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Galaxy SFR-Stellar Mass Relation

sSFR = SFR/M*
star formation history

ongoing star formation
Star Formation Rate [SFR]

Stellar Mass [M*]
past star formation
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Integrated SFR-M* Relation of Galaxy
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Integrated SFR-M* Relation of Galaxy

fixed aperture angular size
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Integrated SFR-M* Relation of Galaxy

sSFR = SFR/Mx [yr~!]
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Integrated SFR-M* Relation of Galaxy

sSFR = SFR/Mx [yr~!]
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Integrated SFR-M* Relation of Galaxy

sSFR = SFR/Mx [yr—!]
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Integrated SFR-M* Relation of Galaxy

sSFR = SFR/Mx [yr~!]
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Integrated SFR-M* Relation of Galaxy

sSFR = SFR/Mx [yr~!]
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Integrated SFR-M* Relation of Galaxy

sSFR = SFR/Mx [yr~!]
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Integrated SFR-M* Relation of Galaxy

sSFR = SFR/Mx [yr~!]
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Integrated SFR-M* Relation of Galaxy

sSFR = SFR/Mx [yr~!]
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Integrated SFR-M* Relation of Galaxy

sSFR = SFR/Mx [yr~!]
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Integrated SFR-M* Relation of Galaxy

sSFR = SFR/Mx [yr~1]
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Bulge Growth Scenario Whitaker+15

Abramson+14
A 1. galaxy = disc+bulge (to first order)

2. SF occurs in discs (high SFR and sSFR) 66§<Q_
3. bulge is composed primarily of older stars , 6)0’
i.e., high mass, low SFR => low sSFR o
o &5
I.I. \‘;’6
CD \O
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Bulge Growth Scenario Whitaker+15

Abramson+14
A 1. galaxy = disc+bulge (to first order) R
2. SF occurs in discs (high SFR and sSFR) X
3. bulge is composed primarily of older stars 6}\/
i.e., high mass, low SFR => low sSFR BN
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Bulge Growth Scenario

A 1. galaxy = disc+bulge (to first order)

2. SF occurs in discs (high SFR and sSFR)

3. bulge is composed primarily of older stars
l.e., high mass, low SFR => low sSFR

SFR

Whitaker+15
Abramson+14
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Bulge Growth Scenario Whitaker+15

Abramson+14
a Bulge-to-total light ratio (B/T) (bulge mass fraction Q
g2)
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Bulge Growth Scenario Whitaker+15

Abramson+14
a Bulge-to-total light ratio (B/T) (bulge mass fraction] Q
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Bulge Growth Scenario Whitaker+15

Abramson+14
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From Integrated to Spatially-Resolved Properties

1. SF occurs in discs (high sSFR)
2. bulge is composed primarily of older stars
l.e., high mass, low SFR => low sSFR
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From Integrated to Spatially-Resolved Properties

1. SF occurs in discs (high sSFR)
2. bulge is composed primarily of older stars
l.e., high mass, low SFR => low sSFR
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MaNGA: Mapping Nearby Galaxies at APO

Spatially-resolved spectroscopy

d unit (IFU)

(19, 37,61, 91, 127) (127~327)
The Sloan 2.5m Telescope

Apache Point Observatory { 9
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MaNGA: Mapping Nearby Galaxies at APO

About MaNGA

Pl: Kevin Bundy (UC Santa Cruz)

Project period: 2014~2020

Total number of galaxies: ~ 10500

Number of galaxies released: ~ 4600 (internal) , ~ 2700 (everyone)
spatially resolution: ~ 1 kilo parsec

spectral pixel = spaxel

stellar mass )' log(sSFR)
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other maps such as average stellar age, metallicity...
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Spatially-Resolved M*-SFR Relationship
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Spatially-Resolved M*-SFR Relationship

B/T
00 01 02 03 04 05 06 07 08 09 1.0

Msx(global) < 10 M, 10'° < Msx(global) < 10 M, Mx(global) > 10 M,

—

o

B/T < 0.2
log Xy, (HIl) [erg s~ kpc 2]
]
3

Global log Ha [erg s ']

Global log SFR [M,, yr']

|
N

w

(o]

CT& / /
< X
<hn -3 38
\/ n / /
= E 85 90 95 100 105 110 115
‘33 = Global log M, [M..]
(U - - -
NI 1. SF occurs in discs (high sSFR)
o . . .
%1 /] 2. bulge is composed primarily of older stars ,

l.e., high mass, low SFR => low sSFR

stellar mass
YlaZ-1 :1’11'13

40-.5 0 J
L — bulge /

6 7 8 9 10 6 7 8 9 10 6 7 8 9 10 00 2'0 4-0 6l0
log ¥, (all) [Mg, kpc~2] log ¥, (all) [M,, kpc~?] log ¥, (all) [M,, kpc™?] — d iSC 0.5 arcsec

B/T > 0.4
log Y. (HII) [erg s~ kpc?]

EAO SEMINAR 2017. DEC. 21ST @ HILO




Spatially-Resolved M*-SFR Relationship
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Spatially-Resolved M*-SFR Relationship
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Spatially-Resolved M*-SFR Relationship
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Spatially-Resolved M*-SFR Relationship
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Spatially-Resolved M*-SFR Relationship
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Problem: SFR Tracer

young stars > > SFR

evolved stars -  Ha »— SFR

AGN . Y~ SFR
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lonizing Sources of SFR Tracer

Spatially-resolved ionizing-source map for each galaxy
HIl

.Comi HIl g I]'?) 590*”\
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Revisit the Spatially-Resolved SFR-M* Relation
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Revisit the Spatially-Resolved SFR-M* Relation
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Revisit the Spatially-Resolved SFR-M* Relation
HI HI

—— M* All spaxels —_— M* HIl spaxels

i SF contribution. In fact, if we only consider the star-forming
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Contribution of Non-SF sources in Galaxies
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Contribution of Non-SF sources in Galaxies

foonam(any) vs. GLOBAL Mx foonamr(any) vs. GLOBAL Mx
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Decreasing role of star formation as an ionizing source toward
high-mass, high-B/T galaxies and bulge regions.
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Revisit the Spatially-Resolved SFR-M* Relation
HI HI

—— M* All spaxels —_— M* HIl spaxels
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Revisit the Integrated SFR-M* Relation

What drive the two sequences in the integrated relation with all ionizing sources?
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Revisit the Integrated SFR-M* Relation

How does the true Hx-M« relation look like?

Ho(HII) vs. GLOBAL Mx Ho(Composite) vs. GLOBAL Mx Ho(LI(N)ER) vs. GLOBAL Mx Ha(Seyfert) vs. GLOBAL Mx
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The non-HIl spaxels are not necessarily devoid
of star formation, but simply being dominated
by mechanisms other than star formation...
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Revisit the Spatially-Resolved SFR-M* Relation

B/T

00 01 02 03 04 05 06 07 08 09 1.0 Summary for this part:

e

43

"« | pastexplanation:
= 1 o oo 822 7" |4, bulge (and therefore bulge-dominated galaxies) has
:. « lower sSFR. (Abramson+14, Whitaker+2015)
x 41 %
® =
g “% our explanation:
§ o star-forming regions in bulge has same sSFR with that in

w
(o)

L &% disk, but bulge has higher fraction of Ha contributed by

-3|-” .«  those non-SF mechanisms with low ionizing ability.
(submitted to the The Astrophysical Journal)
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Gas and Star Formation in Interacting Galaxies
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Star Formation in Interacting Galaxies

conflict between theory and observation 1 (level of enhancement)

- - observation
theoretical perspective —
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Star Formation in Interacting Galaxies

conflict between theory and observation 2 (spatial distribution)
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Star Formation in Interacting Galaxies

conflict between theory and observation 2 (spatial distribution)
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Interactions generally produced enhanced star formation in the galaxy
central region, and suppressed star formation in the outer disk.
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Star Formation in Interacting Galaxies

centralized enhancement global enhancement
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Molecular Gas Observations by JCMT

*The JCMT dust and gas In Nearby Galaxies Legacy Exploration

Project JINGLE* JINGLE Pilot Close Pairs

Pl A. Saintogne T. Xigo H.-A. Pan

L. Lin
telescope JCMT JCMT/PMO/CSO JCMT
status ongoing completed ongoing
- dust continuum 12C0O(1-0)
transition 12C0O(2-1
12C0O(2-1) 12CG0O(2-1) &1
number of galaxies used 4 30 40
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Molecular Gas in Close Pairs
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e (Gas mass and SFE spread a wider range in galaxy pairs compared to
isolated galaxies, leading to the various level and appearance of star
formation in close pairs.

¢ |nteracting stage, mass ratio, ...
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Summary

00 01 0.2 0.53 04 05 06 07 08 09 1.0 past explanation:
A bulge (and therefore bulge-dominated galaxies) has
- i lower sSFR.
our explanation:
star-forming regions in bulge has same sSFR with that in
: disk, but bulge has higher fraction of Ha contributed by
; * those non-SF mechanisms with low ionizing ability.
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past:
galaxy interaction generates enhances SFR at the galactic center
our finding:

galaxy interaction generates various types of star formation appearance and gas properties
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