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Abstract. We have carried out CCD photometry in the
Cousins B and R bands of 25 dwarf galaxy members and
suspected members of the M 81 group of galaxies. Based
on azimuthally averaged brightness profiles we have de-
rived total magnitudes, effective radii, effective surface
brightnesses, as well as galaxy diameters at various isopho-
tal levels in both photometric bands. Best-fitting exponen-
tial parameters and B−R colour gradients are also given
for these galaxies. The data will be interpreted, along with
those of another supplementary paper, in Paper III of this
series (to appear in the main journal).

In two appendices we discuss the nature of a clustering
of unusual low-surface brightness objects in the south-east
corner of the M 81 group and show the luminosity function
of its presently known members.
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1. Introduction

Dwarf galaxies are by now widely recognized as prime lab-
oratories for the study of many key issues of astronomy,
such as structure formation, galaxy evolution, star for-
mation, and dark matter (e.g., Meylan & Prugniel 1994;
Ferguson & Binggeli 1994). Up to the present, studies
of dwarf galaxies have concentrated either on clusters of
galaxies, such as Virgo and Fornax, or the Local Group
(LG). The clusters, although rich in dwarfs, are relatively
distant. The LG dwarfs can be studied in great detail, but
there are only a few of them and these are much fainter,
intrinsically, than the known cluster dwarfs. Hence there
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is a gap of data and knowledge between LG and cluster
dwarfs.

To bridge (i.e., fill-in) that gap, we have started
an observing programme, at the Observatoire de Haute
Provence (OHP), to do systematic imaging of dwarf galax-
ies in nearby groups and the general field, by drawing on
the “10 Mpc Catalogue” of galaxies of Kraan-Korteweg &
Tammann (1979), updated by Schmidt & Boller (1992).
Our goal is to derive all relevant spectrophotometric pa-
rameters for these dwarfs of intermediate brightness and
to compare them with existing data on the dwarf galaxy
populations of the LG and the Virgo and Fornax clusters.

This paper is the first in a series dedicated to this
purpose. A more detailed account of the scientific back-
ground and motivation of our project will be given in a
later paper. Here we report on a first campaign of CCD
photometry of dwarf galaxy members of the M 81 group
of galaxies. This most prominent nearby galaxy group in
the northern hemisphere is a natural starting point for
our programme. It is quite nearby, with D ≈ 4 Mpc
(Karachentsev & Tikhonov 1994), and approximately 2
times as rich as the LG (above a given absolute magni-
tude). Our principal knowledge of the dwarf galaxy pop-
ulation of the M 81 group is due to the extensive photo-
graphic survey of Börngen et al. (1982)

In our first observing campaign we did B and R
imaging for essentially all (≈ 35) known dwarf mem-
bers from Börngen et al.’s list. Paper II will present deep
B, V, R, I photometry for a subsample of non-resolved
(early-type) dwarfs. However, for the purpose of com-
pleteness we use here part of the material from Paper II,
so that the principal data on the group members can
be found in the present paper, including a CCD picture
gallery which supplements/supersedes the photographic
atlas of Karachentseva et al. (1985). The photometric
data, i.e. surface brightness profiles and colour gradients
presented here and in Paper II will be interpreted in
Paper III, which is to appear in the main journal of A&A.
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Ho II Kar 52

DDO 53 UGC 4483

Kar 54 UGC 4998

Fig. 1. Best images of the M 81 group dwarf members listed in Table 1, in the same order. Where available, a 40 min. V image
from Paper II is shown, except for BK 5N (B, 80 min) and UGC 5423 (V , 20 min), otherwise a 40 min. B image from the
present photometry. The scale is the same for all pictures and is given by the size of one image side = 6.′6. North is up and east
to the left
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Ho I BK 1N

NGC 2976 BK 2N

Kar 59 BK 3N

Fig. 1. continued



316 T. Bremnes et al.: Structure and stellar content of dwarf galaxies. I.

A952+69 Kar 61

Ho IX BK 5N

DDO 71 UGC 5423

Fig. 1. continued
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Kar 64 DDO 78

UGC 5658 IC 2574

DDO 82 BK 6N

Fig. 1. continued
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DDO 87 Kar 73

Kar 74

Fig. 1. continued

In Appendix A we discuss the possible nature of an
unusual clustering of low-surface brightness objects in the
south-east corner of the M 81 group. While the case for
extra-galactic objects (Börngen et al. 1984) remains vi-
able, we argue in favour of a galactic nature (cirrus clouds)
for at least some of the cases.

In Appendix B we show the luminosity function for
M 81 group galaxies.

2. The sample

In Table 1 we give a complete list of the presently known
members and possible members of the M 81 group, in-
cluding also some galaxies in the near background which
had been classified as dwarf members before a velocity
became available. This list was prepared by Binggeli (Van
Driel et al. 1998) based on Börngen et al. (1982, 1984) and
Karachentseva et al. (1985). A map showing the distribu-
tion of these objects on the sky can be found in Van Driel
et al. (1998). The observational status of the dwarfs with

respect to the photometry of both the present Paper I
and the upcoming Paper II is given in the Cols. 11–14 of
Table 1. A gallery of our best images, in terms of depth,
seeing, and morphological detail, is given in Fig. 1. As the
images from Paper II are usually superior due to a longer
exposure time, we show them here instead of the some-
what less deep images from the first observing campaign.
Deep R exposures of the objects suspected to be galactic
cirrus clouds are presented in Figs. A1, A2 and A3.

The present photometry is based on the images of 32
objects which were taken on three nights in December
1992 and seven nights in March 1993 on the 1.2 m tele-
scope of the OHP by P. Prugniel. They are 40 minute
Cousins B and 20 minute Cousins R exposures. The cam-
era used was the n◦2 Tektronix 512×512 CCD. One pixel
corresponds to 0.′′77, giving a frame size of 6.′6 × 6.′6.
Due to non-optimal weather conditions or contamina-
tion by nearby bright stars (the 1.2 m has a peculiar
point spread function showing six “branches” due to the
hexagonal tube, added to an electronics problem causing
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Fig. 2. Radial surface brightness profiles of the dwarf elliptical
galaxies in B (lower) and R (upper). The dotted lines represent
the exponential fits, as described in Sect. 4.2

cross-column streaks to one side of bright objects), we
had to reject some of the images, so only about 20 galax-
ies could finally be successfully measured. Galaxies with
less certain photometry are indicated in the last column of
Table 1 with a colon. Table 1 lists the total sample imaged
during the runs.

3. Reductions

3.1. General

The images were flatfielded by the observer (P. P.) using
a combination of dome and sky flats. Cosmic rays were
then removed with the FILTER/COSMIC procedure in the
MIDAS reduction package. The sky background was then
fitted using FIT/FLAT SKY with parameters set such that
the background was approximated by a tilted plane, pre-
venting the inclusion of higher order effects due to the sky
subtraction itself.

One of the greatest challenges with dwarf galaxy pho-
tometry is to cope with the extremely low signal-to-noise
ratio, as even the central surface brightnesses of these
galaxies often represent only 10% of the night sky bright-
ness. The night sky itself then introduces a considerable
amount of Poisson noise comparable to the galaxy signal
(see below).

A very good method to improve the signal-to-noise ra-
tio, and hence the accuracy of the photometry, is to em-
ploy azimuthal averaging of a galaxy image around a pre-
chosen centre. This can be done by calculating “growth
curves” (GC) where the light is integrated in concentric
circles of increasing radius, corresponding to a simulated
aperture photometry. The (azimuthally averaged) surface
brightness profile then results from differentiating back
the GC (see Sect. 4.1).

Growth curves were constructed in one-pixel-steps cen-
tred on the galaxy centre using INTEGRATE/APERTURE, af-
ter nearby or overlaying stars had been removed.

The removal of stars from the frames was done with
MODIFY/AREA. This procedure replaces a pre-defined area
with a constant, a plane or a second order polynomial
surface fitted to the surrounding areas depending on the
parameters set. A proper point spread function fitting and
removal of the bright stars was made impossible by the
non-rotationally symmetric psf.

The galaxy centres were determined by fitting ellipti-
cal isophotes to the faint outer parts of the galaxies with
FIT/ELL3 so as to centre on the old population, or by
using an intensity weighted 2-dimensional centring proce-
dure CENTER/MOMENT where the ellipse fitting was too per-
turbed to be used. In a few cases the centring was done
by eye, for the very irregular galaxies.

A further great advantage of the GC-method is that
one can easily control the sky subtraction by noting
that the GC should be asymptotically flat at large radii
if the background is correctly removed (Binggeli et al.
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Fig. 3. Radial surface brightness profiles of the dwarf irregular galaxies in B (lower) and R (upper). The dotted lines represent
the exponential fits, as described in Sect. 4.2. Note: The profiles of NGC 2976 are shifted one magnitude downward (fainter) in
the plot. BK 6N, UGC 5423 and UGC 5658 are arbitrarily shifted in surface brightness
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Table 1. Members and possible members (P) of the M 81 group, and near background galaxies (BG) in the same area

Ident. Ident. R.A. Dec. Type D25 BT Vhel photometry/colours Qual.
(h m s) (◦ ′ ′′) (′) (mag) (km/s) B V R I

1. UGC04305 Ho ii 08 13 53.5 70 52 13 Im 7.91 10.921 157 ◦ ◦
2. PGC139073 Kar 52 08 18 43.0 71 11 25 Im 1.81 18.81 114 ◦ • :
3. UGC04459 DDO 53 08 29 33.3 66 21 08 Im 1.2 14.62 19 • •
4. UGC04483 UGC 4483 08 32 07.0 69 57 16 Im 1.1 15.12 156 • • :

BG 5. UGC04945 Kar 54 09 17 01.0 75 58 49 Im 0.8 15.75 659 • •
BG 6. UGC04998 UGC 4998 09 20 52.9 68 35 53 dS0: 1.15 14.47 632 • • :

7. UGC05139 Ho i 09 36 00.9 71 24 55 Im 2.14 13.69 136 • • :
BG 8. PGC027949 BK 1N 09 41 00.0 69 37 00 Im - 17.41 570 • •

9. NGC2976 NGC 2976 09 43 11.5 68 08 45 Sd 4.47 10.94 3 • • :
10. PGC028163 BK 2N 09 43 42.0 69 30 00 dE? 0.18 18.14 • ? •? ?

11. PGC028411 Kar 59 09 46 40.0 72 17 41 Im 0.3 17.12 ◦ ? ◦? ?
12. PGC028529 BK 3N 09 49 42.0 69 12 00 Im - 18.89 −40 • •
13. NGC3031 M 81 09 51 27.3 69 18 08 Sb 26.91 7.391 −34

14. NGC3034 M 82 09 51 43.6 69 55 00 Amorph 11.21 8.861 203

15. PGC028759 A952+69 09 53 27.0 69 31 18 Im 14.33 ◦ ◦
16. PGC028731 Kar 61 09 53 01.0 68 49 48 dE,N 0.4 15.17 • ? •? ?

17. UGC05336 Ho ix 09 53 28.0 69 16 53 Im 2.51 14.071 46 ◦ ◦
18. NGC3077 NGC 3077 09 59 21.9 68 58 33 Amorph 5.41 10.321 14
19. PGC029167 Garland 09 59 54.0 68 55 30 Im 50
20. PGC029231 BK 5N 10 00 42.0 68 30 00 dE: - 17.46 •? ? •? ?
21. UGC05428 DDO 71 10 01 18.0 66 47 53 dE,N 0.4 15.95 • ? •? ?

P 22. UGC05423 UGC 5423 10 01 25.3 70 36 27 BCD 0.91 14.861 349 ◦? ? ◦?
23. UGC05442 Kar 64 10 03 07.2 68 04 20 dE,N 0.56 15.46 • ? •? ?

24. PGC030664 DDO 78 10 22 48.0 67 54 40 dE 2.0 14.32 ? ? ?

BG 25. UGC05658 UGC 5658 10 23 52.6 71 29 34 Im 1.0 15.02 1159 ◦ ◦
26. IC2574 IC 2574 10 24 41.3 68 40 18 Sm 13.21 10.331 47 ◦ ◦
27. UGC05692 DDO 82 10 26 48.0 70 52 33 Sm/BCD: 1.85 13.52 40 • •
28. PGC031286 BK 6N 10 31 00.0 66 16 00 dE 16.0 2 ◦ ? ◦? ?

P 29. BKK 1 10 45 43.4 65 02 43 ? 17.42

P 30. PGC032385 UGCA 220 10 46 06.5 64 59 11 Im: - 16.77 •? ? •?
P 31. UGC05918 DDO 87 10 46 17.5 65 47 43 Im: 0.7 15.17 338 • ? •? ?

P 32. BKK 4 10 46 59.0 65 03 52 ? 16.32

P 33. PGC032467 BK 7N 10 47 06.0 65 22 00 ? 16.22 ◦ ? ◦?
P 34. BKK 6 10 47 13.2 65 00 34 ? 16.52

P 35. BKK 7 10 47 22.1 65 05 46 ? 16.52

36. PGC032667 Kar 73 10 49 30.0 69 48 55 Im 0.2 17.20 115 • •
P 37. PGC032710 BKK 8 10 50 30.0 65 31 20 ? 15.52

P 38. BKK 9 10 50 54.0 65 17 00 ? 16.12

P 39. PGC032757 BK 8N 10 51 07.4 65 28 09 ? - 16.50 • ? •? ? :

P 40. PGC032769 BKK 11 10 51 20.0 65 32 50 ? 15.82 ? ? ?
41. PGC033305 Kar 74 10 59 05.2 70 32 01 dE/Im: 0.2 17.93 • ? •? ? :

Notes: Column 4: BKK refers to Börngen et al. (1984). Columns 5 and 6: 1950 epoch coordinates taken from the NED.
Column 7: Dwarf type reckoned by B.B. on the system of Sandage & Binggeli (1984),“?” = galactic cirrus? (see Appendix A).
Columns 8 and 9: Diameter at µ = 25 mag/ut′′ and total apparent blue magnitude from the present photometry, from

Schmidt & Boller (1992) (1), Börngen et al. (1984) (2) and from other sources compiled by one of us (B. B.) (3).
A “-” means the galaxy is nowhere above µ = 25 mag/ut′′. Column 10: heliocentric velocity from Van Driel et al. (1998).
Columns 11–14 indicate the inclusion in the OHP observing programme: circle = present Paper (◦ image only, • with photometry),
? = Paper II. The last column indicates galaxies with less certain photometry with a colon.

1984). The sky subtraction is critical for the correct
photometry of the dwarfs, due to the extremely low sig-
nal compared to the background. Indeed, a typical sky
background value is ∼ 22 mag/ut′′ in the B band, whereas
a typical value for the central surface brightness of the
galaxies is µexp

0 ∼ 24 mag/ut′′ and the outskirts of the
galaxies are here traced down to approximatively µ ∼
28 mag/ut′′. The accuracy of the sky determination as well
as its final flatness must on average be, in a region around
the dwarfs, well with in fractions of a percent, typically
0.05% of the original sky background level, if one is to
obtain GC’s that flatten out correctly at large radii.

3.2. Magnitude scale and errors

Setting the magnitude scale was done using standard stars
from the photometry of SN 1993J (De Vaucouleurs et al.
1994). These are situated within frames centred on the
core of M 81, which was imaged twice per night. Aperture
photometry of the stars was done with the MAGNITUDE/-

CIRCLE procedure. As the extinction curve was under-
sampled, the standards were reduced to an airmass of 1.2,
so as to minimise the errors caused by the uncertainties
in the slopes of the extinction curves.

Due to the non-photometric conditions and the ab-
sence of standard star sequences, the main contributor
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to the errors remains the uncertainties in the photomet-
ric zero point determination. The calibrations rest upon
aperture photometry of stars superposed on M 81. It ap-
pears realistic to estimate a magnitude scale error of up
to 0.2 mag for our objects. This is in accord with the re-
sults of Paper II (see Paper II), which show deviations in
µ0 (see Sect. 4.2, this being the most reliable comparison
due to the different reduction methods employed) of the
order of 0.13± 0.24 in B and 0.10± 0.25 in R. See Sect.
4.1 for typical errors on the radial profiles due to the low
signal-to-noise.

3.3. Galactic absorption

All the magnitudes in this paper are corrected for galactic
absorption using the csc law given in Sandage & Tammann
(1987) for the B band, which we transformed into the
R band by way of the interstellar absorption curve (e.g.,
Mihalas & Binney 1981):

AB = 0.132(csc(b)− 1)

AR = 0.57AB. (1)

Typical values for the region around M 81 are AB =
0.08 mag and AR = 0.05 mag, hence the effect is small.

4. Results

4.1. Model-free photometric parameters and radial profiles

Model-free photometric parameters as well as radial
brightness profiles can easily be derived from the GC’s.
Indeed, by definition the GC is the function defined by
the radial integral of the flux per unit area for increasing
radius, that is

GC(r) ≡ F (r) =

∫ r

0

2πr′ f(r′) dr′, (2)

where, f(r′) is the average flux per unit area at radius
r′. For instance the total apparent luminosity M is the
asymptotic value of the total flux F (∞) converted into as-
tronomical magnitudes. The effective radius Reff , or half
light radius, is the radius where F (Reff) = 1

2F (∞). The
effective surface brightness <µ>eff is then the average sur-
face brightness within the effective radius, which can be
written as

<µ>eff [mag/ut′′] = M + 5 log(Reff [′′]) + 2. (3)

Finally, the azimuthally averaged surface brightness pro-
files are obtained by differentiating the GC’s with respect
to radius. Indeed , as one measures F (r) by the procedure
described above, and not f(r), one has

µ(r) = −2.5 log

(
1

2πr

d

dr
F (r)

)
+ C, (4)

Fig. 4. Radial colour profiles of the dwarf elliptical galaxies.
The solid and dotted lines represent the measured difference
between the B and R profiles and the difference between the
fitted exponentials, respectively
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where C is a calibration constant. It is then possible to
obtain R25, R26 and R27, radii at which the surface bright-
ness equals 25, 26 and 27 mag/ut′′ respectively.

The global photometric parameters are listed in Table
2, and the columns represent:
Column 1: number of the galaxy ordered by increasing
right ascension
Column 2: name of the galaxy
Column 3: total apparent magnitude in the B band
Column 4: total apparent magnitude in the R band
Column 5: effective radius in B (arcsecs)
Column 6: effective radius in R (arcsecs)
Column 7: effective surface brightness in B (mag/ut′′)
Column 8: effective surface brightness in R (mag/ut′′)
Column 9: radius where <µ> = 25 mag/ut′′ in the B band
(arcsecs)
Column 10: as above, except <µ> = 26 mag/ut′′

Column 11: as above, except <µ> = 27 mag/ut′′

Column 12: radius where <µ> = 25 mag/ut′′ in the R
band (arcsecs)
Column 13: as above, except <µ> = 26 mag/ut′′

Column 14: as above, except <µ> = 27 mag/ut′′

Column 15: total B −R in magnitudes.

For various reasons (sky-background problem, ex-
tremely bright foreground star, etc.) it was not possible to
construct a reliable GC for Kar 59, Ho ix, and UGC 5423,
which appear without data in Table 2. For UGC 5658 and
BK 6N we were unable to set a proper magnitude scale;
here we can only give the effective radii and show the ar-
bitrarily scaled brightness profiles.

The radial brightness profiles in both colours are pre-
sented in Figs. 2 and 3.

The error caused by the poissonian nature of the
photons may be evaluated according to Gilliland (1992).
Applied to our profiles we find typically σ ≈ 0.1 mag in the
central part and 0.3 mag at the faint end. and an eror in
total magnitudes of the order of less than σ ≈ 0.05 mag. It
is clear that the main contributor to the errors is not pho-
ton shot noise but the magnitude zero-point as mentioned
in Sect. 3.2, and the fluctuations of the sky background
itself. The background indeed shows fluctuations of the
order of 0.5 − 1 ADU over large scales in the images. A
wrong sky determination of 0.5 ADU implies an error on
the total magnitude of the order of 0.05 mag − 0.1 mag.
Hence the total errors remain about 0.2 mag. A compari-
son with the independently derived profiles from Paper II
for galaxies in common shows agreement within this level
of uncertainty.

4.2. The exponential model: Fits and parameters

It is well accepted that the radial intensity profiles of dwarf
galaxies can be reasonably well fitted by a simple expo-
nential (De Vaucouleurs 1959; Binggeli & Cameron 1993).
This applies not only for dwarf ellipticals, but also for ir-

regulars, if one looks aside from the star-forming regions
and considers the underlying older population. These pro-
files can be written as

I(r) = I0 exp

(
−
r

r0

)
≡ I0 e−αr, (5)

which in surface brightness representation becomes a
straight line

µ(r) = µ0 + 1.086 αr. (6)

The central extrapolated surface brightness µ0 and the
exponential scale length 1/α are the two free parameters
of the exponential fit. In this work the fits to the profiles
were done on the outer parts of the profiles by a least
squares fitting procedure. The best-fitting parameters
are listed in Table 3. No exponentials could be fitted to
Kar 52 and BK 3N.

The deviation from a pure exponential law is expressed
by the difference between the total magnitude of an expo-
nential intensity law given by

Mexp = µexp
0 + 5 logα− 2.0, (7)

and the actual measured total magnitude. The results are
shown in Table 3. The difference is an indication of the
goodness of fit of the exponential intensity profile. The
columns of Table 3 are as follows:
Column 1: as Col. 1 of Table 2
Column 2: as Col. 2 of Table 2
Column 3: extrapolated central surface brightness accord-
ing to Eq. (6) in the B band, in mag/ut′′

Column 4: as above, in the R band
Column 5: exponential scale length in arc seconds, in the
B band
Column 6: as above, in the R band
Column 7: difference between the total magnitude as de-
rived from the exponential model and the true total mag-
nitude, in the B band
Column 8: as above, in the R band
Column 9: radial colour gradient determined from the dif-
ference in the slopes of the model fits, in magnitudes, as
described below in Sect. 4.3.

4.3. Colour gradients

The colour gradients are listed in the last column of
Table 3 as calculated from the difference in the slopes in
the surface brightness representation, i.e.[

d(B −R)

dr

]
exp

= 1.086 (αB − αR), (8)

and are given in magnitudes per arcsec. The colour gradi-
ents, from Table 3, as well as the true observed gradients
obtained by subtracting the two colour surface brightness
profiles are plotted in Figs. 4 and 5.
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Fig. 5. Radial colour profiles of the dwarf irregular galaxies. The solid and dotted lines represent the measured difference
between the B and R profiles and the difference between the fitted exponentials, respectively

5. Notes on individual galaxies

Ho ix and NGC 2976 are too large to be reasonably pho-
tometered with the n◦2 Tektronix 512×512 CCD camera’s
limited field of view. Therefore the given values of the dif-
ferent parameters should be taken as lower or upper limits
respectively.

The radial profile of BK 5N seems to indicate a “nu-
cleus” apparent in the R band only. It appears on HST
images that this feature is in fact a background galaxy
(Caldwell et al. 1998).

Kar 61 is classified in this paper as a dE,N. This
galaxy has recently been shown by Johnson et al. (1997) to
contain a ionHii region, and they suggest that this galaxy
might be a dwarf irregular.

DDO 71 seems to have an “off centre” nucleus, see
Fig. 1.

Acknowledgements. T.B. and B.B. thank the Swiss National
Science Foundation for financial support. We thank Pierre
Lesaffre for measuring the colours of the cirrus clouds dis-
cussed in Appendix A. To obtain the IRAS image shown in
Fig. A4, we have been a Guest User, Canadian Astronomy
Data Center, which is operated by the Dominion Astrophysical
Observatory for the National Research Council of Canada’s
Herzberg Institute of Astrophysics.

A. Dwarf galaxies or galactic cirrus clouds?

During their extensive Schmidt survey of the M 81 group,
Börngen et al. (1984) discovered an unusual cluster of 11
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Table 2. Global photometric properties. See text for explanations

Number Galaxy BT RT rBeff rReff <µ>Beff <µ>Reff RB25 RB26 RB27 RR25 RR26 RR27 B −R
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)

2 KAR 52 - 15.59 - 84.7 - 27.23 - - - - 38.5 63.9 -
3 DDO 53 14.62 13.60 32.3 40.8 24.17 23.66 36.2 51.6 63.1 52.4 71.6 95.5 1.02
4 UGC 4483 15.12 14.70 19.2 17.7 23.54 22.94 33.1 37.0 43.9 34.6 38.5 42.4 0.42
5 KAR 54 15.75 14.35 22.33 29.3 24.50 23.68 23.9 34.6 40.8 35.4 53.1 67.8 1.41
6 UGC 4998 14.47 13.24 25.4 28.5 23.49 22.52 34.6 49.3 65.4 54.7 80.1 104.7 1.23
7 Ho i 13.69 12.69 69.3 79.3 24.90 24.19 64.3 93.2 118.6 92.4 132.4 174.8 1.00
8 BK 1N 17.41 15.97 16.17 16.6 25.45 24.08 - 16.2 25.4 19.2 26.9 40.8 1.43
9 NGC 2976 10.94 9.66 55.0 57.0 21.64 20.44 134.0 164.0 - - - - 1.28
10 BK 2N 18.14 16.99 10 10.4 25.14 24.08 5.4 10.8 18.5 11.5 19.2 25.4 1.14
11 KAR 59 - - - - - - - - - - - - -
12 BK 3N 18.89 18.44 7.7 7.3 25.23 24.76 - 10.0 12.3 - 10.8 18.5 0.45
16 KAR 61 15.17 13.64 50.8 56.2 25.70 24.39 12.3 35.4 72.4 53.1 94.7 120.1 1.53
17 Ho ix - - - - - - - - - - - - -
20 BK 5N 17.46 16.27 19.25 19.2 25.89 24.69 - 13.1 26.9 16.2 31.6 37.7 1.19
21 DDO 71 15.95 14.27 29.25 33.1 25.28 23.87 12.3 31.6 50.0 42.3 59.3 74.7 1.68
22 UGC 5423 - - - - - - - - - - - - -
23 KAR 64 15.46 14.04 36.19 40.0 25.25 24.05 16.9 34.6 54.7 41.6 66.2 101.6 1.41
25 UGC 5658 - - 13.8 12.3 - - - - - - - - -
27 DDO 82 13.52 12.18 42.35 45.9 23.65 22.49 55.4 80.8 107.0 92.4 117.8 144.8 1.33
28 BK 6N - - 32.3 35.4 - - - - - - - - -
30 UGCA 220 16.77 15.30 26.18 32.3 25.86 24.84 - 17.7 38.5 22.3 50.0 61.6 1.48
31 DDO 87 15.17 14.23 37.7 40.4 25.05 24.26 20.8 43.1 68.5 42.3 69.3 84.7 0.95
36 KAR 73 17.20 15.79 18.5 30.8 25.53 25.24 6.2 15.4 28.5 13.9 31.6 43.9 1.41
39 BK 8N 16.50 14.74 43.1 51.6 26.67 25.31 - 6.2 37.0 13.9 61.6 90.1 1.76
41 KAR 74 17.93 16.64 9.2 10.8 24.76 23.80 6.9 13.9 18.5 14.6 20.8 28.5 1.29

low-surface brightness objects in the SE corner of the re-
gion. Some of these objects, notably UGCA 220 and DDO
87 had been known before. DDO 87 is clearly a dwarf irreg-
ular galaxy, although its relatively high velocity renders it
a questionable member of the M 81 group. UGCA 220, on
the other hand, has not (yet) been detected in the radio
(see Van Driel et al. 1998, but is morphologically fairly
convincing as a galaxy (see Fig. A3).

However, the remaining nine objects, all of which
appear with a question mark in Table 1, are indeed
very strange, cloudy looking and we must doubt their
extra-galactic nature altogether. In our second observ-
ing campaign (Paper II) we have obtained images for
three of these objects. Deep R band exposures are shown
in Fig. A1 (covering objects BK 8N and BKK 11) and
Fig. A2 (with BK 7N). Also shown, in Fig. A3, is the en-
vironment of UGCA 220 which contains numerous other,
non-catalogued clouds, most notably a spectacular, boom-
erang-shaped feature that is apparently associated with
the background spiral galaxy UGC 5932 (Börngen et al.
1984). The nature of these fuzzy objects has been dis-
cussed by Börngen et al. (1984) who rightly point out that
they might simply be galactic cirrus clouds. The region of
M 81 is indeed known to be an area of great confusion be-
tween galactic and extra-galactic objects – in the optical
(Sandage 1976) as well as in the radio (Van Driel et al.
1998, and references therein). Nevertheless, the galactic
case is dismissed by Börngen et al. (1984) on the grounds
that these clouds appear to be fairly isolated with re-

spect to the prominent filamentary nebulosities around
M 81/M 82 found on a deep Schmidt plate by Sandage
(1976).

However, this argument is no longer valid, as an IRAS
sky survey map of the region in the 100 µm band, re-
produced here as Fig. A4, clearly shows some large-scale
cirrus structure around R.A. = 11 h and δ = 65 ◦ – very
close to our cloudy objects whose positions are superposed
on the IRAS picture.

On the other hand, Börngen et al.’s (1984) interpreta-
tion of this cluster of low-surface brightness objects as the
fragmentation of a protogalaxy into separate dwarf galax-
ies – while it cannot be ruled out completely – appears
unlikely.

One might think that the integrated colour is a tool to
discriminate between a galactic cloud and an extragalac-
tic stellar system. Since dust clouds are seen by the scat-
tered light of nearby stars, they should appear quite blue
– bluer than a galaxy. Indeed, a preliminary measurement
of the colours of BK 7N, BK 8N and of the boomerang
region in Fig. A3 by Pierre Lesaffre (see Paper II) gives
< B − V >≈ 0.4, which is rather blue. However, inde-
pendent measurements of the colours of reflection nebulae
and cirrus clouds have reveiled surprisingly red colours
(Witt & Schild 1985; Guhathakurta & Tyson 1989). In
any case, cirrus clouds and galaxies are largely overlapping
in colour, rendering the two indistinguishable in terms of
colour alone.
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Table 3. Model parameters. See text for explanations

Number Galaxy (µexp
0 )B (µexp

0 )R 1/αB 1/αR MB
exp −M

B MR
exp −M

R
[

d(B−R)
dr

]
exp

(1) (2) (3) (4) (5) (6) (7) (8) (9)

2 KAR 52 - - - - - - -
3 DDO 53 23.06 22.54 18.72 23.11 0.08 0.12 0.011
4 UGC 4483 22.15 21.36 10.54 8.98 −0.08 −0.11 −0.018
5 KAR 54 23.89 22.81 21.72 18.41 −0.54 0.13 −0.009
6 UGC 4998 22.50 21.51 15.53 17.21 0.08 0.09 0.007
7 Ho i 22.75 22.58 31.03 41.77 −0.40 −0.21 0.009
8 BK 1N 24.49 23.00 10.44 9.87 −0.02 0.06 −0.006
9 NGC 2976 20.52 19.33 36.2 37.45 −0.18 −0.09 0.002
10 BK 2N 24.06 23.09 5.75 6.35 0.12 0.09 0.018
11 KAR 59 - - - - - - -
12 BK 3N - - - - - - -
16 KAR 61 24.71 23.39 31.94 37.45 0.02 −0.12 0.005
17 Ho ix - - - - - - -
20 BK 5N 25.23 23.98 16.21 16.71 −0.28 −0.40 0.002
21 DDO 71 24.32 22.98 20.11 22.63 −0.15 −0.06 0.006
22 UGC 5423 - - 12.25 13.53 - - 0.008
23 KAR 64 24.19 22.98 20.88 23.11 0.13 0.12 0.005
25 UGC 5658 - - 9.10 8.04 - - −0.016
27 DDO 82 22.73 21.43 27.15 27.85 0.04 0.03 0.001
28 BK 6N - - 24.90 23.73 - - −0.002
30 UGCA 220 25.16 23.95 22.16 24.68 −0.34 −0.31 0.005
31 DDO 87 24.13 23.26 25.86 27.15 −0.10 −0.14 0.002
36 KAR 73 24.53 24.04 11.80 15.97 −0.03 0.23 0.024
39 BK 8N 25.98 24.51 49.36 45.25 −0.99 −0.50 −0.002
41 KAR 74 23.97 23.05 7.34 8.47 −0.29 −0.23 0.021

Nor would the surface brightness profile or the colour
gradient help us much to discriminate the two kinds of ob-
ject – again because there is a huge overlap in these prop-
erties. This is no surprise, because otherwise they could
also be distinguished on purely morphological grounds.

Hence, for the time being, the nature of these low-
surface brightness objects in the SE corner of the M 81
group remains unsolved. Only very high-resolution imag-
ing could reveal the presence or absence of stars and thus
settle the case. Nevertheless, the IRAS map shown in
Fig. A4 makes us favour the cirrus cloud hypothesis and
we will exclude these objects (but not DDO 87 and UGCA
220) from our forthcoming discussion of the properties of
dwarf galaxies in Paper III.

B. The luminosity function of the M 81 group

The luminosity function (LF) of the M 81 group has been
constructed from total B magnitudes given in Table 1
and is shown in Fig. B1. Possible members are included
– however not those suspected to be cirrus clouds (cf.
Appendix A). The absolute magnitude scale is based on
a distance of 4 Mpc for the M 81 group, corresponding
to m − M = 28.01. The limit of completeness for this
LF depends on the depth of the photographic survey of

BKK11

BK8N

Fig. A1. 40 min. R image of BK 8 (middle) and BK 11 (top).
The field of the image is 11.′7× 11.′7

Börngen et al. (1982), which is not well defined. We guess
a magnitude of completeness is M lim

B ≈ −12.
For comparison, we also show the LF of the LG

in Fig. B1. The data are taken from Côté (1995), who
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BK7N

Fig. A2. 40 min. R image of BK 7N. The image field is as in
Fig. A1

UGCA 220

Fig. A3. 40 min. R image of UGCA 220 (lower right). The
image field is as in Fig. A1

converted the Van Den Bergh (1992) V magnitudes into
B magnitudes. The Van Den Bergh (1992) LF includes all
LG members within a distance of 1 Mpc. The estimated
limit of completeness here is M lim

B ≈ −10. Besides a factor
of ∼ 2 difference in richness – the M 81 group being richer
than the LG – the two LF’s are clearly compatible with
each other.
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