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ABSTRACT

We present identifications, fluxes, and sizes for H 11 regions in three galaxies that are in or near the Local
Group: WLM, UGC A86, and EGB 0427+ 63. A deep search for H 11 regions in a fourth galaxy, LGS 3,
produced a negative result. Our results for UGC A86 indicate that, contrary to a previous suggestion, it is a
single galaxy. Its disjointed appearance in broadband images apparently is caused by the presence of several
star-forming regions of different ages. Our data, together with other information about it, especially its radial
velocity, also suggest that this object is beyond the limits of the Local Group.

The H 11 regions of the three galaxies in which they were detected show normal luminosity functions that fit
power laws and normal size distributions that are reasonably well fitted by an exponential function. The cal-
culated star formation rates range from zero for LGS 3 to 0.014 M, yr~! for UGC A86.

Emission-line spectra of seven H 11 regions in the three galaxies allow abundances to be determined. We find
that all are low in heavy elements, with mean values for O/H of approximately 7% solar.

Subject headings: galaxies: stellar content — galaxies: structure — H 11 regions — ISM: abundances —

Local Group — stars: formation

1. INTRODUCTION

This paper presents photometric and spectroscopic data for
four galaxies that are members of the Local Group or have
been candidates for membership. It continues a series of such
studies that has as its intention the production of a uniform set
of H 11 region data for all Local Group members, which we
plan to use to study the star formation process and its evolu-
tion in the nearly complete sample of galaxies provided by the
Local Group. An analysis of this kind is given in Hodge (1994),
which references our earlier papers.

WLM.—The WLM galaxy is a Local Group irregular, dis-
covered independently by Wolf, Lundmark, & Mellotte
(Sandage & Carlson 1985). It has a low surface brightness and
a typical irregular galaxy structure (Ables & Ables 1977) and is
rich in H 1 (Richter, Tammann, & Huchtmeier 1987). Photo-
metry of its resolved stellar population (Sandage & Carlson
1985; Ferraro et al. 1989) indicates an irregular pattern of
recent star formation. Its heavy element abundance is 7% solar
(Skillman, Terlevich, & Melnick 1989). Photometry of a
number of variable stars has revealed at least 15 Cepheids
(Sandage & Carlson 1985). In this paper we adopt a distance
modulus of (m— M),y =250 and a reddening of
E(B—V)=10.02.

EGB 0427 + 63—The small irregular galaxy known as EGB
0427+ 63 (=UGC A92) was cataloged as a possible planetary
nebula by Ellis, Grayson, & Bond (1984). Hoessel, Saha, &
Danielson (1988) identified it as a galaxy and tentatively placed
it at a distance of 800 kpc. In this paper we adopt this value,
which, together with the reddening they adopted (4, = 0.57:
Burstein & Heiles 1984; Schneider, Gunn, & Hoessel 1983),
leads to a foreground reddening of E(B— V) = 0.25 and a ten-
tative distance modulus of (m — M), = 24.5. We consider this
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distance modulus a lower limit, with values as high as 28 con-
sidered possible.

UGC A86—UGC A86 (=VII Zw 009) is a dwarf galaxy
studied photometrically by Saha & Hoessel (1991), who sug-
gested that it might be a Local Group member. They also
suggested, on the basis of its broadband morphology, that it
might be two galaxies accidentally nearly superposed. Regard-
ing its distance, however, Kraan-Korteweg & Tammann (1979)
place it beyond the Local Group, assigning it to the IC 342
group. Based on its position and radial velocity, van den Bergh
(1994) also excludes it from the Local Group. Richter et al.
(1991) have carried out photographic photometry and have
concluded that it is a single object with two main star-forming
regions, the southern one being the brighter and bluer. The
IRAS source 3550+ 665 seems to correspond in position to
UGC A86, and Richter et al. (1991) believe that it indicates the
presence of a considerable extinction in the galaxy’s star-
forming regions.

While Saha & Hoessel (1991) suggest a very small distance
modulus, (m — M), = 24, an association with IC 342 would
indicate a distance of 4.7 Mpc (Kraan-Korteweg & Tammann
1976). Karachentsev & Tikhonov (1993) give a distance of 1.86
Mpc, based on a brightest star criterion. Miller and Hodge
(1992), using the marginally reliable H i1 region size scale
length criterion (Hodge 1983), derived a distance of 2.1 + 0.5
Mpc. Taking a mean of these values leads to an estimate of 2.3
(£ 1.6) Mpc, which we round off to 2 Mpc.

The foreground reddening is also very uncertain. The H1
maps in this part of the sky shown widely variable densities.
Based on the Burstein & Heiles graphs, the value of E(B—V)
for this position is 0.61, with a large uncertainty because of the
variability over small scales. On the other hand, use of a cose-
cant law gives smaller values, averaging about 0.20, while
Richter et al. (1991) argue that it may be much larger, based on
the IRAS source. The large uncertainty in distance combines
with this uncertainty in reddening to leave the absolute charac-
teristics of this galaxy very uncertain. For this paper, we adopt
a distance of 2 Mpc and a mean reddening of E(B— V) = 0.65.
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TABLE 1
ADOPTED PROPERTIES OF THE SAMPLE

E(B-V)

Galaxy (Foreground) B} (B-V); (m—M), M,
WLM................ 0.02 10.58  +0.31 25.0 —144
EGB 0427+63...... 0.25 e e 245
UGC A86 ........... 0.65 12.7 . 26.5 —138
LGS3 ...l 0.08 15.5 e 244 9.2

* Data sources are as follows: Reddenings: see text. Magnitudes and colors:
WLM and LGS 3, de Vaucouleurs et al. 1991; UGC A86, Richter et al. (1991).
Distances: see text.

LGS 3—The very faint Local Group galaxy LGS 3 (Thuan
& Martin 1979) is an anomalous object, with a globular
cluster-like color-magnitude diagram (Cook & Olszewski
1989) and a significant though small H 1 content (Lo, Sargent,
& Young 1993).

A summary table providing the adopted values of the basic
properties of the galaxies is given in Table 1.

2. OBSERVATIONS

The observational material for this paper was obtained at
the Kitt Peak National Observatory. The Ha narrow-band
images were obtained on 1991 December 14 and 15 with the
0.9 m telescope. The CCD images were exposed through a 38 A
half-power bandwidth Ha interference filter for the on-line
images and a 270 A bandwidth filter centered on 6092 A for the
continuum images. Observations of Feige 34 provided abso-
lute calibration.

Reductions of the CCD images followed the procedures
detailed in Appendix A of our paper on the M81 Group dwarfs
(Miller & Hodge 1994); they involved determining extinction,
folding in the filter response functions, matching the point-
spread functions, and including the standard star spectra.

The spectroscopic data were obtained on 1993 September
17-19 using the Gold Spectrograph and a Ford 1024 x 3072
pixel CCD on the KPNO 2.1 m telescope. Grating 240 was
used to provide wavelength coverage from 3100 A to 7600 A
with a resolution of ~6 A. A WG345 filter was used to mini-
mize light leaks. All observations were obtained through thin
clouds, and so absolute calibration was not possible. Relative
calibration was attained through observations of intensified
Reticon scanner (IRS) standard stars Feige 34, BD + 28 4211,
and Hiltner 102, which were observed frequently throughout
the run. The 4” wide slit was positioned on the H 11 regions by
means of off-sets from nearby stars. A 10” wide slit was used for
the standard stars. Usable spectra were obtained for two H. 11
regions in EGB 0427 +63, two in UGC A86, and three in
WLM.

3. H 1 REGION IDENTIFICATIONS

H 11 regions were identified on our continuum-subtracted
images using the IRAF package HALPHA, which automati-
cally finds the well-separated objects (Phillips 1993). Experi-
mentation showed that prior unsharp masking of the images
made it easier for the program to find H 1 regions in crowded
and high-background areas. Diffuse Ha, however, could only
be detected and mapped from the untreated subtracted images.
Our procedures especially with respect to separation of close
and complex H 11 regions, are described in more detail in
Miller & Hodge (1994). Positions for each detected H 11 region
(Table 2) were determined by astrometry with respect to stars

listed in the HST Guide Star Catalog (Lasker et al. 1990), and
should be accurate at the 2” level.

For WLM we detected 21 separate H 11 regions (Fig. 1), most
of which are also visible in the Ha image published by Hunter
(1993). H 11 region No. 19 should be considered as doubtful,
since it has a very faint surface brightness and could be a CCD
flat-fielding artifact. The number of H 1 regions is consistent
with the intrinsic size and distance of the galaxy, considering
the fact that our CCD frame did not reach very faint levels (§ 4)
because of an unusually bright sky caused by proximity of thé
Moon.

For EGB 0427 + 63 we detected 25 H 11 regions (Fig. 2). They
are concentrated-in two well-separated regions of the galaxy.
Their number is consistent with the assumed distance and
intrinsic size of the galaxy.

For UGC A86 we detected 115 H 1 regions (Fig. 3). They are
spread out over the entire area of the galaxy, with two con-
spicuous concentrations that correspond to the two stellar
concentrations noted by Saha & Hoessel (1991). The fact that
there are H 11 regions occupying the intervening space (and
areas beyond) argues circumstantially against the possibility
that UGC AS86 is an optical pair of two galaxies. The large
number of H 11 regions (compared to the other galaxies in this
survey) suggests that UGC A86 is relatively large intrinsically,
which is consistent with our assumption that it lies beyond the
Local Group.

We detected no H 11 regions in LGS 3. The H-R diagram
indicates that there are probably no massive main-sequence
stars in the system, and thus nothing to excite the H 1 gas that
is present (Lo et al. 1993). The upper limit to the flux of a
reasonably compact H 11 region that we could detect on the
frame is approximately 2 x 10'5 ergs cm~2 s~!. Hunter,
Hawley, & Gallagher (1993) also reported a null result.

4. Ha LUMINOSITY FUNCTIONS

We measured the Ha luminosities of the H 11 regions on the
continuum-subtracted images, with borders set at a flux level
of approximately 2 x 107!7 ergs s~ cm ™2 arcsec ™ 2. Table 2
gives the derived fluxes for each H 11 region detected. The
tabulated values include contamination by [N 1] lines. The
[N u]/H ratio is known only for the brightest H 11 regions (see
§ 6); it is small because of the low heavy element abundances
found, and thus we expect the [N 11] contribution to be small
(less than 5%) for all the H 1 regions. We estimate that this
factor, together with photometric uncertainties, leads to a total
of approximately 10% uncertainty in the derived fluxes.

Ho luminosities were calculated - using the above-cited
adopted distances and foreground reddenings, together with
the relation Ay, = 2.32E(B—V). For these calculations, we
corrected for the [N 11] contamination, adopting the mean
values obtained from our spectra of the bright H 11 regions in
each galaxy. Internal reddening could be determined from the
Balmer decrement measured for these H 11 regions (§ 6). We
adopted the mean of the measured values for all the Hu
regions in each galaxy.

Luminosity functions for the H 11 regions in each galaxy are
shown in Figure 4. The data are displayed as differential lumi-
nosity functions with logarithmic bins and with the number of
H 1 regions in each bin being divided by the bin width.

The luminosity function for the H 11 regions of UGC A86
has a slope, a, of —1.9 + 0.1 when fitted by least-squares to a
power-law relation of the form

N(L) = AL® dL,
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FiG. 2b
FiG. 2—The EGB 0427 + 63 dwarf: (a) in an unsubtracted Ha image and (b) in a continuum-subtracted image with the H 1 regions identified (KPNO 0.9 m CCD
images).

179

© American Astronomical Society * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1995ApJ...451..176H

i
&
:':é

3 T %y

F1G. 3.—UGC A86: () in an unsubtracted Hx image with the charted regions identified and (b)—(e) in continuum-subtracted images of Sections 1-4, i
with the H 1 regions identified (KPNO 0.9 m CCD images). ges of Sections 14, respectively,
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which usually provides a good fit for normal galaxies
(Kennicutt et al. 1989). That for EGB 0427+ 63 has a slope of
—1.1 + 0.5. The curve for WLM has only four points because
of the bright sky at the time of the exposure. These points
define a slope of a = —1.2 + 0.3. The derived slopes (Table 3)
are in reasonable agreement with those for other dwarf irregu-
lar galaxies (Kennicutt, Edgar, & Hodge 1989).

S. SIZES AND SIZE DISTRIBUTIONS

The diameters of H 1 regions are found to follow an expo-
nential distribution reasonably well (van den Burgh 1981), with
a slope, D,, that is fairly independent of the photometric level
to which the diameters are measured (see Hodge, Lee, & Ken-
nicutt 1989 for tests made on NGC 6822 H 1 regions). For the
present sample we have determined sizes and size distributions
for the H 1 regions using a parameter that we call the
“effective diameter,” which is defined as D = 2(4/r)'/2, where
A is the measured area of the H 11 regions within a uniform
isophote level of 2 x 107 !7 ergs s™! cm~2. Cumulative diam-
eter distributions are plotted in Figure 5. The slopes for
unweighted least-squares fits to the linear portion of the curves
are given in Table 3. These “characteristic sizes” are in the
normal range for low-luminosity irregular galaxies (e.g., Hodge
1983).

6. ABUNDANCES

The emission-line spectra have been used to determine ele-
mental abundances (primarily oxygen) and reddenings. Table 4
lists the lines detected and their properties. The Balmer lines
have been corrected for underlying stellar absorption by

adding 2 A equivalent width. Electron densities could be deter
mined for spectra that showed [S 1] 6717/6731 lines, but in
most cases we had only upper limits to the strengths of these
lines. The values calculated agreed reasonably well with the
canonical value of 100 cm ™3, which we therefore adopted in all
calculations. The WLM H 1 regions were bright enough for us
to be able to detect [O mi] 4363 (e.g., see Fig. 6) so that we
could directly measure the temperatures in the O** regions,
which averaged 1.65 + 0.15 x 10* K. For UGC A86, we
assumed a temperature of 1.2 x 10* K, and for EGB 0427 + 66
we used 1.5 x 10* K. We followed the arguments of Skillman
& Kennicutt (1993) regarding the differences in temperature
between the O* and O™* * zones in our calculations.

For the WLM H 1 regions, which had measured tem-
peratures, we have calculated oxygen abundances using the
direct method (e.g., Osterbrock 1989; Skillman & Kennicutt
1993). Ionic and total oxygen abundances are given in Table 5.
For the other H 11 regions, the “bright line” method was
employed (Edmunds & Pagel 1984; Skillman 1989), using the
lower branch abundances, arguing for that choice on the basis
of the low absolute magnitudes of these dwarf galaxies (see
Miller 1994 for further details). The derived abundance values
have true uncertainties that we estimate to be approximately
50%, based on the spread in the R23 relation (Skillman 1989).
Results for all H 11 regions, as listed in Table 5, indicate that the
three galaxies are all low heavy element objects, with oxygen
abundances averaging about 7% solar.

The only previous measurement of abundances in these gal-
axies is for WLM (Skillman et al. 1989), in which two Hu
regions were observed (their No. 1 apparently responds to our
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TABLE 2 ‘
H 11 REGIONS IN LocAL GROUP DWARF GALAXIES §
Number Coordinate (1950) Flux (x10~1%)  Diameter Morphology
o § erg cm™2 571 (arcsec) Class
WLM
HM 1 23h59™19:5  -15°44' 20" 9.82 6.4 f
HM 2 23 59 205 -15 43 33 52.74 11.1 b
HM 3 23 59 21.0 -15 43 34 13.68 6.1 f ‘
HM 4 23 59 214 -15 43 37 40.72 10.6 b
HM 5 23 59 21.5 -15 43 52 9.22 6.1 f
HM 6 23 59 224 -15 45 20 45.54 10.6 b ,
HM 7 23 59 226 -15 46 03 159.23 11.3 b
HM 8 23 59 226 -15 43 42 54.55 10.2 b
HM 9 23 59 228 -15 43 34 107.79 12.6 b
HM 10 23 59 229 -15 46 10 10.86 5.4 f
HM 11 23 59 23.1 -15 45 22 37.54 10.0 b
HM 12 23 59 23.3 -15 45 55 45.86 10.0 f
HM 13 23 59 233 -15 43 25 9.44 6.3 f
HM 14 23 59 23.6 -15 43 44 10.29 5.8 f
HM 15 23 59 23.6 -15 43 30 19.88 7.6 f
HM 16 23 59 25.8 -15 44 08 32.89 9.1 b
HM 17 23 59 259 -15 45 39 52.37 14.9 d
HM 18 23 59 26.5 -15 46 32 63.26 22.0 d
HM 19 23 59 27.4 -15 44 48 23.63 8.0 b
HM 20 23 59 279 -15 44 04 75.25 21.0 d
HM 21 23 59 28.7 -15 44 26 21.32 7.4 b
EGB 0427463
HM 1 04h27™ 1927 +63°29' 59" 84 4.9 f
HM 2 04 27 21.6 +63 30 02 11.34 11.3 f
HM 3 04 27 23.1 463 29 59 1.53 5.1 f
HM 4 04 27 23.6 +63 30 22 5.31 10.2 f
HM 5 04 27 238 +63 30 08 15.13 11.5 f
HM 6 04 27 242 463 30 02 11.19 114 f
HM 7 04 27 253 463 29 48 .95 4.2 f
HM 8 04 27 269 +63 30 11 13.99 10.8 b
HM 9 04 27 27.7 463 29 49 1.13 5.1 f
HM 10 04 27 28.0 +63 30 18 7.10 8.9 f
HM 11 04 27 29.2 463 31 03 10.77 10.7 f
HM 12 04 27 29.8 +63 30 40 25.28 11.5 b
HM 13 04 27 30.0 +63 31 03 1.55 4.6 f
HM 14 04 27 30.2 +63 30 28 27.04 14.6 f
HM 15 04 27 30.5 463 30 47 52.34 13.6 b
HM 16 04 27 30.7 +63 31 05 2.54 6.1 f
HM 17 04 27 31.4 463 30 44 40.16 12.8 b
HM 18 04 27 31.7 +63 30 33 3.93 5.4 f
HM 19 04 27 31.8 +63 31 05 4.82 8.5 f
HM 20 04 27 321 463 30 54 6.61 8.2 f
HM 21 04 27 325 463 30 25 4.14 8.7 f
HM 22 04 27 48.1 463 29 53 1.43 5.0 f
HM 23 04 27 48.7 +63 30 03 .60 3.3 f
HM 24 04 27 489 +63 29 50 2.77 7.0 f
HM 25 04 27 509 +63 30 01 .78 3.8 f
UGC-A 86
HM 1 03%54™2052  4+66°57' 21" 2.62 6.9 f
HM 2 03 54 20.5 +66 57 38 1.32 5.7 f
HM 3 03 54 256 +66 59 16 7.20 10.7 f
HM 4 03 54.26.9 +66 59 08 2.93 7.0 f
HM 5 03 54 279 +66 59 29 5.38 9.4 f
HM 6 03 54 29.3 +67 00 18 3.08 7.2 f
HM 7 03 54 29.9 +66 57 51 1.14 4.5 f
HM 8 03 54 34.7 466 57 40 7.77 7.5 f
HM 9 03 54 34.8 +66 58 08 6.15 8.8 f
HM 10 03 54 35.1 +66 57 41 8.76 7.7 b
HM 11 03 54 35.3 466 57 38 6.26 7.5 b
HM 12 03 54 36.2 +66 58 18 7.72 8.9 f
HM 13 03 54 36.2 +66 57 49 3.59 6.7 f
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TABLE 2—Continued

Number Coordinate (1950) Flux (x1071%)  Diameter Morphology
« § erg cm™2 571 (arcsec) Class
HM 14 03 54 36.5 +66 58 09 4.27 6.7 f
HM 15 03 54 37.3 +66 56 60 3.76 9.2 f
HM 16 03 54 37.5 +66 58 17 1.35 .43 f
HM 17 03 54 37.5 466 58 37 .95 4.4 f
HM 18 03 54 37.7 +66 57 21 3.79 7.4 f
HM 19 03 54 37.8 +66 58 05 4.48 7.5 f
HM 20 03 54 379 466 58 10 2.03 5.4 f
HM 21 03 54 38.0 466 57 30 18.62 9.8 b
HM 22 03 54 38.2 466 57 39 6.46 9.0 f
HM 23 03 54 388 +66 57 29 15.34 11.0 b
HM 24 03 54 38.8 466 56 33 .68 4.1 f
HM 25 03 54 399 466 57 10 9.11 9.6 b
HM 26 03 54 40.0 466 58 27 2.44 7.5 f
HM 27 03 54 41.3 +66 58 44 3.58 7.5 b
HM 28 03 54 42.0 +66 57 41 9.39 11.7 f
HM 29 03 54 429 +66 57 48 2.67 6.6 f
HM 30 03 54 43.1 +67 00 18 4.18 8.4 f
HM 31 03 54 43.3 466 59 53 5.23 8.5 f
HM 32 03 54 43.3 466 58 44 2.43 6.3 f
HM 33 03 54 43.8 +66 57 46 6.50 9.3 b
HM 34 03 54 44.3 466 57 26 2.81 7.7 f
HM 35 03 54 45.1 466 59 58 8.22 8.6 b
HM 36 03 54 453 467 00 03 8.07 8.4 b
HM 37 03 54 45.6 +66 58 26 1.72 5.4 f
HM 38 03 54 46.8 +66 59 47 8.87 10.6 b
HM 39 03 54 475 466 59 33 11.71 10.5 b
HM 40 03 54 48.6 +66 59 46 5.30 7.5 b
HM 41 03 54 48.9 466 59 58 8.82 114 f
HM 42 03 54 49.5 +66 59 38 5.09 7.3 f
HM 43 03 54 49.5 +66 58 40 5.15 8.1 b
HM 44 03 54 50.3 +66 59 30 4.23 8.0 f
HM 45 03 54 50.7 +66 59 42 4.66 6.7 b
HM 46 03 54 51.3 +66 59 09 2.92 7.0 f
HM 47 03 54 51.3 466 58 46 5.89 8.9 f
HM 48 03 54 51.4 466 57 16 4.06 7.5 b
HM 49 03 54 52.1 +66 59 37 7.55 6.9 b
HM 50 03 54 52.1 466 57 33 3.28 7.8 f
HM 51 03 54 52.2 466 59 40 18.98 8.9 b
HM 52 03 54 52.3 +66 57 12 1.66 5.9 f
HM 53 03 54 525 +66 59 10 4.00 7.3 b
HM 54 03 54 529 +66 58 52 1.55 5.8 f
HM 55 03 54 53.2 466 59 38 12.04 9.9 b
HM 56 03 54 534 467 00 51 4.49 8.8 f
HM 57 03 54 54.0 +66 58 54 3.17 8.4 f
HM 58 03 54 54.2 467 00 02 8.91 9.2 b
HM 59 03 54 54.7 +66 59 60 5.96 7.3 b
HM 60 03 54 553 +66 57 36 3.14 7.2 f
HM 61 03 54 55.5 466 57 57 10.92 13.6 d
HM 62 03 54 56.4 +67 01 22 19.34 14.7 b
HM 63 03 54 56.9 466 57 31 5.96 10.3 d
HM 64 03 54 584 +67 01 20 6.77 10.9 f
HM 65 03 55 00.6 +67 02 50 5.48 9.2 f
HM 66 03 55 01.1 467 00 13 3.98 7.4 f
HM 67 03 55 01.2 466 59 11 2.10 6.8 f
HM 68 03 55 02.0 +67 00 23 4.16 7.7 f
HM 69 03 55 024 +67 01 03 29.20 14.9 b
HM 70 03 55 03.7 +66 57 50 9.67 7.9 f
HM 71 03 55 044 466 57 46 8.15 5.9 b
HM 72 03 55 04.6 +66 57 39 54.12 10.6 b
HM 73 03 55 04.7 466 57 30 3.55 5.4 f
HM 74 03 55 04.8 466 58 06 7.96 7.6 f
HM 75 03 55 049 +66 57 59 8.85 7.2 f
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TABLE 2—Continued

Number Coordinate (1950) Flux (x1071%)  Diameter Morphology
o ) erg cm ™2 1 (arcsec) Class

HM 76 03 55 05.3 +66 59 56 4.86 8.9 f
HM 77 03 55 05.8 +66 57 20 8.18 9.1 f
HM 78 03 55 05.8 +66 57 43 29.94 7.8 b
HM 79 03 55 059 +66 57 36 12.37 7.3 b
HM 80 03 55 06.2 466 57 50 12.33 5.9 b
HM 81 03 55 06.8 466 57 54 99.30 16.2 b :
HM 82 03 55 069 +66 57 27 15.45 94 b
HM 83 03 55 07.2 466 57 15 1.95 5.2 f
HM 84 03 55 084 466 57 39 54.17 14.5 b
HM 85 03 55 08.8 +66 57 21 8.55 8.9 f
HM 86 03 55 09.9 467 01 27 3.17 7.1 f
HM 87 03 55 09.9 +66 57 54 7.91 8.1 f
HM 88 03 55 10.0 +66 57 48 3.77 5.5 f
HM 89 03 55 10.2 466 56 41 1.69 4.8 f
HM 90 03 55 10.2 +66 56 52 .98 4.3 f
HM 91 03 55 104 +66 57 25 4.00 6.3 f
HM 92 03 55 11.0 +67 02 24 9.17 8.4 b
HM 93 03 55 11.0 466 57 39 9.64 9.9 f
HM 94 03 55 11.1 466 57 48 19.49 11.9 f
HM 95 03 55 114 466 57 23 10.86 9.6 f
HM 96 03 55 12.5 +66 58 54 13.92 12.5 b
HM 97 03 55 129 +66 57 20 3.50 6.5 f
HM 98 03 55 13.8 +66 59 34 1.02 44 f
HM 99 03 55 13.9 +66 57 18 5.22 7.6 f
HM 100 03 55 13.9 +66 57 33 4.03 7.0 f
HM 101 03 55 15.7 466 57 56 58.75 14.5 b
HM 102 03 55 168 +66 58 34 16.29 12.8 f
HM 103 03 55 17.1 +67 02 55 3.30 7.7 f
HM 104 03 55 184 466 58 20 12.32 11.6 f
HM 105 03 55 19.2 +67 02 07 5.22 9.7 f
HM 106 03 55 19.5 +66 56 52 2.37 6.0 f
HM 107 03 55 19.8 467 03 01 8.39 12.9 d
HM 108 03 55 20.1 <466 58 44 3.80 7.3 f
HM 109 03 55 23.7 467 03 59 6.30 8.1 b
HM 110 03 55 24.7 +67 03 55 5.00 7.2 b
HM 111 03 55 25.0 +67 03 05 2.31 6.8 f
HM 112 03 55 25.5 +67 03 31 5.98 10.2 d
HM 113 03 55 26.2 467 03 45 1.28 4.8 f
HM 114 03 55 27.2 467 00 48 9.32 11.9 b
HM 115 03 55 28.8 467 04 38 1.37 4.7 f

No. 9). Their values for oxygen abundances (Table 5) agree

— —— : —— within the errors with ours.
-34 - . Table 6 lists the derived values for ¢(Hp), the logarithmic
% . extinction at HB. We have converted these to reddening values
_35 L v v 4 ing the relati
35 Y wge00® . using the relation
= 36 i oV, Vv L 1 E(B—V) = c(HB)/0.4(R + 0.53)
_36 o i
I H Ve ° (see Howarth 1983) and a value of R of 3.1. These values are
Z _37 L ° . about equal to or larger than the adopted values for fore-
&b L i i ground reddening, indicating the presence of some internal
~ _3glL ®e | reddening in the galaxies and their H 11 regions. For UGC A86
| @ UGC-A 86 | the difference is negative, suggesting that there is very little
v EGB . . . . .
39 v WIM _ internal reddening. This result is contrary to the suggestion of
—40 L | L 1 L | L | L | L | L 1 L TABLE 3
345 350 355 36.0 36.5 37.0 37.5 38.0 385 SCALE PARAMETERS
log(L) Galaxy a D, (po)

FiG. 4—Ha luminosity functions for three galaxies. Luminosities are in

units of ergs s~ *. Note that if our assumed distances to UGC A86 and EGB gg‘g[ 0427+63 """ B }f f 82 gg f éo
0427+ 63 are wrong, their curves in this and the following figure will shift UGC A86 ... 19701 04
lateralty. - 7 VOLAKL ... 9+0. +
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8: [ ® o ° 1 3 | 5 1
L = .
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L g L PY ] i * 1
v L o) i
L v | - £

\% 3 I - [ ] | § 2 8 -—1 —
N— v — r Q -
E 2+ [ ] _ e | :=| :
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Diameter (pc) 4000 5000 6000

Wavelength (&)

F1G. 6.—Spectrum of H 11 region No. 9 in WLM with some of the lines
identified (KPNO 2.1 m telescope).

F1G. 5.—Size distributions for the three galaxies

TABLE 4
LINE RATIOS
Line WLM No. 7 WLM No. 9 EGB No. 15 EGB No. 17 UGC A86 No. 81 UGC A86 No. 101
3727[0m]..c.cenecnnnnn.. 145+ 0.26 1.04 +0.23 0.39 + 0.85 175 + 1.53 1.73 £ 1.27 2.10 + 1.54
3868 [Nem]....... 0.39 + 0.07 0.32 £ 0.10
3889 H8 + He 1 0.26 + 0.05
3968 H7 + [Nem]...... 0.28 + 0.05 0.18 + 0.06
4026 Hel................. 041 + 0.29 0.55 + 0.39
4101 HY .... 0.29 + 0.05 0.28 +0.09
4340Hy ......ooevent 0.51 £ 0.07 0.45 + 0.09 0.48 + 0.19 0.63 + 0.25
4363 [O 1] 0.09 + 0.01 0.05 + 0.06
4471 Her ..... 0.05 + 0.01
4861 HB....... 1.00 + 0.13 1.00 + 0.14 1.00 + 0.23 1.00 1+ 0.21 1.00 + 0.14 1.00 + 0.14
4959 O] ... 123+ 0.16 1.50 + 0.21 1154+ 025 1.35 £ 0.29 142 +0.22 096 + 0.15
5007 [O m] ... 3.70 + 0.48 4.32 +0.58 3.354+0.75 4.35 + 0.98 437 £ 0.75 3.02 +0.51
5876 He...... 0.11 £ 0.02 0.07 £+ 0.03 0.15 + 00.12 0.18 + 0.14 0.14 + 0.09 0.16 + 0.10
6312 [Su] ... 0.02 £+ 0.02 0.05 + 0.05
6563 Ha ....... 242 + 247 297 + 0.59 2.82 + 2.55 2.87 + 3.00 3.00 + 2.68 292 + 2.61
6584 [N1].... 0.04 + 0.01 0.13 £+ 0.04 0.07 4+ 0.07 0.03 + 0.04 0.09 + 0.09 0.10 + 0.09
6678 He1...... 0.04 + 0.02 0.04 + 0.04 0.04 1 0.04
6717 [Su] .... 0.10 + 0.02 0.18 £+ 0.05 0.12 +0.12 0.10 + 0.12 0.15 + 0.15 0.16 + 0.16
6731 [Su] ...... 0.08 + 0.02 0.16 + 0.04 0.07 £+ 0.07 0.06 + 0.07 0.11 £ 0.11 0.12 + 0.12
7135 [Arm] .... 0.06 + 0.01 0.09 + 0.03 0.04 + 0.05 0.11 + 0.14 0.08 + 0.09 0.06 + 0.07
C(HP) covvveeiiinne. 0.00 + 0.16 0.29 + 0.28 121 £ 091 143 + 1.05 1.19 + 0.57 0.52 + 0.57
EWMHS) ..covvvvvennennn. 377 40.5 112 60.3 73.1 223
F(HP) x 10715 ......... 15.7 7.24 0.78 0.61 293 322
log [Ou)/[Om]........ —0.53 + 0.09 —-0.75 £ 0.11 01.06 + 0.95 00.51 + 0.35 —0.52 +£0.32 —0.28 +0.32
log (R23) .evvnvinnnnnnn. 0.80 + 0.04 0.84 + 0.04 0.73 + 0.14 087 +0.14 0.88 + 0.09 0.78 + 0.12
log [Om]/[Nn]........ 205 £ 0.10 1.66 + 0.13 1.82 + 0.44 2.23 +0.52 1.80 + 0.40 1.60 + 0.40
log [Nu]/[Om]......... —-1.52 +0.12 —-091 +0.16 —-0.78 + 1.04 —-1.71 £ 0.64 —-1.27 +0.51 —-1.32 +0.51
TABLE $§
- ABUNDANCES OF H 11 REGIONS
O/H N/O Ne n/H Su/H Ar m/H O/H
H u Region (x10%) (x 100) (x 10°) (x107) (x107) (x 10%

WLM No. 7......c.eeent 52408 25+08 7+2 1.7+ 04 22+ 06 6+3

WLM No.9............. 6.5+ 1.1 105 73+25 37+ 1.0 39+ 14

EGBNo. 15............. 5(+4/-2) <3 <4 <11

EGBNo. 17 ... 4(+2/-1) <12 <3 <5

UGC A86 No. 81....... T+2 <8 <6 <5

UGC A86 No. 101...... 6+2 <12 <6 <6

2 Skillman et al. 1989.
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TABLE 6 TABLE 7
REDDENINGS STAR FORMATION RATES AND FORMATION TIMES u
Adopted Foreground log L (Ho) Star Formation Rate Tiorm

Galaxy Meanc(Hf) Mean E(B—V) E(B—V) Galaxy (ergs s~ 1) Mg yr™h (Gyr)
WLM................ 0.14 + 0.14 0.10 £ 0.10 0.02 WLM........oele 1.2 x 1038 0.0011 150
EGB 0427+63....... 132+ 0.11 0.90 + 0.08 0.25 EGB 0427+63...... 1.3 x 1038 0.0012
UGC AS86 ........... 0.85 + 0.33 0.59 + 0.23 0.65 UGC AS86 ........... 1.6 x 10%° 0.014 7

LGS3 ... 0 0 ©

Richter et al. (1991), who suggest that the star-forming regions
of the galaxy might be heavily reddened, as indicated by the
presence of the infrared source IRAS 3550+ 6557 in the field.
Apparently the source, if it is connected with UGC AS86, is not
involved with the Hu regions for which we measured
reddenings.

7. TOTAL STAR FORMATION RATES

To gain an idea of the level of star-forming activity in the
galaxies discussed here, we have calculated total star formation
rates using the precepts given by Kennicutt (1983), which
assume a modified Salpeter IMF. Table 7 lists these data,
which are based on the sum of the fluxes of the H i1 regions
identified in Table 1. This total ignores any diffuse Hx emission
that may be present, which may introduce only a small error,
according to comparisons for similar galaxies (Miller & Hodge
1994). The range of current star formation rates is from zero for
LGS 3t00.014 Mg yr ! for UGC A86.

Another informative parameter is the formation timescale
that is determined by comparing the present star formation
rate with the total rate that would be needed to form all the
galaxy’s stars (Kennicutt 1983). We have defined this in terms
of the timescale, ¢, calculated by using the total blue magni-
tude as a measure of the total stellar content and by assuming
that M/L = 2 in solar units for determining the total stellar
mass; with poor or nonexistent information about the colors of
these galaxies, we cannot use galaxy evolution models, as we
did for the M81 dwarfs (Miller & Hodge 1994). Table 7 lists

values for 7., which range from infinity (of course) for
LGS 3, which is not now forming stars, though it still has H 1
gas, to 7 Gyr for UGC A86, which has a higher than average *
level of current activity. WLM, with a value of t;,,,, of 150 Gyr,
must be in a relatively quiet phase, a conclusion that agrees
with that reached on the basis of model-fitting its color-
magnitude diagram (Ferraro et al. 1989). We cannot calculate
the formation time for EGB 0427 + 63 because, with no know-
ledge of either its apparent magnitude or its distance, there are
difficulties in calculating its luminosity.

The figures in Table 7 for the two galaxies with highly uncer-
tain distances (EGB 0427 + 63 and UGC A86) have to be con-
sidered as very tentative, of course. If they are significantly
farther than our adopted distances, the star formation rate
values will be much larger. The formation timescale will not
change, since it is based on the ratio of two luminosities.

In conclusion, we find that these nearby dwarf galaxies rep-
resent a full range of star formation histories, from a galaxy
that stopped forming stars long ago and that has only a small
amount of residual gas (LGS 3), to a galaxy in a higher than
average state of star-forming activity (UGC A86).

We are grateful to the National Science Foundation for
partial support through grant 92-15821 and to Andrew
Dolphin, who helped reduce the spectra and calculated the
elemental abundances.
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