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A B S T R A C T 

We map the e xtraplanar g as, with ∼50–200 pc resolution, in nine star-forming galaxies using Multi-Unit Spectroscopic 
Explorer (MUSE) observations from the GECKOS VLT Large Programme targ eting edg e-on galaxies with similar stellar 
mass as the Milky Way. The narrow range in stellar mass ( ±0 . 35 dex) of the GECKOS sample makes it ideal for studying 
trends with star formation rate (SFR). We find strong extraplanar emission reaching ∼2-8 kpc from the disc mid-plane 
in all targets with SFR ≥1 M � yr −1 . Targets with SFR ≥ 5 M � yr −1 hav e bright er, mor e e xtended H α emission compared 
t o low er SFR targets. In high-SFR syst ems, the gas v elocity dispersion ( σH α) shows a biconical morphology, consist ent 
with the expectation of outflows. This agrees with previous works suggesting high velocity dispersion in a biconical shape 
is a good means to identify outflows. We find mixed results using line diagnostics ([O iii ] 5007 /H β–[N ii ]/H α and σH α–
[S ii ]/H α) to spatially resolve ionization mechanisms across the extraplanar gas. The highest [N ii ]/H α are found in the 
e xtraplanar g as of the highest SFR syst ems, y et main-sequence galaxies hav e the highest [O iii ]/H β. While the morphology 
of [N ii ]/H α may be useful to identify outflows, the absolute value of the line ratio alone may not distinguish strong 
outflows fr om e xtraplanar g as of main-sequence galaxies. The ubiquitous extraplanar emission can be int erpret ed as the 
result of feedback, in the form of large-scale winds for starbursts or smaller-scale galactic fountains for main-sequence 
g alaxies. Mor eover, shock-heating may ionise gas at the interface of the disc and the cir cumg alactic medium, independent 
of the source of the gas. 

Key wor ds: g alaxies: ISM – galaxies: spiral – galaxies: starburst. 
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 INTRODUCTION  

xtraplanar diffuse int erst ellar gas (eDIG) is commonly seen 
r ound star-forming g alaxies (e.g . R. J. Dettmar 1990 ; R. J. Rand
996 ; J. Rossa & R. J. Dettmar 2003 ). Many mechanisms are
n vok ed to explain its origin, including stellar feedback-driven 
alactic fountains (P. R. Shapiro & G. B. Field 1976 ), relic gas from
alactic outflows (C. López-Cobá et al. 2019 ), leaky H ii regions
L. M. Haffner et al. 2009 ) and post-asymptotic giant branch stars
n the thick stellar disc (N. Flor es-Fajar do et al. 2011 ). Recent
ork on the EDGE–CALIFA survey (R. C. Levy et al. 2019 ) argues
hat the vertical gas kinematics tend to favor an internal driving
echanism from the disc, i.e. stellar feedback, as the main source
f eDIG. R. González-Díaz, F. F. Rosales-Ortega & L. Galbany 
 2024 ) also find connections between the distribution of young 
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assive star feedback and minor axis-parallel ionization profiles 
n a sample with modest SFR. 
Neither the observational differences between eDIG and galac- 

ic winds nor the strength of these differences is well established
n main-sequence galaxies. The high velocity and turbulent inter- 
al motions of winds create a plausible environment for shocks, 
hich may be diagnosed using optical emission line ratios (M. A.
opita & R. S. Sutherland 1996 ). Shock-e x cited g as typically e x-
ibits elevat ed v elocity dispersion and charact eristic elevat ed op-
ical emission line ratios. These signatures are used by studies to
eparate shock-ionized gas from star-formation-ionized gas. (J. A. 
ich et al. 2010 ; J. A. Rich, L. J. Kewley & M. A. Dopita 2011 ,
015 ; I. T. Ho et al. 2014 , 2016 ; L. J. Kewley, D. C. Nicholls & R. S.
utherland 2019a ). 
Galactic winds (i.e. outflows) are a specific type of extraplanar 
as that play a key role in galaxy evolution. They are large-scale
alaxy mass ejecta that hav e suppressiv e effects on star forma-
ion in the host galaxy. These ejecta are driven by supernovae
 xplosions (SN e), radiation fr om young stars, and A ctive Galactic
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Table 1. Physical properties and MUSE observation parameters of the GECKOS galaxies analysed in this paper. Galaxies are ordered 
by decreasing SFR. Columns are as follows: galaxy names; distance measurements from G. Theureau ( 2023 ) for ESO 079-003, and from 

R. B. Tully et al. ( 2023 ) for all others; log(M � ) is stellar mass from van de Sande (in preparation ) ; SFR, derived from WISE Band-4 (M. E. 
Cluver et al. 2017 ); �SFR is SFR surface density, where �SFR = SF R/ (πR 2 e ) ; spaxel size is the resolution of the MUSE data for 0.6 arcsec 
resolution data; and where R e is the effective radius (in arcsec) derived using Multi-Gaussian Expansion (MGE) models from T. H. 
Rutherford et al. ( 2025 ) in DECaLS r -band imaging (R. D. Blum et al. 2016 ). 

Galaxy Distance log (M � ) SFR �SFR Spaxel size R e 
(Mpc) (M �) (M � yr −1 ) (10 −2 M � yr −1 kpc −2 ) (pc) (kpc) 

ESO 484-036 69 10.5 8 10 200 5.1 
ESO 079-003 36 10.6 5 4 105 6.5 
NGC 4666 16 10.7 5 8 45 4.2 
NGC 5775 19 10.6 5 4 55 5.8 
UGC 00903 38 10.5 4 6 110 4.5 
ESO 120-016 50 10.6 3 1 146 8.7 
NGC 3279 30 10.3 1 1 87 5.5 
IC 1711 45 10.7 1 2 131 3.8 
NGC 3957 25 10.5 0.3 0.6 72 3.8 
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uclei (AGNs). Outflows can carry int erst ellar medium (ISM)
at erial far bey ond the disc of the host g alaxy (r eviews S. Veilleux
t al. 2020a ; T. A. Thompson & T. M. Heckman 2024 ). Cosmo-
ogical simulations find that mass-loss via outflows is a r equir ed
omponent of the simulations, to match observed stellar masses
nd star formation rates (SFR) (R. S. Somerville & R. Davé 2015 ;
. Naab & J. P. Ostriker 2017 ; T. A. Thompson & T. M. Heckman
024 ). There is, how ev er, currently no theoretical consensus to
escribe the energetics of outflows (for e xample, see r eview by
. A. Thompson & T. M. Heckman 2024 ). Mor eover, r esolved
urveys of galaxies with outflows are rare (see discussion in S.
eilleux et al. 2020b ). Recent work with optical IFU instruments
s changing this (e.g. B. Reichardt Chu et al. 2025 ). 
The last 15 yr have seen a significant number of resolved obser-
ations of optical emission lines in extraplanar gas of both out-
ows and super-main-sequence systems (R. G. Sharp & J. Bland-
awthorn 2010 ; A. Bik et al. 2018 ; B. Reichardt Chu et al. 2022 ,
024 ; C. López-Cobá et al. 2020 ; D. K. McPherson et al. 2023 ; A. B.
atts et al. 2024 ). Whilst these observations provide the oppor-
unity to detect and study wind-shocks using line ratios, there
s no clear consensus on the presence of shocks in the existing
bservations. I. T. Ho et al. ( 2014 ) argue that, based on observed
ine ratios, shock-ionized gas is very common in their sample of 
tar -forming galaxies. Con versely, A. Bik et al. ( 2018 ) found, using
USE imaging, that the gas above the centre of the outflowing
alaxy ESO338-IG04 has emission line ratios more consistent
ith photoionization than shock-ionization. J. Chisholm et al.

 2017 ) make a similar finding from using absorption lines to study
 sample of outflowing galaxies. We note that moderately elevated
mission line ratios in extraplanar gas do not a priori require
hocks t o exist: w eak dust-shielding abov e galactic planes allow
or harder radiation fields, resulting in elev ated extr aplanar line
atios (L. J. Kewley et al. 2019a ). 
This article uses GECKOS survey (Generalising Edge-on galax-

es and their Chemical bimodalities, Kinematics, and Outflows
ut to Solar environments, J. de Sande et al. 2023 ) IFS data of 
ine edge-on galaxies (Table 1 + Fig. 1 ). The galaxies have masses
ithin ±0.3 dex of the Milky Way mass, ∼ 5 × 10 10 M � (J. Bland-
awthorn & O. Gerhard 2016 ), and SFRs varying over an order of 
agnitude (SFR ∼0.2–8 M � yr −1 ). We exploit deep MUSE obser-
ations from GECKOS to make resolved ( ∼ 50 − 200 pc) studies
f the kinematics and line-r atios of extr aplanar gas across diverse
tar -forming en vironments. 
NRAS 548, 1–24 (2026) 

e  
Sections 2.1 –2.2 outline details of the GECKOS survey observa-
ions. Section 2.3 describes the GECKOS data reduction process,
nd Section 2.4 describes the post-processing we performed on
ur reduced data. Sections 3.1 –3.3 present maps made from the
educed GECKOS data, highlighting kinematic and morpholog-
cal differences between galaxies in our sample. Section 3.4 out-
ines how these maps can be systematically broken into differ-
nt regions for analysis. Section 3.5 compares surface brightness
r ofiles fr om these r egions in each g alaxy, and Section 4 offers
n emission line ratio analysis of our galaxy sample. 5 offers
 detailed discussion of the paper’s r esults. N ot e that w e hav e
ssumed a standard �CDM cosmology for this study (i.e. H 0 =
8 km s −1 Mpc −1 , 	m = 0 . 3 ). 

 METHODS  

.1 GECKOS targets in this work 

he galaxies studied in this paper are part of the GECKOS survey
J. de Sande et al. 2023 ). The GECKOS survey is a 317 h Large
rogram (PI: J. van de Sande) using the Multi-Unit Spectroscopic
xplor er (her eafter MUSE) instrument on Unit Telescope 4 of 
he Very Large Telescope (VLT). The full GECKOS sample is 36
 alaxies that ar e select ed t o hav e st ellar mass within ±0.3 dex of 
he Milk y Wa y mass ( ∼ 5 × 10 10 M �), are close to edge-on, and
re at a distance of 10–70 Mpc. GECKOS targets are chosen to
pan a wide range in SFR, ( ∼ 2 dex), making the sample ideal
o search for mass-controlled correlations with SFR. The MUSE
bservations began in 2022 and concluded in 2025. This work
tudies the first nine star-forming g alaxies, r educed and analysed
s part of the GECKOS internal data release 1, as listed in Table
 . 
The galaxy sample in this paper includes three galaxies that
ave previously been found to host galactic winds: NGC 4666 (M.
ahlem et al. 1997 ), NGC 5775 (G. H. Heald et al. 2006 ), and
SO 484-036 (S. Veilleux, G. Cecil & J. Bland-Hawthorn 2005 ).
. H. Heald et al. ( 2006 ) trace an outflow in NGC 5775 via a
otational lag between the disc and extraplanar regions. This lag is
nt erpret ed as a signature of outflowing material conserving mo-
entum as it gradually expands into the halo . G . H. Heald et al.

 2022 ) also reveal a mass outflow rate that is ≈40–80 per cent of 
he SFR by modeling the galaxy’s extended radio halo. M. Dahlem
t al. ( 1997 ) trace the NGC 4666 outflow by observing alignment



GE CKOS extr aplanar emission 3 

Figure 1. A collection of DESI Legacy Imaging Surveys (DR9) and Pan-STARRS-1 (DR2) color images of the GECKOS g alaxies cover ed in this paper. 
The images were produced using the g, r, and z bands with the as tr opy package make_lupton_r gb (R. Lupton et al. 2004 ) and an asinh stretch. The 
g alaxies wer e r otat ed t o hav e the phot ometric major axis and the dust lane (and phot ometric major axis) orient ed horizontally, and such that the dust 
lane (if offset) is to the lower side of the image. 
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etween optical filaments, radio filaments, X-ray emission, and 
agnetic fields above the galaxy mid-plane. B. Mazzilli Ciraulo 
t al. ( 2025 ) carry out a detailed analysis of HI, CO and ionized
as for the NGC 4666 outflow using the same MUSE data used in
his paper. They identify minor axis-parallel velocity profiles that 
re consistent with outflows. M. Dahlem et al. ( 1997 ) identify an
utflow in ESO 484 −036 via a characteristic X-shaped [N ii ]/H α

mission line ratio enhancement emerging from the extraplanar 
mission in narrow-band imaging. 
NGC 4666 and NGC 5775 are much closer than our other

argets (around 15–20 Mpc compared to 25–70 Mpc). Therefore, 
USE tiles cover a smaller fraction of their extended emission, 
lbeit with higher spatial resolution. We consider this difference 
hen analysing the morphology of the extended emission. 

.2 Observations 

etween 2022/12/21 and 2023/8/21, multiple observations were 
ade for the nine galaxies in Table 1 . The e xposur e times wer e
et t o achiev e a continuum signal-t o-noise ( S/N) abov e 40 at μg 
 23.5 mag arcsec −2 , which is r epr esentative of the Solar envi-
onment of the Milky Way (A.-L. Melchior & F. Combes 2007 ). 
Most g alaxies wer e observed using 1–3 pointings with a 1 ×

 arcmin 2 field-of-view, each covering different regions of the 
alaxy. We implemented tiling on nearby targets to reach a major-
xis position with μb = 23.5 mag arcsec −2 . Each observation con- 
ained four ∼9–10 min object (O) observations and two ∼2–3 min
ffset sky observations (S), e x ecuted in an OSOOSO sequence. 
or targets with an SFR e x ceeding twice the main-sequence value
t fixed stellar mass, we r equir ed MUSE tiles to cover a distance
f at least 10 kpc from the galaxy mid-plane to identify extended
inds. 
.3 Data reduction 

he data reduction process for GECKOS survey observations is 
escribed in A. F r aser-McKelvie et al. ( 2025 ). A full description
f the GECKOS data reduction workflow will be presented in 
an de Sande et al. (in preparation). We use the python package
ymusepipe 1 (E. Emsellem et al. 2022 ) for data reduction, which
s a wrapper for the MUSE Data Reduction Pipeline (DRP; P.
. Weilbacher et al. 2020 ). pymusepipe coordinated the multi- 
tep data reduction process for each observing block (OB), where 
ach step is completed using the esorex package 2 (ESO CPL 
evelopment Team 2015 ). 
The st eps complet ed by esorex carry out bias and flat field
orrections, and calibrate both wavelength and the line-spread 
unction (LSF) for each raw pointing e xposur e. esorex then
reates a geometry table to map the relative positions of each
aw e xposur e pix el in the observed field of view. This mapping is
ollowed by illumination corrections for each exposure, based on 
he twilight flat e xposur es associated with the current OB, as well
s the flatfield corrections made earlier. esorex performs sky 
ubtraction using offset sky e xposur es for the corresponding OB.
he sky e xposur es ar e used to make a sky model, which is then
tt ed t o each science frame. Thr ee pointings of NGC 4666 ar e
rchival data without sky frames. The sky subtraction pr ocedur e
or NGC 4666 inv olv es using spaxels in object frames without
trong emission lines. The abov e st eps e x ecuted by esorex r esult
n a datacube for each e xposur e. This data r eduction pr ocess is
escribed in more detail by B. Mazzilli Ciraulo et al. ( 2025 ). 
We use pymusepipe and spacepylot to align the world co- 
rdinat e syst em (WCS) of each e xposur e. Following an auto-
at ed alignment routine, w e correct ed remaining spatial offsets
MNRAS 548, 1–24 (2026) 
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etween g alaxy e xposur es by aligning a corresponding r band
mage from either the DESI Legacy image survey (A. Dey et al.
019 ) or the Pan-STARRS survey (K. C. Chambers et al. 2016 ).
ft er alignment, w e stack each e xposur e data cube using MPDAF
R. Bacon et al. 2016 ) to make a complete datacube for each OB.
e then mosaic these complete OB cubes together to make a
omplete datacube for one galaxy. 

.4 Emission line measurement 

mission line measurement and continuum subtraction follows
he same pr ocedur e as used in B . Mazzilli Ciraulo et al. ( 2025 ).
ontinuum subtraction was performed for each galaxy datacube
sing the nGIST pipeline (A. F r aser-McKelvie et al. 2025 ), which
s an extension of the original GIST pipeline (A. Bittner et al.
019 ). nGIST builds on a number of works, which build processes
ompiled into the software (M. Cappellari & Y. Copin 2003 ; M.
appellari & E. Emsellem 2004 ; H. Kuntschner et al. 2006 ; A.
azdekis et al. 2010 ; M. Cappellari 2017 , 2023 ). ngist is a modu-
ar pipeline for the analysis of integral field spectroscopic galaxy
ata. In this w ork, w e employ the Continuum module, which
reates continuum-only and line-only cubes after fitting the spec-
rum with a set of SSPs and masking emission lines. We use the
. J. Walcher et al. ( 2009 ) model for continuum fitting and sub-
raction, as this produces the smallest residuals in H β absorption
ompared to other models we tested (A. Vazdekis & N. Arimoto
999 ; G. Bruzual & S. Charlot 2003 ). Following testing in previous
ork on resolved outflows (B. Reichardt Chu et al. 2022 ; D. K.
cPherson et al. 2023 ), we Voronoi bin to continuum S/N = 7 ,
nd fit the rest-frame wavelength range 4750–7100 Å. The Milky
ay extinction is removed using the J. A. Cardelli, G. C. Clayton
 J. S. Mathis ( 1989 ) extinction law. The continuum model fitted
o each Voronoi bin is then subtracted from the corresponding
paxels at the native MUSE r esolution of 0.2 ar csec. In all targets
here is only sufficient continuum S/N to use this method near to
he galaxy z � ±1.5–2 kpc. Beyond this minor axis height there is
o discernible shape to the continuum. In the Gaussian fitting
f the emission lines, described below, we include a constant
ux offset for all fits. This handles imperfections in continuum
emoval, and those spaxels in which the S/N is too low to estimate
he continuum using pPXF . 
Continuum removal at wavelengths near and above ∼6700 Å

s complicated by several sky features. These features become
ncreasingly common for larger wavelength. This then means
hat sky subtraction generates increasingly large residuals and
mperfections r edwar d of ∼6700 Å. These sky featur es alter the
ontinuum from the stellar population modeling. Visual inspec-
ion of the pPXF model compared to the observed continuum
hows poor r epr esentation of the pPXF fit to the continuum.
his is likely more noticeable in the GECKOS programme, as we
arget low surface brightness emission lines at larger scale-height,
here sky lines may have greater impact. We ther efor e follow
 different continuum removal approach for different emission
ines. For H β and H α we must use the pPXF models to remove
bsorption. Moreover, the sky subtraction is well behaved in these
avelengths and does not have an impact that we measure on the
ontinuum model. Using the same pPXF model to remove con-
inuum below [S ii ] λλ6716,31 introduces a significant systematic
ncertainty. We ther efor e apply a local corr ection for continuum
nder the [S ii ] λλ6716,31 emission lines. 
As described in B. Mazzilli Ciraulo et al. ( 2025 ), we identify a
andpass of ∼50 Å around the [S ii ] λλ6716,31 emission lines in
NRAS 548, 1–24 (2026) 
hich to estimate a local continuum correction. The bandpass
f ∼50 Å is chosen to be small enough such that the emission
ine is well appr o ximated by a simple function (linear or con-
tant). We find that in all targets the slope of the spectrum across
his area is small compared to the noise in the spectrum, and is
hus consistent with negligible gradient. We remove the contin-
um locally by a simple linear fit to the continuum. This results
n a flat continuum, with no measurable gradient, around the
S ii ] λλ6716,31 emission lines. We t est ed using a constant value
nstead of a straight line, and in our tests these return similar
uxes as the linear continuum removal. We test the impact of 
his method by measuring the change in continuum over level
n a 200 Å region surrounding [S ii ] in spaxels both in the galaxy
nd in the outflow. We then compare this to the noise from the
ame region. We find that in the disc the continuum varies by
20 per cent of the scatter in the continuum, and in the outflow

 egions this r educes to ∼10 per cent. This small differ ence r eflects
he fact that the continuum near to [S ii ] λλ6716,31 emission lines
oes not vary significantly across the small wavelength range
urrounding these emission lines. Removing the continuum with
his method, ther efor e, does not intr oduce measurable sour ces of 
ncertainty, and generates fewer systematic uncertainties than
sing pPXF for the [S ii ] continuum. Target ESO 484-036, the
ost distant in this sample, contains a strong sk y -line that heavily
ontaminates the [S ii ] doublet, preventing [S ii ] analysis for this
arget. 
We also reit erat e that for all emission lines at larger distance

r om the g alaxy, z � ±1.5–2 kpc, there is insufficient continuum
/N to use any formalized fitting technique. This difference is,
her efor e, moot for most of the extraplanar emission. The Gaus-
ian fits include a constant offset in the fit, which is sufficient to
orrect continuum in these more distant regions. 
After the continuum removal, each galaxy data cube is rotated
uch that the galaxy major axis is horizontal in the data cube. In
ddition, cubes are spatially rebinned by combining pixels in 3 ×3
quar es. This r ebinning yields a 0.6 ar csec r esolution, which is a
ypical seeing value at the VLT. 
We performed single Gaussian fits to emission lines in the

 ×3 rebinned datacubes using the python package thread-
ount , 3 described in previous work (D. K. McPherson et al. 2023 ;
. J. Hamel-Bravo et al. 2024 ; B. Mazzilli Ciraulo et al. 2025 ;
 . Reichar dt Chu et al. 2025 ). We take sev eral st eps t o optimise
or speed. The software uses a bespoke version of the nelder
inimization algorithm, and a bespoke 4 version of the python
ackage lmfit . 
We run 10 iterations in which the spectrum is varied and refit.
e make these variations according to a normal distribution,
hose standard deviation is set by the observed variance. We,
ow ev er, only employ MC it erations on low S/N regions of the
 alaxy. For spax els with S/N > 30 , we find that there is no advan-
age to MC iter ations. A t high S/N, fits with MC iterations return
 ery similar paramet ers and uncertainty estimat es as fits that do
ot employ the MC iteration (as single minimization runs). For
hose spaxels with S/N < 30 , the fit parameters and uncertainty
re then taken as the mean and standard deviation of those fits. 
We fitted the H α, H β, [O iii ] λ5007 , [N ii ] λ6548 , [N ii ] λ6583 ,

S ii ] λ6716 , and [S ii ] λ6731 lines for each data cube. For the re-

https://threadcount.readthedocs.io
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ults presented in this paper, we only considered emission lines 
n which the flux is 3 × greater than the fit uncertainty. We applied
he same fitting pr ocedur e to versions of the data cubes that were
inned to a spatial resolution of 500 pc. Both the 3 × 3 bin and
he 500 pc bin resolution cubes will be used in this paper. 
We apply extinction corrections to each fitted spaxel, by creat- 

ng A V maps fr om spax el-by-spax el Balmer decr ement measur e-
ents and J. A. Cardelli et al. ( 1989 ) extinction curves. We only
sed spaxels with fitted H α and H β fluxes greater than 5 × the
ux uncertainty to cr eate A V maps. Spax els with insufficient S/N
or an extinction estimat e w ere int erpolat ed from nearby values.
he interpolation may reduce the true variation of line fluxes in
he data. These A V maps were then used to correct emission line
uxes in each spaxel. 
Velocity dispersions in all figur es ar e shown with the instru-
ental dispersion subtracted in quadrature from the fitted dis- 
ersion to each spaxel, where σinst ∼ 49 km s −1 . 

 EMISSION  LINE  MAPS  

ig. 2 shows the 4 colour maps of targets in this work. The
hite, diffuse light r epr esents the ∼800 nm continuum emission
enerated from the MUSE. Emission lines are O iii 5007 (blue),
 α (red) and [N ii ] 6583 (yellow). For display purposes only, we
se a very low S/N cut of 2 σ in Fig. 2 , to err on showing all
mission. For all targets, filaments of gas extend upward away 
rom the mid-plane of the ∼800 nm continuum image, typically 
his goes beyond 3 kpc from the galaxy. Similar to previous works,
his figure makes it clear that extraplanar ionized gas emission 
s a common property of all star forming galaxies in our sample
e.g. J. Rossa & R. J. Dettmar 2003 ; R. C. Levy et al. 2019 ). The
anels of the figure are arranged by SFR, highest at the top-left
nd lowest at the bottom-right. This makes a clear correlation of 
he extension of the extraplanar gas with galaxy SFR easy to see. 
The morphology of NGC 4666 is particularly interesting (for a 
ore in depth description, see B. Mazzilli Ciraulo et al. 2025 ). It is
he near est g alaxy in the sample, which allows for its detailed fila-
ents to be r esolved. Individual str eams of g as with width similar
o the resolution limit ( ∼45 pc) are visible, which extend roughly
 kpc from the galaxy. This may be similar to the plume mor-
hologies seen in PAH emission from James Webb Space Telescope 
 JWST ) observations (D. B. Fisher et al. 2025 ). Similar plume-like
tructur es ar e visible in ESO 079-003 and even ESO 120-016, the
atter of which has a relatively low SFR ( ∼3 M � yr −1 ). 
We note that NGC 5775 is a similar distance to NGC 4666 and
as a more smooth distribution of extraplanar emission. This 
alaxy has a well-studied outflow (e.g. G. H. Heald et al. 2006 ). It
as been shown to have a radio continuum consistent with emis-
ion from a significant population of cosmic ra ys (G . H. Heald
t al. 2022 ), which could act to smooth outflow substructure. Y.
tein et al. ( 2019 ) argues for the presence of cosmic rays in the
alo of NGC 4666, but the relative impact of cosmic rays between
GC 4666 compared to NGC 5775 is uncertain. It remains un-
lear what sets the differences in substructure of outflows. Recent 
ork on cloud-scale structures made with JWST , has been shown
o directly test outflow theories (D. B. Fisher et al. 2025 ). More
ork, with higher spatial resolution than this data, would be 
nformative. 
Fig. 3 displays 0.6 arcsec resolution maps of H α flux, H α veloc-

ty dispersion, [N ii ]/H α, and H α line- of- sight velocity for each
alaxy in our sample. Fig. 4 displays alt ernativ e v elocity disper-
ion maps ( σHα), in which the MUSE data for each galaxy has
een binned to ∼500 pc per spaxel and then refit with thread-
ount . The first binning scheme, 3 ×3, simply r estructur es the
ubes to match seeing, while the coarser binning, to 500 pc, is
nt ended t o incr ease S/N of line measur ements and pr obe the
owest surface brightness mor e r obustly. In all maps, we observe
 α flux decreasing with height from the mid-plane, whilst H α

elocity dispersion and [N ii ]/H α generally increase. 

.1 H α morphology 

ig. 3 shows we observe H α emission at heights greater than
4 kpc in all but one target, NGC 3957. This galaxy possesses both
he lowest SFR and lowest extraplanar H α surface brightness in 
ur sample. All targets with SFR ≥1 M � yr −1 hav e ext ended H α

mission. We will discuss correlations of the extended emission 
ith galaxy SFR in later sections of this paper. 
Many galaxies in our sample show filamentary substructures in

he H α flux, which extend at near-to perpendicular angles from 

he disc mid-plane outward into the extraplanar regions. We see 
hese features in ESO 484-036, NGC 4666, NGC 5775, ESO 079-
03, IC 1711, UGC 00903, ESO 120-016. Comparable features in 
GC 3279 do not extend as far. Such substructure has likewise
een discussed in M 82 using JWST (D. B. Fisher et al. 2025 ) and
ubble Space Telescope ( HST ) H α imaging (S. Lopez et al. 2025 ).
his suggests similarity of GECKOS outflows to M 82. 
NGC 4666 is described in B. Mazzilli Ciraulo et al. ( 2025 ) to
how the traditional biconical structure, which the MUSE FOV
ere shows part. Similarly, NGC 5775 has been shown to have a
iconical wind (G. H. Heald et al. 2006 , 2022 ), of which a portion
s covered. ESO 484-036 is shown in S. Veilleux & D. S. Rupke
 2002 ) to likewise show biconical structure, which is visible in the
gur e. We r eport that ESO 079-003 shows biconical filaments in
 α flux that are consistent with the traditional bicone morphol- 
gy. 
NGC 3957, the lowest SFR galaxy in our sample (0.3 M � yr −1 ),
as an off-centre filament of gas extending over ∼2 kpc from
he disc. This is dissimilar to the extraplanar emission in other
ECKOS targets, and that observed in low SFR systems with 
USE (e.g. R. González-Díaz et al. 2024 ). Like all other targets

n this sample, the H α surface brightness of NGC 3957 peaks
t the galactic centre. We check that WISE W3 shows a similar
entral peak, which gives an SFR indicator that is mor e r obust to
 xtinction. The off-centr e filament in NGC 3957 is not connecting
o the strongest star formation in the galaxy, but inst ead t o a
elativ ely low er SFR region of the disc. Moreover, the kinematics
f this filament ar e irr egular. As shown in the rightmost panel of 
ig . 3 , the g as at −1 kpc below the mid-plane is counter-rotating
ith respect to the disc at the same major-axis position. This
eature sets this off-centre plume apart from other filaments in 
ur sample. 

.2 Velocity dispersion maps 

n all targets, the velocity dispersion increases at greater verti- 
al distance from the mid-plane. In several galaxies (e.g. ESO 

84 −036 and ESO 079 −003) the elevated velocity dispersion has
 biconical shape over the centre of the galaxy. For this analysis,
e include discussion of the 500 pc resolution dispersion maps 
n Fig. 4 . The 500 pc maps allow us to probe further from the
 alaxy centr e, albeit at a ∼ 2 . 5 –10 × coarser r esolution than the
.6 ar csec r esolution maps in Fig. 3 . We remind the reader that
MNRAS 548, 1–24 (2026) 
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Figure 2. Four colour emission line plus continuum images of GECKOS targets studied in this paper.In all figures, H α emission is shown in red, 
[N ii ] 6583 in yellow, [O iii ] 5007 in blue, and R band continuum in whit e. The whit e line in each panel r epr esents a ∼3 kpc scale. Extraplanar emission is 
visible in all targets, often forming multi-kiloparsec filaments extending out from the disc. Note that the map for NGC4666 is r epr oduced fr om B . Mazzilli 
Ciraulo et al. ( 2025 ). 
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Figure 3. Maps of log (H α) flux (left), H α v elocity dispersion that has been correct ed for instrumental dispersion (middle-left), log ([N ii ]/H α) flux 
ratio (middle-right) and velocity (right) made for each galaxy in our sample. Note that the galaxies in this figure are ordered by decreasing SFR. Spatial 
ax es ar e in units of kpc. The points where the vertical and horizontal axes equal 0 kpc mark the appr o ximate location of the g alactic mid-plane and 
r otational centr e, r espectiv ely. We mark the 1.5 and 3.5 kpc points on the major axis with v ertical grey dashed and dott ed lines, respectiv ely. 
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he instrumental dispersion is subtracted in quadratur e fr om the
tted dispersion. 
We also note for physical interpretation of σHα that in extrapla- 
ar gas the velocity dispersion may not indicate turbulence, espe- 
ially at MUSE spectral resolution. D. K. McPherson et al. ( 2023 )
escribe how the line- of- sight expansion of a bicone when con-
 olv ed with relatively low spectral resolution (R � 3000 ) could
ppear as a broadened line rather than line-splitting. We will 
onsider this in the text when appropriate. 
We first consider galaxies with SFR � 5 M � yr −1 . Galaxies ESO
84 −036, NGC 5775, and ESO 079-003 show ext ensiv e extrapla-
ar regions with σH α > 100 km s −1 that is above z � 1 kpc and
ithin 1 kpc of the major-axis centre. In ESO 079-003, the high
ispersion regions form a triangular structure that extends up 
o ∼10 kpc from the galaxy mid-plane. This structure is visi-
le in both the 0.6 arcsec resolution maps (Fig. 3 ) and 500 pc
 esolution maps (Fig . 4 ). At a constant height of z ∼1 kpc, the
elocity dispersion drops to values of ∼40–60 km s −1 outside this
riangular region. A similar triangular region may be present in 
SO 484 −036, as can be seen most clearly in the 500 pc maps (Fig.
 ). We cannot fully describe the morphology for NGC 5775; this is
ecause the extraplanar MUSE pointings do not cover the entire 
utflow, and only extend ∼5 kpc from the galaxy centre (on the
ajor-axis). We do, how ev er, identify high dispersion gas ( σH α >

00 km s −1 ) above the g alactic centr e of NGC 5775, which de-
lines near the edge of the field-of-view at ∼4 kpc from the major
xis centre. NGC 4666 shows a strong rise in σH α on the lower side
f the 500 pc map, but limited spatial coverage obscures the shape
f this σH α enhancement. Likewise on the top side of NGC 4666,
he coverage barely includes the centre of the major-axis in the
MNRAS 548, 1–24 (2026) 
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Figure 3. continued 
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ind region, which means that detecting a centrally located rise
n σH α is difficult. Overall, in the high SFR super-main-sequence
ystems with sufficient spatial coverage, there is evidence of a bi-
onical high dispersion structure in the 500 pc resolution velocity
aps. 
We now consider the lower SFR galaxies. UGC 00903 and
SO 120 −016 also hav e elevat ed dispersions in extraplanar gas
bove the disc centre (on the major-axis), which have peak val-
es of σH α ∼70 km s −1 . Higher SFR systems commonly reach
H α ∼100–150 km s −1 , which can be twice the highest values
n most of the low SFR systems. Fig. 4 also displays σH α >

00 km s −1 regions above the planes of NGC 3957 and NGC 3279,
ut these do not share the triangular shapes seen in galaxies like
SO 079 −003 and ESO 484 −036. 
IC 1711 displays a high dispersion triangular region. Unlike
ther galaxies with this feature, IC 1711 has a modest SFR ( ∼
 M � yr −1 ) and little H α emission beyond a minor axis height
4 kpc. One interpretation is that IC 1711 could contain historic
NRAS 548, 1–24 (2026) 
ind activity. Simulations show this could leave a mark on the
 xtraplanar g as (see A. Pillepich et al. 2021 ). This activity could be
rom alt ernat e possibilities, such as a w eak AGN that is currently
riving a low mass outflow. We discuss the case of IC 1711 in more
etail later. 
D. K. McPherson et al. ( 2023 ) discuss the use of velocity disper-
ion in extraplanar emission as a diagnostic for galactic winds,
eparating it from extraplanar emission not associated with the
ind. Similar conclusions can be drawn from inspection of out-
ows discussed in A. Bik et al. ( 2018 ) and A. B. Watts et al.
 2024 ). D. K. McPherson et al. ( 2023 ) argue that high disper-
ion signatur es ar e generated by the e xpansion of a biconical
tructure in ionized gas, which, when observed with modest
pectral resolution (R ∼ 2000 –3000 ), appears as a broad Gaussian
mission line. Turbulence generated within the outflow would
urther increase this v elocity dispersion. Our v elocity dispersion
 esults ar e consistent with this, albeit with some caveats. ESO
84 −036, NGC 4666, NGC 5775, and ESO 079 −003 all have SFR ≥



GE CKOS extr aplanar emission 9 

Figure 3. continued 
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 M � yr −1 , and the first 3 of these galaxies have known outflows
S. Veilleux et al. 2005 ; G. H. Heald et al. 2006 ). NGC 5775 and
GC 4666 hav e limit ed MUSE cov erage of the wind, making it
ifficult to identify any biconical dispersion structures. How ev er, 
he 500 pc image does show high dispersion values on the lower
ide of NGC 4666, as well as increased dispersion around z ∼
 –7 kpc on the top side. We see likewise for z < −4 kpc in NGC
775. These high dispersion values may trace some triangular 
ispersion structures, but we cannot be certain without a wider 
eld-of-view. 
These first results from GECKOS galactic winds, especially in 
ig. 4 , allow us to create more formalized criteria for outflows.
e rely on the assumption that at the same stellar mass, galaxies
ith higher SFR are expected to be more likely to have strong
utflows (e.g. J. Chisholm et al. 2015 ; T. M. Heckman et al. 2015 ;
. Veilleux et al. 2020b ; T. A. Thompson & T. M. Heckman 2024 ).
ore specifically in our sample, the literature has described our 
igh SFR systems as having outflows (see r efer ences above). We
 M  
hen interpret that our galaxies with SFR ≥5 M � yr −1 are outflow
ystems. Under this assumption we find the following: 

(1) Elevat ed v elocity dispersion as an outflow identifier : 
e find that when the velocity dispersion of the outflow is above
100 km s −1 this system is most likely a stronger, biconical out-
ow. We note that, as seen in other works, we observe at least
ome increase in velocity dispersion with increasing distance 
rom the mid-plane for all galaxies in our sample, but the outflow
yst ems hav e a larger increase. 
(2) Velocity dispersion morphology as an outflow iden- 

ifier : We find that there is a triangular/biconical morphology 
n σH α above most high-SFR galaxies. Our results are therefore 
onsistent with previous arguments that biconical morphology 
n a velocity dispersion map appears to be a good indicator that
his gas is associat ed t o a strong biconical outflow (e.g. D. K.
cPherson et al. 2023 ). We add the caveat that some galaxies with
MNRAS 548, 1–24 (2026) 
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M

Figure 4. H α velocity dispersion maps made from 500 pc resolution data for each galaxy. The points where the vertical and horizontal axes = 0 mark 
the appr o ximate location of the g alactic mid-plane and r otational axis, r espectively. 
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uch morphology, as found in IC 1711, are not fully understood
nd may have an alternative origin. 

.3 Ionization morphology 

he [N ii ]/H α maps, shown in the 3 rd column of Fig. 3 , of each
alaxy allow us to visualise the morphology of the ionization in
he extraplanar gas. The classic ‘X-shape’ structure in this emis-
ion line ratio, where arms of the X extend outward from the
 alaxy centr e, has been described as indicative of outflows for
any years (e.g. S. Veilleux et al. 2005 ). This is most clear in ESO
NRAS 548, 1–24 (2026) 
79 −003, which shows higher levels of [N ii ]/H α in the limbs of 
he outflow. Though w e not e that in this target the bright H α knot
ocated at roughly ∼6-7 kpc on the major-axis has a low [N ii ]/H α,
nd is not part of the high-ionization X-shape. In ESO 484-036,
SO 079-003, IC 1711, UGC 00903 and ESO 120 −016, [N ii ]/H α

eaks above the galaxy centre (seen within major axis cuts of 
–2 kpc). As with velocity dispersion, it is difficult to interpret
N ii ]/H α in NGC 4666 and NGC 5775 due to the limited field-
f-view coverage. We note that the morphologies of [N ii ]/H α of 
w o of the low er SFR targets (NGC 3279 and NGC 3957) differ
tr ongly fr om higher SFR g alaxies like ESO 079 −003. 
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Figure 5. Illustration of the regions defined for each galaxy in this paper. 
Brown highlights the disc region, blue highlights the ‘major axis: ±0–
1.5 kpc’ r egion, gr een highlights the ‘major axis: ±1.5–3 kpc’ region, and 
the gr ey ar ea outside of these highlights is the ‘major axis: > ±3 kpc’ 
region. When we project these regions onto an observation of an edge- 
on galaxy, the ‘disc’ region aligns with the galactic mid-plane, and the ‘0 
kpc’ mark aligns with the galactic centre. 
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We note again the difference of IC 1711 to other low-SFR
ystems. IC 1711 has the second lowest SFR in our target list,
et the morphology of the [N ii ]/H α ratio more suggests a high
onization cone above the galaxy centre. This again suggests the 
ossibility of an alt ernat e source of the extraplanar emission, as
iscussed above and will be discussed below in the Discussion. 

.4 R egions of extr aplanar and disc emission 

or our analysis of the ionized gas emission line ratios, we di-
ide each galaxy into four empirically selected regions. These re- 
ions are motivated by previous observations of outflows, where 
otter, more ionized gas is expected over the galaxy centre and 
ooler/lower ionization gas is found at further distances along the 
ajor axis (P. L. Shopbell & J. Bland-Hawthorn 1998a ; S. Veilleux
t al. 2005 ; C. López-Cobá et al. 2020 ; S. Veilleux et al. 2020b ).
ur sample, which includes a range in SFR and likely a range in
 alactic wind str ength, can empirically determine if this structur e
s connected to the presence of stronger winds. We illustrate the
egional separations, described below, in Figure 5 . The disc region
s designed to align with the mid-plane of the galaxy, and cap-
ure ionization in the disc. It is not meant to include extraplanar
mission. We define a 1 kpc thick region that extends along the
ull major-axis of the galaxy. This thickness is similar to the size
f regions described as disc in previous outflow studies (e.g. D. K.
cPherson et al. 2023 ). The extraplanar emission is divided into 3
egions based on the distance to the major-axis galaxy centre. The
oundaries for these separations based on ad hoc inspection of 
ig. 3 , with special emphasis on the velocity dispersion. Based on
hat w e hav e already discussed, w e ther efor e e xpect a decr ease
n [N ii ]/H α and σH α moving fr om the r egions above the g alaxy
entr e towar ds those horizontally offset fr om the prior r egion.
hese definitions are intended to help us better quantify this 
ecrease. 
.5 Vertical H α surface brightness profiles 

ig. 6 shows vertical profiles of H α surface brightness, �H α , for
ach galaxy. We make profiles using 0.6 arcsec resolution data 
top row) and 500 pc resolution data (bottom row). Profiles are
enerated with the average of �H α in each row, within each sub-
 egion, and r estricting the av erages t o only include S/N > 5 on
he emission line in individual spaxels. In all profiles the central
500 pc, the disc region discussed above, is omitted. The profiles
her efor e concentrate on extraplanar emission only. 
In Fig . 6 , ther e is a tr end that the highest SFR g alaxies have
igh surface brightness �H α profiles, and the lowest SFR galaxies 
ave the lowest surface brightness profiles. This is most clear 
or the left and centre panels, which represent emission closer 
o the galaxy centre (on the major-axis). In the left-hand panels,
alaxies ESO 484-036, NGC 4666, NGC 5775, ESO 079-003, ESO 

20-016, and UGC 00903 exhibit emission extending up to ∼5 kpc
rom their mid-planes. In contrast, the lowest SFR galaxies (NGC 

957, NGC 3279, and IC 1711) only reach ∼2–3 kpc above the
id-plane. Assuming that H α flux is a mass tracer, and that gas
ener ating extr aplanar emission originates in the g alaxy, ther e ar e
an y reasons wh y w e w ould expect the low SFR systems to have
ess extended profiles of H α emission. 
It is interesting to note that IC 1711 has low �Hα values that
o not extend as far as the high SFR galaxies. We have discussed
ow the kinematics and emission line ratios of IC 1711 were
ore similar to high-SFR galaxies, yet this similarity does not 
xt end t o the H α brightness. If one assumes that the biconical
hape in the σHα on this galaxy suggests an outflow, then the H α

urface brightness would suggest a very low mass in the outflow
f IC 1711. 

 EMISSION  LINE  RATIO  DIAGNOSTICS  OF  

ONIZATION  MECHANISMS  

he Baldwin–Phillips–Terlevich (BPT) diagram (J. A. Baldwin, 
. M. Phillips & R. Terlevich 1981 ) is a widely used t ool t o in-

 estigat e the ionization mechanism driving emission line fluxes 
reviewed in L. J. Kewley et al. 2019b ). IFU studies have further
pplied BPTs t o prov e spatial variation in ionization across vari-
us star-forming galaxies (e.g. R. G. Sharp & J. Bland-Hawthorn 
010 ; R. L. Davies et al. 2014 ; I. T. Ho et al. 2014 ; S. F. Sánchez
020 ). 
In this section, we create BPT diagrams to study the ioniza-

ion pr operties of e xtraplanar g as in our sample. We will use
hese diagrams to compar e g alaxies and galaxy regions (defined
n Section 3.4 ) in our sample. We will also use these diagrams to
heck differences between galaxies that are higher SFR galaxies 
ompared t o low er. In resolv ed studies of face-on g alaxies, B .
eichardt Chu et al. ( 2025 ) finds that outflows ar e mor e com-
on for specific star formation rate SF R/M star > 0 . 1 Gyr −1 . For
 galaxy with M � ∼ 5 × 10 10 M � (median GECKOS stellar mass),
F R/M star ∼ 0 . 1 Gyr −1 corresponds to SFR ∼ 5 M � yr −1 . 
In this study, we construct two types of emission line ra-

io diagrams for each galaxy: [N ii ]/H α against [O iii ]/H β; and
S ii ]/H α against σH α . As a t est, w e creat ed BPT diagrams of 
S ii ]/H α against [O iii ]/H β to identify AGN activity signatures
n our line-ratio data. Though these extra BPT diagrams are not
hown in this paper, we did not find clear AGN signatures using
S ii ] in place of [N ii ]. In each diagram, we only include pixels
ith S/N > 5 detections for [N ii ], H α, [O iii ], and H β. 
MNRAS 548, 1–24 (2026) 
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Figure 6. Vertical H α surface brightness profiles. Row 1 shows profiles made from 0.6 arcsec resolution data (i.e. the same resolution shown in Fig. 
3 ), and row 2 shows profiles made from 500 pc resolution data. Each column displays profiles made from the 3 e xtraplanar r egions defined in Section 
3.4 (see Fig. 5 ). For NGC 4666 and NGC 5775, only one side of their minor axis profile is displayed, due to the vertically limited field of view for these 
galaxies. Galaxies in the legend are listed in the order of decreasing SFR. Galaxy centres ±500 pc are omitted to better emphasize the extraplanar gas. 
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Tr aditionally, BPT diagr ams use theoretical classification
urves (e.g. L. J. Kewley et al. 2001 ; G. Kauffmann et al. 2003 )
hat define regions of the parameter space dominated by different
onization mechanisms. How ev er, the shape and position of these
urves depend on the hardness of the local ionizing radiation
eld (L. J. Kewley et al. 2019a ). We must consider this effect for
ur galaxy sample, as we expect harder radiation fields to occur
aturally in low er att enuat ed extraplanar regions. To account for
arying ionizing field strengths, we use the variable classification
urve defined by equation (5) of L. J. Kewley et al. ( 2013 ) in our
N ii ]/H α against [O iii ]/H β BPT diagrams. We, therefore, plot
w o curv es, that with smaller line ratios r epr esents the standar d
tar forming sequence from L. J. Kewley et al. ( 2013 ); the solid
urve with larger line ratios r epr esents a harder field. 
Fig. 7 shows 2D contours of the [N ii ]/H α –[O iii ]/H β diagram

or our targets. The contours r epr esent kernel density estimates
f the distribution of pix els fr om corr esponding g alaxies. We
how levels that include 66 per cent and 99 per cent of the
robability mass for each contour set. We separate the galaxies
nto the following three subsets: SFR ≥ 5 M � yr −1 galaxies (blue
ontours), SFR < 5 M � yr −1 g alaxies (r ed contours) and IC 1711
green contours). We have separated IC 1711 due to the differ-
nces in morphology of both σHα and ionization maps described
n the previous sections. Each subplot displays a shock model
rid (black dashed line) and two thermal ionization models (solid
ines). The shock models are taken from tables 6 and 8 of MAP-
INGSIII (M. G. Allen et al. 2008 ). Thermal emission models
re generated using equation (5) in L. J. Kewley et al. ( 2013 ).
he region between these shocks and thermal emission is often
escribed as the ‘mixing sequence’, where the relative contribu-
NRAS 548, 1–24 (2026) 

b

ions of thermal and non-thermal ionization are ambiguous. We
how [N ii ]/H α–[O iii ]/H β diagrams for all individual targets in
he appendix. Figures in the appendix show individual spaxels,
hich are colored by distance to the galaxy mid-plane. 

.1 Line ratios for extraplanar gas of high SFR galaxies 

e now examine emission line diagnostics for galaxies with
FR ≥ 5 M � yr −1 , indicated as the blue lines in Figs 7 and 8 . This
roup consists of ESO 484 −036, NGC 4666, NGC 5775, and ESO
79 −003, each shown independently in appendix Figs A 1 , A 2 ,
 3 , and A 4 . The first three of these targets have known outflows
M. Dahlem et al. 1997 ; G. H. Heald et al. 2006 ; S. Veilleux et al.
005 ). ESO 079 −003 exhibits a pronounced X-shape structure
n [N ii ]/H α (Fig . 3 ), a high velocity dispersion cone structur e
Figs 3 and 4 ), and very extended H α emission (Fig. 6 ). ESO
79 −003 is ther efor e consistent with several indicators of having
 str ong g alactic wind. Ther efor e, w e int erpr et this gr oup as a
ample of outflow-dominated systems. 
The blue contours in the top two panels of Fig. 7 both show
mission line ratios for the SFR ≥ 5 M � yr −1 galaxies that extend
eyond the thermally e x cited r egime and into the non-thermal
egime, consistent with shocks ( v shock ∼ 200 –300 km s −1 ). This
ncludes both the region designed to cover the central part of 
he outflow ( ±0-1.5 kpc) and the region that covers the edge of 
he outflow ( ±1.5–3.0 kpc). The plots in the Appendix show that
here is a correlation of larger values of emission line ratios (es-
ecially [N ii ]/H α) with distance from the galaxy mid-plane. We
ote that the majority of spaxels fall outside the region occupied
y the M. G. Allen et al. ( 2008 ) shock models. 
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Figure 7. A set of [N ii ]/H α against [O iii ]/H β BPT 2D histograms, combining all pix els with S/N > 7 in each line fr om our sample. We divide the 
sample into galaxies with SFR ≥5 M � yr −1 (blue contours), IC 1711 (green contours) and those with SFR below this (red contours). Contours r epr esent 
the top 66 per cent and 99 per cent of pixels in each cat egory. Separat e BPT diagrams are shown for the 4 galaxy regions defined in Section 3.4 (see Fig. 5 ). 
The spacing of the two solid lines reflect an increasing radiation-field, with the line for larger line ratios r epr esenting the harder field (L. J. Kewley et al. 
2013 ). The black dashed line r epr esents a shock model grid from MAPPINGSIII simulations (M. G. Allen et al. 2008 ), covering shock velocities between 
200 km s −1 and 1000 km s −1 , which r epr esent the boundaries of available models. 
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For the positions more distant from the galaxy centre (major- 
xis position > 3 kpc) the majority of spaxels are consistent
ith thermal emission. There is only a small spur of gas
hat extends along the mixing sequence, albeit with lower 
O iii ]/H β than observed in the central regions of the extra-
lanar gas. These results are consistent with differences in 
onization near to (above) the galaxy centre, with decreased 
trength in ionization for gas more distant from the centre of the
alaxy. 
Fig. 8 compares [S ii ]/H α to the H α line velocity dispersion for
ur SFR ≥ 5 M � yr −1 galaxies (blue contours). We do not include
SO 484-036 in this figure, due to a skyline overlaping with [S ii ].
he highest velocity dispersions are found in the regions above 
he galaxy centres ( ±0–1.5 kpc), reaching σH α ∼150 km s −1 . In
ll e xtraplanar r egions, σH α positively corr elates with [S ii ]/H α

or σH α � 60 –70 km s −1 . This corresponds to [S ii ]/H α ∼ 1 . For
arger velocity dispersions ( σH α ∼ 80 –150 km s −1 ) there is not a
ignificant increase in [S ii ]/H α. 
MNRAS 548, 1–24 (2026) 
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Figure 8. Similar galaxy groups as shown in Fig. 7 , here plotting σH α against [S ii ]/H α. These diagrams follow the same general structure as Fig. 7 . 
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L. J. Kewley et al. ( 2019b ) argue that shocks are probable
rivers of emission lines if (1) shock-sensitive line ratios, such
s [S ii ]/H α, correlate with dispersion, and (2) the velocity dis-
ersion is larger than ∼80 km s −1 . We find a mixture of evidence
or shocks in gas above the plane in the GECKOS high SFR tar-
ets. We, likewise, point out that only a small fraction of spaxels
how both high σH α and a positive correlation between σH α and
S ii ]/H α . A dditionally, Fig . 7 shows that the most elevated line
atios remain near to the lower end of the M. G. Allen et al. ( 2008 )
hock model grid. This may be due to the models being designed
or ISM conditions, rather than outflows. Alt ernativ ely, shock
ronts likely occur on much smaller scales than our spatial res-
lution (50–200 pc). Recent work finds that clouds are typically
n the order of 10 pc in width (D. B. Fisher et al. 2025 ). If shocks
NRAS 548, 1–24 (2026) 
ccur on these scales, and are embedded in a non-shocked gas,
hen our observations would blend the two together. This could
odify the measured emission line ratio. 
J. Chisholm et al. ( 2017 ) finds negligible contribution of shocks

rom UV absorption lines in outflows, though it is important to
ote that absorption lines and emission lines do not trace gas in
he same way. Nevertheless, the lack of difference in the nature
f the [S ii ]/H α–σH α r elationship, and r elatively few spax els that
verlap with shock models, may simply reflect a minimal role of 
hocks in the ionization of wind gas. 
D. K. McPherson et al. ( 2023 ) discusses the observational effect

or observing outflows with relatively low spectral resolution in-
truments ( R ∼ 1000 –3000 ), like MUSE. Observations of nearby
utflows with higher spectral resolution observe split emission
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ines in outflows (M. S. Westmoquette, L. J. Smith & J. S. Gal-
agher 2008 ; M. S. Westmoquette, L. J. Smith & I. Gallagher 2011 ).
he line-splitting is underst ood t o r esult fr om the two sides of 
n expanding cone of gas. If an expanding cone is observed with
ower spectral resolution, this would appear as higher velocity 
ispersion for a single Gaussian component. An interpretation 
f the shape of the [ S ii ] /Hα–σH α relationship could be that at
ow dispersion there is a physical link between the ionization 
nd gas kinematics, but at higher velocity dispersion the velocity 
ispersion reflects the expanding cone, which is unrelated to the 
onization mechanism. 

.2 Line ratios for extraplanar gas of main-sequence 
alaxies 

n Fig. 7 , we also show the 66 per cent and 99 per cent con-
ours of the [N ii ]/H α–[O iii ]/H β values for galaxies with SFR <

 M � yr −1 (i.e. ESO 120 −016, NGC 3279, NGC 3957, UGC 00903),
 x cluding IC 1711. The lower SFR systems are shown as red con-
ours. These galaxies lie within ±0.3 dex of the main-sequence 
FR for their given mass, with lower SFR/M ∗ than is expected 
or strong outflows (see Table 1 ). We therefore interpret these
alaxies as typical main-sequence star-forming galaxies in the 
ocal Universe, that are not typically associated with large-scale 
utflows. 
The first thing we notice is that, in general, the contours for

 xtraplanar g as of the low- and high-SFR g alaxies occupy similar
egions of [N ii ]/H α–[O iii ]/H β parameter space. The majority
f spaxels, indicated by the inner 66th percentile contours, of 
oth subsets of galaxies overlap well. While the distributions are 
imilar, ther e ar e subtle differ ences between the distribution of 
 xtraplanar g as in the [N ii ]/H α–[O iii ]/H β diagram for high
nd low SFR galaxies. The high SFR systems reach ratios of 
N ii ]/H α ∼ 3 , while the main-sequence systems are rarely far
bove [N ii ]/H α � 1 . Conversely, the extraplanar emission of the
ain-sequence targets reach higher values of [O iii ]/H β (upper 
eft panel) and a more substantial fraction of the spaxels fall in
he shock model region. 
In all 4 regions of the main-sequence galaxies (red contours), 
e find emission line ratios that extend from the thermal ioniza- 
ion region of the BPT diagram, along the mixing sequence and 
nto the region of the M. G. Allen et al. ( 2008 ) shock models. This
s similar to the results of R. González-Díaz et al. ( 2024 ), who
tudies the extraplanar emission of 9 edge-on galaxies with SFR 

imilar to the main-sequence targets of our sample. They find 
mission line ratios consistent with significant contribution from 

hocks. 
The red contours in Fig. 8 show velocity dispersion-[S ii ]/H α

istributions fr om g alaxies with SFR < 5 M � yr −1 . Her e, the bulk
f the low-SFR systems (all e x cept IC 1711) have a very differ-
nt relationship between [S ii ]/H α and σH α as compared to the
igh SFR systems. The low SFR systems cover a similar range of 
S ii ]/H α but do not show the high velocity dispersion tail over the
 alaxy centr e that is pr esent in the systems that ar e known to host
trong outflows. This suggests that the differences in increased 
FR do not impact the ionization mechanism heavily, but do in
act lead to differences in the kinematics. This makes sense under
he assumption that e xtraplanar g as is driven by feedback and
hat higher SFR have a larger mechanical energy in their launch 
echanism. This larger energy generates a coherent biconical 
utflow. Conv ersely, feedback may driv e gas abov e the plane in
he main-sequence systems, but this does not form an expanding 
icone. 
The elev ated v alues of [N ii ]/H α and [O iii ]/H β values in the
isc region subplot of Fig. 7 correspond to NGC 3957 (see the
ig. A7 ). This galaxy is different from the rest of the sample in
an y wa ys. First, it has the least bright extraplanar gas. Secondly,
he e xtraplanar g as that is pr esent is located in an off-centre
lume that is counter-rotating with respect to the disc, and has
levated dispersion (see 2nd and 3rd column in Fig. 3 , respec-
iv ely). This count er-rotating plume is not typical for outflows,
s outflowing material has often been shown to align closely 
ith the galactic minor axis, and to co-rotate with the galactic
isc (e.g. P. L. Shopbell & J. Bland-Hawthorn 1998b ; G. H. Heald
t al. 2006 ). An accr etion or merger of a smaller g alaxy could be
onsist ent with count er-rotating, elevat ed g as. The merging g as
oes not need t o hav e the same line ratios of the host, which could
ead to this differ ence. Alternatively, Fig . 3 shows that the highest
N ii ]/H α values in NGC 3957 are associated to the g alaxy centr e,
ossibly reflecting a contribution from AGN. 

.3 Emission line ratios for extraplanar gas in IC 1711 

e have previously discussed the unique case, within our sample,
f IC 1711. This galaxy has a low SFR, ∼ 1 M � yr −1 , but the
 xtraplanar g as shows a high dispersion cone-shape, which is
ore commonly found at high SFR. The H α surface brightness of 
he e xtraplanar g as is, how ev er, not high and is more appropriate
or the low-SFR. Figs 7 and 8 show observations of IC 1711 as
reen contours. 
Above the g alaxy centr e (major-axis 0–1.5 kpc) and in the adja-
ent region (1.5–3 kpc) the [N ii ]/H α–[O iii ]/H β values are cen-
red on the M. G. Allen et al. ( 2008 ) shock models (see green
ontours in Fig. 7 ). Similarly, these regions have high σH α and ex-
lusively higher [S ii ]/H α. The only other galaxy with exclusively
igh line ratios above the disc plane is ESO 484-036, which is the
trong est SFR targ et in the sample and hosts a very strong bicon-
cal outflow. ESO 484-036 has the brightest H α surface bright- 
ess above the mid-plane. While IC 1711 has relatively weak 
xtraplanar emission, the gas that is present above the plane has
ery similar ionization and dynamical properties as the galaxies 
e understand to be stronger outflows. The emission line ratios 
re likewise similar to strong outflows. These reason for these 
imilarities, in absence of strong H α flux above the mid-plane, 
emain unclear. 

.4 Galaxy averages for extraplanar emission 

n Fig. 9 , we show the dependence of int egrat ed extraplanar emis-
ion ( L H α) and median extraplanar [N ii ]/H α on the total SFR
f each galaxy. The extraplanar gas is measured only at z -axis
eights that are greater than ±2 kpc from the galaxy mid-plane.
lso, we restrict the measurements to the central region of the
 xtraplanar g as, which means the inner ±1.5 kpc on the major-
xis. We t est ed use of a wider major-axis range, but it does not
ignificantly change Fig. 9 . We find a strong correlation of galaxy
FR with total extraplanar H α luminosity, with a Spearman cor- 
elation coefficient of 0.7 and a fitted power law of log (L Hα ) =
 . 3 log (SFR) + 37 . 6 . This result is similar to L.-Y. Lu et al. ( 2023 ),
ho found more extended H α emission in higher SFR galaxies. 
Several authors conclude that the extraplanar H α emission 
round star forming galaxies is consistent with being driven by 
eedback (e.g. R. C. Levy et al. 2019 ; L.-Y. Lu et al. 2023 ; R.
MNRAS 548, 1–24 (2026) 
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Figur e 9. Measur ements of SFR ag ainst e xtraplanar H α luminosity ( L H α) and SFR ag ainst [N ii ]/H α for the extraplanar regions across our galaxy 
sample. The extraplanar gas measurements are made for gas at larger distance from the galaxy mid-plane than ±2 kpc, and only in the central region 
of the extraplanar emission ( ±0–1.5 kpc). This r epr esents the brightest part of the e xtraplanar g as in all targets, e x cept for NGC 3957 (discussed above). 
We display measurements made above (black points) and below (orange points) the mid-plane of each galaxy. A Spearman rank correlation coefficient 
is indicated in the top left corner of each plot. 
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onzález-Díaz et al. 2024 ). Energy injected from supernovae,
osmic rays, and radiation pr essur e all incr ease with SFR (r e-
iewed in T. A. Thompson & T. M. Heckman 2024 ), which would
her efor e generat e bright er gas emission abov e higher SFR sys-
 ems. Our observ ed correlation betw een H α luminosity and SFR
s consistent with this. For supernova-driven winds the energy
njection into the outflow scales linearly with the SFR (e.g. T. A.
hompson & T. M. Heckman 2024 ). If we make a somewhat sim-
listic assumption that outflow energy scales primarily with mass
n the outflow, then we, likewise, expect a linear relationship of 
utflow mass with SFR (similar to results in B. Reichardt Chu
t al. 2025 ). The mass of ionized g as depends on L H α/n e , wher e n e 
s the electron density. If n e of the outflow increases with SFR of 
he galaxy, then a power -la w that is near to ∼2 for the relationship
etween SF R and L H α is needed for mass in the outflow to scale
inearly with SFR. This would be consistent with the power law
n Fig. 9 , which implies that our power -la w is consistent with
xtraplanar emission, in these galaxies, being driven by stellar
eedback. 
R ecently, B. Mazzilli Cir aulo et al. ( 2025 ) reports the first well

 esolved n e pr ofile that e xt ends deep int o an outflow ( z ∼ 6 kpc),
sing GECKOS observations of NGC 4666 (included in our sam-
le). At the least, these works show that high electron density is
ound in winds, which would be consistent with a linear relation-
hip of outflow mass with SFR in GECKOS targets. 
The relationship between [N ii ]/H α and SFR does not show

 simple power -la w beha viour. Only two g alaxies with str ong
vidence for outflows, ESO 079 −003 and ESO 484 −036, have
lev ated extr aplanar [N ii ]/H α line ratios. NGC 3957, which we
ave previously discussed as having several differences, also has
n elevated extraplanar [N ii ]/H α value. The majority of the sam-
le, how ev er, has low [N ii ]/H α values that are below unity. The
ifferences in the extremes of the distribution of the emission line
iagnostics found in Figs 7 and 8 , do not r epr esent the bulk of 
he gas. This can be seen in the individual plots available in the
NRAS 548, 1–24 (2026) 

f  
ppendix, which colour points based on distance to the galaxy.
hese show that the highest line ratios, where these differences
merge, occur in a fainter gas found at a larger distance to the
alaxy. 
Fig. 9 also suggests that changes in H α flux do not necessarily
rive changes in [N ii ]/H α. While the total flux of H α above
he plane appears explainable, the line ratios of extraplanar gas
re not so easily described. This may simply reflect that no one
henomenon cleanly explains all ionization mechanisms in the
 xtraplanar g as ar ound g alaxies. 

 DISCUSSION  AND  CONCLUSIONS  

n this paper, we use observations from the GECKOS survey
o analyse the properties of emission lines from ionized gas in
alaxies. We use the first nine star forming galaxies observed.
e compared extraplanar gas properties above the mid-plane of 
tarburst galaxies to those of main-sequence galaxies. We find
hat extraplanar emission is ubiquitous in our sample and often
xt ends w ell bey ond ±2 kpc from the disc mid-plane. We find
hat the surface brightness and luminosity of extraplanar gas in
 alaxies corr elate str ongly with SFR of the g alaxy, consistent with
revious studies on the extraplanar emission in galaxies (e.g. J.
ossa & R. J. Dettmar 2003 ; R. C. Levy et al. 2019 ; L.-Y. Lu et al.
023 ). 

.1 Velocity dispersion maps are good indicators of large 
iconical winds 

ur sample includes 3 galaxies that have previously been iden-
ified as hosting outflows (ESO 484 −036, NGC 5775, and NGC
666). A dditionally, ESO 079-003 shows e xtended e xtraplanar
mission with a centralized high velocity dispersion structure
nd an X-shaped [N ii ]/H α morphology (shown in Fig. 3 ). These
eatur es ar e all characteristic of an outflow. These outflow g alax-
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es have SF R/M star > 0 . 1 Gyr −1 , which previous samples show is
or e pr obable t o hav e outflows (B . Reichar dt Chu et al. 2025 ). 
D. K. McPherson et al. ( 2023 ) argue that elevated velocity
ispersion in extraplanar gas is a good indicator of outflows. 
hey also suggest that the conical shape in velocity dispersion 
aps from integral field spectroscopy observations can distin- 
uish emission associated with an outflow from ambient extra- 
lanar gas. In our 500 pc resolution velocity dispersion maps 
Fig. 4 ), we find velocity dispersions e x ceeding 150 km s −1 for our
FR < 5 M � yr −1 outflowing galaxies. Similar dispersions are 
bserved in other edge-on outflowing galaxies, such as Mrk148 
D. K. McPherson et al. 2023 ), ESO338 −04 (A. Bik et al. 2018 ),
nd NGC 4383 (A. B. Watts et al. 2024 ). Moreover, when the
utflow is fully covered in the MUSE mosaic we find a similar
iconical shape. By contrast, high dispersions are rare in main- 
equence galaxies. 
Our results suggest that ionized gas velocity dispersion is an 
ffective diagnostic for identifying candidate outflows for edge- 
n galaxies with IFS observations. In this case, elevated velocity 
ispersion with a biconical shape, when seen above a strong star-
urst (or AGN) in the disc, can trace outflow gas. Inside the con-
cal outflows, the measured ionized-gas velocity dispersion is ex- 
ect ed t o be a product of both int ernal bulk motion of gas and the
xpansion of the bicone. A sufficiently high spectral resolution 
 R � 7 , 000 ) would resolve the multipeaked emission line profiles
eeded t o charact erise this e xpansion (e.g . D. K. McPherson et al.
023 ; M. S. Westmoquette et al. 2008 ). 

.2 Ionization of extraplanar gas does not vary heavily 
cross a large range of SFR 

any studies have e xplor ed the ionization of extraplanar gas
n various galaxy samples (e.g. J. A. Collins & R. J. Rand 2001 ;
. G. Sharp & J. Bland-Hawthorn 2010 ; I. T. Ho et al. 2016 ; E.
oettcher, J. S. Gallagher & E. G. Zweibel 2019 ; C. López-Cobá
t al. 2019 ). These studies generally find increased ionization at 
arger distances from the galaxy mid-plane. This trend may reflect 
he growing contribution of shocks as an ionization mechanism 

way from the mid-plane (e.g. J. A. Collins & R. J. Rand 2001 ),
r it could reflect radiation field hardening at larger minor axis
eights due to reduced shielding (see discussion in L. J. Kewley 
t al. 2019b ). A mixture of both of these effects is also plausible. 
Due to the larger energy and momentum associated with bi- 
onical outflows, one might expect that the ionization proper- 
ies in strong galactic winds above starburst galaxies to differ 
rom that of the extraplanar gas above main-sequence galax- 
es. X-shaped [N ii ]/H α morphologies have long been an ion-
zation signature associated with outflows (review S. Veilleux 
t al. 2005 ). We see this feature most clearly in ESO 079 −003
or our sample (see Fig. 3 ). In our sample, the largest [N ii ]/H α

nd [S ii ]/H α v alues are found in the centr alized extr aplanar
as above ESO 484 −036 and ESO 079 −003. Both of these galax-
es have strong velocity dispersion cones, which may suggest a 
tr onger pr esence of shocks. Ov erall, w e see ESO 484 −036 and
SO 079 −003, which are both super-main-sequence galaxies, 
aving the strongest shock-ionization evidence in our sample. 
Conversely, NGC 4666 and NGC 5775, both outflow galaxies, 
nly sparsely populate the shock region of the BPT parameter 
pace. As seen in Fig. 9 , only 2 of our SFR ≥ 5 M � yr −1 galaxies
av e elevat ed [N ii ]/H α in the outflow. We find a similar outcome
or [S ii ]/H α. Moreover, A. Bik et al. ( 2018 ) find low extrapla-
ar [S ii ]/H α and low [N ii ]/H α in outflowing starburst galaxy
SO338 −IG04. Despite these ratios, they do identify shocks with 
he [O i ] line at large distances from the galaxy. We will consider
ECKOS observations of [O i ] in a future work. 
We also find that our main sequence ( SF R < 5 M � yr −1 ) galax-

es show extraplanar line ratios high enough ([N ii ]/H α > 1) to
e consistent with shock models by (e.g. M. G. Allen et al. 2008 )
see Figs 7 and 8 ). Above the galaxy centre the majority of spaxels
or high and low SFR are in similar regions of the [N ii ]/H α–
O iii ]/H β sequence, and main-sequence galaxies span a similar 
ange of [S ii ]/H α to that of starbursts. Although some minor
ifferences in line ratio distributions are observable between the 
igh and low SFR galaxies in Fig. 7 , our analysis has not revealed
n y ph ysical significance in these differences. Our findings echo
 esults fr om I. T. Ho et al. ( 2016 ), who find that emission-line ra-
ios like [N ii ]/H α are not sufficient alone for separating galaxies
ith and without strong winds. The key difference appears to be
n kinematics rather than ionization, which Fig. 8 illustrates. 
R. C. Levy et al. ( 2019 ) argue, based on the kinematics of 
dge-on galaxies, that feedback drives the majority of extrapla- 
ar emission in star forming galaxies, even in main-sequence 
 alaxies. The corr elation of e xtraplanar H α luminosity (Fig . 9 ),
 α surface brightness (Fig. 6 ) and H α scale-height (J.-T. Li et al.
016 ) all with SFR are consistent with a picture in which feedback
rives extraplanar emission in all star forming galaxies. Obser- 
ations suggest that there is a shallow-slope relating �SFR to the 
utflowing velocity of gas launched in winds (e.g. B. Reichardt 
hu et al. 2025 ). Even modest levels of star formation ( �SFR ∼
 . 1 M � yr −1 kpc −2 ) are observed to have ionized gas velocities of 
100–200 km s −1 (e.g . B . Reichar dt Chu et al. 2025 ), which would
ot entially driv e g as upwar d and could cr eate a shock ag ainst the
nner CGM. 
Aside from the explanation, from a purely observational view, 
ur results suggest that ionized gas line ratios alone are in-
ufficient to identify the presence of outflows. Using elevated 
N ii ]/H α or [S ii ]/H α t o indicat e outflows w ould lik ely under -
stimate the number of systems that show outflows. A combined 
nalysis of velocity dispersion and line-ratios would improve 
 esults, but r esolv ed imaging that indicat es a conical shape in
N ii ]/H α and/or σH α provides a more complete selection. 

.3 IC 1711: A possible relic outflow 

C 1711 shows high velocity dispersion above the galaxy centre 
nd enhanced emission line ratios in the central part of the ex-
raplanar gas, but lacks bright extraplanar emission. IC 1711 has 
he second lowest SFR in our sample, with SFR ∼ 1.1 M � yr −1 ,
nd low specific star formation rate, SFR/M star ∼0.02 Gyr −1 . It
ould be very different from previous observations for this low 

tar formation to drive an outflow (e.g. N. M. Förster Schreiber
t al. 2019 ; B. Reichardt Chu et al. 2025 ). Moreover, there is no
vidence of a presently luminous AGN (see BPT in Appendix). 
nless there is a high central �SF R in this galaxy that our �SF R
easur ements ar e insensitiv e t o, the morphology of the v elocity
ispersion and line-ratio of IC 1711 contrasts with the patterns 
een for the high SFR galaxies, such as ESO 484 −036. 
If our SF R measurement is not a significant underestimate, 
ne possible explanation for the behavior of IC 1711 could be
hat some extraplanar emission may trace relic gas from stronger 
utflows in the past. A. Pillepich et al. ( 2021 ) show, in TNG simu-
ations, that over pressurized, high ionization cones in Milky Way 
ass systems persist after the feeding of the galactic wind turns
ff. In these simulations the outflow is driven by an AGN, and
MNRAS 548, 1–24 (2026) 
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fter it turns off a high ionization cone remains for 10–100 Myr.
. Pillepich et al. ( 2021 ) argue that these are similar to the large
-ray and γ -ray bubbles that extend out from the centre of the
ilk y Wa y, called ‘Fermi Bubbles’ (M. Su, T. R. Slatyer & D. P.
inkbeiner 2010 ). Such bubbles could generate changes to both
nternal gas kinematics and emission line ratios. R. González-
íaz et al. ( 2024 ) studies emission line ratios of 9 edge-on galaxies
ith similar SFR to IC 1711. They likewise show at least one
arget has a similar line-ratio morphology. Deep IFS observations
f edge- on low- SFR systems may ther efor e r eveal evidence of 
ast outflow activity. This opens an opportunity to study the time
volution of outflows. More work studying these systems would
e helpful to understand their nature. 
Abov e, w e discuss that the combined use of gas velocity disper-
ion and [N ii ]/H α line ratios is a useful t ool t o identify outflows.
uch a selection would include a galaxy like IC 1711. The addi-
ional information from the H α flux, would likely conclude that
he mass-outflow rate derived for this target would be very low. It
ould, ther efor e, not necessarily be problematic to select targets
ike IC 1711 with stronger outflow systems, as long as authors
onsidered a mass tracer, like H α flux. 
The total GECKOS sample includes 36 galaxies, ∼24 of which
re star forming systems. This work r epr esents an initial anal-
sis. Whilst clear kinetic signatures of galactic winds appear
n this sample, caveats r emain. Futur e work with the complete
ECKOS survey will improve statistics and enable analysis of 
ass-loading, energy-loading, and the detailed physics of galactic
inds. 
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M

Figure A2. A set of [N ii ]/H α against [O iii ]/H β BPT diagrams made for NGC 4666. The format is the same as the one used in Fig. A1 . This figure is 
discussed in Section 4.1 . 

Figure A3. A set of [N ii ]/H α against [O iii ]/H β BPT diagrams made for NGC 5775. The Format is the same as the one used in Fig. A1 . This figure is 
discussed in Section 4.1 . 
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Figure A4. A set of [N ii ]/H α against [O iii ]/H β BPT diagrams made for ESO 079 −003. The format is the same as the one used in Fig. A1 This figure is 
discussed in Section 4.1 . 

Figure A5. A set of [N ii ]/H α against [O iii ]/H β BPT diagrams made for ESO 120 −016. The format is the same as the one used in Fig . A1 . This figur e is 
discussed in Section 4.2 . 
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M

Figure A6. A set of [N ii ]/H α against [O iii ]/H β BPT diagrams made for UGC 00903. The format is the same as the one used in Fig. A1 . This figure is 
discussed in Section 4.2 . 

Figure A7. A set of [N ii ]/H α against [O iii ]/H β BPT diagrams made for NGC 3957. The format is the same as the one used in Fig. A1 . This figure is 
discussed in Section 4.2 . 
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Figure A8. A set of [N ii ]/H α against [O iii ]/H β BPT diagrams made for IC 1711. The Format is the same as the one used in Fig. A1 . This figure is 
discussed in Section 4.1 . 

Figure A9. A set of [N ii ]/H α against [O iii ]/H β BPT diagrams made for NGC 3279. The format is the same as the one used in Fig. A1 . This figure is 
discussed in Section 4.2 . 
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