Contrib. Astron. Obs. Skalnaté Pleso 49, 447 – 449, (2019)

Search for dwarf galaxy candidates in M 106

A. Vudragović, S. Samurović and O. Vince Astronomical Observatory Belgrade, Serbia (E-mail: ana@aob.rs)

Received: October 17, 2018; Accepted: February 21, 2019

Abstract. We present preliminary results of a search for dwarf galaxy candidates in the 24^′ x 24^′ field of view around M 106 galaxy. Total of 107 images were taken in the V-band with the new 1.4 m Milanković telescope (Serbia, near Prokuplje) and 27 images in the L-band. We confirm presence of the satellites from previous studies and find new candidate galaxies. Key words: galaxies – satellites – photometry

1. Introduction

Nearby galaxies offer unique possibility to study their local environment in unprecedented details. To address the ”missing satellites” problem, a systematic study of the low surface brightness objects is needed. Observations carried out using amateur telescopes with hours-long exposures revealed a plethora of dwarf galaxies in the Local Volume (Karachentsev et al., 2015).

We believe that there are numerous low surface brightness galaxies surrounding nearby massive galaxies yet to be discovered using long exposures with modest-sized telescopes. To that end, we have imaged the nearby galaxy M 106, searching for the possible low surface brightness satellite candidates.

2. Observations

We carried out observations in two wavelength bands (V and L) on three nights (11, 20 and 23 April 2018) using the Apogee U42 camera attached to the 1.4 m Milanković telescope mounted at the Astronomical Station Vidojevica. With our small field-of-view (FOV, hereafter) of 8.3^′ × 8.3^′, we created a mosaic of 3 × 3 images centered on the galaxy, to get 24^′ × 24^′ area around M 106 galaxy. In each intrinsic FOV we took 10 images dithered slightly (by 0^′.3). And on the other nights, 27 images were taken again in V- and L-bands, respectively. Unfortunately, the number of 27 exposures of 180s across such a wide FOV wasn’t enough to reduce the noise sufficiently. Finally, we have used 80 images in the V-band only, each of 180s exposure.

Data reduction was done in IRAF, following the standard procedure. Astrometric solution was obtained using Astrometry software (Lang et al., 2010). The mosaic creation was done using mscred package in IRAF, based on the astrometric solution. Objects were found and extracted using Sextractor (Bertin & Arnouts, 1996).

448 A. Vudragović, S. Samurović and O. Vince

Figure 1. V-band image: Potential satellite galaxies are marked with smaller green circles. Larger blue circles correspond to the previously known satellites (see Table 1).

3. Results

Celestial coordinates of satellite candidates were cross-matched against the SDSS DR14 photometric catalog to get g − r color. We had two requests for candidate galaxies: (1) color g−r < 0.8, to exclude possible background galaxies (Fukugita et al., 1995) and (2) a half-light Petrosian radius in the r-band R_{50}^r > 3^{′′}, which corresponds to 150 pc. In this way, the potential list of candidates was downsized to 6 objects, yet another candidate galaxy was added with R_{50}^r = 2.5^{′′} (A7 object in Table 1), since it appears as an extended object and with the right color g − r < 0.8, it seems to be a plausible candidate. All candidates are marked in Fig 1 with green circles and are listed in Table 1. Large blue circles show objects that were found before: K S4 and K S8 are dwarves from Kim et al. (2011) and S 358 is a dwarf galaxy reported by Spencer et al. (2014).

It would be interesting in the future to obtain spectroscopic confirmation of candidate dwarf galaxies and to expand the FOV to at least half of the M 106 virial radius (∼ 2^∘ × 2^∘ ≈ 260kpc × 260kpc), where most of the satellites should

Search for dwarf galaxy candidates in M 106 449

Table 1. Galaxy candidates data: (1) Object labels same as in Fig 1., (2, 3) Celestial coordinates in the J2000 epoch, (4) objID from the SDSS DR14 photometric catalog, (5) Petrosian radius R50 in arcseconds in the r-band and (6) g-r color from the SDSS DR14 photometric catalog.

Name RA [h:m:s] DEC [d:m:s] SDSS-DR14 objID R50[^{′′}] g-r A1 12:19:28.045 47:28:19.56 1237661434308329731 3.1 0.49 A2 12:19:41.887 47:27:50.55 1237661434308329632 3.0 0.25 A3 12:19:33.184 47:27:05.92 1237661434308329605 8.6 0.52 A4 12:19:50.121 47:25:27.18 1237661434308330070 3.2 0.49 A5 12:17:49.84 47:24:33.13 1237661434308198442 26.9 0.87 A6 12:19:27.353 47:18:43.93 1237661434308329730 3.9 0.4 A7 12:19:29.290 47:16:28.28 1237661357007503592 2.5 0.33

reside (Moore et al., 1999).

Acknowledgements. This work was supported by the Ministry of Education, Science and Technological Development of the Republic of Serbia through project no. 176021, “Visible and Invisible Matter in Nearby Galaxies: Theory and Observations”. We acknowledge the financial support by the European Commission through project BELISSIMA (BELgrade Initiative for Space Science, Instrumentation and Modelling in Astrophysics, call FP7-REGPOT-2010-5, contract No. 256772). We thank the technical operators at the Astronomical Station Vidojevica (ASV), Miodrag Sekulić and Petar Kostić, for their excellent work.

References

Bertin, E. & Arnouts, S., SExtractor: Software for source extraction. 1996, Astron.

Astrophys., Suppl., 117, 393, DOI: 10.1051/aas:1996164 Fukugita, M., Shimasaku, K., & Ichikawa, T., Galaxy Colors in Various Photometric Band Systems. 1995, Publ. Astron. Soc. Pac., 107, 945, DOI: 10.1086/133643

Karachentsev, I. D., Riepe, P., Zilch, T., et al., New low surface brightness dwarf galaxies detected around nearby spirals. 2015, Astrophysical Bulletin, 70, 379, DOI: 10.1134/S199034131504001X Kim, E., Kim, M., Hwang, N., et al., A wide-field survey of satellite galaxies around the spiral galaxy M106. 2011, Mon. Not. R. Astron. Soc., 412, 1881, DOI: 10.1111/j.1365-2966.2010.18022.x Lang, D., Hogg, D. W., Mierle, K., Blanton, M., & Roweis, S., Astrometry.net: Blind Astrometric Calibration of Arbitrary Astronomical Images. 2010, Astron. J., 139, 1782, DOI: 10.1088/0004-6256/139/5/1782

Moore, B., Ghigna, S., Governato, F., et al., Dark Matter Substructure within Galactic Halos. 1999, Astrophys. J., Lett., 524, L19, DOI: 10.1086/312287 Spencer, M., Loebman, S., & Yoachim, P., A Survey of Satellite Galaxies around NGC 4258. 2014, Astrophys. J., 788, 146, DOI: 10.1088/0004-637X/788/2/146