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Abstract. We conduct a case study on a normal star-forming galaxy (z = 0.05) observed by
the SAMI Galaxy Survey and demonstrate the feasibility and potential of using large integral
field spectroscopic surveys to investigate the prevalence of galactic-scale outflows in the local
Universe. We perform spectral decomposition to separate the different kinematic components
overlapping in the line-of-sight direction that causes the skewed line profiles in the integral
field data. The three kinematic components present distinctly different line ratios and kinematic
properties. We model the line ratios with the shock/photoionization code mappings iv and
demonstrate that the different emission line properties are caused by major galactic outflows
that introduce shock excitation in addition to photoionization. These results set a benchmark
of the type of analysis that can be achieved by the SAMI Galaxy Survey on large numbers of
galaxies.
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1. Introduction
Galactic-scale outflows or galactic winds are one of the major “feedback” mechanisms

regulating the mass assembly and star-forming activities of galaxies as they evolve over
cosmic time (see Veilleux et al. 2005 for a review). Despite the import role outflows
play in galaxy evolution, the prevalence and magnitudes of outflows are not well con-
strained. Observations of extra-planar optical emission and blue-shifted absorption lines
have shown that starburst-driven winds are common in local galaxies (z < 0.5) with
extreme star-forming activities with high star formation rate surface densities (e.g.,
Σ∗ � 0.1 M� yr−1 kpc−2 , Heckman 2002; Rupke et al. 2005), and ubiquitous at high red-
shifts where the cosmic star formation rates peak (e.g., z > 1.4; Weiner et al. 2009; Stei-
del et al. 2010). For the normal star-forming population in the local Universe, detecting
outflow signatures in individual galaxies are still difficult with the current spectroscopy
surveys, unless with stacking analysis (e.g. Chen et al. 2010). Without spatially resolved
data on a statistical sample, the prevalence and degree of galactic-scale outflows in normal
star-forming galaxies remain largely unclear. The recent integral field spectroscopy sur-
vey using the new Sydney-AAO Multi-object Integral field spectrograph (SAMI; Croom
et al. 2012) on the 3.9-m Anglo-Australian Telescope (i.e. the SAMI Galaxy Survey;
Bryant et al. 2014; Allen et al. 2014) provides a unique opportunity to unravel the wind
population in the local Universe (z � 0.05). In Ho et al. (2014), we demonstrate that
by taking advantage of the high spectral resolution of SAMI (up to R ≈ 4500) we can
unambiguously identify wind galaxies through investigating the emission line ratios and
kinematics. In this proceeding, some of the key results are summarized.
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Figure 1. Left: SDSS g, r, i color composite image of SDSS J090005.05+000446.7 (z = 0.05386)
over-plotted with footprints of Sloan Digital Sky Survey (SDSS) fiber and SAMI. The SDSS fiber
has a diameter of 3′′. The SAMI hexabundle has a circular field of view of 15′′ in diameter. Right:
Component map describing the number of components required to model the spectral profiles
in each SAMI spaxel.
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Fl
ux

de
ns

ity
[a

rb
itr

ar
y]

SAMI 1 components

6620 6640 6890 6930 6960 7070 7100 7130

Examples of SAMI spectral decomposition
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Figure 2. Examples of our spectral decomposition on selected spaxels requiring 3-component
(top row), 2-component (middle row) and 1-component (bottom row) fits to describe the spec-
tral profiles. Each panel shows a zoom-in of some key diagnostic emission lines. Continuum
subtracted spectra are shown in grey. Best-fitting c3, c2, and c1 are shown in red, orange, and
blue, respectively. The best-fitting models,

∑
ci , are shown in black. To avoid confusion where

the lines are blended, we also show individual line transitions of c3 as transparent red lines.

2. Shocks and outflows in SDSS J090005.05+000446.7
In the integral field data of SDSS J090005.05+000446.7 (hereafter, SDSS J0900; left

panel of Fig. 1) delivered by the SAMI Galaxy Survey, SDSS J0900 presents skewed
line profiles changing with position in the galaxy because of the different kinematic
components overlapping in the line-of-sight direction. We fit each spaxel with multiple
component Gaussians depending on the complexity of the line profiles. In the most com-
plicated cases, a broad c3, an intermediate c2 and a narrow c1 kinematic components are
required to described the spectral profiles. Some examples of our spectral decomposition
are shown in Fig. 2, and the right panel of Fig. 1 shows the numbers of components
required at different locations in the SAMI field of view.

The different kinematic components present vastly different kinematic properties (see
Ho et al. 2014) and line ratios. On the classical BPT diagrams (top row of Fig. 3),
the emission line ratios of the different components are distinctly different, with the
narrow c1 component consistent with photoionization, the broad c3 component consistent
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Figure 3. Top row: The three classical BPT diagrams (Baldwin et al. 1981). Bottom row: The
three key line ratios versus velocity dispersion. The blue, orange, and red points correspond
to the different kinematic components (see Fig. 2). The other color points connected by line
segments are shock/photoionization model grids from MAPPINGS (see Ho et al. 2014 for details).
The line segments connect model grids of certain shock fractions with changing shock velocities.
The pure photoionization points (zero shock fraction) are at the bottom left corners (magenta).
The different components show distinctly different line ratios and kinematics and the MAPPINGS
models well reproduce the observations.
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Figure 4. [ S ii ] ratios and electron densities, versus velocity dispersion. The curves are models
of isothermal shocks propagating in ISM without magnetic field (left panel) and with magnetic
field (right panel). The models providing the best representation of the data are shown as the
black curves. The models with different parameters close to those of the black models are shown
in grey. The three parameters adopted in each model are labeled next to each curve. The units are
cm−3 for the pre-shock electron density (ne0 ), and km s−1 for the sound speed (cs ) and Alfvén
velocity (vA ). The geometric factor (ε) is unit-less. The predictions from the mappings iv shock
models are shown as thick black segments in the right panel.

with low-ionization narrow emission-line regions, and the intermediate c2 component
presenting intermediate line ratios. Clear correlations between the line ratios and velocity
dispersion are also obvious in the bottom row of Fig. 3. We model the line ratios using the
shock/photoionization code mappings (Sutherland & Dopita 1993; Dopita & Sutherland
1996; Allen et al. 2008; Dopita et al. 2013), and we reach remarkable agreement between
the data and the models. The elevated line ratios and velocity dispersion of the broad
c3 component are due to the presence of interstellar shocks (v ≈ 200–300 km s−1)
induced by the galactic winds in SDSS J0900. The models demonstrate that the narrow
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c1 component is excited by pure photoionization originated from star-forming regions
on the disk, and the intermediate c2 component is excited by a combination of both
photoionization and shock excitation.

The presence of interstellar shocks also directly result in the compression of gas, caus-
ing the elevation of electron density traceable with the density sensitive line ratio [ S ii

] λ6716/[ S ii ] λ6731. The degrees of compression are related to the shock velocities. The
elevated electron densities of the broad c3, shock-excited component are both observed
in our data and consistent with the inferred shock velocities of 200–300 km s−1 . Fig. 4
shows two scenarios where the shocks travel in non-magnetized (left panel) and magne-
tized (right) medium. The high electron densities of c3 are consistent with the model
predictions, demonstrating the importance of shock excitation and the presence of major
galactic winds in SDSS J0900.

3. Conclusions
We present the key features to investigate in high-resolution integral field data when

major galactic-scale outflows occur. While this case study poses no immediate answer to
the prevalence of galactic winds in the local Universe, the large sample size (final sample
size of 3,400 galaxies) of the SAMI Galaxy Survey will soon enable an array of studies
on galactic-scale outflows and winds in the local Universe (e.g. Fogarty et al. 2012).
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