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Fig.1 The GALEX FUV (left panel) and Spitzer-IRAC 4.5 pm (right panel) images for M81, with coordinate superimposed for

indicating the spatial scale.
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Fig.2 The original (left panel) and binned (middle panel, with a 20-pixel window) images for M81 at the Spitzer-IRAC 4.5 pm
band. The right panel shows the pixel frequency distribution histogram of the background pixel in the observation image (black
solid line) and the binned image with a binned window equal to 20 (black dotted line).
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Fig.3 The observed (left panel), modeled background (middle panel), and background-subtracted (right panel) images for M81
at the Spitzer-IRAC 4.5 pm band. In the left panel, black boxes represent the area sampled for background modeling, and the
black area was not observed. In order to clearly show the spatial variation in the background, we enhance the contrast scale for

the background image.
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Fig.4 Observed (left panel) and star-cleaned images (right
panel) for M81 at the Spitzer-IRAC 4.5 pm band. The two

images have the same physical scale.
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Fig.5 Observed (1), mask (2), sigma (3), and PSF (4) images for M81 at the Spitzer-IRAC 4.5 pm band, where the physical

scales in the images (1), (2), and (3) are the same.
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Fig.6 Results of single-component fitting. The panel (1) represents the observed image; the panel (2) represents the model

image; the panel (3) represents the residual image, which is obtained by subtracting the model image from the observed image;

the panel (4) represents the radial surface brightness profile, including the comparison of ellipticity (1 — b/a, where a and b are

semimajor axis and semiminor axis of ellipse respectively), the position angle, surface brightness (in unit of mag/(’”’)?) and

surface brightness residual between the model and the observed images. The open circles in the surface brightness profiles

represent the observational data, and the black dotted lines represent the model curves.
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Fig.7 The fitting results of two components (M81+AGN). The format of the image is the same as that in Fig. 6. Different lines

in the surface brightness profile represent the data of the substructure model.
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Fig.8 The fitting results of two components (bulge + disk). The format of the image is the same as that in Fig. 6 and Fig. 7.
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Fig.9 The fitting results of three components. The format of the image is the same as that in Fig. 6 and Fig. 7.
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Fig. 10 The fitting results of four components (bulge+ disk+ AGN+ outer spiral arms). The format of the image is the same as
that in Fig. 6 and Fig. 7.
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Fig.11 The fitting results of five components. The format of the image is the same as that in Fig. 6 and Fig. 7.
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Fig. 12 Images for all models and all substructures in all the decomposition types, where the model images are a sum of the

images for all the substructures in corresponding types.
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is the same as that in Fig. 6 and Fig. 7.
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Morphological Decomposition of the Early-type Spiral Galaxy
M81 (NGC 3031)

GONG Jun-yu®?  MAO Ye-weil*?

(1 Center for Astrophysics, Guangzhou University, Guangzhou 510006)
(2 Department of Astronomy, School of Physics and Materials Science, Guangzhou University, Guangzhou 510006)

Asstract This paper presents a morphological investigation of the early-type spiral galaxy M81 (NGC
3031) through decomposition by fitting radial profiles of surface brightness using the software GALFIT,
aimed at exploring structural components of M81 and quantifying their morphology. In this work, we
adopt 6 types of decompositions with different numbers of morphological components, among which the
most complicated one contains 5 components such as a bulge, a disk, a pair of outer spiral arms, a pair
of inner spiral arms, and a galactic nucleus. The results show that, M81 hosts a classical bulge with
the Sérsic index ~ 5.0; the morphology and the luminosity for the bulge are almost constant in the
different decomposition types. The disk of M81 has the Sérsic index ~ 1.2 but the morphology and the
luminosity are found sensitive to the inclusion of the inner spiral arms in the decomposition or not. The
results of this work indicate that the combination of individual substructures has a considerable impact
on the morphology of the galaxy as a mixture. On the basis of the results, the usability of the different
types of decomposition is suggested in this work. The three-component decomposition, i.e., bulge + disk
+ nucleus, is applicable to statistics of large samples of galaxies; more complicated decomposition with
spiral arms taken into account is suitable for precise measurements of individual galaxies in small samples.
This work is based on the single-band Spitzer-The Infrared Array Camera (IRAC) 4.5 pm image. In the
future, we will carry out multi-wavelength decomposition, for the purpose of investigating spectral energy
distributions and stellar population properties for the galactic substructures, and thereby deduce their
formation history and evolution processes.

Key words galaxies: individual: M81, bulges, galaxies: fundamental parameters: morphology, galaxies:
structure, galaxies: spiral
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