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Nearby Galaxies
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Nearby Galaxies
in the Local Universe
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Nearby Galaxies
in the Local Universe
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Nearby Galaxies

The Spitzer Infrared Nearby Galaxies Survey (SINGS) Hubble Tuning-Fork

The Spitzer Space Telescope observed 75 galaxies as part of its SINGS
(Spitzer Infrared Nearby Galaxies Survey) Legacy Program. The
galaxies are presented here in a Hubble Tuning-Fork diagram, which
groups galaxies according to the morphology of their nuclei and spiral
arms. The designation of these galaxies and their placement in the
diagram s based on their visible-light appearance. The main goal of the
SINGS program is to characterize the infrared properties of a wide range
of galaxy types. The images of the galaxies are composites created
from data taken by IRAC (the Infrared Array Camera) at 3.6 and 8.0 pm,
and MIPS (the Multiband Imaging Photometer for Spitzer) at 24 um.

The infrared range probed by these and other observations
uken for the SINGS project allows for the detailed study of
star f and the d of stars in
each galaxy. ngN from old stars appears as blue in the
images, while the lumpy knots of green and red light are
produced by dust clouds surrounding newly bom stars. The

elliptical galaxies on the left are almost entirely made of old 4 2
stars, while spiral galaxies like our own Milky Way are rich in ’
young stars and the raw materials for future star formation.
More information can be found at: -
http://sings. stsci.edu/ 5 ~
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Nearby Galaxies

The Spitzer Infrared Nearby Galaxies Survey | NGC 3031 (Mgl) | , ' :

The Spitzer Space Telescope observed 75 galaxies as part of its SINGS
(Spitzer Infrared Nearby Galaxies Survey) Legacy Program. The
galaxies are presented here in a Hubble Tuning-Fork diagram, which
groups galaxies according to the morphology of their nuclei and spiral
arms. The designation of these galaxies and their placement in the
diagram is based on their visible-light appearance. The main goal of the
SINGS program is to characterize the infrared properties of a wide range
of galaxy types. The images of the galaxies are composites created
from data taken by IRAC (the Infrared Array Camera) at 3.6 and 8.0 pm,
and MIPS (the Multiband Imaging Photometer for Spitzer) at 24 um.

The infrared range probed by these and other observations
taken for the SINGS project allows for the detailed study of
star f dust and the d of stars in
each galaxy. Light from old stars appears as blue in the
images, while the lumpy knots of green and red light are
produced by dust clouds surrounding newly bom stars. The

elliptical galaxies on the left are almost entirely made of old 28
stars, while spiral galaxies like our own Milky Way are rich in ’
young stars and the raw materials for future star formation.
-
More information can be found at:
http://sings. stsci.edu/ 5 ~
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Nearby Galaxies

The Spitzer Infrared Nearby Galaxies Survey (SINGS) Hubble Tuning-Fork

The Spitzer Space Telescope observed 75 galaxies as part of its SINGS
(Spitzer Infrared Nearby Galaxies Survey) Legacy Program. The
galaxies are presented here in a Hubble Tuning-Fork diagram, which
groups galaxies according to the morphology of their nuclei and spiral

arms. The designation of these galaxies and their placement in the o G
diagram is based on their visible-light appearance. The main goal of the " =
SINGS program is to characterize the infrared properties of a wide range o
of galaxy types. The images of the galaxies are composites created 2
from data taken by IRAC (the Infrared Array Camera) at 3.6 and 8.0 pm, 3
and MIPS (the Multiband Imaging Photometer for Spitzer) at 24 um. o
The infrared range probed by these and other observations o B wn
mk:n for the SINGS project allows for the detailed study of '9_
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stars, while spiral galaxies like our own Milky Way are rich in ’
young stars and the raw materials for future star formation. s
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Approach: Multi-wavelength Imaging
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Approach: Spatially Resolved Spectroscopy
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Multi-wavelength Imaging — 2D Colors/ SEDs
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Multi-wavelength Imaging — 2D Colors/SEDs
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Multi-wavelength Imagzng = 2D Para.

NGC 3031 (M81)

GALEX-FUV
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Multi-wa V?length Imaging — Evolution

NGC 3031 (M81) ALY 0.020 el ‘o
. ; ) . 0.015 . e lar age map . v 7
0.010 -
| gt
' l0.005 o N .
L 5
ﬁ\_ 05 > ﬁ\. (2] 42
& E & -
et
(2) GALEX-FUVRi K14 (c) SFRA}M i [&]
le32 3.0
A(V) map T Dust luminosity
o "‘:‘ - . 9*15 2.5
M | Mo
e J;i‘- 2.0
/40 - v" 0.8
ﬁ?\- 05’ * ’ i S 05 ﬁf\'m
5 y o 2 : 3 153
& | o.e%ﬁ <
Il -~ 4 id Growth
. i Inside-out Growt
— | - | Io.zs - | - '0-5
g INeE 0.00 IneE

! 0.0
(d) VI BRI OEX IS ) () b s fiel - (Gong & Mao 2023)



Galaxies: Bulges & Disks

Two Fundamental Morphological Shapes of Stellar Systems
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Galaxies: Bulges & Disks
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Image Analysis: Bulge - Disk Categorization

NGC 3031 (M81) i SRR




Image Analysis: Bulge - Disk Categorization

NGC3031(m81) . - >

Integrated Galaxies

PR e

EwntE OB s ENs

Bulge Diffuse Regions

neae
»

rn
L
o
.
»
]
<

”Aﬁc ~ -

Disk Diffuse Regions
UV Clusters

(Mao et al. 2012)



log(L(IR)/L(FUV))

Image Analysis: Bulge - Disk Categorization
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Image Analysis: Bulge - Disk Categorization
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Image Analysis: Bulge - Disk Categorization
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Image Analysts: Bulge - Dtsk Categorization
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Image Analysis: Bulge - Disk Categorization
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Image Analysis: Bulge - Disk Decomposition




Image Analysis: Bnlge = Dislt Decomposition

[NGC3031 M81) )

(Gong & Mao et al. 2023)



Image Analysis: Bulge - D:sk Decomposition
NGC 3031 (IVI81)
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The decomposition with the two-Sersic components is carried out in 20-band images.
(Gong & Mao et al. 2023)




Image Anabrsis: Bulge - Disk Decomposition
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Reduce S/N Sérsic index(n)

Image Analysis: Bulge - Disk Decomposition
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Reduce S/N Sérsic index(n)

Image Analysis: Bulge - Disk Decomposition
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Reduce S/N Sérsic index(n)

Image Analysis: Bulge - Disk Decomposition
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Reduce S/N Sérsic index(n)

Image Analysis: Bulge - Disk Decomposition
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Reduce S/N Sérsic index(n)

Image Analysis: Bulge - Disk Decomposition
Classical Bulges
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Image Analysis: Bulge - Disk Decomposition
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Image Analysis: Bulge - Disk Decomposition

Classical Bulges
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We are quite likely to miss classical bulges through restframe UV channels !

(Gong & Mao et al. 2023)
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Nearby Galaxies

The Spitzer Infrared Nearby Galaxies Survey (SINGS) Hubble Tuning-Fork

The Spitzer Space Telescope observed 75 galaxies as part of its SINGS
(Spitzer Infrared Nearby Galaxies Survey) Legacy Program. The
galaxies are presented here in a Hubble Tuning-Fork diagram, which
groups galaxies according to the morphology of their nuclei and spiral
arms. The designation of these galaxies and their placement in the
diagram is based on their visible-light appearance. The main goal of the
SINGS program is to characterize the infrared properties of a wide range
of galaxy types. The images of the galaxies are composites created
from data taken by IRAC (the Infrared Array Camera) at 3.6 and 8.0 pm,
and MIPS (the Multiband Imaging Photometer for Spitzer) at 24 um.

The infrared range probed by these and other observations
taken for the SINGS project allows for the detailed study of
star fe dust and the di of stars in
each galaxy. Light from old stars appears as blue in the
images, while the lumpy knots of green and red light are
produced by dust clouds surrounding newly bom stars. The
elliptical galaxies on the left are almost entirely made of old s
stars, while spiral galaxies like our own Milky Way are rich in ’

young stars and the raw materials for future star formation.

More information can be found at: P
http://sings. stsci.edu/ 5 ~ . I
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Image Analysis: Bulge - Disk Decomposition

NGC 7331 Multi-wavelength Study
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(Mou & Mao et al. 2024, in prep.)




Spectroscopic Analysis: Resolving Galaxies

Long-Slit Spectroscopic Observations with the 2.16 m

NGC 0925 NGC 0628 (M74)

(Kong et al. 2014)



Spectroscopic Analysis: Resolving Galaxies

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



Spectroscopic Analysis: Resolving Galaxies

Metallicity Gradients in Galaxies

NGC 0925 NGC 2403
8.8 8.8
slpoe: -0.49 dex/R3s o slpoe: -0.65 dex/R3s
8.6 o=0.096 8.6 o o=0.094

8.0}
7.8}
7.6}
00 0.2 04 06 08 1.0 12 1.4 00 0.2 04 06 08 1.0 12 1.4
R/Rosg R/R>s

Relics of Chemical Evolution of Galaxies

A However, empirical diagnostics for metallicity are complicated. A

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



Spectroscopic Analysis: Resolving HII Regions
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Spectroscoptc Analysis: Resolving HII Regions
NGC 2403 '
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Spectroscopic Analysis: Resolving HII Regions

NGC 0604

10 arcsec e ) "

-
‘ ’ 1
2.4 m Long-Slit Spectroscopy
Positions of 27 Apertures Placed in NGC 0604 Ha Narrow-band Image for M33

Ha Narrow-band Image for NGC 0604 (Fang & Mao et al. 2024, in prep.)



Specmscopic Anabrsis: Resolving HII Regions

M33 ! e e o
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Statistics
Empirical Metallicity Gradients in 6 Nearby $piral Galaxies

M33 SA(s)cd NGC 0628 SA(s)c - | NGC 0925 SAB(s)d

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



(Nearby Galaxies) > Galaxy Formation and Evolution
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(Nearby Galaxies) > Galaxy Formation and Evolution

> Natural Laboratories for
Experimenting on Astrophysical
Processes

The Spitzer Infrared Nearby Galaxies Survey (SINGS) Hubble Tuning-Fork
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Ultraviolet Atlas of Nearby Galaxies
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NGC 5236 (M83) @ Opt.




Special Issuwe: XUV Disks

NGC 5236 (M83) @ Opt.
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NGC 5236 (M83)@UV - - 0 NGC 5236 (M83) @ Opt.




NGC 5055 (M63) @ FUV =~ ** . _ NGC 5055 (M63) @ NIR



NGC 2090 @ NIR
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Implications for ., ~PhiS»
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<To Observe Nearby Golaxies>




Implications for ., ~PhiS v
T~

<To Observe Nearby Galaxies>

> Large FoV = Sufficient Sky Coverage

= Precise Background Estimates

» Multiple Exposures = High S/N (Combined)
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