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OPTICAL OBSERVATIONS OF M81 GALAXY GROUP
IN NARROW BAND ([SII] AND Ha FILTERS: HOLMBERG IX
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SUMMARY: We present observations of the nearby tidal dwarf galaxy Holmberg
IX in M81 galaxy group in narrow band [SII] and H« filters, carried out in March
and November 2008 with the 2m RCC telescope at NAO Rozhen, Bulgaria. Our
search for resident supernova remnants (identified as sources with enhanced [SII]
emission relative to their Ho emission) in this galaxy yielded no sources of this kind,
besides M&H 10-11 or HoIX X-1. Nevertheless, we found a number of objects with
significant Ho emission that probably represent uncatalogued HII regions.
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1. INTRODUCTION

MS81 galaxy group is the nearest interacting
group of galaxies, with the main members being M81,
M82 and NGC 3077. Yun et al. (1994) found promi-
nent HI structures surrounding these galaxies with
large HI complexes and tidal bridges, that are prob-
ably a result of the galaxy encounters. It is possible
that starburst activity, i.e. the enhanced star forma-
tion, of M82 was triggered in a close encounter with
MS81, which as a consequence has a high supernova
rate (see e.g. Arbutina et al. 2007, Huang et al.
1994). The third member of the group, NGC 3077,
also shows evidence of the enhanced star formation,
and, consequently, a higher supernova rate and pres-
ence of SNRs. This was partially confirmed by recent
radio observations (see Rosa-Gonzales 2005). There

is also a number of optical candidates for supernova
remnants (SNRs) detected in M81 (Matonick and Fe-
sen 1997). The SNR candidates in optical are usu-
ally identified through enhanced [SII] line emission
([SII]/Ha > 0.4; see e.g. Matonick and Fesen 1997,
Blair and Long 2004). The aim of our optical ob-
servations was to try to detect new SNR candidates
and HII regions in a small ”satellite galaxy” of M81 —
Holmberg IX (UGC 5336, MCG+12-10-012, LEDA
28757, see Table 1). Holmberg IX and Arp’s loop
can be seen as two dark knots in the HI image of
the M81 triplet of Yun et al. (1994). Dwarf ir-
regular galaxy Holmberg IX could be the youngest
nearby tidal dwarf galaxy, perhaps formed during the
last close passage of M82 around M81 (Sabbi et al.
2008).
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Fig. 1. The [SII] with continuum image (sky subtracted).

Table 1. Data for Holmberg IX (MCG+12-10-012) taken from SIMBADT.

Right ascension Declination Redshift Velocity Distance? Angular size Magnitude Morphological
Q32000 832000 z v [km s71] d [Mpc] ["] type
09 57 32.1 -+69 02 46 0.000213 64 3.7 2.6 x2.2 16.5 (B) dl

Thttp://simbad.u—strasbg.fr/simbad/ TKarachentsev and Kashibadze (2006)

The adopted distance to Holmberg IX is d = Table 2. Characteristics of the narrow band filters.
3.7 Mpc, which is the distance derived from cepheids
distance to M81 and known membership in the M81 : j
group (Karachentsev et al. 2004, Karachentsev and Filter ‘ Ao [A] FWHM [A] Tiax [%]

Kashibadze 2006). The location of Holmberg IX, its (SH] 6719 33 83.3
high gas content, and its youthful stellar population, Ha 6572 32 86.7
made of this galaxy the primary target of our search. Red cont. | 6416 26 58.0
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Fig. 2. The Ha with continuum image (sky subtracted).

Table 3. The observations log.

Integration time [s]

Object/SS 2008 March 3 2008 November 30
Cont. Ha [SI1] ‘ Cont. Ha [SI1]
1800 1200 1200 1800 1200 1200
Holmberg IX 1800 1800 1800 1800 1200 1200
2400 1800 1800 1800 1200 1200
180 120 120 - - -
Feige 34 240 120 120 - - -
180 120 120 - - -
- - - 300 120 120
G191-B2B - - - 300 120 120
- - - 300 120 120
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Fig. 3. The red continuum image (sky subtracted).

2. OBSERVATIONS AND
DATA REDUCTION

The observations were carried out in March
and November 2008 with the 2 m Ritchey-Chrétien-
Coudé (RCC) telescope at the National Astronom-
ical Observatory (NAO) Rozhen, Bulgaria (p =
41°41' 35", X\ = 24°44’ 30", h = 1759 m). In the RC
focus of the telescope, the equivalent focal length is
16 m and the field-of-view is one square degree with
a scale 12789/mm. The telescope is equipped with
VersArray: 1300B CCD camera with 1340x1300 px
array, and the plate scale of 07257732/px (pixel size
is 20 pm), giving a field of view of 5'45"” x 5'35".

We used the narrow-band filters for [SII], Ho
and red continuum. We took sets of three images
through each filter, on both nights, with exposure
times ranging from 1200-2400 s. Typical seeing was
1”75 — 3. Standard stars images (Feige 34 and G191-
B2B), bias frames and sky flat-fields were also taken.
Filters characteristics and details of the observations

L Available from http://www.astrosurf.com/buil/
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are given in Tables 2 and 3. The Ha image (A6563)
is contaminated with some [NII] emission (A6583),
so in principle the "Hea” is actually Ha+[NII] image.
The [SII] filter should collect most of the emission
from both [SII] A6716 and A6731 lines.

Data reduction was performed by using IRIS!
(an astronomical images processing software devel-
oped by Christian Buil). The data were bias sub-
tracted and flat-fielded using the standard meth-
ods. Three images in each set are combined us-
ing procedures NGAIN3 and COMPOSIT, and then sky-
substructed (SUBSKY). Commands MAX, MIN, EDGE
were used for cosmetic corrections (bad pixels, cos-
mic rays removal). Since the images were taken
with different exposures, depending on the filters, we
scaled all the images normalizing them to the flux of
the stars in the field. Images taken on two nights
are then combined to increase the counts, rotated,
aligned and distortion corrected by using the pro-

cedure COREGISTER. Images obtained after all these
corrections are given in Figs. 1-3.
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Fig. 4.

The Ha and [SII] images are then continuum-
subtracted and final images once again background
subtracted to obtain background as flat as possible.
The continuum-subtracted Ha image is given in Fig.

Sources in the continuum-subtracted Ha im-
age are extracted by smoothing the image and then
drawing 1o contours from the median value. Rela-
tive fluxes (total counts) are then calculated using
IRIS photometric tools. Finally, an astrometric re-
duction of the Ha image was performed by using U.S.
Naval Observatory’s USNO-A2.0 astrometric cata-
logue (Monet et al. 1998).

The continuum-subtracted Ho image. Dark features that are marked are sources.
Additional dark features are stars not subtracted well (compare Figs. 2 and 3).

3. ANALYSIS AND RESULTS

The continuum-subtracted [SII] image did not
show any new object with an enhanced [SII] emis-
sion, besides M&H 10-11 or HoIX X-1 (Miller and
Hodge 1994, Miller 1995, Grisé et al. 2006), a strong
optical line source and ultraluminous X-ray source
(a possible hypernova remnant or super-shell), and
thereby is omitted. As for the continuum-subtracted
Ha image, we detected 21 sources — probable HII re-
gions (see Fig. 4; additional dark features are stars
not subtracted well).
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. L L B Table 4. Sources used for absolute calibration.
70 4
60 . g:::fit 4 Ho Flux
Source Count [x10715 erg cm=2 s71]
— 50 . this paper from M&H
+ M&H 1 20721 1.30
S 497 T M&H 2 12884 1.27
2 ) ] M&H 3 38559 1.65
'SX M&H 4 17229 0.99
% 20 4 M&H 5 83939 4.32
e M&H 6 12807 0.83
104 7 M&H 7 36059 1.92
0_' ] M&H 8 57565 2.83
M&H 9-10 1282274 63.87
0 200000 400000 600000 800000 1000000 1200000 1400000 M&H 11 153357 6.10
Count
Fig. 5. Fluz - Count (F — N) relation used for ab- Eleven sources (1-11) were previously identi-

fied by Miller and Hodge (1994) and one by Boone
et al. (2005) (source 12).2 Thus, we found nine new
sources (13-21).

solute calibration. Slope of the relation is calibration
coefficient: ¢ = (4.97 4+ 0.05) x 1075.

Table 5. HII regions in Holmberg IX.

Source Right ascension Declination Ha Flux Comment
(132000 932000 Fio [x1071 erg em ™2 57|

Aea 1 09 57 26.1 +69 03 09 1.03 M&H 1
Aea 2 09 57 26.2 +69 02 47 0.64 M&H 2
Aea 3 09 57 29.4 +69 03 24 1.92 M&H 3
Aea 4 09 57 31.1 +69 03 24 0.86 M&H 4
Aea 5 09 57 35.6 +69 04 01 4.17 M&H 5
Aea GA 09 57 49.5 +69 04 21 0.38 M&H 6
Aea 6B 09 67 49.8 +69 04 16 0.26 M&H 6
Aea TA 09 57 49.9 +69 04 55 1.03 M&H 7
Aea 7B 09 57 49.5 +69 04 54 0.76 M&H 7
Aea 8 09 57 50.5 +69 02 22 2.86 M&H 8
Aea 9-10° 09 57 53.1 +69 03 49 63.71 M&H 9-10
Aea 11 09 57 55.2 +69 03 40 7.62 M&H 11
Aea 12 09 57 58.5 +69 03 19 0.24 —
Aea 13 09 58 04.7 +69 01 41 0.56 —
Aea 14 09 58 04.4 +69 01 37 0.36 —
Aea 15 09 57 09.0 +69 04 08 0.33 —
Aea 16 09 57 41.0 +69 05 50 0.70 —
Aea 17 09 57 27.4 +69 03 13 0.43 —
Aea 18 09 57 24.6 +69 02 57 0.55 —
Aea 19 09 54 24.6 +69 02 47 1.13 —
Aea 20 09 57 45.0 +69 02 07 0.13 —
Aea 21 09 57 11.8 +69 01 18 0.29 —

@Possible hypernova remnant or super-shell.

2See Aladin Sky Atlas: http://aladin.u-strasbg.fr/.
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Additionally, we resolved sources M&H 6 and
M&H 7, which we see as two pairs. There are, possi-
bly, two more smaller sources, marked with aster-
isk (*) in Fig. 4, at 32000 — 09h57m3053’ 5J2000
- +69002,52I/ and QJ2000 — 09}158mO4507 (5‘]2000 =
+69°03'16”, for which we haven’t measured fluxes.
Question mark (?) in Fig. 4 marks the position of
a source of unknown origin (ajs000 = 09"57™30%9,
032000 = +69°01’12") which we saw in March 2008
Ha images, but not in November 2008.

The absolute flux calibration of the continuum
subtracted Ha image was performed by using the
fluxes of sources identified both by us and by Miller
and Hodge (1994) (See Fig. 5 and Table 4). The
listed fluxes for sources M&H 6 and M&H 7 corre-
spond to the sum of the fluxes for the two sub-regions

(A and B). We adopted simple linear relation
F=c-N, (1)

where N is the source’s total count, F' the flux in
units 10715 erg cm™2 571, and ¢ = (4.97 £ 0.05) x

%10*5 is the calibration coefficient obtained from the
t.

We define the fractional error
Fyvgn — F
R )
M&H

where Fyen is the Ha flux from Miller and Hodge
(1994), whereas F' is our measurement, in order to
get an estimate of the accuracy of the obtained val-
ues. We find fiax =0.501 f = 0.16.

Estimated fluxes for all sources (HII regions)

and approximate positions of their centers are given
in Table 5.

4. CONCLUSIONS

We presented observations of Holmberg IX
galaxy in narrow band [SII] and Ha filters. Our
search for objects with an enhanced [SII] emission —
possible supernova remnant candidates, has yielded
no sources of this kind, besides M&H 10-11 or HolX
X-1. Nevertheless, we identified 21 objects with sig-
nificant Ha emission. Eleven sources (1-11) were
previously identified by Miller and Hodge (1994) and
one by Boone et al. (2005) (source 12). Thus, we
found nine new sources (13-21) — not catalogued HII

regions. We estimated their Ha fluxes and gave their
approximate positions.
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IIpemzoono caonwmeme

Y pany cy OpeacraB/beHa IIOCMAaTPaba
obmmxme naryspacte ranaxcuje Xouambepr IX y
rpynu rajgakcuja Besanux 3a M81. Ilocmarpama
cy u3BpuIeHa y Mapty u centeMopy 2008. ronuae
neoMerapckuM RCC resmeckonom ua HAO Posken,
Byrapcka, ropumhemem yckux ¢uarepa [SII] u
Ha. Tlorpara 3a o6jekTuMa ca mojavyaHOM €MUCU-
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joum [SII] y omaocy ma Ha emucujy — moreHnmja-
HUM KaHAUIATAMA 32 OCTATKE CYNEePHOBUX, HIUjE
pesyaTupaJja HOBUM obOjexTmMa, nopen M&H 10-
11 nam HolX X-1, anu Je 3aTO NEeTEKTOBAH jenaH
6poj objekara ca smauajuom Ha emucujom Hﬁjm
BEPOBATHO MPEACTaBbHAjy A0 cana nHemosduare HII
perumose.



