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ABSTRACT 

Deep wide-field CCD images have revealed two likely late-type galaxies about 20 arcmin away from 
Maffei 1. The brighter object may be a spiral, but the fainter is probably a dwarf irregular galaxy. The two 
objects are probably members of the IC 342-Maffei group of galaxies. © 1995 American Astronomical 
Society. 

1. INTRODUCTION 

The discoveries of Maffei 1 and 2 (Maffei 1968) and of 
Dwingeloo 1 (Kraan-Korteweg et al. 1994; Huchtmeier et al. 
1995) have served to remind astronomers that there may still 
exist galaxies in relatively close proximity to the Milky Way 
hidden by the dust in the galactic plane. These galaxies and 
likely associates, such as those in the IC 342 group, are too 
distant to be termed spatial members of the Local Group 
(Buta & McCall 1983; McCall 1989; Luppino & Tonry 
1993). However, the observations to date indicate that Maffei 
1 and IC 342 (and, perhaps, Dwingeloo 1) are near enough to 
M31 and massive enough to have had a significant influence 
on the dynamics of the Local Group in the past 10 billion 
years (McCall 1986, 1987, 1989; Valtonen et al. 1993), up
setting efforts to determine the local density of dark matter 
and the age of the universe through Local Group timing. 
Thus, observations which help to establish the distribution of 
matter in the direction of the IC 342-Maffei group are vital 
for constraining simulations which attempt to revise Local 
Group timing parameters by accommodating the gravita
tional influence of past intruders (Valtonen et al. 1993; Byrd 
et al. 1994). In particular, the discovery of dwarf satellites of 
the giants might ultimately put useful constraints on host 
galaxy masses. 

As part of a long-term program aimed at improving mea
surements of the global photometric properties of galaxies 
within about 3 Mpc of M31, and especially of galaxies with 
particular relevance to Local Group timing, the authors ac
quired deep wide-field Johnson BV and Cousins I images of 
Maffei 1. Subsequent examination of the /-band frames re
vealed two hitherto unrecognized dwarf galaxy candidates. 
In this paper we present the discovery images, measurements 

1Visiting Astronomer, Kitt Peak National Observatory, National Optical As
tronomy Observatories, which is operated by the Association of Universities 
for Research in Astronomy, Inc., under cooperative agreement with the Na
tional Science Foundation. Observations made with the Burrell Schmidt of 
the Warner and Swasey Observatory, Case Western Reserve University. 

of positions and sizes, and a discussion of morphology. Pho
tometry will be presented in a future paper. 

2. OBSERVATIONS AND REDUCTIONS 

Observations of the field of Maffei 1 were made on the 
night of 1992 October 25 using the 0.6/0.9 m Burrell 
Schmidt telescope at Kitt Peak National Observatory in Tuc
son, Arizona. The night was both moonless and cloudless. 
Images were taken with a Tektronix 2048X2048 CCD cam
era, for which pixel sizes were 21 µ,m square. The CCD was 
fed an f /3.6 beam, so pixels subtended 2.03 arcsec, and 
frames covered 69 arcmin on the sky. The readout noise was 
only three electrons, so exposures were sky-noise dominated. 

Three 10 min exposures of the field of Maffei 1 were 
acquired in each of the B, V, and I bands. Reductions were 
carried out using IRAF2. Bias corrections were made using 
an overscan zone 32 columns wide in each image and a zero 
correction frame for the night constructed from the average 
of two sets of 11 bias frames acquired at the beginning and 
end of the night. Pixel-to-pixel variations in response were 
removed by dividing by dome flatfield images. Low
frequency variations in response were removed using twi
light flats. Finally, for each filter, the three separate images of 
the field of Maffei 1 were aligned and summed. 

3. IDENTIFICATION 

Figure 1 is a schematic diagram showing the relative lo
cations of Maffei 1, Maffei 2, Dwingeloo 1, and the two 
newly identified diffuse objects. Several bright SAO stars are 
also indicated in the figure. Figures 2 and 3 (Plates 80 and 
81) give close-up views of the new objects from the full 
resolution summed /-band array. The first (Object 1) is lo
cated 18.2 arcmin to the Southwest of Maffei 1, and the 
second (Object 2) is 25.3 arcmin to the South. The faintest 

2IRAF is distributed by the National Optical Astronomy Observatories, 
which is operated by the Association of Universities for Research in As
tronomy, Inc., under contract to the National Science Foundation. 
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Flo . 1. Schematic diagram of the region of Maffei 1, including Maffei 2, 
Dwingeloo 1, and the two new late-type galaxies near Maffei 1 (labeled 
Object 1 and Object 2). Several bright SAO catalog stars are indicated by 
the plus signs. The offsets Ila and ilo are referred to the center of Maffei 1. 

visible isophote of Maffei 1 extends out as far as 7 arcmin 
from the nucleus. The ellipse in Fig. 1 is scaled to this size, 
and has approximately the shape of the isophote. 

The two new objects are barely visible in V, and invisible 
in B, suggesting that they are highly reddened. By virtue of 
the apparent colors and the structure, it is improbable that the 
objects are reflection nebulae. The fact that the objects are 
bright in the / -band but faint in V suggests that they are not 
distant H II regions, as the / band does not encompass any 
strong lines ([S m]>..9069 is located in the extreme red wing 
of the filter at a wavelength where the CCD sensitivity is 
low; in any case, the line is not that strong), whereas the V 
band includes [O m]X.5007 in its wing. Also, on the POSS E 
prints, there is only the barest hint of Object 1, and no sign of 
Object 2. It is concluded that they are most likely galaxies. 
Neither object has been noticed in previous surveys (see 
Schmidt & Boller 1992). Due to their proximity to Maffei 1 
on the sky, it is reasonable to hypothesize at this time that 
they are companions of Maffei 1. 

4. POSITIONS, SIZES, AND HUBBLE TYPES 

The positions of Maffei 1, Object 1, and Object 2 were 
measured from one of the /-band images using local soft
ware. Two solutions were obtained, based upon 6 and 9 SAO 
stars, respectively. Formal errors in the solutions were 0.6 to 
0. 7 arcsec, although actual uncertainties in the positions of 
the companions are more like 5 arcsec because of their dif-
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TABLE 1. Maffei 1 and compansions. t 

Galaxy Type a(1950) • (1 950) l>a M Major Axis 
Axis Ratio 

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

Ma.ffeil E3 02 32 50.7 + 59 26 16.4 o. o. 14: 0.75 
Object 1 SAB(,)d? 02 31 52.1 + 59 09 39.7 - 7.45 -16.61 3.5 -6? 0.4- 0.5, 
Object 2 Im 02 33 16.1 + 59 01 12.8 + 3.23 - 25.06 1.4: 0.8, 

t (1 ) Identifi cat ion of galaxy. (2) Type. (3) Right ascension (1950). (4) Declination (1950). (5) Offset 
in right ascension froin Maffei 1, in arc minutes (east positive). (6) Offset in declination from Maffei 

~o~h~c. : j:i:e~j~~:~~ fs)t;;i~xf~a!P.f:i~x::ri:t}~~:; ~~ibl:jris8:~ho~~-faintest visible J 

fuse nature and lack of a bright center. The average of the 
two solutions has been adopted here. The positions of the 
three galaxies are listed in Table 1. Also given in the table are 
the offsets with respect to Maffei 1, and rough estimates of 
the major axis diameter and axis ratio of the faintest visible 
isophotes in / . 

Examining Figs. 2 and 3, each companion shows hints of 
structure in /, akin to OB associations in dwarf irregular 
galaxies or late-type spirals. Object 1 shows an oblong inner 
region, suggestive of a bar. Very faint structure visible on 
both sides of the major axis of the bar is probably a mani
festation of spiral arms. On the Northeast side, there is a hint 
of a filament as far out as 3 arcmin from the center. However, 
the galaxy can be seen with certainty only over an area 3.5 
arcmin in angular diameter. Tentatively, a Hubble-type SAB 
(s)d is assigned. Object 2 is quite irregular and shows no 
clear center nor any organized structure. It resembles IC 
1613 in overall shape, and is likely to be a true dwarf irregu
lar system. The object can be seen clearly over a region - 1.4 
arcmin in angular size. 

5. CONCLUSIONS 

Two extended sources of low surface brightness have 
been discovered on Schmidt CCD images of the field of 
Maffei 1. Apparent colors and morphology suggest that they 
are both late-type galaxies of low luminosity, heavily red
dened by dust in the plane of the Milky Way. It is probable 
that they are members of the IC 342-Maffei group. They are 
close enough on the sky to Maffei 1 to be physical compan
ions. 

Thanks are conveyed to the staff of Kitt Peak National 
Observatory for their assistance. M. L. M. thanks the Natural 
Science and Engineering Research Council of Canada for 
their continuing support. R. B. acknowledges the support of 
National Science Foundation EPSCoR Grant No. 
RII8996152. 
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PLATE 80 

FIG. 2. Image of Object 1 in/. North is at the top and East is to the left. The white bar is one arcmin in length. 

M. L. McCall and R. J. Bula (see page 2460) 
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PLATE 81 

Fm. 3. Image of Object 2 in/. North is at the top and East is to the left. The white bar is one arcmin in length. 

M. L. McCall and R. J. Buta (see page 2460) 
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