry

There are no cataloged galaxies around HS 0822+3542 in ei-
ther NED or LEDA databases withVhel < 1200 km s−1 and
projected distances less than 5.8◦. To search for fainter/non-
cataloged galaxies in the close vicinity of this BCG we used
B,V,R CCD images obtained with the 2.5 m NOT on May 28,
1998. These are the same frames which were used to derive
B,V,R magnitudes for HS 0822+3542. They were acquired
with the ALFOSC spectrograph equipped with the LORAL
(W11-3AC) CCD, which has a direct imaging mode. Exposure
times were 900 s for theB-band image, and 600 s for bothV
andR images. For further details of these observations and data
reduction we refer to the paper by Kniazev et al. (2000).

2.2. Looking for possible companions

The photometric data were reduced with MIDAS2 Command
Language programs according to the method described in
Kniazev (1997). The MIDASINVENTORY package was used to
classify all objects. Isophotal and totalBVRmagnitudes were
computed using the transformation coefficients of Kniazev
et al. (2000).

Since the interaction between HS 0822+3542 and a pos-
sible neighbouring galaxy would probably result in some en-
hanced star formation in the latter, we first of all searched for
candidate blue galaxies. The second criterion applied was that
the brightness of any candidates should be comparable to that
of HS 0822+3542, since significantly fainter neighbours could
tidally affect the BCG only from very small distances (see, e.g.,
estimates in Pustilnik et al. 2001b).

Only two blue galaxies were found in the examined field.
The first one is HS 0822+3542 itself. The second is a LSB
irregular galaxy (SAO 0822+3545) at 3.5′ to the north-east
from HS 0822+3542 (its coordinates are given in Table 5). The
Digitized Sky Survey (DSS-II) blue image of this field with
the 2 objects of interest and Anon J0825+3534 is presented in
Fig. 1. All other galaxies in the NOT field were either signifi-
cantly fainter or redder.

2.3. Analysis of photometric data

We performed the reduction of photometric data for
SAO 0822+3545 using the IRAF3 packageELLIPSE. The
growth curve (GC) of the galaxy was constructed by summing
up the pixel values from the center outwards in the circles of
successive radius.

The total magnitudes (Btot, Vtot, Rtot) were estimated by
asymptotic extrapolation of the respective radial GCs. Model-
independent parameters were derived from each growth curve.
The effective radii (reff) were read on each GC at one half the
asymptotic intensity, and effective SBs (S Beff) were determined
as the mean brightness within a circle with the effective radius.
These values are summarized in Table 2.

2.4. Long-slit spectroscopy

Spectroscopic data were obtained with the 6 m telescope of
the Special Astrophysical Observatory of Russian Academy
of Sciences (SAO RAS). The long-slit spectrograph (LSS)
(Afanasiev et al. 1995) was used with a Photometrics
1024×1024 pixel CCD detector with a 24µm pixel size. The
wavelength ranges of the spectra obtained for different hard-
ware configurations are given in Table 1. Reference spectra of
an Ar–Ne–He lamp were recorded before or after each obser-
vation to provide wavelength calibration. All observations were

2 MIDAS is an acronym for the European Southern Observatory
package – Munich Image Data Analysis System.

3 IRAF: the Image Reduction and Analysis Facility is distributed
by the National Optical Astronomy Observatories, which is oper-
ated by the Association of Universities for Research in Astronomy,
In. (AURA) under cooperative agreement with the National Science
Foundation (NSF).
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Fig. 1. The Digitized Sky Survey (DSS-II) blue image of the field in the vicinity of BCG HS 0822+3542. North is up, East is to the left.
At the adopted distance of HS 0822+3542 (11 Mpc) the scale is∼54 pc= 1′′. The two marked galaxies – LSBD SAO 0822+3545 and
Anon J0825+3534 have been checked as possible companions of the BCG. On our data the LSBD hasVhel ∼ 700 km s−1, close to that of
HS 0822+3542. Its projected distance to the BCG is 213′′ or 11.4 kpc. The galaxy Anon J0825+3534, very close to the position of 2MASXi
J0825440+353459 (NED), is a distant background object withVhel = 15590 km s−1.

Table 1.Journal of the 6 m telescope spectroscopic observations.

Object Date Exposure Wavelength Dispersion Seeing Airmass PA

time [s] Range [Å] [Å/pixel] [arcsec] [degree]

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

HS 0822+3542 12.02.1999 2× 1800 3700−8000 4.6 1.8 1.10 142

HS 0822+3542 13.02.1999 2× 1800 3700−8000 4.6 1.4 1.31 142

HS 0822+3542 01.11.1999 2× 1800 6200−7400 1.2 1.7 1.02 175

SAO 0822+3545 17.01.2001 1800 5700−8100 2.4 2.0 1.03 134

Anon J0825+3534 02.02.2000 300 5700−8100 2.4 2.4 1.09 121

conducted mainly with the software packageNICE in MIDAS,
described by Kniazev & Shergin (1995).

Hα emission from SAO 0822+3545 was detected in obser-
vations on January 17, 2001, with a 651 groove mm−1 grat-
ing and a slit width of 2′′ (along the major axis), resulting in
2.4 Å pixel−1 and a full width at half maximum (FWHM) reso-
lution of∼7 Å.

Two high S/N spectra of HS 0822+3542 with the
325 groove mm−1 grating, giving a sampling of 4.6 Å pixel−1

and an effective resolution of∼14 Å (FWHM), were ob-
tained during 2 photometric nights on February 12 and 13,
1999. Seeing on these nights was∼1.8′′ and∼1.4′′, respec-
tively. To keep the long slit (1.2′′×120′′) at the same position
and PA (position angle), we used the method of differential

pointing, similar to that described by Kniazev et al. (2001).
Spectrophotometric standard stars from Bohlin (1996) were
observed for flux calibration.

The radial velocity distribution of ionized gas along the
slit, as seen in the Hα-line (Position–Velocity or P–V diagram)
was derived for HS 0822+3542 from the LSS observations on
November 1, 1999, with the 1302 groove mm−1 grating, giving
a sampling of 1.2 Å pixel−1 and an effective resolution (with
the 2′′ slit width) of 3.5 Å. Seeing during these observations
was 1.7′′.

For the reduction of 2D spectra we obtained biases, flat
fields and illumination correction images. The primary reduc-
tion consisted of standard steps and was done using the IRAF
packageCCDRED. The IRAF packageLONGSLIT was used to
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Fig. 2. Top panel:2D spectrum of SAO 0822+3545 with the Hα line
atλ6579 Å. PositiveY corresponds to the NW direction for the slit po-
sition shown in Fig. 3. Hα-emission is clearly seen on top of the con-
tinuum in the region of± ∼5′′ from the central position. Furthermore,
some very faint Hα-emission (with S/N ratio of ∼1) can be traced
out to± ∼10′′, in the regions without detectable continuum.Bottom
panel: 1D spectrum of the central region (±3′′), summed along the
slit, EW(Hα) = 17 Å.

perform wavelength calibration, background subtraction, ex-
tinction correction and flux calibration. Straightening of the 2D
spectra was performed usingAPALL, another IRAF package.
After that, aperture extractions, continuum determination, flux
and equivalent width measurements of spectral lines were per-
formed in MIDAS (for details, see Kniazev et al. 2000). The
reduced 2D spectrum and extracted averaged 1D spectrum of
SAO 0822+3545 are shown in Fig. 2.

Fluxes and equivalent widths of blended lines were mea-
sured using Gaussian decomposition fitting. An average sensi-
tivity curve was produced for each night with rms deviations
of <∼5% in the whole spectral range. The sensitivity curve and
line intensity errors have been propagated in calculating ele-
mental abundances. To construct the P–V diagram, the method-
ology described in Zasov et al. (2000) was used, which allowed
us to measure points with sufficiently bright Hα emission with
rms errors on the level of 2–4 km s−1.

3. Results

3.1. Spectrum of SAO 0822+3545

The 2D spectrum of SAO 0822+3545 in Fig. 2 shows Hα emis-
sion spanning∼10′′, comparable to the apparent extent of the
galaxy continuum. Some fainter Hα features can be detected
in the peripheral regions, where no continuum is seen in our
spectrum. The equivalent width of the Hα line, measured on
the 1D spectrum averaged over the central region with the a
spatial extent of 6′′, is EW(Hα) = 17±2 Å. The integrated flux
in this line is 4.65(±0.55)×10−16 erg s−1 cm−2. Small variations

of EW(Hα) along the slit near the center of the galaxy on the
level of ∼15−20 Å are within the observational uncertainties.
Closer to the edges theEW(Hα) can be larger, but there the un-
certainty reaches 70–100%, so we do not discuss these regions
further. The measured velocityVhel = 700± 50 km s−1 is very
close to that of HS 0822+3542.

3.2. Photometry and morphology of SAO 0822+3545

We calculated total magnitudesBtot = 17.56 ± 0.05, Vtot =

17.43±0.03 andRtot = 17.26±0.05 for SAO 0822+3545 using
the growth curve method as described in Sect. 2.3. The respec-
tive integrated colours are (B−V)tot = 0.13 and (V−R)tot = 0.17.
Relatively large errors originate from the zero-point uncer-
tainties of the transformation equations (Kniazev et al. 2000).
Accounting for a foreground extinction ofE(B−V) = 0.047 in
our Galaxy (Schlegel et al. 1998), and applying the extinction
curve from Whitford (1958), these colours become somewhat
bluer: (B− V)0

tot = 0.08± 0.06, (V − R)0
tot = 0.14± 0.06.

The 2D spectrum in Fig. 2 and the irregular structure of the
central part of SAO 0822+3545 (see Fig. 3) indicate that en-
hanced star formation took place at least in the inner part of
that galaxy. The possibility of better distinguishing individual
regions of higher brightness (possible young superclusters and
aged H regions) in the central part of the LSBD was the moti-
vation for using the MIDAS packageIMRES for deconvolution
of the NOT images. This package employs an image restora-
tion scheme devised by Richardson and Lucy and described
in Adorf et al. (1992), Hook & Lucy (1992; and references
therein). The number of iterations was determined by compar-
isons between the input image and the output deconvolved im-
ages, after convolution with the point-spread function (PSF).

The results of deconvolving theB-band image after 15 it-
erations are plotted in the right panel of Fig. 3. A number of
filaments and relatively bright knots in the inner part of this
LSB/dIrr galaxy are well resolved. Practically all of them are
seen on the original image (left panel of Fig. 3), although de-
convolution makes the structure more visible. All these struc-
tures are easily visible in a deconvolvedV-band image, but are
less distinct inR-band.

There is a faint tail in the SE direction in the outer part of
the LSBD. This tail is visible on both blue DSS-II andB-band
NOT images. The surface brightness of this tail corresponds
to µB = 25.m7 arcsec−2, or 2σ of the noise level for theB-band
image. The tail direction coincides with that of the LSBD major
axis. The major axis PA varies from –75◦ for the inner part
of the galaxy up to –60◦ for the outer part. The axial ratio is
essentially constant over the body:b/a ∼0.55.

Evidence for recent star-formation activity over the inter-
nal part of this dIrr galaxy is also seen, e.g., in the (B − V)0

colour map (Fig. 4). This map shows a rather uniform distribu-
tion (mainly in the range from –0.05 to+0.10) over a large part
of the main body. Its maximum (+0.2 to+0.25) and minimum
(–0.15 to –0.10) values are measured in the positions close to
the edges, where the S/N is small, and these large colour varia-
tions are apparently spurious.
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Fig. 3.Left panel: B-band image of SAO 0822+3545 from the NOT. N is up, E is to the left. The 2′′-wide long slit of the 6 m telescope spectrum
is superimposed. Highly irregular structure is seen in the inner∼15′′. Two knots near the center and two arcs to the N and W are indicative
of some activity in this galaxy. The isophotal contour corresponds to aB-band SB of∼25.m7 arcsec−2, or 2σ of background (for 2D Gaussian
smoothing withFWHM = 1′′). Two faint objects, probable background galaxies in the vicinity of SAO 0822+3545, are marked as S1 and
S2. Right panel: The sameB-band image of SAO 0822+3545, deconvolved after 15 iterations using the FFT based Lucy algorithm (Adorf
et al. 1992). The angular resolution has improved from 1.′′25 to∼0.′′85 (FWHM). Several filaments and many knots are easily visible within the
brighter part of the galaxy. Knots are marked by letters from “a” to “i”, respectively.

Table 2.Photometric parameters of SAO 0822+3545.

Band Total reff S Beff

mag arcsec mag arcsec−2

(1) (2) (3)

B 17.56± 0.05 6.46 23.60

V 17.43± 0.03 6.43 23.46

R 17.26± 0.05 7.94 23.75

SAO 0822+3545 is a genuine LSB galaxy with traces of
recent SF near its center. Since the central bright knots are
seen with the lowest contrast inR-band, we made a rough es-
timate of the central SB of an underlying “disk” inR. From
the data in Table 2, its effective surface brightness corrected
for extinction (AR = 0.12) is µR

eff,0 = 23.m63 arcsec−2. For a
purely exponential disk this corresponds to a central brightness
of µR

0 = 22.m50 arcsec−2. Since the galaxy is significantly in-
clined to the line-of-sight, we need to make a corresponding
correction toµR

0. For an observed axial ratiop = b/a = 0.55,
assuming an intrinsic axial ratio ofq = 0.2, and using the
well-known formula cos2(i) = (p2 − q2)/(1 − q2), we cal-
culate thati = 58.5◦. The inclination correction for surface
brightness is then−2.5 · log(cos i) = 0.m7, giving a corrected
central brightness ofµR

0,c=23.m20 arcsec−2. Even if the under-
lying “disk” is as blue, as the integrated light of this galaxy
(that is, (B − R)0 ∼ 0.2), its central brightness inB-band
µB

0,c = 23.m40 arcsec−2 is well within the LSB galaxy regime.
For an exponential law,reff = 7.94′′ in R corresponds to the
scalelengthαR = 4.73′′.

Fig. 4. Grey-scale map of (B − V)-colour for SAO 0822+3545
smoothed with 2D median with the window size of 1.′′6×1.′′6. The ex-
tinction corrected (E(B−V) = 0.047) colour distribution is shown only
for regions with S/N ratio larger than 4. The colour scale is shown in
the right side column.B-band surface brightness (SB) isolines are su-
perimposed, with the lowest SB level of 25.m7 arcsec−2. The other lev-
els are: 24.5, 24.0, 23.6, 23.3, 23.1, 22.9, 22.8 and 22.6 mag arcsec−2.

3.3. Morphology and ionized gas motions
of HS 0822+3542

We also applied the image restoration method to the NOT
images of HS 0822+3542. After 40 iterations the angular



922 S. A. Pustilnik et al.: Starburst in HS 0822+3542 induced by SAO 0822+3545

Fig. 5. Left panel:the NOTB-band image of HS 0822+3542, deconvolved with 40 iterations using FFT based Lucy algorithm. The angular
resolution is improved from 1.′′25 to∼0.′′6. N is up, E is to the left. The slit position for Hα velocity curve is superimposed. The isophotal
contour corresponds toµB = 25.m0 arcsec−2 or 4σ of background (for 2D Gaussian smoothing withFWHM = 1′′). The arrow indicates the
extent of Hα emission on the 6 m telescope spectrum. All features marked as “a” to “f” are resolved inB,V,R deconvolved images. Knot “b”
is ∼8 time fainter than “a” (see Sect. 3.3).Right panel:same as before, but for NOTV-band image. The filamentary structure on NW edge is
well seen on both images.

resolution of theB-band image was improved by a factor of
two (FWHM = 0.′′6), and the restored BCG complex morphol-
ogy is shown in Fig. 5 in grey scale, with a contour indicating
the outer isophoteµB = 25.m0 arcsec−2 superimposed. With the
letters “a” to “f” we have marked all bright features well re-
solved after deconvolution in each ofB,V, andR bands. The
brightest region consists of two components, “a” and “b”, sep-
arated by∼1.3′′ (∼70 pc), roughly in the N–S direction. The
contrast in Fig. 5 is adjusted to show faint features. The real
ratio of the intensities of knots “a” and “b”, derived from this
image, is∼8. While deconvolution does not preserve brightness
proportions between individual features, we consider this ratio
to be indicative of the real value.

In addition to several bright knots, some filamentary struc-
tures are also visible. Some traces of them are also seen in other
filters, but due to their lower surface brightness they are not as
easily visible as the knots. Nevertheless, the prominent arc-like
structure at the NW edge of the main body (stretching from
X = +2,Y = +4 to X = +6,Y = +4 in Fig. 5), is clearly visible
on bothB andV images, but is more noisy inR-band, presum-
ably due to the lower S/N ratio. This feature probably repre-
sents an ionized gas shell with a diameter of∼4′′ (∼200 pc),
caused by recent active SF in this region, Four more knots are
seen in the restored image. One (“d”) is near the geometrical
center of the main body. This, perhaps, might naturally be ex-
pected because of the gravitational well in the center of the
galaxy. The others knots provide further evidence that the cur-
rent SF episode in the BCG is spread across the galaxy.

The P–V diagram in Fig. 6 indicates a supershell with a
size of ∼480 pc, comparable to the extent of Hα-emission
in the long-slit direction. The supershell velocity amplitude,

as seen from our data, is about 30 km s−1. Such supershells
are well-resolved on high-resolution Hα long-slit spectra for
many nearby starbursting galaxies (e.g., Marlowe et al. 1995;
Martin 1996, 1997, 1998). The related supershells of neutral
gas are also seen in H maps of such galaxies (e.g., Walter &
Brinks 1999). For the typical case of a starburst off-set in po-
sition relative to the midplane of the gas disk, the asymmetry
of the gas density distribution in thez-direction results in the
shell’s asymmetric appearance. This was shown, e.g., in nu-
merical simulations by Silich et al. (1996), and by Walter &
Brinks (1999) for the observed types of P–V diagrams. That
part of the shell propagating out of the plane should have a sig-
nificantly lower Emission Measure due to decreasing gas den-
sity, and usually appears much fainter in comparison to the part
of the shell moving towards the midplane (e.g., Martin 1996).

Shells (or supershells) are produced by hot bubbles, caused
by the injection of the energy from numerous massive star
winds and supernova (SN) explosions into the interstellar
medium (ISM) (e.g., Tenorio-Tagle & Bodenheimer 1988). The
asymmetric appearance of supershells in Hα emission is easily
seen with the high-resolution data mentioned above. When the
velocity resolution is not sufficient to distinguish motions on
both sides of the shell, we measure the intensity-weighted ve-
locity in the Hα-line at each slit position. If the Hα intensities in
the segments on opposite sides of the shell differ significantly,
we will see mainly the side approaching the midplane of the gas
disk. However, since the observed velocity at each slit position
is the weighted mean of the emission from the opposite sides of
the shell, a shell velocity derived in this way represents a lower
limit of the real value. Depending on the relative strengths of
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Fig. 6. Upper panel:Hα intensity in HS 0822+3542 along the slit po-
sition shown in Fig. 5.Lower panel:P–V diagram of ionized gas in
HS 0822+3542 based on the Hα line from the same spectrum. Its form
within a radius of±4′′, and the characteristic diameter and velocity
amplitude (∼480 pc and∼30 km s−1), are consistent with the appear-
ance of supershells observed in many star-bursting galaxies. Filled
boxes show the velocities on both sides of the shell as derived from
the Gaussian decomposition of the Hα line at several positions along
the slit. For details see Sect. 3.3.

Hα emission on the shell sides the expected correction could
reach tens of percent.

If we accept the full amplitude of the radial velocity differ-
ence between the two edges on the P–V diagram (∼35 km s−1)
as the result of rotation in the BCG, then the apparentVrot is
17.5 km s−1. With an apparent axial ratiop = b/a = 0.5,
and an assumed intrinsic ratioq = 0.2, using the same re-
lation as for SAO 0822+3545 in Sect. 3.2 we get an inclina-
tion anglei = 63.6◦, and thus an inclination-corrected value of
Vrot = 19.5 km s−1. The latter value is quite consistent with
that expected from the Tully-Fisher relation between galaxy
Vrot and its blue luminosity, namely, using the relations de-
rived by Karachentsev et al. (1999) for dwarf galaxies in the
Local Volume. For HS 0822+3542, MB = −12.5 (or LB =

1.56× 107 L�) and so the expectedVrot = 17 km s−1, with a
±1σ confidence range of 12 to 24 km s−1.

In Fig. 6 we use filled squares to show the velocities on both
sides of the shell, obtained by Gaussian decomposition of the
Hα profiles. The two-component structure is detectable only
for sufficiently large S/N ratios and maximal velocity separa-
tion. The flux from the receding components is several times
lower than that from the approaching ones. These data confirm
the existence of a large shell with a characteristic velocity am-
plitude of ∼30 km s−1 and exclude the interpretation of this
feature in the P–V diagram as part of a rotation curve. Indeed,
the rotation velocity should monotonously increase from one
edge to another. The real P–V diagram certainly does not look
like this. Thus, if the ionized gas in the BCG is rotating, its

rotation velocity is sufficiently small to be practically hidden
by the visible large shell.

3.4. Chemical abundances in HS 0822+3542

The spectrum of the brightest knot of HS 0822+3542, extracted
with an aperture of 3.′′6×1.′′2, is shown in Fig. 7. It is domi-
nated by very strong emission lines. The relative intensities of
all emission lines, together with the equivalent widthEW(Hβ),
extinction coefficient C(Hβ) and theEW of Balmer absorp-
tion lines are given in Table 3.C(Hβ) was derived from the
Balmer decrement using the self-consistent method of Izotov
et al. (1994). The derived value ofC(Hβ) = 0.0 ± 0.09 is
consistent, to within the uncertainties, with a reddening of
E(B−V) = 0.047±0.007, expected from foreground extinction
in the Galaxy (Schlegel et al. 1998).

We analyzed chemical abundances and physical parameters
with the method described by Kniazev et al. (2000). The mea-
sured electron temperatures and density, and derived chemi-
cal abundances are presented in Table 4. Our new data give
a slightly higher value of 12+log(O/H) (7.44 ± 0.06 versus
7.35± 0.04 from the NOT spectrum), but the difference is not
significant. The main source of this difference is the intensity
of the [O] λ4363 line, relative to Hβ. Its measured value is
0.104 on the 6 m telescope spectrum, in comparison to 0.123
on the NOT spectrum. Part of the derived differences in O/H
could be due to the differences in observational conditions, re-
sulting in the sampling of slightly different regions. However,
both results are in fact consistent to within their uncertainties.
The ratios of other heavy element abundances (Ne , S , N ) to
that of oxygen, derived from the NOT and the 6 m telescope
data, are also similarly consistent. With the higher resolution
(1.2 Å pixel−1) spectrum near Hα we improved the precision
of the N abundance, since the [N] λ6584 emission line was
detected with a higher S/N ratio than in the NOT spectrum.
The intensities of Ar lines are measured for the first time in
this BCG, and we present here its abundance. At the position
of the [Fe] line λ4658 Å we detected a signal at a level of
4σ. However, if log(Fe/O) is typical of other very metal-poor
BCGs (∼ −1.65), the signal in this line should be only∼1.3σ.
One possible explanation of the strength of this line is the con-
tribution of the WR spectral feature C λ4658. In many BCGs
with detected WR features the intensity of the C λ4658 line
is comparable to that of He λ4686 (e.g., Guseva et al. 2000).
Thus, a likely interpretation of the observed feature is that it
is the sum of the lines of [Fe] and C. This suggests that
higher S/N spectroscopy could detect the other WR features in
this young starburst region. The He λ4686 line in our spec-
trum is broadened to∼15 Å, but the S/N ratio is too low to
accept this as direct evidence of a WR population.

4. Discussion

4.1. General parameters of the system

In Table 5 we present the main parameters relevant for further
discussion of the properties and status of these dwarf galax-
ies. Their small mutual projected distance (3.′5, or ∼11 kpc)
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Fig. 7. 1D spectrum of HS 0822+3542 with a sampling of 4.6 Å pixel−1. The spectrum in the bottom is scaled by 1/27 to show the relative
intensities of strong lines.

and relative velocity (∆V < 25 km s−1, Chengalur et al. 2003)
imply that both galaxies are physically associated. Some of
the parameters for HS 0822+3542 in Table 5 have been re-
vised from those in Kniazev et al. (2000). In particular, the
distance-dependent parameters have changed due to an im-
proved distance estimate. H related parameters have also
changed due to correction of the 21-cm line flux (GMRT,
Chengalur et al. 2003). The integrated H flux presented by
Kniazev et al. (2000), based on observations with the NRT,
appeared to be off by a factor of two due to the effects of
confusion with the galaxy SAO 0822+3545. The adopted oxy-
gen abundance is the weighted mean of current and previous
(Kniazev et al. 2000) values.

4.2. On the evolutionary status of SAO 0822+3545

4.2.1. The very blue colours of SAO 0822+3545

The integrated colours of SAO 0822+3545 are unusually blue.
Only two out of about 250 LSB/dIrr galaxies with known in-
tegrated colours (B − V), (V − R), or (B − R) (from papers
by Ronnback & Bergvall 1994; McGaugh & Bothun 1994;
de Blok et al. 1995; van Zee et al. 1997; O’Neil et al. 1997;
van Zee et al. 2001; Burkholder et al. 2001) have such
blue colours. Only one of the 65 dIrr galaxies studied by
Makarova et al. (1998), Makarova & Karachentsev (1998) and
Makarova (1999) appeared that blue; Makarova et al. (1998)
noted that this particular LSBG (UGCA 292) has several blue
stellar complexes, in which van Zee (2000) detected strong line
emission, indicating young starbursts.

Thus, the unusual colours of SAO 0822+3545 could be due
to its recent enhanced SF. To estimate the age of its stellar pop-
ulation, we can compare its (B−V)0

tot and (V−R)0
tot colours with

model values. Unfortunately, due to the age-metallicity degen-
eracy, similar colours can correspond to very different ages.
Therefore some a priori information on galaxy metallicity is
necessary to disentangle the degeneracy. This can be obtained
from the dIrr galaxy metallicity–luminosity relation (Skillman
et al. 1989; Pilyugin 2001). For SAO 0822+3545 it predicts
Z ∼ 1/20 Z�. In fact, for LSB galaxies this relation likely
goes significantly below (e.g., Kunth &̈Ostlin 2000) that from
Skillman et al., so 1/20 Z� is probably the upper limit for the
metallicity of SAO 0822+3545.

4.2.2. Comparison of observed and model parameters

To get some insight on the evolution status of SAO
0822+3545, we compared its observed colours andEW(Hα)
with model predictions. For colours we used results derived
from PEGASE.2 models (Fioc & Rocca-Volmerange 1997,
2000). We also used these models to estimate the mass of the
stellar population. We calculated spectral energy distributions
(SEDs) for instantaneous SF bursts withZ = 1/20 and 1/50Z�,
as well as the time behavior ofB, V, R luminosities and the re-
spective colour tracks. In Fig. 8, we showBVRcolour tracks
for instantaneous SF bursts withZ = 1/20 and 1/50 Z�, using
solid and dotted lines, respectively, assuming a Salpeter IMF
with Mlow = 0.1 M�, Mup = 120 M�. The track for continu-
ous SF with constant SFR (Z = 1/20 Z�) and the same IMF
is shown by dashed line. SAO 0822+3545 extinction corrected



S. A. Pustilnik et al.: Starburst in HS 0822+3542 induced by SAO 0822+3545 925

Table 3.Line intensities of HS 0822+3542.

λ0(Å) Ion F(λ)/F(Hβ) I a(λ)/I (Hβ)
3727 [O] 0.3116± 0.0239 0.3061± 0.0255
3868 [Ne] 0.2381± 0.0224 0.2339± 0.0232
3889 He + H8 0.1599± 0.0178 0.1846± 0.0219
3967 [Ne] + H7 0.1966± 0.0145 0.2217± 0.0180
4026 He 0.0209± 0.0036 0.0205± 0.0036
4101 Hδ 0.2281± 0.0170 0.2495± 0.0199
4340 Hγ 0.4413± 0.0316 0.2495± 0.0199
4340 Hγ 0.4413± 0.0316 0.4567± 0.0340
4363 [O] 0.1044± 0.0079 0.1026± 0.0080
4471 He 0.0390± 0.0036 0.0383± 0.0036
4658 [Fe] + C  0.0081± 0.0021 0.0080± 0.0021
4686 He 0.0053± 0.0015 0.0080± 0.0021
4686 He 0.0053± 0.0015 0.0052± 0.0015
4713 [Ar] + He 0.0158± 0.0031 0.0155± 0.0031
4740 [Ar] 0.0071± 0.0021 0.0070± 0.0021
4861 Hβ 1.0000± 0.0720 1.0000± 0.0734
4959 [O] 1.2104± 0.0877 1.1889± 0.0877
5007 [O] 3.6425± 0.2637 3.5779± 0.2639
5876 He 0.0852± 0.0064 0.0837± 0.0066
6300 [O] 0.0082± 0.0029 0.0081± 0.0029
6312 [S] 0.0099± 0.0028 2.7510± 0.2172
6584 [N] 0.0105± 0.0029 0.0098± 0.0028
6563 Hα 2.7842± 0.1990 2.7510± 0.2172
6584 [N] 0.0105± 0.0029 0.0103± 0.0029
6678 He 0.0282± 0.0038 0.0277± 0.0039
6717 [S] 0.0268± 0.0037 0.0263± 0.0038
6731 [S] 0.0182± 0.0034 0.0179± 0.0034
7065 He 0.0168± 0.0042 0.0165± 0.0043
7136 [Ar] 0.0244± 0.0035 0.0239± 0.0036

C(Hβ) dex 0.00± 0.09
EW(abs) Å 4.90± 0.67
EW(Hβ) Å 271± 14
a Corrected for interstellar extinction and underlying

stellar absorption.

colours (with their±1σ uncertainties) are also plotted in the
figure as the filled triangle.

The BVRcolours of SAO 0822+3545 ((B− V)0 = 0.08±
0.06, (V−R)0 = 0.14±0.06) fall very close to the model tracks.
For instantaneous SF withZ = 1/20 Z� they correspond to
an age of∼110(±50

80) Myr. For continuous SF with a constant
rate the respective age is∼0.6(±0.7

0.3) Gyr. Thus, the integrated
colours of this galaxy allow various interpretations of its evo-
lutionary status.

To further constrain the range of the models, consistent
with the very blueBVRcolours of SAO 0822+3545 we use two
additional parameters: the observedEW(Hα) and the dynamic
mass of this galaxy. To model the observedEW(Hα) we did
not use PEGASE.2, since a coherent computation of stellar and
nebular emission would require coupling with the CLOUDY
code (Ferland 1996; Moy et al. 2001). Instead, we compared
values ofEW(Hα) with the predictions of Starburst99 (SB99,
Leitherer et al. 1999). In Table 6 we summarize all the models
we have examined in order to match both the observedBVR
andEW(Hα). Each considered model also predicts a total stel-
lar mass, which should be compatible withMdyn. Since LSBGs

Table 4.Abundances in HS 0822+3542.

Te(O )(K) 18200± 1000
Te(O )(K) 15100± 800
Te(S)(K) 16800± 800
Ne(S)(cm−3) ≤10

O+/H+(×105) 0.259± 0.040
O++/H+(×105) 2.478± 0.345
O/H(×105) 2.737± 0.348
12+log(O/H) 7.44± 0.06

N+/H+(×107) 0.753± 0.178
ICF(N) 10.566
log(N/O) –1.54± 0.12

Ne++/H+(×105) 0.338± 0.053
ICF(Ne) 1.105
log(Ne/O) –0.87± 0.09

S+/H+(×107) 0.430± 0.059
S++/H+(×107) 3.569± 1.091
ICF(S) 2.542
log(S/O) –1.43± 0.13

Ar++/H+(×107) 0.713± 0.114
Ar+++/H+(×107) 0.660± 0.210
ICF(Ar) 1.008
log(Ar/O) –2.30± 0.09

are known as gas-rich galaxies, it is worthwhile to compare this
stellar mass with the total gas massMgas (see the estimates of
Mdyn andMgas in Sect. 4.2.3).

We will only briefly discuss the models from Table 6 which
fail to match the three observational parameters, and then turn
to a couple of more realistic models. First, simple scenarios
with constant SFR and ages in the range of 0.4−1.1 Gyr, for
the standard Salpeter IMF (Models 4 and 5, as the representa-
tives of the whole range of ages), should be excluded, since the
predictedEW(Hα) is much higher then the observed value of
15 to 20 Å. Similarly, Model 3, with the same IMF, an instan-
taneous SF episode, and an age of∼100 Myr, is excluded due
to the very small expectedEW(Hα).

Models 6 and 7 deal with IMFs biased to the low-mass end.
For a continuous SF law, lasting∼250 and∼100 Myr, respec-
tively (shown in Fig. 8 by empty stars), they haveBVRcolours
consistent either with those observed, or with colours corrected
for a possible extinctionE(B − V) ∼ 0.10. EW(Hα), accord-
ing to SB99, appears to be consistent with the observed val-
ues. However, the mass of formed starsMstar, as estimated with
PEGASE.2, is several times larger than the LSBG dynamic
mass (see Sect. 4.2.3). Therefore both Model 6 and 7 should
be rejected.

More realistic models include composite stellar popula-
tions created by instantaneous SF episodes with the standard
Salpeter IMF. Indeed, since a single-component Model 3 fails
to reproduce the observedEW(Hα), we would need a younger
Single Stellar (coeval) Population (SSP), to give enough ion-
izing photons. But this would appear too blue, and in order
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Table 5.Main parameters of the studied galaxies.

Parameter HS 0822+3542 SAO 0822+3545
RA(J2000.0) 08 25 55.47 08 26 05.59
Dec(J2000.0) +35 32 32.9 +35 35 25.7
AB (from NED) 0.20 0.20
Btot 17.92± 0.05(1) 17.56± 0.03(2)

(B− V)0
tot 0.27± 0.07(1) 0.08± 0.06(2)

(V − R)0
tot 0.14± 0.09(1) 0.14± 0.06(2)

Vhel(H i) (km s−1) 716(8) 738(8)

Dist(3) (Mpc) 11.0 11.0
M0

B
(4) –12.49 –12.85

Opt. size (′′)5 14.8× 7.4(1) 28.2× 15.5(2)

Opt. size (kpc) 0.79× 0.39 1.50× 0.83(2)

12+log(O/H) 7.38(1,2) —
H  int. flux(6) 0.34(8) 0.98(8)

M(H ) (107M�) 0.97(2) 2.8(2)

M(H )/LB
(7) 0.63(2) 1.31(2)

(1) – From Kniazev et al. (2000).
(2) – Derived in this paper.
(3) – Distance derived according to the kinematics of the

Local Volume (Karachentsev & Makarov 2001).
(4) – Corrected for Galactic extinction AB.
(5) –a× b atµB = 25.m0 arcsec−2.
(6) – In units of Jy·km s−1; (7) – in units of (M/LB)�.
(8) – From Chengalur et al. (2003).

to reproduce the integratedBVRcolours of SAO 0822+3545,
one would need to prepare a mixture with many older redder
stars. For illustration, we show in Fig. 8 the colours of a se-
ries of composite models with filled squares. They consist of
various mixtures of two coeval populations (SSP) with ages
of t1 = 10 Myr and t2 = 10 Gyr. Their mass ratioη varies
as explained in the figure caption. Model 1 in Table 6 with
η = 30 best matches bothBVRcolours andEW(Hα), and its
Mstar is compatible withMdyn and Mgas. The third SSP com-
ponent (in parentheses) with an age of∼100 Myr and a mass
comparable to that of the 10-Myr old component could also be
present, however it is not necessary for a good fit to the ob-
served data.

Another series of composite models is shown in Fig. 8 by
open circles. These models consist of two coeval populations
with ages oft1 = 10 Myr andt2 = 250 Myr. The model with
η = 10, which best matches the observedBVRandEW(Hα),
is Model 2 in Table 6. Again,Mstar for this model is consistent
with Mdyn andMgas.

Such types of composite models with two coeval popula-
tions, one of which has an aget1 = 10 Myr, can be constructed
for any t2 in the range between∼250 Myr and∼10 Gyr, and
η between∼10 and∼30. All of them provide good matches
to the observed colours andEW(Hα), and have stellar masses
compatible with the dynamic and gas mass of the LSBD.

Finally, we discuss one more model, with an IMF deficit
in massive stars relative to the “standard” IMF used in the dis-
cussion above. This IMF hasα=2.35, andMup andMlow of 30
and 0.1M�, respectively. According to SB99 (Fig. 84), a model
with this IMF and continuous SF (Model 8) will reach the ob-
served value ofEW(Hα) = 20 Å in ∼1 Gyr. The PEGASE.2

Fig. 8. BVRtracks based on PEGASE.2 evolution models from Fioc
& Rocca-Volmerange (1997). Solid and dotted lines are for instan-
taneous starburst stellar populations withZ of 1/20 Z� and 1/50 Z�,
respectively (Salpeter IMF,Mup and Mlow are 120 and 0.1M�). The
dashed line is for 1/20 Z� continuous SF at a constant rate. Time
scales (in Gyr) for respective tracks are shown in the bottom. The
filled triangle with error bars shows corrected for Galactic extinction
of E(B−V) = 0.047 the totalBVRcolours of SAO 0822+3545. Filled
squares show the sequence ofBVRcolors for composite stellar pop-
ulations with a “young” (10 Myr) starburst and an admixture of a
10 Gyr (“old”) coeval population. The mass ratioη = Mold/Myoung

varies along the sequence as 0,2,5,10,20,30,40,50,60 and 80. Open
circles show the colours of a composite population with the same
10 Myr “young” population mixed with a 250 Myr (“old”) coeval
population. For this case the mass ratioη sequence is shown for val-
ues 0,2,5,10,20,40 and 80. Two open stars show theBVRcolours of
a stellar population resulting from continuous SF with a steep IMF
(α = 3.35), lasting 100 and 250 Myr, while the cross shows the colours
for the case of continuous SF, lasting 1 Gyr, but for a Salpeter IMF
with Mup = 30 M� (see text).

colours of such a model are (B−V) = 0.14 and (V −R) = 0.20
(open cross in Fig. 8). They are compatible with the observed
colours to within their uncertainties. The resultingMstar is also
compatible with the LSBGMdyn andMgas.

Summarizing this point, we conclude that for a Salpeter
IMF with Mup = 120 M� only a model with a composite pop-
ulation can explain both the photometry and theEW(Hα) data.
It has to include a “young” coeval population with an age of
∼10 Myr and an “old” coeval component. If the age of the
“old” population is 10 Gyr, it should be∼30 times more mas-
sive than the “young” component; an “old” component with
T ∼ 250 Myr should be 10 times more massive than the
“young” one. The real situation is likely somewhere in be-
tween these two extreme cases. In any case, for an “old” com-
ponent with an age between 0.25 and 10 Gyr, its mass should
be between 10 and 30 times the masses of the “young” popu-
lation. An “intermediate” age (∼100 Myr) coeval population,
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Table 6.Parameters of various evolution models vs. those observed in SAO 0822+3545.

Model IMF Model Nu. SF type Mass (B− V)0 (V − R)0 EW(Hα)

& Age (in M�) (in Å)

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

α = 2.35 1 SSP1 t1 = 10 Myr 4.4× 105 0.07 0.17 20

0.1–120M� SSP2 t2 = 10 Gyr 1.3× 107

(SSP3 t3 = 100 Myr) (4.4× 105)

——————————————————————————————————

2 SSP1 t1 = 10 Myr 2.4× 105 0.07 0.15 20

SSP2 t2 = 250 Myr 2.4× 106

——————————————————————————————————

3 SSP1 t1 = 100 Myr 2.5× 106 0.06 0.13 <0.1

——————————————————————————————————

4 Con1 t1 = 0.4 Gyr 1.2× 108 0.04 0.12 100

——————————————————————————————————-

5 Con2 t2 = 1.1 Gyr 7.8× 107 0.13 0.20 150

α = 3.35 6 Con1 t1 = 250 Myr 2.0× 109 0.08 0.15 20

0.1–120M� ——————————————————————————————————-

7 Con2 t2 = 100 Myr 4.3× 109 0.01 0.09 20a

α = 2.35 8 Con1 t1 = 1 Gyr 8.7× 107 0.14 0.18 20

0.1–30M�

Observed in Mgas= 3.7× 107 0.08 0.14 20

SAO 0822+3545 Mdyn = 4−7× 108 ±0.06 ±0.06

a BVRcolours correspond to those observed, after correction for possible internal extinction ofE(B− V) = 0.1.

having modelBVRcolours close to those observed for SAO
0822+3545, could also contribute appreciable mass.

Some uncertainties of these estimates are related to the re-
spective uncertainties of the LSBD metallicity and/or uncor-
rected internal extinction. The variation of the former param-
eter by a factor of two will slightly change the relative mass
of “young” and “old” stellar components. The internal extinc-
tion is usually small in LSB galaxies. For example, the galaxy
correctedBVRcolours of the LSBD would still lie close to the
model evolution tracks even with a correction for an internal
extinction ofE(B− V) = 0.10. However, these colours would
correspond to a significantly smaller age,∼30 Myr. The self-
consistent interpretation of the galaxy colours and observed
EW(Hα) still requires a composite model, similar to those dis-
cussed above. The main effect of such reddening (if present)
would be the significant reduction (by a factor of 4–5) of the
mass ratio,η.

For the IMF with a deficit of massive stars, bothEW(Hα)
andBVRcolours can be explained by a single component with
a constant SFR and an age of∼1 Gyr. The formed stellar mass
would be consistent withMdyn. Note, however, that such a
model would be inconsistent with the recent encounter of the
LSBD and BCG, and its resulting disturbance (Sect. 4.5). In
addition, internal extinction on the level ofE(B − V) = 0.10
would cause problems for such a model, since this case would

require ages of only 100–250 Myr, anEW(Hα) that is too large
(&50 Å), andMstar∼ Mdyn.

The available data on the integratedBVR-colours and
EW(Hα) in SAO 0822+3545 imply that the significant or main
stellar mass fraction is related to young populations with ages
from 10 Myr to 1 Gyr. In case of a “standard” Salpeter IMF
with Mup = 120 M�, this LSBG likely experienced at least
two localized SF episodes. Continuous SF, lasting∼1 Gyr, can
match all available data with a single population, if the IMF is
significantly biased to the low-mass end. To distinguish which
of the two SF scenarios is more probable, we would need to
measure the integratedBVRcolours of SAO 0822+3545 with
better precision (σ <∼ 0.m02), and determine the amount of in-
ternal extinction.

4.2.3. The LSBD gas mass fraction

The ratio of gas and stellar masses is one of the important pa-
rameters characterizing the evolutionary status of the galaxy.
The gas-mass fraction (relative to the full visible mass) of
several XMD BCGs reaches values of 0.94−0.98. This is a
good indication of their possible youth. In addition, Schombert
et al. (2001), in a recent study of a large sample of LSBGs, dis-
covered several galaxies with gas-mass fractions of 0.8–0.85.
Perhaps these are the galaxies with the lowest known SFRs
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Table 7.Nearby voids parameters.

Designation Size RA Dec cz lII bII SGX SGY SGZ

km s−1 hour ◦ km s−1 ◦ ◦ km s−1 km s−1 km s−1

Cetus 500 2.0 −20 700 192 −72 100 −600 -200

Cepheus 500 23.5 +65 800 112 5 700 0 300

Crater 500 11.5 −15 1500 126 −28 1300 −700 200

Volans 700 7.0 −70 800 281 −25 −600 −300 −500

Lynx-Cancer 800 8.0 +30 800 191 27 400 400 −500

Monoceros 1000 4.0 +05 800 185 −34 400 −400 −500

and/or relatively young objects. To estimate the masses of var-
ious populations in SAO 0822+3542 we used itsB-band lu-
minosity. We also assumedZ = 1/20 Z� and considered the
PEGASE.2 models, presented in Table 6.

The full gas mass of the LSBD is derived directly from H
data in Table 5, accounting for a helium mass-fraction of 0.24:
Mgas∼3.7×107 M�. Then, for “Model 1” (10 Gyr “old” stellar
population), the gas mass fraction isfg ≡ Mgas/(Mgas+ Mstar)
= 0.73. For ‘Model 2’ (the “old” stellar population 0.25-Gyr
old), the gas mass fraction isfg = 0.93. For the LSBD “old”
coeval population with an age between 0.25 and 10 Gyr, the
gas mass fraction will thus fall in the range of 0.73 to 0.93. For
“Model 8” with continuous SF, the gas mass fraction would be
only∼0.3. While the most probable SF scenario for this LSBD
remains somewhat uncertain, it could be one of the most gas-
rich galaxies of its type.

One more parameter, important for comparison with mod-
els, is the total dynamic mass of galaxy. From the NRT H
profile of Kniazev et al. (2000), in which the LSBD con-
tributes more than half of the flux, we get an upper limit
of Vrot of 20 km s−1. Corrected for an inclination angle of
58.5◦ (Sect. 3.2) this yieldsVrot of 23.5 km s−1. For the com-
monly assumed gas disk radius of 3–4 timesRopt, this results in
Mdyn = (4− 7)× 108 M�.

4.3. Global environment: The Lynx-Cancer Void

HS 0822+3542 is well-isolated with regard to known, suffi-
ciently bright galaxies. There are no cataloged galaxies in the
NED and LEDA databases withVhel < 1200 km s−1 and angu-
lar distances less than 5.8◦. All the nearest cataloged galaxies
(at projected distances of 1.15–1.45 Mpc) are dwarfs withMB

in the range –13.5 to –16.6. The position of HS 0822+3542
and SAO 0822+3545 is shown (in the box) in Fig. 9. The
positions of other cataloged galaxies with radial velocities of
Vhel = Vpair ± 300 km s−1 (±4 Mpc) are shown by filled cir-
cles, whereVpair = 727 km s−1 is the mean velocity of the
pair. Absolute magnitudes of all galaxies in the plot (corrected
for Galactic extinction according to Schlegel et al. 1998) are
derived from their cataloged magnitudes. The corrections for
Local Group motion, and the value of the local Hubble constant
(67.5 km s−1 Mpc−1) in this direction were made according to
Karachentsev & Makarov (2001).

There are six bright galaxies (M < M∗B = −19.73) in the
plot area. The latter corresponds to a volume element with sides
(atD = 11 Mpc) of 9.5 Mpc×7.8 Mpc (RA×Dec), and∼9 Mpc
in depth. All of them (shown by the largest filled circles) are
situated at the three-dimensional distances from the dwarf pair
greater than 3.0 Mpc. Seven intermediate luminosity galaxies
with −19.73 ≤ MB < −17.73 (shown by slightly smaller cir-
cles), are also situated along the periphery of this volume. Only
a few real dwarfs are found inside this very large region. With
regard to bright galaxies, the pair of dwarfs in question is sit-
uated in a void, not far from the void center. The void depth
in radial velocity through its center is of order∼800 km s−1

(from 400 to 1200 km s−1, or ∼12 Mpc). This is comparable
to its projected extent on the sky. This void is similar to the
other nearby voids discussed by Fairall (1998). We have named
it the Lynx-Cancer void, for the constellations on which this
void is projected. The parameters of this and the other simi-
lar voids are presented in Table 7. The latter are taken from
Fairall’s (1998) Table 4.1. The first column gives the void’s
designation. In Cols. 2, 3 and 4 the radial velocity extent, and
the approximate equatorial coordinates of the void’s center are
given. In Col. 5 we present the void’s central heliocentric ve-
locity. Columns 6 and 7 give the galactic longitude and latitude
of the void’s center. Finally, Cols. 8, 9 and 10 present the su-
pergalactic coordinates.

Understanding the properties of galaxy populations in voids
is important for both galaxy and structure formation models. It
is natural to expect that candidate truly young galaxies would
be very isolated (e.g., Peebles 2001). Observationally, however,
the situation is unclear due to very poor statistics. For exam-
ple, SBS 0335–052, one of the best candidate young galax-
ies, is situated at the outskirts of a loose galaxy group. It is
interesting to note, however, that the recent data indicate that
at least several new extremely metal-deficient (XMD) BCGs
(Z <∼ 1/20 Z�), including HS 0822+3542, and HS 2236+1344
(Ugryumov et al. 2003), indeed lie in regions of very low (mas-
sive) galaxy density. A larger sample of XMD BCGs would be
helpful for determining whether they really favour a void-type
environment.

4.4. Supershell and young clusters in HS 0822+3542

From the parameters of the supershell, we can estimate its char-
acteristic age, and thus, the time elapsed since the SF episode
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Fig. 9.The position of HS 0822+3542 and SAO 0822+3545 (in the box) is shown relative to the other galaxies from LEDA in the redshift range
betweenVhel = 427 and 1027 km s−1. The blue luminosities of galaxies are indicated by the size of the filled circle. The nearest neighbour to
the pair, at the position RA∼ 8h, DEC ∼ 36◦ (D = 1.15 Mpc) hasMB = −14.7. Dotted, dashed and dot-dashed lines show the projection of
galactic latitudesbII =30◦, 25◦ and 20◦, respectively. Galactic extinction should more strongly affect the detection of faint galaxies. The absence
of bright galaxies is not a selection effect, since some of them are found in the zone ofbII < 25◦,

which produced this supershell. The relation between the shell
age, its velocity and radius, for the case in which the radia-
tive cooling of hot gas inside the shell can be neglected (read-
ily applicable for multiple SN-blown bubbles), is given as
tshell = 0.6 × R/Vshell (e.g., Weaver et al. 1977; Mac Low &
McCray 1988). This relation also holds approximately for the
thin shell phase, in which a bubble is pumped by a stationary
stellar wind. The observed values areVobs = 30 km s−1 and
R= 0.24 kpc. Both the maximal velocity and the apparent size
of the shell in a simple case depend similarly on the inclination
angle. Thus, no inclination correction is necessary. The shell
age is thentshell ∼ 5 Myr.

The age of the current SF burst can be estimated from the
observedEW(Hβ) = 271 Å (see Table 3) using the results of
instantaneous SF burst models (Leitherer et al. 1999). For a
Salpeter IMF withMlow and Mup of 1 and 100M�, respec-
tively, this value ofEW(Hβ) corresponds to a starburst age of
∼3 Myr. It is important to note that both the main part of the
starburst continuum and the highly concentrated Hβ emission
of the correspondingH region were extracted for the analyzed
spectrum.

Hence, the expected corrections forEW(Hβ) are insignifi-
cant, and the estimate of starburst age is reliable. It is also worth

noting that, for the Salpeter IMF models withMlow = 0.1 M�,
the maximum value ofEW(Hβ) is ∼230 Å, and, hence, these
models cannot reproduce such a highEW(Hβ); this could be
due to a “top-heavy” IMF in this object.

For further analysis, we assume, that SN explosions turn on
in ∼3.5 Myr after the starburst beginning (e.g., Leitherer 1994;
Leitherer & Heckman 1995; Fioc & Rocca-Volmerange 1997).
The energy injected by stellar winds should also be considered
when calculating shell parameters. For example, forZ = Z� the
kinetic energies injected by winds and by SNe during the first
5 Myr are comparable. However, the former scales asZ+1, and
for HS 0822+3542 (Z ∼ 1/30Z�) the energy injected by winds
will be much lower than that of SNe. Accounting for SNe delay
and the shell age, we conclude that the active SF in this region
of HS 0822+3542 has lasted at least 8–9 Myr. Hence, the cur-
rent SF episode is extended, probably with propagating SF.

The shell kinetic energy,Ekin, can be estimated simply from
its radius and velocity, suggesting some reasonable value of
swept gas density. ForVshell = 30 km s−1, R = 0.24 kpc
and an average density of the ambient gas of 0.1 cm−3, Ekin

will be as following: Ekin = 0.5 M · V2 = 1.3 × 1051 erg.
Accounting for the small efficiency of SN energy transfer to the
kinetic energy of the shell,∼0.1 (e.g., Thornton et al. 1998),
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the total energy of multiple SNe pumping the observed BCG
supershell is∼1.3×1052 erg. This corresponds to the energy
of 13 typical SNe. Taking the dynamical age of the super-
shell to be 5 Myr, we get a SNe rate of 2.6 SNe Myr−1. For
a Salpeter IMF withMlow and Mup, respectively, of 0.1 and
120 M�, from comparison with PEGASE.2 models, translates
this to a total coeval star cluster mass of∼1.0×104M�. The
MB of such a cluster with an age of 8.5 Myr would be –8.8.
At the distance of HS 0822+3542, the apparentB magnitude
of this cluster should beB = 21.6. The latter is∼2.m2 (or a
factor of 7) fainter than the estimate ofB = 19.46 found for
the current starburst component of HS 0822+3542 by Kniazev
et al. (2000, Table 4, Col. 8). However, this value is quite
consistent with the intensity of knot “b”, seen in the decon-
volved image of HS 0822+3542 just∼1.3′′ to the north of
the main starburst region “a”. Recall that its intensity is esti-
mated as∼1/8 of that for knot “a” in Sect. 3.3. Thus, knot “b”
could be the star cluster responsible for the observed ionized
gas supershell. The younger star cluster (knot “a”) is poten-
tially the source of gas ionization in the shell. Its mass is es-
timated fromBburst = 19.46, corresponding toM0

B = −10.95.
From the PEGASE.2 model with the same IMF as above, a
3-Myr old starburst withM0

B = −10.95 would have the mass of
3.9×104 M�.

It is possible that the shell age is slightly overestimated,
while the age of the young starburst (3 Myr) could be under-
estimated, so that they could be more or less consistent with
each other. In this case it is worth considering the alternative
option: that the shell is pumped by this starburst. Then only
the energy of stellar winds is available. According to Weaver
et al. (1977), the kinetic energy of the shell comprises only
about 20% of the total wind energy released during its life-
time. This implies a required wind energy of 6.5×1051 erg. The
temporal behavior of stellar wind kinetic luminosity is given in
SB99. As an example, this behavior is illustrated in Fig. 13 of
Efremov et al. (2002) for the case of a 106 M� young star clus-
ter withMlow = 1 M� andZ = Z�. The estimate of the full wind
kinetic energy released by such cluster during the first 3 Myr is
9.9×1053 erg. ForMlow = 0.1 M�, this energy is scaled down
by a factor of 2.5. The wind power scales with metallicity as
Z+1. Thus, for the case of HS 0822+3542, that wind energy,
scaled down by a factor of 30, yields a value of 3.3×1052 erg
(or 1.3×1052 erg for Mlow = 0.1 M�). That is, to provide the
above required wind kinetic energy one would need a 3-Myr
old star cluster with a full mass (depending onMlow) of (2–
5)×105 M� andZ = 1/30Z�. Then, with the PEGASE.2 model
for Z = 1/20Z� (the nearest to that of HS 0822+3542) we find
that such a star cluster would have the blue luminosity, corre-
sponding toMB = 0.52 per 1M�. Respectively, for masses
of (2–5)×105 M� the cluster expected absolute magnitudes are
in the range ofMB = –12.7 to –13.7. These are significantly
brighter than the observedMB = −10.95 of the current young
starburst. Therefore, this option does not look plausible.

We also revise the apparent stellar mass of the under-
lying “disk”. Based on the published valueBdisk = 18.22
(Kniazev et al. 2000), itsM0

B is –12.19. According to the same
PEGASE.2 model, for a starburst with an age of 100 Myr we
have MB = 3.13 per 1M�. The “disk” stellar mass is then

∼1.3×106 M�. Finally, we derive the BCG gas mass-fraction,
fg = 0.90, using forM(HI) from Table 5 and a helium mass
fraction of 0.24. The significant difference from the value in
Kniazev et al. (2000) is a result of the reducedM(HI), as ex-
plained in Sect. 4.1.

4.5. Triggering mechanisms of SF activity of the pair

The SF history of LSB galaxies is a complicated issue. The
suggested options range from SF episodes induced by distant
encounters (O’Neil et al. 1998) to low-level sporadic SF, mi-
grating across the galaxy body. The latter case can be consid-
ered as a continuous process with the time-scale on the order
of a galaxy’s life-time (Gerritsen & de Blok 1999). Since the
pair of dwarf galaxies discussed here is situated deeply in a
void, any interactions with massive galaxies on a cosmological
timescale would be very unlikely.

On the other hand, the importance of interactions with
low-mass neighbours to trigger starbursts in BCG/H -galaxies
has been noted, e.g., by Taylor et al. (1995), Pustilnik et al.
(2001b), and Noeske et al. (2001). The example of the BCG
HS 0822+3542 indicates that, even in voids, SF bursts can
be triggered by the same mechanism (see also Pustilnik
et al. 2002).

The projected distance between the dwarfs, 11.4 kpc, and
their relative radial velocity,∆V ≤ 25 km s−1 (Chengalur
et al. 2003), are both very small. This implies rather slow col-
lision, which is very efficient in exerting mutual tidal forces.
The N-body simulation of a non-merging encounter between
LSB and HSB (high surface brightness) disk galaxies presented
by Mihos et al. (1997) shows qualitatively different effects in
each of the two galaxy types. Due to the lower surface density
of baryonic matter and the stabilizing role of the Dark Matter
(DM) halo throughout the galaxy, LSBGs are more stable to
many internal and external perturbations. Thus, only a weak
spiral wave is typically generated in a LSBG. This leads to
some localized non-central low-level SF, and, hence, to no ap-
preciable changes of galaxy properties. In contrast, in a HSB
disk galaxy the strong perturbation of gas orbits leads to global
instability, resulting in the disturbed gas sinking into the center
of gravitational well (where it should eventually collapse and
cause a burst of SF).

The situation for this particular pair of gas-rich dwarfs is
quite reminiscent of these simulations. Since the LSBD is sig-
nificantly more massive than the BCG, the mutual effect of
their encounter will be enhanced for the BCG, and weaker for
the LSBD. However, currently available data on the properties
of these galaxies are too limited to make a more detailed com-
parison with galaxy interaction models. H and Hα mapping
will help to determine some of their parameters (e.g., the full
dynamic mass, gas density and SFR distribution), and thus al-
low realistic modelling of this pair.

An additional argument for the effect of mutual interactions
on the enhanced SF in both galaxies is the fact of significant
SF events in each galaxy occurred on approximately the same
timescale, which is comparable to the characteristic times of
the two galaxies. All of them are on the order of a few hun-
dred Myr. For the LSBD, we have already discussed the ages of
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“old” component in composite models of itsBVRcolours. For
HS 0822+3542 the age of the major SF episode is implied by
the detected Balmer absorptions in the underlying stellar disk
(Izotov et al., in preparation). The time elapsed since the peri-
center passage and strongest interaction between the galaxies
is approximately∼200–300 Myr. The development of instabil-
ities in a disturbed galaxy is delayed by a time comparable to
the revolution period. The latter is on the order of 100 Myr. So,
to a first approximation, the time since the strongest interac-
tion, the delay time for gas collapse, and the ages of the stellar
populations in the underlying disks of the LSBD and the BCG
all are comparable.

As an interacting galaxy, HS 0822+3542 is similar to sev-
eral other XMD BCGs. Clear evidence of tidal disturbance
was found for the optical counterpart of the large H cloud
Dw 1225+0152 (Salzer et al. 1991; Chengalur et al. 1995). The
huge H cloud, hosting the pair of XMD BCGs SBS 0335−052
E and W, also looks quite disturbed (Pustilnik et al. 2001a).
The synchronized SF episodes in the both BCGs are probably
the result of a tidal trigger. High-sensitivity Hmapping of the
vicinities of other such galaxies would help to better understand
the trigger mechanisms of XMD BCG starbursts.

5. Summary and conclusions

In this work we present the physical parameters of a new
LSB/dIrr galaxy discovered in the vicinity of one of the most
metal-deficient BCGs, HS 0822+3542. Its small relative ve-
locity and projected distance are consistent with a scenario of
tidal disturbance exerted on the BCG progenitor, which trig-
gered gas collapse and a subsequent SF burst.

The total (B− V) and (V − R) colours of SAO 0822+3545
are unusually blue in comparison to the most of the known
LSBD/dIrr galaxies. This suggests that there was some recent
elevated SF in this galaxy. The most straightforward interpre-
tation of the LSBD colours andEW of Hα emission imply that
a substantial fraction of its stars are young, with ages from∼10
to ∼1 Gyr, depending on the model IMF used. Recent deep
spectroscopy of HS 0822+3542 (Izotov et al., in preparation)
indicates the existence of a stellar population with the ages of
50−100 Myr. This is comparable to the age of the suggested
“intermediate” or “old” stellar populations in the LSBD. Thus,
in both components of the pair a substantial fraction of stars
formed recently, on a time scale of∼100–200 Myr. This sug-
gests that this recent SF was triggered by the mutual tidal action
of these dwarfs.

This conclusion on the interaction-induced SF episodes in
these dwarfs is a preliminary one, based mainly on some gen-
eral estimates and the understanding that such an unusual pair
of galaxies is unlikely to occur by chance. Another important
property of this pair is its high degree of isolation from known
bright galaxies. This presumably led to retarded star formation
and/or slow chemical evolution in HS 0832+3542, and a very
low SFR in SAO 0822+3545, as evidenced by their very high
gas-mass fractions.

To better understand the evolutionary status of SAO
0822+3545, one needs higher precision in both integrated
colours and those of the outermost parts of the LSBD. This can

provide direct confirmation of the composite population model.
Hα images will help to determine the spatial distribution of
the recent SF episode, while colour-magnitude diagrams for
resolved stars will also provide direct age estimates for older
stellar populations.

From the results and discussion above we draw the follow-
ing conclusions:

1. BCG HS 0822+3542 has a physically associated LSB/dIrr
galaxy at a projected distance of∼11.4 kpc with a close
radial velocity (∆V <∼ 25 km s−1).

2. This LSB/dIrr galaxy, named SAO 0822+3545, has a low
luminosity (M0

B = −12.85) and small optical size (D25 ∼
1.5 kpc). Its unusually blue integrated colours (B− V)0 =

0.08 and (V−R)0 = 0.14, for the case of a standard Salpeter
IMF with Mup = 120M�, indicate recent (t ∼ 10−200 Myr)
SF episodes, in which stars comprising from∼(6–7)% to
∼100% of the total stellar mass, have formed. The total stel-
lar mass comprises∼(7–27)% of the galaxy’s baryon mass,
depending on the age of the “old” stellar component.

3. Alternatively, if its IMF hasMup = 30 M� and the same
slope, the galaxy’s properties can be explained by one com-
ponent continuous SF during the last∼1 Gyr. This, how-
ever, is less probable, considering the expected effects of a
recent encounter.

4. New, high-S/N-ratio spectra of HS 0822+3542 yield an
oxygen abundance of 12+log(O/H) = 7.44, consistent
within the observational uncertainties with earlier measure-
ments. The precision of N/O is improved, and the abun-
dance of argon is derived for the first time.

5. In HS 0822+3542, for the first time the kinematic evidence
has been found of a large ionized-gas supershell, with a
diameter of∼0.5 kpc. The physical parameters of the su-
pershell imply that the current SF episode in this BCG has
lasted at least 5–9 Myr.

6. The dwarf pair is situated deep within the nearby Lynx-
Cancer void, and thus has not been tidally disturbed by
massive galaxies since its formation epoch. All available
data are consistent with the hypothesis that we are witness-
ing the results of an interaction a few hundred Myr ago be-
tween two very gas-rich dwarf galaxies with significantly
different masses and density distributions.
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