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Ellison+13: SFR enhancement in pairs and post-merger SDSS galaxies using 
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the star-forming fraction from rp ∼80 h−1
70 kpc to rp ∼10 h−1

70 kpc
is rather modest, increasing from a factor of ∼2 to 3 above the
control sample over this separation range. Similarly, although the
raw fraction of star-forming galaxies in the post-merger sample is
higher than in the close pairs (upper panel of Fig. 5), so is the fraction
of star-forming galaxies in the matched control sample. Therefore,
the excess of star-forming galaxies in the post-mergers is actually
consistent with the value in the closest pairs. This result indicates
that galaxies tend to become classified as star-forming well before
final coalescence.

3.2 Star formation rate enhancements

We next consider the rates of star formation within those galaxies
classified as star forming. The strength of the Hα line relative to
the other BPT lines allows us to relax the collective BPT line S/N
constraint to 1, without loss of accuracy in the determination of the
SFR (the qualitative trends in our results are not sensitive to this
choice of S/N cut.). The SFRs are taken from Brinchmann et al.
(2004) and are based on template fits to the SDSS spectra, yielding
‘fibre’ SFRs that are applicable to the region of the galaxy covered
by the 3 arcsec SDSS aperture. Brinchmann et al. (2004) also apply
a colour-dependent correction for the light outside of the fibre, in
order to determine ‘total’ SFRs. In this paper, we additionally infer
the SFR outside of the 3 arcsec fibre by subtracting the fibre SFR
from the total value.

In Fig. 6 we show the enhancement in the SFR (" SFR) in both
the close pair and post-merger samples relative to their respective
matched control samples. Both fibre (filled points) and outer SFRs
(open points) show an excess in the close pairs relative to their
controls out to at least 80 h−1

70 kpc. Although previous works have
inferred that the bulk of triggered star formation is centrally con-
centrated (Barton, Geller & Kenyon 2003; Bergvall, Laurikainen &
Aalto 2003; Ellison et al. 2010; Patton et al. 2011; Schmidt et al.
2013), Fig. 6 shows explicitly that a small amount of star forma-
tion is also triggered in a more spatially extended component. Star
formation on an extended spatial scale has also been predicted in
simulations (e.g. Powell et al. 2013). The pre-coalescence SFRs
in our sample of pairs are, on average, a factor of ∼2 higher than
their control in the fibres and 25 per cent higher in the outer parts

Figure 6. The enhancement in SFR for close pairs of galaxies that are
classified as star forming. Filled points show the enhancements in the fibre,
and hollow points show the SFR enhancements outside of the fibre. The
points in the grey shaded box show the enhancements for galaxies in the
SDSS post-merger sample presented here.

(beyond a few kpc). The post-mergers show further enhancements
in their SFRs in both the outer and fibre measurements; on average
the post-mergers have SFRs that are higher by 70 per cent (outer)
and a factor of 3.5 (fibre) than their control samples. These en-
hancements exceed (in both cases) the pre-merger values by about
40 per cent. Therefore, whereas the pre-coalescence phase of the
interaction most strongly affects central star formation, the final
merger increases the SFR more uniformly on a broader spatial
scale.

3.3 The frequency of starbursts

Whilst Fig. 6 measures the evolution of the average " SFR, it does
not tell us about the distribution of SFR enhancements, including
how frequently real starburst galaxies are formed in the merger
process. Whilst the average SFR enhancement in post-mergers may
be only a factor of 3.5, this may be due to a mix of galaxies that are
already quenched and some that are forming stars very aggressively.
For example, Di Matteo et al. (2007, 2008) show that galaxies
that experience more modest tidal interactions during their first
pericentric passage are able to preserve a higher gas reservoir for a
more intense burst of star formation at coalescence.

In Scudder et al. (2012b) we investigated the cumulative distri-
butions of "SFR in close pairs as a function of both mass ratio and
separations. It was shown that whilst close pairs of all mass ratios
and separations may exhibit modest SFR enhancements (up to a
factor of 2), enhancements exceeding a factor of 10 were restricted
to approximately equal-mass mergers with small projected separa-
tions (although starbursts are rare, even within these criteria). In this
paper, we take a slightly different approach, and plot the fraction of
star-forming galaxies with enhancements greater than some thresh-
old. Again, we require that the BPT lines all have a S/N > 1 and the
galaxies are classified as star forming according to the Kauffmann
et al. (2003b) criteria. We set the SFR enhancement thresholds to
be a factor of 2, 5 and 10 above the matched control sample (i.e.
"SFR > 0.3, 0.7, 1.0).

Fig. 7 shows that the fraction of galaxies exceeding each of these
fibre SFR thresholds increases towards the smallest separations and
peaks in the post-merger sample. Enhancements of a factor of 2
are common; 60–70 per cent of the closest pairs and post-mergers
exhibit an increase at this level. In the post-mergers, 40 per cent

Figure 7. The fraction of galaxies with fibre SFR enhancements at least a
factor of 2, 5 or 10 (blue, cyan and purple points, respectively) above their
matched controls. The points in the grey shaded box show the enhancements
for galaxies in the SDSS post-merger sample.
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Metallicity dilution in the central region of pairs and post merger galaxies 
compared with a control sample (e.g., Kewley+06, Ellison+08, Patton+13)
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Figure 9. The change in metallicity for close pairs of galaxies relative to
their control sample. The point in the grey shaded box shows the metallicity
offset for galaxies in the SDSS post-merger sample.

that typifies coalescence can approximately double the fraction of
mass in young stars.

4 C H A N G E S I N M E TA L L I C I T Y

Following Scudder, Ellison & Mendel (2012a) and Scudder et al.
(2012b), we calculate the metallicity of star-forming galaxies ac-
cording to the formalism of Kewley & Dopita (2002), as recently
re-assessed by Kewley & Ellison (2008). In order to be consistent
with our previous work, we require that galaxies are classified as
star forming according to the criteria of Kauffmann et al. (2003b)
and have a S/N > 5 in Hα, Hβ, [O II] λ 3727, [O III] λλ 4959, 5007
and [N II] λ 6584. In Fig. 9 the change in metallicity, relative to the
control sample, is plotted for both the close pairs and post-mergers.
Fig. 9 shows the now familiar trend in the pairs of a projected
separation dependence that remains offset from the control sample
out to at least 80 h−1

70 kpc. The close pairs are typically 0.03 dex
more metal-poor than the control sample, with the largest offset
at the closest separations ($ [O/H] ∼−0.07). The post-mergers
are even more metal poor, with a median $ [O/H] ∼−0.09. Since
metal-enrichment will follow a starburst, simulations predict that
the metallicity dilution is most extreme within ∼100 Myr of final
coalescence, before it recovers to (or exceeds) its pre-merger value
(e.g. Montuori et al. 2010; Scudder et al. 2012b; Torrey et al. 2012).
The low observed metallicities in our post-merger sample support
the conclusion drawn from the SFRs that coalescence is likely to
have occurred in these galaxies relatively recently.

5 AGN IN POST-MERGERS

5.1 The fraction of AGN

In the same way that we calculated the fraction of galaxies clas-
sified as star forming in Fig. 5, we will now compute the fraction
of galaxies that exhibit some contribution from AGN in their emis-
sion spectrum. The result of this calculation is particularly sensitive
to the choice of BPT line S/N, as lowering the detection thresh-
old includes more LINER-like objects (e.g. Cid-Fernandes et al.
2010; Ellison et al. 2011). Due to the uncertain nature of LIN-
ERs (e.g. Stasinska et al. 2008; Cid-Fernandes et al. 2011; Yan &

Figure 10. The AGN excess, defined as the fraction of SDSS galaxies
that are classified as an AGN according to the definition of Stasinska et al.
(2006), relative to the fraction of AGN of their respective controls. The
point in the grey shaded box shows the AGN excess for galaxies in the
SDSS post-merger sample.

Blanton 2012), it is preferable to restrict ourselves to Seyfert-like
spectra and we therefore impose a S/N > 5 requirement on the
BPT lines for this basic classification. We adopt the Stasinska et al.
(2006) classification in order to be consistent with our previous work
(Ellison et al. 2011). However, we stress that the Stasinska et al.
(2006) criteria select galaxies with a wide range of AGN contribu-
tion and include composite objects that also have significant star
formation. Nonetheless, the Stasinska et al. (2006) selection is ap-
propriate for determining the fraction of galaxies with measurable
AGN contribution and it was shown by Ellison et al. (2011) that the
basic trend of increasing AGN fraction with decreasing projected
separation is not dependent on the choice of diagnostic.

In Fig. 10 we plot the AGN excess, defined to be the fraction
of galaxies with an AGN contribution in both the close pairs and
post-merger samples, relative to the AGN fraction in their respec-
tive controls. The AGN excess is therefore a measure of how much
more often a galaxy in a merger exhibits the signature of an AGN
compared to a non-merger of the same stellar mass, redshift and
environment. The qualitative picture for the close pairs is very sim-
ilar to that presented in Ellison et al. (2011); a gradual rise in the
frequency of AGN, which peaks at ∼2.5 times the control value at
the smallest separations. However, whereas in Ellison et al. (2011)
we found an AGN excess only out to rp ∼40 h−1

70 kpc, in the present
analysis we find a statistical excess out to at least 80 h−1

70 kpc, where
AGN are more common by 10–20 per cent than in the control sam-
ple. There are a few differences between our current work and that
of Ellison et al. (2011) that may explain the AGN excess that is
seen out to large separations. The first is the different range of
mass ratios4 used in this study (1:4) and Ellison et al. (2011, 1:10).
Secondly, Ellison et al. (2011) had a much smaller control sample
than this work, only 10 control galaxies per pair, compared to sev-
eral hundreds used here. However, having experimented with the
two samples, neither of these aspects of the analysis seems to be the
cause for the wide separation AGN excess seen in Fig. 10. The main
cause appears to be the control matching parameters. Ellison et al.
(2011) matched only in mass and redshift, whereas this paper also

4 There is also a slightly different $V cut, 300 km s−1 used here, compared
with 200 km s−1 in Ellison et al. (2011).
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Interactions in Galaxy Evolution

Joshua Barnes, HST

How spatially resolved observables (SFR and metallicity) evolve during the interactions?  



Calar Alto Legacy Integral Field Area

•  937 galaxies from SDSS/DR7 of all 
Hubble Types 

•  >660 galaxies with PMAS/PPAK-
IFU @ CAHA 3.5m 

•  diameter 45” < D25 < 80”, redshift 
0.005 < z < 0.03 

• representative for nearby galaxies 
in  9.4 < log(Mstellar/M⦿) < 11.4 

•  ~ 550 galaxies observed 

74”

65”

@ 2” ~ 0.5-1.0 kpc

CALIFA Survey



Stellar-Gas Kinematic PA misalignments
ψgas-stars = | PAgas - PAstars | 
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Article number, page 20 of 25

Glenn van de Ven, “Cold gas as kinematic tracer”miniEDGE meeting, Univ. of Maryland, 10-11 April 2015

CALIFA velocity fields
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Hα Flux
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Emission line Fluxes and EW(Hα) maps

︷︷Flux ratios ~ Metallicity  EW(Hα) ~ sSFR 

103 Interacting 
B-B+15a 

80 Control 
B-B+14

Sample Sizes

Barrera-Ballesteros+15b



Increment in central sSFR in interacting sample

EW(Hα) distributions (as proxy for sSFR)
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Central aperture selection (5 arcsec)
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Extended aperture selection (30 arcsec)
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Interacting and Control samples

Interacting sample: 
103 objects at different 
stages of interaction 
(paired, interacting, 
remnants). 

Control sample: 80 
non-interacting 
objects (Barrera-
Ballesteros+14).⎨Emission line flux 

(Metallicity proxy) ⎨EW(Hα) 
(sSFR proxy)
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Interacting and Control samples

Interacting sample: 
103 objects at different 
stages of interaction 
(paired, interacting, 
remnants). 

Control sample: 80 
non-interacting 
objects (Barrera-
Ballesteros+14).⎨Emission line flux 

(Metallicity proxy) ⎨EW(Hα) 
(sSFR proxy)

Barrera-Ballesteros+15b
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Central Metallicity in Star-forming galaxies

0.3 Reff aperture Control
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Metallicity at different aperture sizes
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 Ellison+08

@ Central: Similar or even larger metallicities in interacting sample 
@ Extended: Dilution in metal content for interacting galaxies 

B-B+15b

Other process than inflows 
could enrich the central 
material in interacting 
galaxies (stellar/nuclear 
feedback) 

Similar as in numerical 
simulations (Torrey+2012 )



MaNGA Survey

The Astrophysical Journal, 798:7 (24pp), 2015 January 1 Bundy et al.

Figure 4. Actual images of six MaNGA IFUs from the first batch of survey-ready components. The photographs have been cropped to each IFU’s hexagonal area
and overlaid in this presentation. An example of each science IFU is shown, as well as a seven-fiber “mini-bundle” (far right), which is used for flux calibration. The
hexagonal packing is extremely regular—the positions of individual fibers (120 µm core diameter, 2′′ on the sky, with an outer diameter of 150 µm) within the IFU
deviate from their ideal locations by less than 3 µm. The MaNGA IFU complement (Table 1) is 12×N7, 2×N91, 4×N37, 4×N61, 2×N19, and 5×N127 per cartridge.

Figure 5. MaNGA IFU ferrule concept. The inner diameter tapering and
transition to a hexagonal form are indicated by the arrow on the cutaway design
drawing (top). A clocking pin determines the positional angle orientation when
the ferrule is plugged into the plate. The outer diameter, roughly 0.5 cm, makes
the ferrules easy to handle and plug by hand.

and as it does, the circular shape gently becomes hexagonal. The
now hexagonal opening narrows further until it reaches the final
inner diameter, set to be slightly larger than what is needed for
perfect fiber packing in a hexagonal array. Thanks to “electrical
discharge machining” (EDM) techniques, fabrication tolerances
of ∼3 µm can be achieved so that when fibers are inserted (by
hand), even large bundles self-organize into a hexagonal array
that is remarkably regular. Measured at the IFU end, the typical
fiber is shifted by less than ∼3 µm rms (less than 2% compared
to the outer diameter) from its position in a perfect hexagonal
pattern. Easy to implement and reproduce, this process produces
IFUs with ∼56% fill factor. Simulations of dithered observations
demonstrate that the regular packing provides significant gains
in the uniformity of both the exposure depth and recovered
spatial resolution across each IFU.

Figure 6. Lab-measured “throughput map” for a survey-ready N127 IFU,
generated automatically as part of our quality assurance testing and tracking.
This IFU is typical, with throughput values of 95% ± 2%.

The 1423 fibers in each MaNGA cartridge have 2′′ (120 µm)
cores and are composed of high-performance, broadband fused
silica with thin cladding and buffer (120/132/150). An antire-
flective coating applied to all fiber surfaces after IFU assembly
increases the average transmission by ∼5% and makes the fiber-
to-fiber throughput more uniform (N. Drory et al., in prepara-
tion). We have successfully built early prototypes of MaNGA
IFUs at the University of Wisconsin, but the large number of
IFUs required working with a commercial vendor. All the re-
sults described here are based on IFUs that were assembled,
glued, and polished by CTechnologies of New Jersey. Lab tests
indicate excellent performance in the production-level IFUs,
with no evidence for design-related FRD beyond that of the
SDSS single-fiber feed and typical throughput of 95% ± 2%
(see Figure 6).

9

The BOSS spectrographs provide wide 
wavelength coverage at R~2000

MaNGA: Mapping Nearby Galaxies at APO 11
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Fig. 8.— MaNGA’s simultaneous information gathering power (etendue ⇥ spectral resolution) versus wavelength (top) illustrates superior
performance and wavelength coverage in what will be the largest IFU survey of nearby galaxies. Two examples of stacked z ⇡ 0.15 spectra
from the BOSS survey (bottom) illustrate the available spectral features for interstellar medium (ISM) and stellar composition and kinematic
analysis in galaxies bracketing the sample range in M⇤. Note that the SAMI transmission function was taken from Croom et al. (2012)
and has since been improved.

4.4. Plug-plate Cartridge System

Spectroscopic observations using the Sloan Telescope
are carried out using a sophisticated plug-plate cartridge
system. The cartridges have the shape of a thick disk,
measuring roughly 1m in diameter and 60cm in height,
with two shoebox-like housings mounted on either side
that cover the delicate slitheads. The cartridges are com-
posed of a metal frame, with internal anchoring hardware
which holds both the fiber harnesses and the plug-plate,
and an outer plastic casing that can be removed to plug
the fibers.

SDSS plug-plates are made of 6061-T6 aluminum disks
measuring 31.25 inches in diameter and 0.125 inches
thick—the plate scale is 3.627 mm/arc-minute. Given a
set of on-sky positions, a software code produces machine
drill instructions which are carried out on a specialized
CNC device at the University of Washington. Plates are
designed by the survey team, drilled, and then shipped
to APO several months in advance of observation. Dur-

ing the day, SDSS employs professional “pluggers” who
inspect the previously-drilled plates to be observed that
night, mount them in an available cartridge, and then
plug them. During BOSS/eBOSS operations, pluggers
are able to plug a plate with 1000 fibers in about 30
minutes, but plugging in BOSS/eBOSS is allowed to be
random and is later mapped automatically using an opti-
cal laser system. In MaNGA, there are many fewer IFUs
and single-fibers that require plugging, but we require
that IFUs be plugged deterministically, that is, a speci-
fied IFU for a specified hole. The mapping system will
still be used to verify that MaNGA pluggings are correct
and determine which single sky fibers were plugged into
which hole, since these are not directly specified.

All plates that could possibly be observed by the active
survey on a given night are mounted into cartridges and
plugged during the day. These plugged cartridges, weigh-
ing roughly 300 pounds, are hydraulically lifted into rack
in the SDSS “plug lab” which sits only a short distance

BOSS spectrographs (R~ 2000)Bundle sizes: 12’’-32’’, PSF ~ 2.5’’

Mapping Nearby Galaxies at APO

• 10,000 galaxies with a roughly flat 
distribution in stellar mass from 
log(M*) =  8.7 -  11 

• Uniform spatial coverage in units of 
the effective radius (Re) 

• 2/3  covered to 1.5 Re (“Primary 
sample”) 

• 1/3 covered to 2.5 Re 
(“Secondary sample”) 

• Selection based on i-band absolute 
mag and redshift - no size or 
inclination cuts

Target Selection
Lead by David Wake (here!) and Aleks Diamond-Stanic

- 10,000 galaxies (!) at z~ 0.03 

- Roughly flat mass distribution 
log(M*) ~ 8.7 - 11 

- Coverage to 1.5 and 2.5 Re 

- ~1400 galaxies (MPL-4) already 
analyzed (PIPE3D, Sanchez+15)



Interacting 
galaxies  
in MPL-4  

Catalogues:
-NSA v1.0.0
-Xiao-Hu Yang's group  
(ASIAA)
-Galaxy Zoo 
classification

240 paired galaxies covering different interaction stages



Radial Variations: Interacting vs Control

Barrera-Ballesteros, Lin et al. (in prep)
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Radial Variations: Interacting vs Control
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Radial Variations: Interacting vs Control
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Radial Variations: Interacting vs Control
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Radial Variations: Interacting vs Control
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We are learning a lot from IFUs!

• Central sSFR is enhanced in Interacting galaxies. Moderately 
suppressed in outer regions (see also numerical simulations by 
Moreno+15). 

• Similar central metallicities (i.e., no dilution) : stellar/AGN feedback 
also play a significant role (Torrey+13).  

• IFU surveys with statistical meaningful samples allows us to 
understand the complex evolution of  interacting galaxies. 

• In particular, MaNGA is providing a unique scenario to test the radial 
change of the SFR and gas metallicity.


