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Galaxy SFR-Stellar Mass Relation
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Integrated SFR-M* Relation of Galaxy
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Integrated SFR-M* Relation of Galaxy

NTNU COLLOQUIUM 2017 @ TAIPEI

log(sSFR/yr-1 ) = -9.5

-10.5

-11.5



>< 5

1. bimodality 
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1. bimodality 
• star-forming (blue clouds)

`

Integrated SFR-M* Relation of Galaxy

NTNU COLLOQUIUM 2017 @ TAIPEI

log(sSFR/yr-1 ) = -9.5

-10.5

-11.5



>< 5

1. bimodality 

Integrated SFR-M* Relation of Galaxy

NTNU COLLOQUIUM 2017 @ TAIPEI

log(sSFR/yr-1 ) = -9.5

-10.5

-11.5



>< 5

1. bimodality 
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1. bimodality 

• quiescent galaxy
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1. bimodality 

2.  higher the M*, lower the sSFR
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Bulge Growth Scenario
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i.e., high mass, low SFR => low sSFR
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Bulge-to-total light ratio (B/T) (bulge mass fraction)
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fig: integrated (global) star 
formation rate (SFR) versus 
stellar mass (M*), colored by 
B/T (grey scale), and binned 
by M* (color circles). 
using the color code in Whitaker+15
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From Integrated to Spatially-Resolved Properties
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1. SF occurs in discs (high sSFR) 
2. bulge is composed primarily of older stars  

i.e., high mass, low SFR => low sSFR
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From Integrated to Spatially-Resolved Properties
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MaNGA: Mapping Nearby Galaxies at APO
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The Sloan 2.5m Telescope

Apache Point Observatory

Spatially-resolved spectroscopy
integral field unit (IFU)

127 fibre 
(19, 37, 61, 91, 127)

32” 
(12”~32”)
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MaNGA: Mapping Nearby Galaxies at APO
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About MaNGA 
PI:                                                    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
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Spatially-Resolved M*-SFR Relationship
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bulge
disc

1. SF occurs in discs (high sSFR) 
2. bulge is composed primarily of older stars , 

 i.e., high mass,  low SFR => low sSFR
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MANGA MEETING 2017 @ CAMPECHE

Ionizing Sources of SFR Tracer
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HII Composite LI(N)ER Seyfert

Spatially-resolved ionizing-source map for each galaxy 
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The “turnover” seen in the bulge is due to the inclusion of non-
SF contribution. In fact, if we only consider the star-forming 
regions, bulge and disk have similar star formation ability. 
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The “turnover” seen in the bulge is due to the inclusion of non-
SF contribution. In fact, if we only consider the star-forming 
regions, bulge and disk have similar star formation ability. 

Non-star-formation ionizing sources have lower ionizing ability 
compared to star formation
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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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HII Composite LIN(E)R Seyfert

young stars powered 

evolved stars powered 
B.-C. Hsieh+2017 ApJL

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

EAO SEMINAR  2017. DEC. 21ST @ HILO 19
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Composite LIN(E)R Seyfert
How does the true Hα-M∗ relation look like? 

Revisit the Integrated SFR-M* Relation

The	 non-HII	 spaxels	 are	 not	 necessarily	 devoid	
of	 star	 formation,	but	 simply	being	dominated	
by	mechanisms	other	than	star	formation…		

bracketing scenarios  

lower	lim
it

uppe
r	lim

it
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Revisit the Spatially-Resolved SFR-M* Relation

past explanation:  
bulge (and therefore bulge-dominated galaxies) has 
lower sSFR.                             (Abramson+14, Whitaker+2015)

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. 

(submitted to the The Astrophysical Journal)


Summary for this part:
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theoretical perspective

conflict between theory and observation 1 (level of enhancement)
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Figure 4. The SFR (left panels) and SSFR (right panels) enhancement, defined as the (S)SFR of a galaxy normalised by the median (S)SFR for its control
population (see Sect. 3.2), separated by interaction class (where A is the most extreme class, of mergers, and N contains those galaxies which are neither
interacting nor have a close companion). Values larger than 10 are indicated by lower limits, and are listed individually in Table 1. Median values per class are
indicated with their 1� uncertainty in both top and lower panels, but are amplified in the lower panels where the values are indicated next to the data points.

Class Galaxy T -type log M⇤ log SFR log SSFR SFR/hSFRiCS SSFR/hSSFRiCS
[M�] [M� yr�1] [yr�1]

A NGC 0520 0.8 10.66 1.08 �9.58 22.1 22.1
B NGC 2798 1.1 10.24 0.82 �9.42 10.7 12.3

NGC 5018 �4.6 11.14 �0.13 �11.27 18.8 20.2
C NGC 1482 �0.9 10.20 0.79 �9.41 17.8 15.7
0 NGC 3065 �2.0 10.46 �0.08 �10.54 15.5 14.8

NGC 4355 1.0 9.82 1.04 �8.78 21.9 20.0
NGC 5173 �4.7 10.07 �0.59 �10.66 (7.2) 10.2
NGC 7465 �1.9 9.99 0.25 �9.74 12.5 13.2

N ESO 402-030 �1.2 10.02 0.15 �9.87 (9.8) 12.3
NGC 1222 �3.0 10.17 0.75 �9.42 114.8 164.7
NGC 1808 1.2 10.55 0.80 �9.75 11.0 (7.6)
NGC 2764 �1.7 10.31 0.45 �9.86 28.2 36.7
NGC 3094 1.1 10.50 0.90 �9.60 13.8 10.0
NGC 3928 �4.5 9.62 �0.40 �10.02 81.3 120.2
NGC 4194 9.7 10.49 1.20 �9.29 11.2 (3.8)
NGC 4385 �0.7 10.19 0.39 �9.80 (6.9) 12.0
NGC 5078 1.0 11.15 0.77 �10.38 10.7 (5.3)
NGC 6014 �1.8 10.17 �0.19 �10.36 10.5 16.6

Table 1. Extreme values of SFR and SSFR, listing all galaxies for which these are enhanced by a factor > 10 compared to their control population. Listed are
interaction class, galaxy identification, morphological type, stellar mass, SFR and SSFR, and the SFR and SSFR enhancements. Values < 10 in the any of last
two columns are in parentheses.

c� 2014 RAS, MNRAS 000, 1–9

isolatedmerger —— interacting

 × ~2
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Mapping Star Formation in Galaxy Interactions 5

Figure 3. Global star formation rate (SFR) versus time (case
study). Vertical lines delimit the stages of merging: first approach,
interaction, coalescence, and post-coalescence. Red (blue) refers
to the primary (secondary) galaxy, and black to the arithmetic
sum of the two. Solid (dashed) curves indicate interacting (iso-
lated) galaxies. Top: Global SFR. Middle: The logarithm of the
SFR enhancement (SFR in interaction divided by SFR in iso-
lation). Grey horizontal line indicates SFR enhancement equals
unity. Bottom: Orbital separation. The galaxies experience two
bursts, one in the interacting phase, the other at coalescence.
The secondary galaxy exhibits weaker SFR and stronger SFR-
enhancement (and suppression) than the primary.

3.2 The Evolution of Global Star Formation

Figure 3 shows SFR (top), SFR enhancement (middle), and
separation (bottom) as a function of time (case study). SFR
enhancement is defined as the SFR of the interacting
galaxy divided by the SFR of its isolated counterpart. The
solid vertical lines demarcate the different stages of merging
(left-to-right): incoming, interacting, coalescing, and post-
coalescence. The red (blue) curves refer to the primary (sec-
ondary) galaxy, and the black curves represent their arith-
metic sum (labelled ‘total’ in the Figure). Solid (dashed)
lines represent interacting (isolated) galaxies.

Left alone, the two galaxies in isolation experience a
simple decaying star formation history. In interaction, on
the other hand, the galaxies experience two bursts of star
formation: one between first and second pericentric passage,
and another when the final merger occurs.

The Figure illustrates the nuisances described in Sec-
tion 2.3. The spikes at second pericentric passage signal the
overlapping of the two 10-kpc-radius spheres encompassing

Figure 4. SFR versus time, in spherical shells of radii [0 − 0.3],
[0.3− 1], [1− 3] and [1− 10] kpc (light-to-dark blue), and in to-
tal (black). Secondary galaxy, case study, interacting phase only.
Solid (dashed) refers to the interacting (isolated) galaxy. Top:

SFR per shell. Middle The logarithm of enhanced-SFR per shell.
Grey horizontal line indicates SFR enhancement equals unity.
Bottom:Orbital separation (dotted refers to snapshots not consid-
ered). The innermost region dominates the total SFR, especially
late in the interaction. Enhancement there is sustained, reaching
factors higher than 10. The second shell is strongly enhanced for
∼1 Gyr, followed by suppression. The outermost shells are briefly
enhanced, and quickly suppressed thereafter.

each galaxy. For each galaxy, the SFR boost is caused by
contamination from the ‘invading’ companion. This is par-
ticularly dramatic during coalescence, as the two spheres
merge, causing the red and blue curves to converge. Our
aim here is to map star formation in the interacting phase,
where the two distinct galaxies are clearly identified. For the
rest of this paper, these nuisances are avoided and ignored.

Our two metrics, SFR and SFR enhancement, are com-
plementary. The larger galaxy has higher SFR and lower
SFR-enhancement (compare red to blue). In other words,
the smaller galaxy makes fewer stars, but is more suscep-
tible to the encounter because of the relative tidal forces
acting between the galaxies (e.g., D’Onghia et al. 2010). No-
tice that the interacting phase exhibits both enhancement
and suppression. This is only true for configurations with
sufficiently-long interacting timescales. In general, this trend
is interrupted by merging.
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Mapping Star Formation in Galaxy Interactions 5

Figure 3. Global star formation rate (SFR) versus time (case
study). Vertical lines delimit the stages of merging: first approach,
interaction, coalescence, and post-coalescence. Red (blue) refers
to the primary (secondary) galaxy, and black to the arithmetic
sum of the two. Solid (dashed) curves indicate interacting (iso-
lated) galaxies. Top: Global SFR. Middle: The logarithm of the
SFR enhancement (SFR in interaction divided by SFR in iso-
lation). Grey horizontal line indicates SFR enhancement equals
unity. Bottom: Orbital separation. The galaxies experience two
bursts, one in the interacting phase, the other at coalescence.
The secondary galaxy exhibits weaker SFR and stronger SFR-
enhancement (and suppression) than the primary.

3.2 The Evolution of Global Star Formation

Figure 3 shows SFR (top), SFR enhancement (middle), and
separation (bottom) as a function of time (case study). SFR
enhancement is defined as the SFR of the interacting
galaxy divided by the SFR of its isolated counterpart. The
solid vertical lines demarcate the different stages of merging
(left-to-right): incoming, interacting, coalescing, and post-
coalescence. The red (blue) curves refer to the primary (sec-
ondary) galaxy, and the black curves represent their arith-
metic sum (labelled ‘total’ in the Figure). Solid (dashed)
lines represent interacting (isolated) galaxies.

Left alone, the two galaxies in isolation experience a
simple decaying star formation history. In interaction, on
the other hand, the galaxies experience two bursts of star
formation: one between first and second pericentric passage,
and another when the final merger occurs.

The Figure illustrates the nuisances described in Sec-
tion 2.3. The spikes at second pericentric passage signal the
overlapping of the two 10-kpc-radius spheres encompassing

Figure 4. SFR versus time, in spherical shells of radii [0 − 0.3],
[0.3− 1], [1− 3] and [1− 10] kpc (light-to-dark blue), and in to-
tal (black). Secondary galaxy, case study, interacting phase only.
Solid (dashed) refers to the interacting (isolated) galaxy. Top:

SFR per shell. Middle The logarithm of enhanced-SFR per shell.
Grey horizontal line indicates SFR enhancement equals unity.
Bottom:Orbital separation (dotted refers to snapshots not consid-
ered). The innermost region dominates the total SFR, especially
late in the interaction. Enhancement there is sustained, reaching
factors higher than 10. The second shell is strongly enhanced for
∼1 Gyr, followed by suppression. The outermost shells are briefly
enhanced, and quickly suppressed thereafter.

each galaxy. For each galaxy, the SFR boost is caused by
contamination from the ‘invading’ companion. This is par-
ticularly dramatic during coalescence, as the two spheres
merge, causing the red and blue curves to converge. Our
aim here is to map star formation in the interacting phase,
where the two distinct galaxies are clearly identified. For the
rest of this paper, these nuisances are avoided and ignored.

Our two metrics, SFR and SFR enhancement, are com-
plementary. The larger galaxy has higher SFR and lower
SFR-enhancement (compare red to blue). In other words,
the smaller galaxy makes fewer stars, but is more suscep-
tible to the encounter because of the relative tidal forces
acting between the galaxies (e.g., D’Onghia et al. 2010). No-
tice that the interacting phase exhibits both enhancement
and suppression. This is only true for configurations with
sufficiently-long interacting timescales. In general, this trend
is interrupted by merging.
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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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Molecular Gas Observations by JCMT
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Project JINGLE* JINGLE Pilot Close Pairs

PI A. Saintogne T. Xiao 
L. Lin

H.-A. Pan

telescope JCMT JCMT/PMO/CSO JCMT

status ongoing completed ongoing

transition dust continuum 
12CO(2-1)

12CO(1-0) 
12CO(2-1)

12CO(2-1)

number of galaxies used 4 30 40

*The JCMT dust and gas In Nearby Galaxies Legacy Exploration

74
Sample on SFR-M* plane JCMT Spectra
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Molecular Gas in Close Pairs
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• 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. 

• Interacting stage, mass ratio, …
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Summary

28

past explanation:  
bulge (and therefore bulge-dominated galaxies) has 
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


