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Nearby Galaxies

⚫ Inherently High Spatial Resolution

NGC 3031 (M81) 



Nearby Galaxies

⚫ Superb Multi-wavelength Data
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⚫ Inherently High Spatial Resolution
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Approach: Multi-wavelength Imaging



Slit Fiber IFU

NGC 2403 NGC 5457

Approach: Spatially Resolved Spectroscopy



Multi-wavelength Imaging ⇒ 2D Colors/SEDs

(Gong & Mao 2023)

NGC 3031 (M81) 



Multi-wavelength Imaging ⇒ 2D Colors/SEDs

Stars Dust

(Gong & Mao 2023)

NGC 3031 (M81) 



Multi-wavelength Imaging ⇒ 2D Para. Maps

(Gong & Mao 2023)

NGC 3031 (M81) 



Multi-wavelength Imaging ⇒ Evolution

(Gong & Mao 2023)

Age-Gradients

Inside-out Growth

NGC 3031 (M81) 



Two Fundamental Morphological Shapes of Stellar Systems

Bulges/Ellps/Sphs Disks

Major Mergers Secular Evolution
Galaxies as a Complexity

Galaxies: Bulges & Disks



Two Fundamental Morphological Shapes of Stellar Systems

Bulges/Ellps/Sphs Disks

Major Mergers Secular Evolution
Galaxies as a Complexity

Bulge - Disk Separation A Comprehensive Understanding 

of Galaxies and their Subsystems

Galaxies: Bulges & Disks



Galaxies: IRX-β Relation

(Kong, et al., 2004)

(Johnson, et al., 2007)
(Dale et al., 2009)

(Meurer et al., 1999)



Galaxies: IRX-β Relation

(Kong, et al., 2004)

(Johnson, et al., 2007)
(Dale et al., 2009)

(Meurer et al., 1999)

UV Conundrum 



Image Analysis: Bulge - Disk Categorization
NGC 3031 (M81) 



Image Analysis: Bulge - Disk Categorization

• Integrated Galaxies

• Integrated Bulge

• Bulge Diffuse Regions

• Disk Diffuse Regions

• UV Clusters

(Mao et al. 2012)

NGC 3031 (M81) 
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Image Analysis: Bulge - Disk Categorization

• Integrated Galaxies

• Integrated Bulge

• Bulge Diffuse Regions

• Disk Diffuse Regions

• UV Clusters

Age Effects

(Mao et al. 2012)



Image Analysis: Bulge - Disk Categorization

(Mao et al. 2014)

• Integrated Galaxies

• Integrated Bulge

• Bulge Diffuse Regions

• Disk Diffuse Regions

• UV Clusters + IR Clusters



Image Analysis: Bulge - Disk Categorization

(Mao et al. 2014)

Dust-attenuation Effects

• Integrated Galaxies

• Integrated Bulge

• Bulge Diffuse Regions

• Disk Diffuse Regions

• UV Clusters + IR Clusters

Impact of Attenuation Laws



Image Analysis: Bulge - Disk Categorization

(Mao et al. 2014)

(Mao et al. 2012)

★ Solve the Age-Attenuation Degeneracy 



Original

Image Analysis: Bulge - Disk Decomposition
NGC 3031 (M81) 



Original Model Residual

Image Analysis: Bulge - Disk Decomposition

(Gong & Mao et al. 2023)

NGC 3031 (M81) 



Spitzer-IRAC 4.5 μm as an example

Original Model Residual

Sersic -- Bulge PSF -- AGNSersic -- Disk

The decomposition with the two-Sersic components is carried out in 20-band images.

Image Analysis: Bulge - Disk Decomposition

(Gong & Mao et al. 2023)

NGC 3031 (M81) 



GALEX:
FUV, NUV

SDSS:
u, g, r, i, z

WISE：
W1,W2

Swift:
UVW1, UVW2

WIYN:
B, R, V

2MASS：
J,H,Ks

Spitzer:
IRAC-3.6, 4.5, 5.8 μm 

Image Analysis: Bulge - Disk Decomposition

(Gong & Mao et al. 2023)
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Image Analysis: Bulge - Disk Decomposition

(Gong & Mao et al. 2023)

NGC 3031 (M81) 
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Image Analysis: Bulge - Disk Decomposition

(Gong & Mao et al. 2023)

Constant Size

NGC 3031 (M81) 
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Bulge Re

Disk n

Disk Re

Image Analysis: Bulge - Disk Decomposition

(Gong & Mao et al. 2023)

Exponential Disks

NGC 3031 (M81) 
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Bulge Re

Disk n

Disk Re

Image Analysis: Bulge - Disk Decomposition

(Gong & Mao et al. 2023)

Flat Disks
Small Bulges

NGC 3031 (M81) 



Bulge n

Bulge Re

Disk n

Disk Re

Image Analysis: Bulge - Disk Decomposition

(Gong & Mao et al. 2023)

Classical Bulges

(n ~ 3—5)
NGC 3031 (M81) 
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Bulge Re

Disk n

Disk Re

Image Analysis: Bulge - Disk Decomposition

(Gong & Mao et al. 2023)

Classical Bulges

(n ~ 3—5)

Pseudo-bulges or no Bulge

(n ~ 1—2)

NGC 3031 (M81) 
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Bulge Re

Disk n

Disk Re

Image Analysis: Bulge - Disk Decomposition

(Gong & Mao et al. 2023)

Classical Bulges

(n ~ 3—5)

Pseudo-bulges or no Bulge

(n ~ 1—2)
We are quite likely to miss classical bulges through restframe UV channels !

NGC 3031 (M81) 



The Bulge The Disk

Next Work Bulge + Disk Synthesis



The Bulge The Disk

Spatially Resolved SEDs

Star Formation History

Next Work Bulge + Disk Synthesis



The Bulge The Disk The Galaxy

Spatially Resolved SEDs

Star Formation History

Assembly Process

(Bulge + Disk)

Next Work Bulge + Disk Synthesis



Nearby Galaxies

NGC 7331



Image Analysis: Bulge - Disk Decomposition

(Mou & Mao et al. 2024, in prep.)

NGC 7331 Multi-wavelength Study



Spectroscopic Analysis: Resolving Galaxies

Long-Slit Spectroscopic Observations with the 2.16 m

(Kong et al. 2014)



Spectroscopic Analysis: Resolving Galaxies

NGC 0925 NGC 2403

Metallicity Gradients in Galaxies 

(Wu & Mao et al. 2024, in prep.)

—— Relics of Chemical Evolution of Galaxies



Spectroscopic Analysis: Resolving Galaxies

NGC 0925 NGC 2403

Metallicity Gradients in Galaxies 

(Wu & Mao et al. 2024, in prep.)

—— Relics of Chemical Evolution of Galaxies

 However, empirical diagnostics for metallicity are complicated. 



Spectroscopic Analysis: Resolving HII Regions

(Mao et al. 2018)

NGC 2403



Spectroscopic Analysis: Resolving HII Regions

(Mao et al. 2018)

NGC 2403

Ionization Effects



Hα Narrow-band Image for M33Positions of 27 Apertures Placed in NGC 0604 

Hα Narrow-band Image for NGC 0604

NGC 0604

Spectroscopic Analysis: Resolving HII Regions

(Fang & Mao et al. 2024, in prep.)

2.4 m Long-Slit Spectroscopy 



NGC 0604

IC 0131

NGC 0588NGC 0592

NGC 0595

Spectroscopic Analysis: Resolving HII Regions

2.4 m CHILI IFU Spectroscopy  (Proposed) 
(Lin & Mao et al. 2024, proposal submitted)

M33 [OIII]

Hα

[SII]



Statistics
Empirical Metallicity Gradients in 6 Nearby Spiral Galaxies

(Li & Mao et al. 2024, in prep.)



【Nearby Galaxies】➢ Galaxy Formation and Evolution



【Nearby Galaxies】➢ Galaxy Formation and Evolution

➢ Natural Laboratories for 
Experimenting on Astrophysical 
Processes



Nearby

Galaxy

Survey

of

GALEX



Special Issue:  XUV Disks

NGC 5236 (M83) @ Opt.



NGC 5236 (M83) @ Opt.

Special Issue:  XUV Disks



NGC 5236 (M83) @ UV

Special Issue:  XUV Disks



NGC 5236 (M83) @ UV

Special Issue:  XUV Disks

NGC 5236 (M83) @ Opt.



Special Issue:  XUV Disks

NGC 5055 (M63) @ FUV NGC 5055 (M63) @ NIR



Special Issue:  XUV Disks

NGC 2090 @ FUV NGC 2090 @ NIR



Implications for MePhiSTo

To Observe Nearby Galaxies



➢ Large FoV ⇒ Sufficient Sky Coverage

⇒ Precise Background Estimates

➢ Multiple Exposures  ⇒ High S/N (Combined)

Implications for MePhiSTo

To Observe Nearby Galaxies
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