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ABSTRACT

In nearby compact galaxy groups we can study the complex processes of galaxy interactions at high resolution and obtain a window
into a time in the history of the Universe when the galaxies were closely spaced and the intergalactic medium was awash with gas.
Stephan’s Quintet is a nearby compact galaxy group and a perfect laboratory for studying the process of galaxy evolution through
galaxy harassment and interaction. By analysing the kinematics of Stephan’s Quintet we aim to provide an increased understanding of
the group, the history of the interactions, their cause and effect, and the details regarding the physical processes occurring as galaxies
interact. Ionised gas and stellar kinematics have been studied using data from the Large Binocular Telescope, while the molecular gas
kinematics have been obtained from CO observations using the IRAM 30m telescope. Large areas of the group have been mapped
and analysed. We obtain a total ionised gas mass in the regions chosen for closer analysis of 20.1 + 0.2 - 10'° M, and a total H,
gas mass of 21 + 2 - 10° M, in the observed area (spectra integrated over the velocity range covering Stephan’s Quintet), while the
star-forming clouds show an impressive complexity, with gas congregations at multiple velocities at many locations throughout the
group. We map the large-scale nuclear wind in NGC7319 and its decoupled gas and stellar disk. With our high resolution data we can,
for the first time, reveal the Seyfert 1 nature of NGC7319 and fit the narrow-line region and broad-line region of the Ha line. While the
12CO (1-0) map shows significant emission in the area in or near NGC7319, the bridge, and the star-forming ridge, the '>’CO (2—1)
emission shows a prevalence to the star-forming ridge, an area south of the NGC7318 pair, and shows an extension towards NGC7317
— connecting NGC7317 to the centre of the group, indicating a previous interaction. NGC7317 may also be a prime candidate for
studies of the process of galaxy harassment. Furthermore, we connect the kinematical structures in Stephan’s Quintet to the history
of the group and the ongoing interaction with NGC7318B. Through our extensive observations of Stephan’s Quintet we trace and

present the kinematics and evolution of the complex processes and structures occurring in this nearby interactive group.

Key words. galaxies: evolution — galaxies: kinematics and dynamics — galaxies: groups: individual: Stephan’s Quintet

1. Introduction

In the early Universe, the close proximity between galaxies is
expected to have enabled a high rate of galaxy interactions and
mergers (Rodriguez-Baras et al. 2014), which were vital in driv-
ing galaxy evolution. At lower redshifts we can see similar
dynamics in compact galaxy groups. Compact galaxy groups
exhibit high amounts of intergalactic gas, a high proximity

* This paper uses data taken with the MODS spectrographs built with
funding from NSF grant AST-9987045 and the NSF Telescope System
Instrumentation Program (TSIP), with additional funds from the Ohio
Board of Regents and the Ohio State University Office of Research. The
LBT is an international collaboration among institutions in the United
States, Italy and Germany. LBT Corporation partners are: LBT Beteili-
gungsgesellschaft, Germany, representing the Max-Planck Society, The
Leibniz Institute for Astrophysics Potsdam, and Heidelberg University;
The University of Arizona on behalf of the Arizona Board of Regents;
Istituto Nazionale di Astrofisica, Italy; The Ohio State University, and
The Research Corporation, on behalf of The University of Notre Dame,
University of Minnesota and University of Virginia.

** Member of the International Max Planck Research School (IMPRS)
for Astronomy and Astrophysics at the Universities of Bonn and
Cologne.

between the galaxies, and frequent galaxy interactions and merg-
ers, and nearby compact galaxy groups can provide a high
resolution view into the processes and morpho-kinematical struc-
tures. Compact galaxy groups are therefore perfect laboratories
for the study of galaxy evolution through galaxy harassment and
interaction, and they can reveal key information regarding the
connections between galaxy evolution and the environment. Fur-
thermore, the physical processes occurring in the environment of
galaxy groups play a fundamental role in determining the star for-
mation history of the Universe (e.g., Natale et al. 2010).

Galaxy-galaxy and galaxy-intergalactic medium (IGM)
interactions should effectively remove interstellar gas from the
group’s galaxies, leading to a quenching of star formation in the
galaxies. However, this process simultaneously causes the chem-
ical enrichment of the IGM, which in turn can cool the IGM and
facilitate accretion onto the galaxies and new star-forming (SF)
systems. The interplay of these processes, and their overall effect
on galaxy evolution and star formation activity, is yet to be deter-
mined.

There is a multitude of additional interesting questions that
arise from the study of compact galaxy groups (Hickson 1997),
such as: what the end products of the evolution of these groups
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Fig. 1. Luminance, Red, Green and Blue (LRGB) composite colour
image of SQ obtained with the Subaru telescope and Hubble Space
Telescope WFC3 (based on the image processed by Robert Gendler and
Judy Schmidt). The velocities and morphologies stated are provided by
the NASA/IPAC Extragalactic Database (NED), and the average dis-
tance to SQ is 88.6 Mpc (Duarte Puertas et al. 2019), where 1" corre-
sponds to ~435 pc.

are; whether the end products have properties consistent with
any known population of objects; where compact groups fit into
the overall clustering hierarchy; what the connection between
compact groups and morphological segregation is; and what the
role of compact groups in the evolution of galaxies is throughout
cosmic time.

The compact galaxy group Stephan’s Quintet (SQ), shown
in Fig. 1, was discovered in the 19th century (Stephan
1877) and has since been studied across the electromag-
netic spectrum. Stephan’s Quintet consists of five galax-
ies, NGC7317, NGC7318A, NGC7318B, NGC7319, and
NGC7320C (NGC7320 is a foreground galaxy at a much lower
redshift; Burbidge & Burbidge 1961), and exhibits impressive
tidal structures that reveal a rich history of past interactions (e.g.,
Allen & Hartsuiker 1972; Allen & Sullivan 1980; Shostak et al.
1984; Moles et al. 1997, 1998; Fedotov et al. 2011). In the past,
NGC7320C passed through the centre of the group, west of
NGC7319 (Moles et al. 1997; Lisenfeld et al. 2004), depositing
most of its interstellar medium (ISM) into the IGM and cre-
ating large tidal tail(s) (as marked in Fig. 2). Whether both
the inner and outer tidal tail were created in the interaction of
NGC7319 with NGC7320C or whether an interaction between
NGC7319 and NGC7318A was involved as well is still unclear
(Renaud et al. 2010; Hwang et al. 2012). NGC7319 is expected
to have been involved in nearly all of the past interactions
and is classified as a Seyfert 2 galaxy with a large-scale out-
flow (Aokietal. 1996). Furthermore, it is yet to be deter-
mined whether NGC7317 passed through the group in the past
(Sulentic et al. 2001; Rodriguez-Baras et al. 2014), though a dif-
fuse stellar halo extending towards the galaxy indicates that an
interaction has occurred (Duc et al. 2018).

There is galaxy-wide shocked ridge located between the
NGC7318 pair and NGC7319 (as marked in Fig. 2 together
with additional important structures in SQ), flanked by star
formation towards NGC7318B and in the ends of the radio
shock (Cluver et al. 2010). This structure is created by the
collision of the IGM and the intruder galaxy NGC7318B,
which is entering the group from behind at a relative line-of-
sight velocity of ~900kms™' (Xu et al. 2003). The star for-
mation near the shocked ridge towards NGC7318B, in the
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Fig. 2. Adjusted Digitized Sky Survey 2 (DSS2) R-band image of SQ
overlaid with markings stating the naming convention of the different
important tidal and interaction structures in the group. The figure design
is inspired by Renaud et al. (2010).

south-west (SW) tail and the north-west (NW) tail, is what
is called the SF ridge. The SF ridge shows widespread star
formation and high velocity dispersion (e.g., Gao & Xu 2000;
Sulentic et al. 2001; Xuetal. 2003, 2005; O’Sullivan et al.
2009; Iglesias-Paramo et al. 2012; Konstantopoulos et al. 2014;
Duarte Puertas et al. 2019). Stephan’s Quintet exhibits an inter-
esting distribution of HI and cool molecular gas, where
most of the HI is located outside of the optical emission
(Allen & Sullivan 1980; Shostak et al. 1984; Williams et al.
1999, 2002; Renaud et al. 2010), and the cool molecular gas is
displaced from the galaxies and appears in isolated clumps in
the IGM and near NGC7319 (Gao & Xu 2000; Appleton et al.
2017).

The state of SQ fits into the scenario described by
Verdes-Montenegro et al. (2001), where compact groups evolve
from HI rich to HI poor. Young compact groups are expected
to be HI rich and mainly contain spirals, whereas older groups
would contain mainly ellipticals and be HI poor. As the galax-
ies in the younger group interact, the HI is displaced from the
galaxies and deposited into the IGM. As SQ is HI poor and most
of its gas is outside of the galaxies themselves, SQ is thereby
expected to be an older group. The HI deficiency in SQ may
be accounted for by gas having been heated up in the shock
in the SF ridge, as shown by the high X-ray emission present
in that region Trinchieri et al. (2003, 2005). The emergence of
NGC7318B (similar to the past interaction with NGC7320C) in
SQ is expected to play an important role in increasing the energy
and gas content in the group, ensuring the longevity of the group.

Stephan’s Quintet is a well-studied object and has been
observed across the electromagnetic spectrum by multiple sci-
entists, such as: in radio by Gao & Xu (2000), Smith & Struck
(2001), Lisenfeld et al. (2002), Petitpas & Taylor (2005), and
Nikiel-Wroczyniski et al. (2013); in infrared by Appleton et al.
(2006, 2013), Cluver et al. (2010), Guillard et al. (2010), and
Natale et al. (2010); in optical by Iglesias-Pdramo & Vilchez
(2001), Gallagher et al. (2001), Trancho et al. (2012), Duc et al.
(2018), and Duarte Puertas et al. (2019); in ultraviolet by Xu et al.
(2005) and de Mello et al. (2012); and in X-ray by Sulentic et al.
(1995), Pietsch et al. (1997), Trinchieri et al. (2003, 2005), and
O’Sullivan et al. (2009). The interactions have also been simu-
lated by scientists such as Renaud et al. (2010) and Hwang et al.
(2012). Every time the group has been observed in a new
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wavelength regime or with higher resolution or sensitivity, new
information and fascinating details have emerged.

However, the structures have primarily been observed indi-
vidually and often using single pointings. To understand this
kind of complex interconnected interactive group, we need the
benefit of studying the structure as a whole and not as multiple
separate smaller structures. Despite the extensive observations
of the group, there is still a clear lack of available information
regarding the group’s kinematics and regarding the content and
distribution of the molecular gas. Therefore, we have carried out
a study of the kinematics of the atomic gas, molecular gas, and
stars in large areas covering SQ.

Section 2 begins by detailing how we used the Large Binoc-
ular Telescope (LBT) in Tucson, Arizona, to analyse the atomic
gas kinematics, the stellar kinematics, and the gas excitation
mechanisms. The section continues by presenting the CO data
obtained using the IRAM 30m telescope in Sierra Nevada, Spain.
Section 2 also includes details regarding the data reduction
and analysis procedures. In Sect. 3 we present our results, for
each area separately, and discuss their implications on the indi-
vidual structures as well as on the whole group. Finally, in
Sect. 4 we conclude our paper and summarise the presented
analysis.

2. Observations and data reduction

In this section we present the data acquisition process and the
primary data reduction and analysis procedures. We begin with
the optical data and continue with the CO data. Since there is a
difference between the optical and radio convention for veloc-
ity (see Greisen et al. 2006), whenever we state a velocity (in
text and tables) we always clarify whether it is from the stellar,
ionised gas, or molecular gas component.

2.1. Atomic gas and stars

Optical long-slit spectroscopy observations were carried out
using the Multi-Object Double Spectrograph (MODS) at the
LBT in Tucson, Arizona, USA, on 13 and 15 November 2017.
The observations were performed in single mode with MODS1
only, since MODS2 was out of order at this time. The spectra
obtained cover the wavelength range 3200-10000 A with the
1.0 arcsec wide and 5 arcmin long slit, and the Differential Image
Motion Monitor (DIMM) seeing averaged on 0.8” throughout
the observation period (thus the emission can be expected to have
been contained within the slit).

The core region of SQ, NGC7319, the NGC7318 pair, and
the intergalactic area between them were covered with several
slit positions (as marked in Fig. 3). The slit positions were care-
fully chosen to cover the nucleus of each of the galaxies in
the observed area, whereas the extended regions were under-
sampled to increase the area observed and focus our study on
the global properties of SQ. Adopting a telescope position angle
of 242 degrees, the first slit was centred on the nucleus of
NGC7318B and NGC7319 - this position is marked with a 0
in Fig. 3. Thereafter, several horizontal (dx) shifts of 3 arcsec
each were carried out to either side of the O position, covering
the region as shown in Fig. 3 with seven slit positions. It should
be noted that positive dx-shifts shift the slit to the left of the
central position in the image, so position dx = 9" covers the
NGC7318A nucleus. Also illustrated in Fig. 3 is the additional
slit that was positioned to cover NGC7317.

NGC7317

NGC7318A1'
‘ |

NGC73188

Fig. 3. Left: eight observed slit positions marked on a DSS9 red image.
Seven slits cover NGC7319 and the NGC7318 pair, alternately coloured
in light and dark blue, while the eighth slit covers NGC7317. Right:
observed region marked on the DSS9 red image, which has been
overlaid with arbitrary contours to show the extension of the group’s
emission. The seven slits construct the rectangular area, whereas the
crosses mark the galaxies, from top to bottom: NGC7317, NGC7318A,
NGC7318B, and NGC7319.

Table 1. Exposure time at the different slit positions.

Shift Exposure time
(arcsec) (s)

9 4 %300

6 6x300

3 6 %300

0 6 %300

-3 6x300

-6 6 %300

-9 6 %300
NGC7317 4 %300

Notes. The position angle of the slit is 242 degrees.

The exposure times for each position are stated in Table 1. At
each slit position, three exposures of 300s each were obtained,
and after a 10” dithering along the slit, another three exposures
of 300 s each. Due to the weather conditions, NGC7317 and slit
position dx = 9” were observed for a slightly shorter period, as
indicated in Table 1.

To enable the subsequent flux calibrations the spectrophoto-
metric standard stars G191-B2B (DAO type) and BD+33 2642
(B2IV type) were observed using the 5 slit. The data were
reduced using the MODS Basic CCD Reduction package (pro-
vided by the LBT Observatory) and the Image Reduction and
Analysis Facility (IRAF); performing bias subtraction, flat field
correction, background subtraction, wavelength calibration, flux
calibration, and for the redder part of the spectra also telluric cor-
rections. The background subtraction was a particularly delicate
procedure due to the large amounts of extended gas, but could,
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Fig. 4. Area of SQ observed using EMIR and FTS200 at the IRAM
30m telescope. The background is a DSS2 red image, and the circles
illustrate the beam sizes.

using the upper and lower fifths of the slit and a low-emission
central part, be corrected by using a fourth order Legendre poly-
nomial baseline and careful visual inspection.

The 1D spectra were extracted, prior to flux calibration,
using a 1” aperture along the spatial extension of the slits, and
adjusted to the average redshift of SQ, z = 0.0215, to facilitate
the analysis procedure. The spectra covering the rectangular area
marked in Fig. 3 were combined into a map with linear interpo-
lation covering the under-sampled area between the slits.

The stellar continuum was analysed using Penal-
ized Pixel-Fitting method (pPXF; Cappellari & Emsellem
2004; Cappellari 2017) with the MILES stellar template
library (Sanchez-Blazquez et al. 2006; Vazdekis et al. 2010;
Falcén-Barroso et al. 2011), which contains 985 well-calibrated
stars in the wavelength range 3525-7500A at a spectral
resolution of 2.51 A. The gaseous emission lines were fit-
ted using manually defined multiple-Gaussian functions and
Python’s SciPy curvefit optimisation module. Manually defined
multiple-Gaussian functions allow for a choice of the number
of components, expected line centres and expected amplitudes,
thereby sufficient constraints on the resultant fits of the complex
kinematics of this group could be achieved. Using the velocity
dispersion values obtained from the Gaussian fitting of the
emission lines, masses of HII regions could be estimated using
the virial theorem, following the discussion in Rozas et al.
(2006). As the extent of the clumpiness of the gas is unclear, it
is also not clear whether case A or B recombination should be
assumed. Although shocked gas is more likely to be optically
thin (i.e. case A).

2.2. Molecular gas

The CO distribution and kinematics in SQ were observed using
the IRAM 30m telescope in Sierra Nevada, Spain. The obser-
vations (project ID 077-18) were conducted on 14-18 Septem-
ber 2018 under regular weather conditions, with high levels of
precipitable water vapour (pwv) between 7 and 15 mm and
opacities' between 0.5 and 1.0. We used the on-the-fly (OTF)

! The atmospheric opacity 7 at 225 GHz is calculated from the expres-
sion 7(225) = 0.058 x pwv + 0.04.
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Table 2. IRAM 30m observational parameters.

Frequency HPBW F.s By 1ms®@
Transition (MHz) (arcsec) (%) (%) (mK)
2CO(1-0) 112835.58203 23.5 94 78 3.0
BCO(1-0) 107872.85774 23.5 94 78 1.8
2CO0@-1) 225666.85350 10.5 92 59 3.7

Notes. “Root mean square (rms) noise level per channel for the final

data cubes smoothed to a half-power beam width (HPBW) of 50” and

to a velocity resolution of 40kms™".

mapping technique to cover a field of view of 5.67 arcmin? at 3 mm
and 1 mm in dual polarisation mode using the EMIR receivers
(Carter et al. 2012), with the fast Fourier transform spectrome-
ter (FTS) at 200 kHz of resolution (Klein et al. 2012) as the back
end. The observed area is indicated in Fig. 4. We used posi-
tion switching mode, with the reference position being an empty
region of the sky with coordinates RA(J2000) = 22"35m325439,
Dec(J2000) = +34°00'227600). The area was sampled using a
mapping step of 4 arcsec (2.75 times smaller than the small-
est beam; see Table 2) and a mapping speed of 4”/s, result-
ing in Nyquist sampling conditions. We mapped the emission
of three different transitions of the CO molecular species: '>?CO
(1-0), *CO (1-0) and '>CO (2-1). More details are provided in
Table 2. During the observations, the pointing was corrected by
observing the strong nearby quasars 2251+158 and 2201+315
every 1-2 hours, and the focus by observing the planet Saturn.
Pointing and focus corrections were stable throughout all the runs.

The data were reduced with a standard procedure using the
CLASS/GILDAS package (Pety 2005). For each one of the
three observed transitions, we created individual data cubes cen-
tred at the red-shifted frequencies listed in Table 2, and span-
ning a velocity range of +3 000 km s~!. In order to perform a
proper comparison of the line profiles of every transition, we
smoothed the spectral resolution of each cube to a common value
of 40 km s~!. A third-order polynomial baseline was applied for
baseline subtraction. The rms noise level of each spectrum, as
determined from the baseline fit, was used to filter out the nois-
ier scans, usually associated with large opacity values. We used
a threshold of 0.5 K for the '>2CO and '3CO (1-0) observations,
and 1.5 K for the '2CO (2-1) observations, which allowed us to
exclude bad spectra improving the quality of the final maps. The
data were also corrected for platforming effects as well as for
the presence of spikes (bad channels). We used the main beam
brightness temperature (T\g) as intensity scale for the differ-
ent spectra and cubes. For this, we converted the antenna tem-
perature (7', ) by applying the factor Fef/B.s, where Feg is the
forward efficiency and B.g is the beam efficiency, both listed
in Table 2. Each cube was created with a pixel size of 2""x2",
and the maps were smoothed to a final half power beam width
(HPBW) of 50”, in order to improve the signal-to-noise ratio.
The final rms of each data cube is about 2.8 mK per 40-km s
channel (see Table 2).

The individual CO emission lines were fitted using manu-
ally defined multiple-Gaussian functions (1-4, as needed) and
Python’s SciPy curvefit optimisation module at a signal-to-noise
ratio (S/N) > 1.9. The line-of-sight velocity and velocity dis-
persion were derived directly from the fitted Gaussian while the
integrated intensity also has been derived as

ICO [K km S_l] = f
¢

V)=Vmin

Vimax —(V)

ey

TmbdV
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to better account for potential asymmetry in the line profile for
the non-nested lines. T, is the CO main beam temperature over
the velocity range viin t0 Vimax, and (v) is the first moment mean
intensity-weighted velocity (Guillard et al. 2012). Due to the
nested nature of the lines present in SQ, we present the fluxes
obtained from the Gaussian fits. Comparing the flux obtained
from integrating over the individual lines using Eq. (1) to the
flux obtained from the Gaussian fit, shows that the flux of the
Gaussian fit is on average overestimated by 0.60- with an added
uncertainty of ~0.950. Therefore, we accept a 20" uncertainty in
the tables presented in the subsequent sections of this paper.

Thereafter, the '>CO (1-0) flux together with the Galactic
conversion factor,

N(H»)

=2x10cm™ [K km s_'], 2
Ico

provides the molecular hydrogen column density, N(H,)
(Guillard et al. 2009), from which the H, gas mass is calculated
as

My, = T5IcoD*Q [Mo]. 3)

Here Ico is the velocity integrated '>CO (1-0) line intensity
[K km s~'], D is the distance (in Mpc), and Q is the area covered
(in arcsec?) (Braine et al. 2001; Lisenfeld et al. 2002), where
Q = 1.13@? for a single pointing with a Gaussian beam of full
width at half maximum (FWHM) @.

3. Results, analysis, and discussion

The distribution of the stellar continuum emission (in the
observed rectangular area as marked in Fig. 3) is displayed in
Fig. 5, together with the flux of the He_[N1I] sub-band of the
spectra, next to the Subaru and Hubble Space Telescope com-
posite image. These maps show that while the stellar continuum
predominantly originates from the galaxies the ionised gas is
concentrated in the SF ridge, the west ridge, the bridge and in or
around NGC7319. The molecular gas also exhibits a preference
for NGC7319 and the SF ridge, as can be seen in Fig. 6, which
displays the extent of the 'CO (1-0) and '>CO (2-1) emis-
sion, although the 12CO (2-1) indicates an extension towards
NGC7317.

For further investigation of the data, we chose 29 regions
in the optical data, as marked in Fig. 5, and 22 regions in the
CO data, as shown in Fig. 7; the RA Dec positions for these
regions are listed in Appendix C together with their HII and H,
gas masses. The optical regions have radii of 1.5”, whereas the
CO regions have radii of 11”. We present the spectra of a selec-
tion of regions in Appendies D and F. We estimate a total HII
region mass of 20.1+0.2-10'° M, in the regions chosen for closer
analysis. However, this should be considered to be an upper limit
estimate as it includes the mass of the HII regions associated
with stars. In the subsequent sections we will see that SQ con-
tains significant amounts of shocked gas, it is unclear how far
the ionised gas mass estimates in shocked regions deviate from
those in virial clouds and what the fraction of C- and J-shocks
amongst each other and regions of virial clouds is (Flower et al.
2003; Guillet et al. 2009, 2011).

In the area mapped with the IRAM 30m telescope, as marked
in Fig. 4, we obtain a total H, gas mass of 21 + 2 - 10° M, via
Eq. (3) by summing the '>CO (1-0) spectra over the velocity
range 5100—7500 km s~!, supporting the Gao & Xu (2000) mass
of 24.7-10° My, In the regions chosen for closer analysis, Fig. 7,

{041 1.04 3.58 156 53.8}{0.04 027 1.20 488 19.6} [e-18 ergem2s™( 1)]

Fig. 5. Left: stellar continuum image constructed from the LBT data
with the regions marked for closer analysis. The right ascension (RA)
and declination (Dec) of each region is listed in Appendix C. Middle:
emission of the Ha_[N 11] sub-band observed with the LBT, which pro-
vides the basis of the choice of regions. Right: observed area as imaged
by a Subaru telescope and a Hubble Space Telescope WFC3 compos-
ite colour image (based on the image processed by Robert Gendler and
Judy Schmidt).

we obtain a total H, gas mass of 10 + 0.1 - 10° My by sum-
ming the spectra over the velocity range of 5100-7500kms™!
and 9.8 + 2 - 10° M, from the Gaussian fits. Increasing the S/N
threshold from 1.9 to 3 on the Gaussian fits decreases the total
H, gas mass by 24% to 7.5 + 0.4 - 10° M, whereas it does not

A83, page 5 of 39
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Fig. 6. Contours of the CO emission summed over 5100—7500 km s~
per spaxel, as displayed separately in Appendix E, for the '2CO (1-0)
line (contours at 4, 35, 50, and 70 mK) and the '2CO (2-1) line (con-
tours at 4, 80, 120, 140, and 160 mK), overlaid on a DSS2 R-band
image. The green outline shows the edge of the observed area (the
extension of the contours beyond this outline is artificial).

Fig. 7. Our 22 regions, with an 11" radius, chosen for closer CO anal-
ysis on a DSS2 red image, marked by green and cyan circles. The
magenta ellipse is discussed in Sect. 3.6. The cyan regions coincide with
the single beam IRAM 30m observations carried out by Guillard et al.
(2012). The naming convention of the regions is within each circle, and
the RA Dec of each region is listed in Appendix C.

affect the masses obtained via summation over the spectra as
these have a higher S/N. A couple of the CO spectra are sub-
jected to baseline ripples, these have not been corrected for as
we aim to give a homogeneous treatment of the entire mapped
area, the subsequent discussion does not depend on these spectra,
but they have been included in the mass estimates. Furthermore,
where the emission line is weak we were restricted to setting an
upper limit for the flux obtained via the line fitting procedure, as
seen in the tables in Appendix G — as the uncertainty includes
deviations from the Gaussian line shape, we used a 2¢- limit on
the line flux.
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Rodriguez-Baras et al. (2014) present optical spectra of the
galaxies NGC7319, NGC7318A and B, which our data, detailed
in the sections below, show agreement with. Our data retain an
additional increased extension of the wavelength range covered
and a higher resolution, which allows for a kinematical analy-
sis of the area. Our data also solidify the indication made by
Natale et al. (2010), that no active star formation occurs near the
galaxy centres, as discussed further below using optical diag-
nostic diagrams when suitable. When it comes to previously
published CO data of SQ, there are discrepancies. For exam-
ple, Lisenfeld et al. (2002) and Guillard et al. (2012) both used
an IRAM 30m single pointing of region SQ-A (the position
of SQ-A is marked in Fig. 2) to obtain the '>CO (1-0) spec-
trum; though they have emission at similar line-of-sight veloc-
ities, Guillard et al. (2012) show an amplitude a factor of ~5
larger than Lisenfeld et al. (2002). Smith & Struck (2001) used
the National Radio Astronomy Observatory 12 m telescope and
obtain an amplitude a factor of ~2 larger than Guillard et al.
(2012) for the same region, SQ-A. Our data, which in gen-
eral can be regarded as more consistent across the group than
previous observations due to the on-the-fly mapping observ-
ing technique adapted (compared to observations and calibra-
tions of single pointings), show a ratio between the lines present
at ~5800—6000kms~! and ~6500—-6700kms~! similar to the
line ratio of the Smith & Struck (2001) lines and an ampli-
tude a factor of two to three lower than that of Guillard et al.
(2012). Furthermore, our '2CO (1-0) spectrum for SQ-A does
not show the velocity component at ~6900kms~! detected by
Guillard et al. (2012) as our spectrum shows better agreement
with that of Smith & Struck (2001). Our '2CO (2-1) spectrum
does not show a velocity component at ~6500—6700 kms™!
either, as observed by Guillard et al. (2012), this is unexpected,
as we still detect the lower velocity component. Lisenfeld et al.
(2002) and Guillard et al. (2012) centre the contribution of the
intruder galaxy, NGC7318B, to SQ-A at ~6000 km s~!, whereas
our data state ~5800kms~!, closer to the line-of-sight veloc-
ity of the galaxy itself. Further and deeper observations of
the molecular gas content and kinematics may prove highly
rewarding.

In this section we present and discuss our data and the kine-
matics in the regions as a part of an area of SQ, starting with the
regions in or near NGC7319 and working our way SW through
the bridge, the SF ridge, the NGC7318 pair, the west ridge, and
NGC7317.

3.1. The active galaxy NGC7319

Classified as a Seyfert 2 galaxy, NGC7319 is the only confirmed
active galaxy in the group. The extensive emission in this galaxy
allowed for a spaxel-by-spaxel fitting of the ionised gas emis-
sion lines and the stellar continuum. Although there are parts
of NGC7319 that display dual gas emission lines, the higher
signal-to-noise of the 1.5” region spectra is required for a proper
fit of the dual lines; therefore, the continuum-subtracted line-
emission maps are created with an allowance for a single broader
line. When studying the multiple velocity components in or near
NGC7319, we find that they can often be related to the line-of-
sight velocities of not only the central velocity of NGC7319 but
also NGC7320C (likely in the creation of the inner tidal tail).
From the pPXF fit of the stellar kinematics we obtain
the mean stellar line-of-sight velocity and velocity dispersion
in the central 1.5” of NGC7319 as 6814 + 12kms~' and
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159.4 + 13.0kms™!, respectively. The velocity dispersion maps
of the gaseous emission show an inclination of a lower velocity
dispersion in the centre surrounded by a ring-like structure of
higher velocity dispersion. We also note that the velocity disper-
sion measured is a combination of the actual velocity dispersion
and the change in the velocity field in that spaxel.

The stellar disk and gas disk in NGC7319 are close to per-
pendicular, as can be seen in Figs. 8 and 9, which display the
stellar continuum and [OIII]A15008 A flux, line-of-sight velocity,
VLOS = V—Vcentre With Veenire the stellar line-of-sight velocity mea-
sured at the position of the central peak emission, and the veloc-
ity dispersion. Maps for the emission lines of [OII]43727, HB,
[OI]46302, He, [NII]A6585 and [SII]16716,6732 are displayed
in Appendix A. All gas emission maps show a similar exten-
sion as the [OIII] map, apart from the [OII] emission, which is
more coupled to the bar. Figures 10 and 11 clarify the perpen-
dicular nature of the stellar and gas disk, by overlaying the con-
tours of the [OIII] flux and line-of-sight velocity on the stellar
counterparts.

In addition, the centres of the stellar and gas velocity fields
appear offset from each other. The gas velocity field is shifted
by approximately 3.2A” to the SW (up and to the right in the

figures). This velocity field offset may be due to an extinction of
the stellar continuum or a displacement of the gas by the previ-
ous interactions in the group. The outflow may have an important
role in the discrepancy between the stellar and gas disks as well.

The offset and the perpendicular nature of the gas and stellar
velocity fields may be indicative of a highly disturbed galaxy,
where the gas disk was pulled out of the stellar rotation plane
during previous interactions. However, it is likely that a large-
scale tidal disturbance would have severely affected the bar
and stellar disk. Although the decoupled gas and stellar disk
indicate that a Population I spiral pattern cannot be sustained,
the bar and stellar disk remain intact and what we are look-
ing at here is most likely ionised gas in the form of a nuclear
or stellar wind. In the next section we present our investiga-
tion of the ionisation mechanisms that favour the nuclear wind
scenario.

3.1.1. The outflow

NGC7319 lack radio jets at 22 GHz (Baek et al. 2019), but
the outflow is clear in optical wavelengths (Aoki et al. 1996;
Boschetti et al. 2003; Di Mille et al. 2008). Our data support
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Fig. 11. Perpendicular nature of the stellar and [OIII]JA5008 velocity
fields in NGC7319. The stellar line-of-sight velocity in a blue-to-red
colour map is overlaid with the [OIII] line-of-sight velocity contours.

the claim, and south-south-west of the nucleus we find a mean
blueshifted line-of-sight velocity of 476.6 + 13.8kms™! in the
[OII] emission. Fortunately our higher resolution data can fur-
ther map the outflow.

We study the excitation mechanisms along the outflow
using the optical diagnostic diagrams (Baldwinetal. 1981;
Veilleux & Osterbrock 1987). The optical diagnostic diagrams
utilises the emission lines [OIII]A5008 10\, Hp, [NII]16585 A,
Ha, [01]16302 A, [SI]A6718 A and [SII]A6732A to separate
active galactic nucleus (AGN) excitation mechanisms from SF
mechanisms using six equations:

log([?{ H]) log([S II]O/ZIZQ) “om 1Y @
log([?{ H]) log([O 1]%17{2) +0.59 133, ©)
log ( [CI){;I]) ~ log(IN n]o )?{la) —oa7 T ©
1°g([?$ ) ~ Jog(IN n]O )?{la) “o.05 T 10 ™
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While the first four equations were introduced and expanded
upon by Baldwinetal. (1981) and Veilleux & Osterbrock
(1987), Eq. (7) is the pure SF line and is based on observations
(Kauffmann et al. 2003); Eq. (6) is based on theoretical mod-
elling and is called the maximum starburst line (Kewley et al.
2001).

Studying the individual 1.5 radii regions as marked in
Fig. 5, we place these regions in the optical diagnostic diagrams
and reveal that the gas ionisation throughout the disk is due to
nuclear processes, as Figs. 12—14 illustrate. Region 19_4 devi-
ates from this claim but the emission in this region is too weak
to allow for a definitive statement. The results from the fitting of
the spectra of all regions in or near NGC7319 are displayed in
Appendix G.1.

Furthermore, temperature sensitive line ratios such as
[OII]/HB are good indicators of shocked regions since shocked
regions have the ability to retain higher temperatures. The
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[OIII]/Hp ratio, mapped for NGC7319 in Fig. 15, illustrates how
the higher ratio values trace the outflowing wind.

As a gaseous rotating disk without a stellar population is
unlikely and as the bar remains undisturbed, it is possible that
the brunt of the gas observed in NGC7319 is in the form of a
nuclear wind, although a significant stellar contribution cannot
be excluded. We find duality in the velocity component in the
[OIII] line, as illustrated in Fig. 16, which indicates that the gas
is on more than one congregation (supported by the fits of the
regions, values presented in the table in Appendix G.1).

3.1.2. Revealing the Seyfert 1 nature

Although this galaxy has been classified as a Seyfert 2, our
higher resolution spectrum of the inner 1.5 of NGC7319,
presented in Fig. D.1, shows a broad-line region (BLR). The
requirement of a BLR for an accurate fit is clear in Fig. 17, which
displays the fit of the Ha_[NII] sub-band of the spectrum and
provides the FWHM of the narrow-line region (NLR) and the
BLR as 374 + 10km s~ and 1265 + 43kms~!, respectively.

Furthermore, we can estimate the black hole mass of
NGC7319 to ~6 - 10" Mg using the Mgy — o relation
(McConnell et al. 2011),

Mg
105 Mo

o 5.1
IN—e—/—7—"—7] . 10
(200 kms~! ) (10)
The relation used to calculate the black hole mass has intrinsic
scatter, and so we refrain from quoting any error bars. The black
hole mass should be taken to be an order of magnitude estimate.

3.1.3. The molecular gas content

The results of the fits of the regions in or near NGC7319 are
listed in the tables in Appendix G.1, including the estimation of
the H, gas mass calculated using Eq. (3). Of all of the regions
analysed, marked in Fig. 7, 56% of the molecular gas mass is
located in or near NGC7319, as calculated using the masses esti-
mated from the Gaussian fits, and in the central 11" of NGC7319
we observe an H, gas mass of 10+ 1-10% M, (obtained from the
Gaussian fits). In region 19, 19_i-vi and 19_o we obtain a total
H, gas mass of 55 +3-10% M, from the Gaussian fits, supporting
Gao & Xu (2000) estimate of 236 - 10% M, and by summing the
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Fig. 15. NGC7319 line ratio map of log([OIII]/HB).

spectral emission over the velocity range 5100-7500kms~! we

obtain a total H, gas mass in or near NGC7319 of 53+ 1-108 M,
The spectrum of the central region is presented in Appendix F
together with a selection of additional regions’ spectra.

The central gas deposit may be important in the feeding of
the AGN or the outflow. Furthermore, the brunt of the CO gas in
or near NGC7319 lie in the velocity range of 6400—6600 kms~!,
although there is also a significant higher velocity component at
~6800kms~!. These velocities are in agreement with the veloc-
ity range of 6400—6800kms~! found in the NGC7319 region
by Gao & Xu (2000). In addition, we see CO emission through-
out the bar and extending to the north-east and towards the ridge
(emission that does not appear in the interferometric maps of
Gao & Xu (2000) as it was likely filtered out due to the extended
nature of the emission).

3.2. The bridge

The bridge (marked in Fig. 2) is a fairly newly detected struc-
ture (Gao & Xu 2000), and we confirm its presence in both
optical and radio, as shown in Figs. 5 and 7, and detail its
kinematics. The velocity components range 5650—7000kms~!
and in several cases show split lines, as seen Fig. 18, which
shows the fit of the Ha_[NII] sub-band for region b_1. To
enable the dual fit of the complex mixed emission lines a pre-
condition for the fit must be set. This condition fixes the ratio
of the [NII] lines to [NII]16585.26/6549.86 = 3 and the ratio
[SII]26732.67/6718.29 = 1.3. These ratio values are the aver-
ages as provided by Osterbrock & Ferland (2006) and enable a
sufficient fit, which allows us to focus on the kinematics and
velocities in the group without a significant decrease in the effect
and robustness of the kinematical analysis.

Closer to NGC7319, the bridge’s velocities are higher,
whereas closer to the SF ridge they are lower and show a ten-
dency to agree with those of the SF ridge. As we move closer to
the SF ridge, the amount of ionised gas also increases, as seen
in the tables containing the values of the fits of the emission
lines presented in Appendix G.2. In CO the bridge also shows
a proclivity to similarities of the SF ridge, while leaning towards
higher line-of-sight velocities, as expected due to its proximity
to the high velocity NGC7319.

The only region with sufficient signal-to-noise in the emis-
sion lines required for the optical diagnostic diagram is region
b_4, and this region has been placed in the diagrams presented
in Figs. 12-14. As can be seen region b_4 is located close
to the ridge and is excited by stellar processes. Understanding
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central 1.5” of NGC7319.

the bridge may give vital clues to the current interaction with
NGC7318B and the group.

3.3. The star-forming ridge

Gas stripped from the participants of the past interactions has
been deposited in the IGM, facilitating the creation of the
galaxy-wide shock-induced SF ridge in the collision of the IGM
and NGC7318B. The SF ridge (marked in Fig. 2) contains large
amounts of ionised gas and an absence of an older stellar pop-
ulation; this is seen by the negligible stellar continuum emis-
sion, as is clear from the spectra (see for example the spectrum
of region SF_2 presented in Fig. D.2). As Duarte Puertas et al.
(2019) show, there is a significant part of the SF ridge that con-
tains dual velocity components, as we clarify and expand upon
in our analysis and the tables presented in Appendix G.2. If we
again turn our attention to region SF_2, looking closer at the
[OI1]A3727 line and the Ha_[NII] sub-band and the fits of these,
presented in Figs. 19 and 20, the gas congregations at two differ-
ent velocities are clear.

We find velocities spanning 5670-7100kms~! in the SF
ridge and components centring at multiple congregations, and as
we move closer to NGC7318B the low velocity component sim-
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ilar to the line-of-sight velocity of NGC7318B becomes clearer,
showing the mixed medium. Farther from NGC7318B, the
ionised gas in the SF ridge shows dual velocities at ~6100 km s!
and ~6900kms~!', combining gas of the higher velocity of
NGC7319, and a gas mix of the lower velocity of NGC7320C,
NGC7318A, NGC7318B, and potentially NGC7317. The CO
gas indicates up to four velocity components; for example, in
region SF_ii these components centre around 5880 + 10 km s7L,
6554 + 24kms~!, and 6785 + 17 km s~!, which can be related to
NGC7318B, NGC7318A or NGC7317, and NGC7319, respec-
tively.

Denoting the dual velocity components, when present, as
‘high’ and ‘low’ for each region we place them into the optical
diagnostic diagrams (Egs. (4)—(9)) in Figs. 21-23 (the regions
of the west ridge, region SF_12-15, which will be discussed
in the subsequent section, Sect. 3.5, are also included in these
plots). Primarily the regions gather in the part of the plots show-
ing ionisation from star-formation, as expected from an area
called the SF ridge. However, there are several regions that show
LINER-like and even AGN line ratios. This high ionisation is
caused by the shock that is created by the high relative velocity
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collision between the IGM and the intruder galaxy, NGC7318B,
as LINER-like emission-line ratios can be incited by shocks.
If the shock is travelling fast enough a photo-ionised precursor
can incite the gas further into Seyfert-like emission line ratios
(Allen et al. 2008; Rodriguez-Baras et al. 2014). It is clear that
the shock has a significant impact on the IGM gas of SQ.

The SF ridge, region SF_i-iv as marked in Fig. 7, retains
20.7 + 0.5 - 10% M, (obtained by summing the spectral emis-
sion over the velocity range 5100—7500 km s~!), corresponding
to ~20%, of the H, gas mass present in the analysed regions.
Compared to the regions in or near NGC7319, the SF ridge
shows distinctly more '>CO (2—1) emission and a higher com-
plexity in the gas congregations present, considering the multiple
velocities (see the spectra in Figs. 12a and 13c). Furthermore, as
seen in Table G.9, the '2CO (2—1) indicates a preference to lower
line-of-sight velocities than '2CO (1-0), allowing us to correlate
the higher ionisation to the intruder galaxy and the lower ioni-
sation to IGM gas deposited during past passages by NGC7317,
NGC7318A, and NGC7320C.

3.4. The NGC7318 pair

As the spiral galaxy NGC7318B enters SQ from behind it inter-
acts primarily with the IGM and NGC7318A. Due to the high
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line-of-sight velocity dispersion between NGC7318A and B, the
pair is not expected to merge. NGC7318A and B are both qui-
escent galaxies, as clear from their optical spectra presented in
Figs. D.3 and D.4, and their low molecular gas content (listed
in the tables in Appendix G.3). The stellar continuum is strong
with prominent absorption lines, which, fitted with the pPXF
routine, provides maps of velocity dispersion and line-of-sight
velocity as a function of position. These maps, at a S/N > 2,
are presented in Appendix B and provide the line-of-sight veloc-
ity and velocity dispersion in the inner 1.5” of NGC7318A as
6787 £5kms~! and 263.6 £ 10.7km ™!, and in the inner 1.5” of
NGC7318B as 5973+4kms~! and 168.9+4.0 km s~!. Naturally,
the velocities in the NGC7318B map increase as we move closer
to the SF ridge.

Studying the velocity dispersion as a function of radius in
NGC7318A, Fig. 24, reveals a typical curve common for ellipti-
cal galaxies. From the line-of-sight velocity map in Appendix B,
a position angle of 62° is obtained.

For the spiral galaxy, NGC7318B, we model the rotation
field using the model presented by Bertola et al. (1991), for a
rotating disk with circular orbits in the galaxy plane,

AR cos(¥ — ) sin(i) cos? (i)
(R2 [sinz(dx — o) + cos2(y — 1,00)] + c% cosz(i))p/
A83, page 11 of 39

V,=V+

5. (11)
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Fig. 23. Optical diagnostic diagram, log([OI]16302/Ha) vs.
log([OIII]A5008/HB), for the SF ridge, region SF_1-11, and the
west ridge, region SF_12-15. The low velocity component is marked
‘low’ and the high ‘high’.
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Fig. 24. Velocity dispersion of NGC7318A as a function of radius.

where V, is the rotation velocity as a function of the polar coor-
dinates R and ¢, V; is the systemic velocity, ¥ is the position
angle, A is the rotation field amplitude, i is the disk inclination,
p is a measure of the slope of the rotation field, and ¢ is a con-
centration parameter. To ensure a proper fit, we increased the
S/N restraint from 2 to 3 on the data used. The fit yields the
results presented in Fig. 25 with a systemic line-of-sight veloc-
ity of 5973 + 4kms~!, an inclination of 102 + 1.9°, a rotation
field amplitude of 290 kms~!, and a position angle of 25°.
Although the gas emission lines are very faint, they can be
fitted with Gaussian functions and provide a suggestion for the
process of the interaction with NGC7318B. The ionised gas in
NGC7318A and B presents line-of-sight velocities of 6003 + 28
kms/s and 6142 + 26kms~!, respectively, giving an indication
that the ionised gas of NGC7318B is either mixed with a higher
velocity IGM or decoupled from the stellar disk due to the inter-
action. The CO gas shows congregations at 5815+ 16km s~! and
5800 = 25kms~! at the location of NGC7317A and B, respec-
tively, as well as fainter emission at higher velocities. In region
18_i-iii we find a combination of gas at velocities matching both
NGC7318A and B. The CO emission in the NW tail (marked in
Fig. 2), region 18_iii, indicates that there is a mix of high tem-
perature molecular gas from NGC7318B coexisting with lower
temperature molecular gas from NGC7318A. In addition, there
is a lack of gas in the area between the two galaxies.
Considering the line-of-sight velocities in the bridge, the
SF ridge, and the west ridge, we can extrapolate a picture of
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a galaxy, NGC7318B, entering the group from behind, slightly
from the SW. NGC7318B collides with the IGM at high speed,
creating the shock-induced SF ridge. As NGC7318B passes
through the group, its ISM is pulled out and back towards
NGC7319 and NGC7318A, forming arms and tails that con-
nect the structures and contributing to the bridge and the gas
deposit at the lower velocity in front of NGC7318A. It is also
possible that the lower velocity gas in front of NGC7318A orig-
inates from a past interaction with NGC7320C, although the
aforementioned scenario, with NGC7318B in front, fits the data
better.

3.5. The west ridge

The west ridge, located to the west of the NGC7318 pair (as
marked in Fig. 2), has ionised gas at velocities of ~5770km s~L
~6180kms~!, and ~7000kms~! (as shown in the tables in
Appendix G.2) and no detectable CO emission, indicating that
it is a mix of NGC7318A and NGC7318B gas (and poten-
tially NGC7317, as the line-of-sight velocities are too similar
to present an unambiguous statement). The line-of-sight veloci-
ties we obtain for He emission in the west ridge coincide with
those presented by Duarte Puertas et al. (2019). The west ridge
may continue outside of the area mapped with the LBT (see
Duarte Puertas et al. 2019, whose Ha maps show a number of SF
regions scattered in the surrounding area). But whether regions
SF _14-15 and 18_ii are a continuation of the NW and SW tails
and influenced by the shock is yet to be determined. In the sim-
ulations of SQ by Renaud et al. (2010) and Hwang et al. (2012),
the west ridge has not been fully reproduced (nor has the SW
tail). Although, Renaud et al. (2010) indicate that the west ridge
may have been created in the interaction between NGC7318A
and B. Also, incorporating the work by Struck & Smith (2012)
on tidal tail formation in disk galaxy collisions into the simula-
tions of SQ may take us a step closer to a simulation that better
matches the observations (this is, however, beyond the scope of
this paper).

The optical diagnostic diagrams show that a shock is
involved in the ionisation of the west ridge as illustrated in
Figs. 21-23, where region SF_14 reaches Seyfert-like emission
line ratios, while region SF_15 LINER-like. This high ionisa-
tion is likely due to a shock travelling through the medium
caused by the emergence of NGC7318B, a shock that is formed
in the collision of NGC7318A and NGC7318B gas or in the
compressed leading edges of the tidal arms from NGC7318B
(Struck & Smith 2012), supporting the Renaud etal. (2010)
indication that the west ridge is due to the interaction between
NGC7318A and B. The west ridge is very similar in composi-
tion to the SF ridge, but with a higher oxygen content and higher
ionisation. The west ridge also appears in X-ray (Trinchieri et al.
2003, 2005) and HI observations (Williams et al. 2002); there-
fore, it is clear that the west ridge contains hot IGM, ionised
gas and a significant amount of neutral hydrogen but negligible
molecular gas.

3.6. NGC7317, the past intruder?

Whether NGC7317 has passed through the group in the past
or not is still unclear, although the diffuse extended stellar
halo observed by Duc etal. (2018) suggests that an interac-
tion has occurred. Our CO data indicate an extension in the
12CO (2-1) emission towards NGC7317, although the emission
in the galaxy itself is negligible. Our CO emission hints at a spa-
tial extension similar to that of the H, emission, as presented by



M. Yttergren et al.: Gas and stellar dynamics in Stephan’s Quintet

NGC7318B Stellar LOSV

NGC7318B Stellar

LOSV model
200

2

A [arcsec]
A [arcsec]

LOSV [km s~1]

NGC7318B Stellar LOSV residuumZQO

A [arcsec]

LoSV [kms™!]
LosV [km s~1]

{ e

A [arcsec]

(a)

75 5.0 25 00 -25
A [arcsec]

(b)

5.0 25 00 -25
A [arcsec]

()

-50 -75 -5.0 -7.5
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Fig. 26. Line-of-sight velocity of the stellar component of NGC7317 as
a function of position along the slit, offset from the 0 position, which is
the centre of the galaxy, set to the peak stellar continuum emission.

Cluver et al. (2010), where the data indicate the areas in which
the gas congregates: NGC7319, SQ-A, the SF ridge, and south
of the NGC7318 pair. Our map covers a larger area and reveals
the peak of the southern congregation. Natale et al. (2010) also
detected far-infrared dust emission in this region. The correla-
tion between the CO and H, maps corroborates the southern
molecular gas congregation, although it is, interestingly, pri-
marily related to the 2CO (2-1) line, as seen in the spectra in
Fig. F.23. These figures display the average spectra of the area
marked with the magenta ellipse in Fig. 7, covering 1024 arcsec?.

This southern CO gas may have remained in its high energy
state due to its diffuse nature, disallowing interactions and de-
excitation through collisions. Further observations are required
to fully understand these processes and the effect of the harass-
ment of NGC7317.

The optical spectrum of NGC7317 (Fig. D.5) reveals a quies-
cent galaxy with a line-of-sight velocity and velocity dispersion
in the central 1.5” of 6734 + Skms™' and 262.7 + 6.9kms™’,
respectively. Having observed NGC7317 at one slit position
allows plotting the line-of-sight velocity and velocity dispersion
as a function of the offset from the galaxy centre along the slit.
These velocity-position plots are presented in Figs. 26 and 27,
and they reveal an usual elliptical galaxy, mildly rotating and
potentially still in morphological transition. These peculiarities
may be due to the effects of galaxy harassment from when the
galaxy passed through SQ in the past. NGC7317 may be an opti-
mal candidate for studying the effect of galaxy harassment.

3.7. Optical depth and excitation temperature

The optical depth and excitation temperature of the CO gas can
be estimated using the ratios of the CO lines (Eckart et al. 1990;

Velocity dispersion

-8 -6 -4

P?sition alon; slit [arcsezcl
Fig. 27. Velocity dispersion of the stellar component of NGC7317 as a
function of position along the slit, offset from the O position, which is
the centre of the galaxy.

Nishimura et al. 2015; Zschaechner et al. 2018). We note that the
ratios derived in this section rely on the spectra extracted from
the 22" regions (as marked in Fig. 7), which were extracted from
the '>CO (1-0) and '>CO (2—1) maps that had been deconvolved
and smoothed to a common resolution of a 50” HPBW.

The excitation temperature, Te, can be estimated from the
main beam brightness temperature, Ty, as

Ti}) 1 —e ™ ((thl/k)[eXp(hV21/kTex) — 1]—1 _ Tt%gl) )
T;R) 1—e™ ((hvlo/k)[exp(hvlo/kTeX) _ 1]71 _ Tblg)’

assuming local thermal equilibrium, where v is the transitional
frequency and 7 the optical depth of the respective lines and T,
is the contribution from the cosmic microwave background at the
frequency in question.

Equation (12) can, in the optically thick case, 7 > 1, be
written as

T 0% 11.03[exp(11.03/T¢,) — 117! = 0.20 13)
Trlnzbco (1-00 — 550[exp(5.52/Tex) — 1171 = 0.85
whereas in the optically thin case it can be estimated as
712€0 -1y 11.03
mb ~ .
pETTETi 4 exp(— T ) (14)
mb

These two cases show us that a line ratio of (2—1)/(1-0) near
1 would indicate dense, warm, optically thick gas, while a line
ratio near 4 would relate to dense, warm, optically thin gas, and a
ratio value below 1 may reveal sub-thermally excited molecular
gas at low temperature (7 < 10 K) (Eckart et al. 1990).
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Table 3. Line ratios of '2CO (2—1) and '2CO (1-0) main beam

temperatures.
Vlos
average @  12CO0(1-0) '2co@2-1) '2CO(2-1)
Reg. (Kkms™") Ty (mK) Tmp (mK)  /12CO (1-0)
19_i 6645 927+0.84  645+2.55  0.70+0.28
19_iii 6655 9.12+1.18  6.62+3.18  0.73+0.36
b_i 6640 811+128 4.06+1.70  0.50+0.22
b_ii 6420 6.76+136  625+235  0.93+0.39
SQ-A 5845 394+1.69 642+233  1.63+0.92
SE_i 5845 542+145 643+1.66 1.19+0.44
SF_ii 5825 6.16+190 7.70+1.95  1.25+0.50
6575 430+075 5.09+1.59  1.18+0.42
SF_iii 5805 276+0.88  8.88+1.67  322x1.19
6610 444+150 525+1.63  1.18+0.54
SE_iv 6465 8.18+1.87 549+206  0.67+0.29
18_i 5860 390+1.46 11.29+1.96 290+ 1.20
6440 436+1.14  539+193  1.24+0.55

Notes. The main beam temperatures were obtained from the Gaussian
fits. @The velocities stated are the average of the two CO lines, sepa-
rated by a maximum of three velocity channels, 120 km s, the average

separation is ~50kms~!.

Studying the line ratios in our data reveal that the regions in
or near NGC7319 and the bridge favours sub-thermally excited
low temperature gas, while the SF ridge, SQ-A and region 18_i
retains warm, dense, optically thick gas. In addition the low
velocity component in region SF_iii and region 18_i show a
proclivity for warm, dense, optically thin gas as the ratio value
approaches 4. The values of the main beam temperatures and
the ratios for all regions with emission in both '>CO (1-0) and
12CO (2-1) within a velocity range of 3 channels (i.e. with a max
separation of 120km s~") are listed in Table 3.

4. Summary and conclusions

We have observed the compact galaxy group SQ in both opti-
cal and CO. We used the LBT in Tucson, Arizona, USA, to map
the ionised gas and stellar kinematics in an important part of
the group using multiple long slits, focusing on the nuclei of the
galaxies and the large-scale dynamics of the group. The CO data
were obtained with the IRAM 30m telescope in Sierra Nevada,
Spain, using OTF mapping of an area of 5.67 arcmin? that cov-
ered the group. In this paper we have presented an extensive
analysis, including gas and stellar distribution and kinematics,
gas excitation, and molecular gas mass.

The data reveal large amounts of gas in the IGM, wide-
spread star formation, and a new puzzle in the form of the dis-
tribution of the CO gas. The group exhibits a total H, gas mass
of 21 + 2 - 10° My, obtained by summing the spectral emission
over the velocity range 5100~7500 kms~!, in the observed area
as marked in Fig. 4. Looking at the regions chosen for closer
analysis, we find a total H, mass of 9.8 + 2 - 10° My, from the
Gaussian fits and 10 + 0.1 - 10° M, determined by summing the
spectra over the velocity range of 5100—~7500kms~!. Further,
we find an H, gas mass of 52.9+1.1-10% M, in or near NGC7319,
8.8+0.3-10% My, in the bridge, 20.7+0.5-10% My, in the SF ridge,
and 4.6 +0.3-10% M, in SQ-A (when summing over the velocity
range 5100-7500kms~!). The ionised gas in the regions cho-
sen for closer analysis amounts to a total of 20.1 + 0.2 - 10'° M,
and favours the SF ridge, NGC7319, the bridge, and the west
ridge, while the molecular gas primarily favours NGC7319 but
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also shows up significantly in the bridge and the SF ridge. Of
the regions chosen for closer analysis in SQ, as marked in Fig. 7,
we find that 56% of the H, mass is in or near NGC7319 (from
the masses estimated from the Gaussian fits). On the other hand,
the '2CO (2—1) emission favours the areas in or near NGC7317,
the NGC7318 pair, SQ-A, and the SF ridge.

Our data detail an impressive complexity in the SF clouds
throughout SQ, indicating up to four gas congregations of dif-
ferent velocities in multiple locations. The complexity of the
clumpy IGM in the SF ridge, west ridge, and bridge provides
an insight into the history of the group, where the mixed IGM
indicates that at least three and perhaps four kinematical struc-
tures have been involved in the creation of the SF ridge, that
is, NGC7319, NGC7320C, and potentially NGC7317, as well as
the high relative velocity intruder NGC7318B. Further, for the
SF ridge and the west ridge, we present the effect of the shock
on the medium via the high line ratios.

For NGC7319 we detail a fascinating interplay between
AGN feeding and feedback in a galaxy with a decoupled gas
and stellar disk. We observe a stellar disk and an ionised gas
disk, which are approximately perpendicular to each other, as
well as an ionised gas and stellar velocity field centre offset
by ~3.2 arcsec. As we map the gas and stellar emission in the
galaxy, we trace a large-scale nuclear wind to the SW of the
nucleus at a blueshifted velocity of 476 + 14kms™'. All of the
ionised gas observed in NGC7319 may be in the nuclear wind,
although a significant contribution from a stellar population can-
not be excluded. Furthermore, the molecular gas deposit present
in the central 11" of this galaxy may be important in the feeding
of the AGN and/or the outflow.

In addition, our high resolution data of the nuclear region
of NGC7319 allow us, for the first time, to reveal the Seyfert 1
nature of this galaxy. We observe an FWHM of the NLR and
BLR as 374 + 10kms~! and 1265 + 43kms™!, respectively.

We confirm the existence of the bridge in both optical and
millimetre emission and detail its kinematics. Our data of the
bridge indicate a connection between NGC7319 and the intruder
galaxy NGC7318B via (i) the line-of-sight velocities of two CO
gas congregations at ~5800kms~! and ~6700kms~! in region
b_i (see Table G.9) and (ii) the ionised gas with line-of-sight
velocities ranging from 5650—7000kms™! across region b_1-4
(see Table G.4). Therefore, it may be assumed that the bridge
was likely created during the passage of NGC7318B through the
group.

While the '>CO (1-0) emission favours the area in or near
NGC7319, the '2CO (2—1) emission shows a peak to the south
of the NGC7318 pair and an extension towards NGC7317, cor-
roborating the claim of Duc et al. (2018) that NGC7317 passed
through the centre of SQ in the past and in the process left a
trail of a faint stellar halo and, as our data show, a tail of warm
diffuse molecular gas. NGC7317 does not show the typical rota-
tion and velocity dispersion curve of an elliptical galaxy, and its
connection to the rest of the group via the '>CO (2—1) emission
indicates that NGC7317 may be a prime candidate for the study
of the effect of galaxy harassment.

The west ridge is an interesting structure that may be con-
nected to the NW and SW tails or the shocked ridge. We note a
lack of molecular gas content in the area and a presence of a high
oxygen content and high ionisation. The west ridge may provide
further revelations regarding the ongoing interaction between
NGC7318B and the rest of the group.

It is clear that we are looking at a very complex and highly
interactive structure, a galaxy group that shows that both exter-
nal and internal processes have impressive effects on a galaxy’s
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morphology and activity. Stephan’s Quintet shows an extraordi-
nary complex structure, and the higher the resolution and sensi-
tivity that is used to observe it, the more details and fascinating
aspects emerge. This group shows us the importance of detailed
studies for our understanding of the evolution of galaxies.
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Appendix A: NGC7319: Additional gas emission maps
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Fig. A.1. Maps of the [OII]13727 emission in NGC7319. (a) Flux. (b) Line-of-sight velocity. (c) Velocity dispersion.
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Fig. A.2. Maps of the H3 NLR emission in NGC7319. (a) Flux. (b) Line-of-sight velocity. (c) Velocity dispersion.
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Fig. A.3. Maps of the [OI]16302 emission in NGC7319. (a) Flux. (b) Line-of-sight velocity. (c) Velocity dispersion.
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M. Yttergren et al.: Gas and stellar dynamics in Stephan’s Quintet
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Fig. A.4. Maps of the Ho NLR emission in NGC7319. (a) Flux. (b) Line-of-sight velocity. (c) Velocity dispersion.
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Fig. A.5. Maps of the [NII]16585 emission in NGC7319. (a) Flux. (b) Line-of-sight velocity. (c) Velocity dispersion.
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Fig. A.6. Maps of the [SI[]16718,6732 emission in NGC7319. (a) Flux. (b) Line-of-sight velocity. (c) Velocity dispersion.
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Appendix B: Maps of the stellar kinematics in the NGC7318 pair
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Fig. B.1. Top left: Map of the line-of-sight velocity in NGC7318A as a function of position. The 0 velocity is set to the average of the central 1.5”,
6787 + 5 km/s, while the cross at 0 RA, 0 Dec. is the centre of the galaxy as seen by the peak stellar continuum emission. textitBottom left: Map of
the line-of-sight velocity in NGC7318B as a function of position. Again, the 0 velocity is set to the average of the central 1.5”, 5973 + 4 km/s, and
the cross in the centre of the galaxy marks the peak stellar continuum emission. Top right: Map of the stellar velocity dispersion in NGC7318A
as a function of position. As in the left image, the cross in the centre of the galaxy pinpoints the peak stellar continuum emission. Bottom right:
Map of the stellar velocity dispersion in NGC7318B as a function of position. The cross in the centre of the galaxy again marks the peak stellar

continuum emission.
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Appendix C: The regions, RA and Dec.

Table C.1. Equatorial (J2000) RA and Dec. coordinates of the centres of
the regions adopted for the closer analysis and their respective ionised
gas mass estimate and H, gas mass estimate.

Optical RA Dec. MHII ®
regions®  (hh:mm:ss) (dd:mm:ss) (107 M)
17 22:35:51.87 33:56:41.80

18a 22:35:56.53 33:57:56.40

18b 22:35:58.29  33:57:57.85

19_0 22:36:03.55 33:58:32.62 3.72+0.0
19_1 22:36:03.45 33:58:28.49 4.51+0.05
192 22:36:03.23  33:58:33.80  8.29+0.07
193 22:36:03.65 33:58:36.61 10.31+0.08
19_4 22:36:03.88 33:58:31.31 9.65+0.08
19_5 22:36:03.01 33:58:32.39  8.38+0.07
19_6 22:36:03.32 33:58:25.32  8.26+0.07
19_7 22:36:02.96  33:58:22.97 11.32+0.08
b_1 22:36:02.09 33:58:26.28 11.32+0.08
b_2 22:36:01.85 33:58:19.04 11.32+0.08
b_3 22:36:01.12  33:58:23.29  6.51+0.06
b_4 22:36:00.63  33:58:20.00 10.52+0.08

SF_1 22:35:59.96  33:58:12.18 11.32+0.08
SF_10 22:35:59.31 33:57:55.41  3.95+0.05
SF_11 22:35:58.770  33:57:52.53  6.15+0.06
SF_12 22:35:56.82  33:57:38.96  2.35+0.04
SF_13 22:35:56.33  33:57:44.21  2.71+£0.04
SF_14 22:35:55.52  33:57:43.92  2.02+0.03
SF_15 22:35:55.57 33:57:36.32  2.19+0.03

SF_2 22:35:59.97 33:58:05.47 11.32+0.08
SF_3 22:35:59.45 33:58:15.67 11.32+0.08
SF_4 22:35:59.60  33:58:09.83  4.75+0.05
SF_5 22:35:59.95 33:57:59.64 11.32+0.08
SF_6 22:35:59.65 33:58:06.71  5.12+0.06
SF_7 22:35:59.39  33:58:08.42  9.51+0.07
SF_8 22:35:59.48 33:58:02.18  6.16+0.06
SF_9 22:35:59.15 33:58:03.42 11.32+0.08

Notes. “The optical regions have been extracted via 1.5” circles from
the interpolated map of the optical spectra. ¥’ The ionised gas mass has
been estimated as described in Sect. 2.

Table C.1. continued.

CO RA Dec. My, @
regions®  (hh:mm:ss) (dd:mm:ss)  (108M,)
17 22:35:51.86 33:56:40.82

18_i 22:35:55.92  33:57:39.08 1.65+0.18
18_ii 22:35:57.74 33:57:37.89 1.17+0.15
18_iii 22:35:56.40 33:58:18.50 0.85+0.17
18_iv 22:35:54.86  33:57:20.57

18a 22:35:56.71 33:57:55.58 147 +0.15
18b 22:35:58.32  33:57:55.58 3.10+0.19
19_ 22:36:02.59 33:58:46.56 9.62 +0.42
191 22:36:03.55 33:58:32.55 8.73+0.43
19_ii 22:36:04.65 33:58:17.89 6.61 £0.34
19_iii 22:36:04.15 33:58:53.70 697 +£0.48
19_iv 22:36:05.76  33:58:54.82 4.34+0.42
19_v 22:36:05.21 33:58:38.54 6.28 +0.40
19_vi 22:36:06.60 33:58:26.69 1.93 +0.30
19 o 22:36:03.12 33:58:13.79 8.37+0.43
b_i 22:36:01.58 33:58:02.08 8.84 +0.32
b_ii 22:36:01.56  33:58:23.30 6.57 £0.26
SF_i 22:35:59.54 33:58:34.60 6.32 +0.28
SF_ii 22:35:59.85 33:58:16.55 6.27 +£0.24
SF_iii 22:35:59.85 33:58:04.00 5.45+0.22
SF_iv 22:35:59.73  33:57:37.16 2.63 +£0.29
SQ-A 22:35:58.88 33:58:50.69 4.64 +0.30

Notes. @The CO regions have been extracted with 11” radius circles
from the smoothed CO maps. ¥ The H, gas mass obtained from inte-
grating the spectra over the velocity range covering SQ (5100 — 7500

kmy/s).
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Appendix D: Optical spectra for a selection of regions
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Fig. D.1. Spectrum of the central 1.5” of NGC7319. The spectrum has been corrected to the average redshift of the group, 0.0215, and the vertical
dotted lines mark the expected line centres of several interesting emission lines at this average redshift.
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Fig. D.2. As in Fig. D.1 but for region SF_2.
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Fig. D.3. As in Fig. D.1 but for the central 1.5” of NGC7318A, region 18a.
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M. Yttergren et al.: Gas and stellar dynamics in Stephan’s Quintet
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Appendix E: 12CO (1 - 0), 12CO (2 - 1), and *CO (1 — 0) emission and noise as a function of position
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Fig. E.1. Maps showing the summed emission per spaxel of the CO channels over the velocity range 5100 — 7500 km/s. Contours in blue show
the flux variations, while the red and yellow crosses pinpoint the galaxies. Top Left: 12CO (1 - 0) contours at 4, 35, 50, and 70 mK;. Bottom Left:
12CO (@2 - 1), 4, 80, 120, 140, and 160 mK. Top Right: 3CO (1 - 0) contours at 0, 5, 10, 30, and 70 mK.
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*CO (1-0) noise
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Appendix F: 12CO (1 - 0), 2CO (2 - 1), and 13CO (1 - 0) spectra for a selection of regions

Tmb [MK]

-6
5000 5500 6000 6500 7000 7500 8000
Velocity [km/s]

(a)

Tmb [MK]

20

15

10

o

-10

-15
5000 5500 6000 6500 7000 7500 8000

ﬂﬁw] ﬂm & JﬂM[

Uulr‘[]ld LﬂULJU”UL[IH \.“JJ”U

Velocity [km/s]

(b)

Tmb [MK]

12
10

8
6
4
2
o]

-2
-4

-6
5000 5500 6000 6500 7000 7500 8000

Velocity [km/s]

(©)

Fig. F.1. Spectra of the CO emission extracted using an HPBW of a 22 diameter from the smoothed maps (i.e. the central 11”) of NGC7319,

region 19. The fitted lines are in red. (a) '>CO (1 - 0) line. (b) '2CO (2 — 1) line. (c) *CO (1 - 0) line.
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Fig. F.2. As in Fig. F.1 but for region 19_o. (a) 12CO (1 - 0) line. (b) 1>CO (2 - 1) line. (c) *CO (1 - 0) line.
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Fig. F.5. As in Fig. F.1 but for region 19_iii. (a) '>CO(1 — 0) line. (b) CO(2 — 1) line. (c) *CO(1 — 0) line.
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Fig. F.6. As in Fig. F.1 but for region 19_iv. (a) >?CO(1 — 0) line. (b) '?CO(2 — 1) line. (c) *CO(1 — 0) line.
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Fig. F.14. As in Fig. F.1 but for region SF_iii. (a) '>?CO(1 — 0) line. (b) 2CO(2 — 1) line. (c) *CO(1 — 0) line.
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Fig. F.16. As in Fig. F.1 but for NGC7318A, region 18a. (a) '2CO (1 - 0) line. (b) 12CO (2 - 1) line. (c) *CO (1 - 0) line.
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Fig. F.17. As in Fig. F.1 but for NGC7318B, region 18b. (a) '>CO (1 - 0) line. (b) '2CO (2 — 1) line. (c) 3CO (1 - 0) line.

Tmp [MK]

L Mg

. uwu T uwu

-6
5000

5500 6000 6500 7000 7500 8000

Velocity [km/s]

(@)

20

15

Tmb [MK]

-15
5000 5500 6000 6500 7000 7500 8000

Velocity [km/s]

(b)

Tmb [MK]

en 0l .n
ol U R

nlﬂulnh ]y HH
NI

-6
5000 5500 6000 6500 7000 7500 8000

Fig. F.18. As in Fig. F.1 but for region 18_i. (a) 2CO (1 — 0) line. (b) 2CO (2 - 1) line. (c) *CO (1 - 0) line.

12

Tmb [MK]

-6
5000 5500 6000 6500 7000 7500 8000

N © N & O @

-4

“IUL-”nnﬂﬁJ]” Hﬂ. o .

I "‘“ lJLJlJlJLlJ[]‘U‘lJL”JhJ”

Velocity [km/s]

(a)

20
15
10
£l Ty
E 0 ” sl rﬂﬂﬂrﬂ n urlul'ln"l.-
o (o www t
=5
-10
_15’,000 5500 6000 6500 7000 7500 8000

Velocity [km/s]

(b)

12
10

Tmb [MK]
o N & o ®

-4

Velocity [km/s]

(©)

[ nﬂﬂhﬁﬂ.m"n
g Wit

-6
5000 5500

Fig. F.19. As in Fig. F.1 but for region 18_ii. (a) '2CO (1 — 0) line; (b) '2CO (2 — 1) line; (c) *CO (1 - 0) line.

12

10

Tmp [MK]

8
6
4
2
0

-2
-4

Jﬂurrlﬂ . HJLn M%lpﬂuﬂﬂun ﬂﬂlﬂ L
I

e

-6
5000 5500 6000 6500 7000 7500 8000

Fig. F.20. As in Fig. F.1 but for region 18_iii. (a) '>CO (1

Velocity [km/s]

(a)

A83, page 28 of 39

20

15

10

5

n”n,m I‘LH'L Lo [ gll

Tmb [MK]

(o]

-5

-10

bt It =0 T1°

=15
5000 5500 6000 6500 7000 7500 8000

Velocity [km/s]

(b)

- 0) line. (b) 2CO (2 - 1) line. (c) *CO (1

12

6000 6500 7000 7500 8000
Velocity [km/s]

©

10

Tmb [MK]

8
6
4
2
o)

-2
-4

S
I"|.| L|_||.| ”'l_r' L;L‘J-L[“'"L’J"” i] '—“]_,_LI—'LJL-J U\r"”

-6
5000 5500 6000 6500 7000 7500 8000

—0) line.

Velocity [km/s]

©



M. Yttergren et al.: Gas and stellar dynamics in Stephan’s Quintet

12 20 12
10 15 10
8 8
6 10 6
ERYETNN
22 “ MIL H B 0 n,ﬂﬂl] rwlnn ﬂﬂ nﬂJ 32 JLLI le
5 oﬂwﬂw Unuh HlnnJl . i UH [ TS ® ol ol nnﬁﬂv TR
N v w iy e oy I
s -10 s
8000 5500 6000 6500 7000 7500 8000 “'3000 5500 6000 6500 7000 7500 8000 “S000 5500 6000 6500 7000 7500 8000
Velocity [km/s] Velocity [km/s] Velocity [km/s]
(@) (b) (©
Fig. F.21. As in Fig. F.1 but for region 18_iv. (a) 2CO (1 — 0) line. (b) '2CO (2 - 1) line. (c) '*CO (1 — 0) line.
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Fig. F.22. As in Fig. F.1 but for NGC7317, region 17. (a) 2CO (1 - 0) line. (b) '2CO (2 - 1) line. (c) *CO (1 - 0) line.
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Fig. F.23. Spectra of the average CO emission in the southern congregation per arcsec? as marked by the magenta ellipse in Fig. 7. (a) '?CO (1-0)
line. (b) 2CO (2 - 1) line. (c) ¥CO (1 - 0) line.
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Appendix G: Tables

G.1. Regions in or near NGC7319

A&A 656, A83 (2021)

Table G.1. Ionised gas and stellar flux, line-of-sight velocity, and velocity dispersion in region 19_0-3.

Vel
comp Region 19_0 19_1 192 19_3
HB_NLR high Flux 5.28E-16 + 2.54E-17  8.98E-17 + 7.99E-18  1.13E-16 = 5.76E-18  2.19E-16 + 8.56E-18
Vlos 6709 + 9 6394 + 15 6642 + 9 6704 + 7
Vel.Disp 211.1 £ 8.7 1924 + 14.7 195.8 £ 8.6 197.1 £ 6.6
low - - - -
Ha_BLR high Flux 2.86E-15 + 1.24E-16 - - -
Vlos 6714 +2 - - -
Vel.Disp 5372 £ 18.2 - - -
Ha_NLR high Flux 1.44E-15 £ 6.17E-17  4.80E-16 + 5.51E-18  5.79E-16 + 5.67E-18  2.01E-15 + 2.36E-17
Vlos 6714 +2 6425 + 2 6537 +2 6640 + 2
Vel.Disp 159.0 + 4.4 174.1 £ 1.7 233.0 £2.0 2593 +£2.6
low - - - -
[NII] 6550 high Flux 9.07E-16 + 2.65E-17  1.01E-16 + 3.06E-18  1.83E-16 = 2.91E-18  9.02E-16 + 1.21E-17
Vlos 6754 +2 6414 + 39 6548 + 36 6622 + 39
Vel.Disp 184.8 £ 2.0 220.6 £ 3.5 2272 +19 235.1+1.8
low - - - -
[NII] 6585 high Flux 2.79E-15 + 4.05E-17  3.14E-16 + 5.81E-18  5.06E-16 + 4.93E-18  2.10E-15 + 1.91E-17
Vlos 6752 +2 6415+ 3 6547 + 2 6621 + 2
Vel.Disp 183.8 £2.0 2194 +£35 2260+ 1.9 233.8+1.8
low - - - -
[OI] 6302 high Flux 5.98E-16 + 1.52E-17  7.75E-17 + 4.85E-18  1.36E-16 + 6.78E-18  4.10E-16 + 1.27E-17
Vlos 6729 £ 5 6497 + 12 6566 + 10 6641 + 6
Vel.Disp 234.6 £5.1 234.6 +12.5 234.6 + 10.1 234.6 £ 6.2
low Flux 1.13E-16 + 1.53E-17  2.24E-17 + 4.66E-18  4.98E-17 + 6.49E-18  9.64E-17 + 1.24E-17
Vlos 5838 + 26 5720 + 40 5686 + 25 5811 +24
Vel.Disp 234.6 £27.3 234.6 +41.2 234.6 + 26.1 234.6 +259
[o] 3727 low Flux 2.11E-15 + 2.33E-17  2.67E-16 + 4.06E-18  4.80E-16 + 3.45E-18  1.00E-15 + 8.72E-18
Vlos 6844 + 3 6660 + 3 6842 + 1 6847 +2
Vel.Disp 2937 +2.38 241.0 £ 3.1 2278 + 1.4 266.8 +£2.0
[OIII] 5008  high Flux 4.02E-15 + 2.30E-17  1.05E-15 + 742E-18  5.79E-16 + 5.93E-18  1.23E-15 + 8.54E-18
Vlos 6712+ 1 6390 + 1 6597 + 2 6718 + 1
Vel.Disp 174.1 £ 0.8 167.0 £ 1.0 211.7+ 1.8 201.3+1.2
low - - - -
[SII] 6718 high Flux 1.32E-15 + 2.49E-17  1.01E-16 = 2.55E-18  2.15E-16 = 5.49E-18  7.85E-16 + 1.68E-17
Vlos 6716 £ 5 6417 £ 4 6494 + 6 6585+ 6
Vel.Disp 226.0 3.5 1619 £33 220.0 £ 4.6 250.5+4.5
low - - - -
[SII] 6732 high Flux 9.11E-16 + 1.94E-17  7.49E-17 + 2.11E-18  1.65E-16 + 4.60E-18  6.07E-16 + 1.41E-17
Vlos 6716 £ 5 6417 + 4 6494 + 6 6584+ 6
Vel.Disp 2255+35 161.5+33 219.6 + 4.6 250.0 £ 4.5
low - - - -
stellar Vlos 6814 + 12 6920 + 54 6882 + 18 6809 + 16
Vel.Disp 1594 £ 13.0 402.9 + 56.5 205.7 £ 19.9 1729 + 15.6

Notes. Flux in (erg cm? s71), line-of-sight velocity, and velocity dispersion in (kms!). The regions are marked in Fig.5.
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Table G.2. As in Table G.1 but for region 19_4-7.

Vel
comp Region 19_4 19_5 19_.6 197
HpB_NLR high Flux 2.22E-17 + 5.42E-18 1.75E-17 + 4.50E-18 1.11E-17 + 3.17E-18 -
Vlos 7502 + 59 7502 + 62 7502 + 43 -
Vel.Disp 305.1 + 64.6 305.1 + 68.1 178.6 + 44.1 -
low Flux 2.64E-17 £ 429E-18  2.62E-17 + 3.47E-18  3.99E-17 + 3.97E-18 1.55E-17 + 3.02E-18
Vlos 6596 + 27 6622 + 21 6450 + 24 6444 + 35
Vel.Disp 196.7 +27.2 187.4 £ 21.0 290.4 +24.8 207.0 + 34.7
Ho_BLR high - - - -
H a_NLR high Flux 1.91E-16 + 3.81E-18 1.63E-16 + 3.38E-18 1.86E-16 + 3.41E-18 1.26E-16 + 7.75E-18
Vlos 6611 +4 6534 + 4 6458 +£3 6642 + 13
Vel.Disp 250.8 +4.3 2342 +42 232.6 +3.7 2714 +11.5
low Flux - - - 2.11E-17 + 491E-18
Vlos - - - 6280 + 19
Vel.Disp - - - 192.0 £ 15.5
[NII] 6550 high Flux 6.83E-17 £ 2.11E-18  4.95E-17 + 1.64E-18  3.62E-17 + 1.48E-18  8.50E-18 + 1.06E-18
Vlos 6602 + 75 6508 + 80 6360 + 75 6643 + 13
Vel.Disp 2194 +43 221.6 +3.9 2455+49 131.1 £9.0
low Flux - - - 1.54E-17 + 1.58E-18
Vlos - - - 6279 + 19
Vel.Disp - - - 194.6 + 14.2
[NII] 6585 high Flux 1.28E-16 + 2.95E-18 1.45E-16 + 2.97E-18 1.43E-16 + 3.33E-18  2.55E-17 + 1.96E-18
Vlos 6601 + 4 6508 + 4 6361 + 4 6642 + 13
Vel.Disp 2182 +43 2204 +3.9 2442 +49 130.4 + 8.9
low Flux - - - 4.63E-17 + 3.55E-18
Vlos - - - 6280 + 19
Vel.Disp - - - 193.6 + 14.1
[O1] 6302 high Flux 5.52E-17 £ 5.77E-18  4.96E-17 + 4.13E-18 1.52E-17 + 3.72E-18 1.26E-17 + 2.39E-18
Vlos 6618 + 20 6535 + 16 7037 + 50 6702 + 36
Vel.Disp 234.6 +21.2 234.6 + 16.8 234.6 +47.5 234.6 + 38.4
low Flux 4.16E-17 + 548E-18  2.43E-17 +4.01E-18  3.88E-17 + 3.71E-18 1.04E-17 + 2.37E-18
Vlos 5731 £ 25 5640 + 31 6340 + 20 5874 + 43
Vel.Disp 234.6 + 26.4 234.6 + 33.3 234.6 + 18.6 234.6 +45.8
[O11] 3727 low Flux 1.31E-16 + 5.31E-18 1.16E-16 + 3.53E-18  8.49E-17 £ 4.00E-18  4.13E-17 + 3.27E-18
Vlos 6666 + 7 6846 + 6 6701 = 11 6796 + 13
Vel.Disp 185.0 £ 6.5 217.1+£5.7 267.6 + 10.8 1949 + 13.3
[OIII] 5008  high Flux 2.02E-17 + 7.58E-18  6.73E-17 + 1.21E-17  9.29E-17 + 1.22E-17 -
Vlos 6872 + 50 6617 + 38 6337+ 6 -
Vel.Disp 126.0 + 34.1 181.7 £23.7 147.5+9.3 -
low Flux 3.04E-17 + 7.38E-18 1.95E-17 + 9.15E-18  4.12E-17 + 1.25E-17  2.94E-17 + 2.44E-18
Vlos 6566 + 31 6358 + 16 6452 + 62 6357 +9
Vel.Disp 1249 +21.2 86.6 +21.1 296.2 + 46.9 121.1 + 8.7
[SII] 6718 high Flux 1.97E-17 + 5.20E-18 - - 1.79E-17 + 1.01E-18
Vlos 6535 + 28 - - 6543 + 8
Vel.Disp 112.7 +21.7 - - 149.7 + 6.8
low Flux 2.84E-17 + 6.97E-18  2.58E-17 + 2.78E-17  2.96E-17 + 1.17E-17 -
Vlos 6131 £ 41 6350 + 204 6361 + 69 -
Vel.Disp 185.3 +38.1 1529 +£939 145.8 +37.3 -
[SII] 6732 high Flux 1.51E-17 + 4.00E-18 - - 1.25E-17 + 8.03E-19
Vlos 6535 + 28 - - 6543 + 8
Vel.Disp 112.5 £21.6 - - 149.4 + 6.8
low Flux 2.18E-17 + 5.36E-18 1.99E-17 + 2.14E-17  2.27E-17 + 8.98E-18 -
Vlos 6131 + 41 6351 + 203 6361 + 68 -
Vel.Disp 184.9 + 38.0 152.5 +93.7 145.4 +37.2 -
stellar Vlos 6767 + 25 6792 + 43 6600 + 62 -
Vel.Disp 183.2 +26.1 273.7 + 364 390.4 + 62.3 -
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Table G.3. CO line-of-sight velocity, velocity dispersion, integrated flux, and H, molecular gas mass for regions in or near NGC7319.

Region Vlos Vel.Disp Flux M(H;)
(kms™") (kms™") (K kms™) (108 Mo)
2Cco1-0)
19_ 6427 + 16 414 £ 16.1 0.50 £ 0.19 1.62 £ 0.62

6607 + 13 85.6 £ 15.7 211+£030  6.81+0.95
6826 + 10 264 +11.6 0.33+£0.14  1.06 £ 0.46
7111 + 14 29.5 +12.8 028 +£0.13 091 +£041
19_o 6437 + 13 58.0+13.9 1.00+£0.21  3.22+£0.69
6603 +9 38.1+£99 0.76 £0.17 243 +£0.55
6807 + 24 71.4 +26.6 0.65+023 2.08+0.74

7101 + 13 31.0 + 15.8 <0.32 < 1.50
19_i 6591 + 12 111.0+134 258+029 831+095

7131 + 13 30.1+13.4 0.32 £0.15 1.04 + 0.47
19_ii 6449 + 15 520+ 164 0.84+£023 2.69+0.75

6608 + 12 404 £11.9 0.76 £0.20 243 +0.64
6830 + 14 38.4 +14.3 047 £0.18 1.50 + 0.58

19_iii 6602 + 17 110.6 + 18.6 2.53 +£0.41 8.14 £ 1.30
19_iv 6571 + 30 96.6 + 33.1 1.61 £ 0.46 5.20 + 1.49
19_v 6590 + 17 109.2 + 17.7 2.05+0.32 6.59 + 1.04
19_vi - - - -
2co@2-1
19_ 5779 + 17 34.6 +16.6 < 0.64
19_ 0 5795 + 16 41.7 +16.2 0.80 + 0.32
19_i - - -
6702 + 21 46.5 +22.0 0.75 +0.36
19_ii 5800+ 18 498 £17.5 124 +045
19_iii - - -
19_iv - - -
19_v 5778 + 18 429 + 18.0 0.99 +0.43
19_vi 5776 + 28 65.4 +28.3 1.85+0.83
13CO (1-0)
19_ - - -
19 o - R _
19_i 5958 + 32 70.0 £ 31.9 <032
19_ii - - -
6944 + 34 70.0 + 34.1 <042
7329 £+ 16 39.0 £ 16.3 0.36 + 0.15
19_iii - - -
19_iv 5851 + 37 70.0 + 36.5 <042
19_v - - _
6974 + 24 55.7+243 0.38 +0.17
7350 + 26 56.5 +26.8 <0.36
19_vi 5771 + 33 70.0 £ 33.2 0.48 +0.24

7000 + 23 70.0 £27.5 0.76 + 0.27
7334 £ 15 457+ 149 0.57 £0.19

Notes. The regions are marked in Fig. 7.
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G.2. Regions in the bridge and the star-forming ridge

Table G.4. Ionised gas and stellar flux, line-of-sight velocity, and velocity dispersion in region b_1-4.

Vel
comp Region b_1 b_2 b_3 b_4
HB_NLR high Flux - 5.95E-18 + 1.71E-18  3.18E-17 + 3.03E-18  4.77E-17 + 3.49E-18
Vlos - 6434 + 20 6398 + 20 6467 + 23
Vel.Disp - 78.1 +19.8 245.6 +20.0 367.3 £22.9
low Flux - - -
Vlos - - - -
Vel .Disp - - - -
Ha_NLR high Flux 1.32E-16 + 4.99E-18 1.39E-16 + 1.43E-17  2.07E-16 + 2.84E-18  2.23E-16 + 3.83E-18
Vlos 6612 + 11 6553 + 19 6419 £2 6438 +3
Vel.Disp 2714 +7.6 2714 + 189 2074 +25 261.3+39
low Flux 2.43E-17 + 3.66E-18  6.10E-18 + 3.86E-18 - -
Vlos 6350 £ 9 6229 + 32 - -
Vel.Disp 119.4 + 109 225.3 + 87.8 - -
[NII] 6550 high Flux 9.87E-18 + 9.93E-19 1.20E-17 £ 1.95E-18  2.44E-17 + 1.23E-18  2.31E-17 + 1.45E-18
Vlos 6612 + 11 6553 + 19 6341 + 50 6346 + 68
Vel.Disp 133.6 £9.1 1264+ 114 213.1+4.1 2339 +6.1
low Flux 2.31E-17 + 1.30E-18 1.15E-17 + 2.92E-18 - -
Vlos 6350 £ 9 6228 + 32 - -
Vel.Disp 170.1 + 7.7 161.2 +28.3 - -
[NII] 6585 high Flux 2.96E-17 £ 2.16E-18  3.61E-17 + 3.64E-18 1.25E-16 + 2.79E-18 1.10E-16 + 3.36E-18
Vlos 6611 + 11 6553 + 19 6342 + 4 6347 £ 6
Vel.Disp 1329 +9.1 1258 + 114 212.0+4.1 232.7+6.1
low Flux 6.94E-17 + 3.25E-18  3.44E-17 + 6.39E-18 - -
Vlos 6351 £9 6230 + 32 - -
Vel.Disp 169.2 +7.7 160.3 + 28.1 - -
[OI] 6302 high Flux 1.39E-17 + 3.00E-18 - 3.18E-17 = 1.86E-18  3.20E-17 + 1.85E-18
Vlos 7006 + 46 - 6399 + 10 6454 + 12
Vel.Disp 234.6 +41.3 - 204.7 +10.2 2346+ 11.3
low Flux 2.53E-17 + 3.00E-18 1.36E-17 + 2.30E-18  9.14E-18 + 1.99E-18 1.18E-17 + 1.87E-18
Vlos 6329 + 25 6449 + 32 5648 + 41 5741 + 32
Vel.Disp 234.6 +22.6 234.6 + 34.1 232.6 +43.6 234.6 +31.1
[OI1] 3727 low Flux 3.16E-17 + 2.80E-18  4.40E-17 + 3.40E-18 1.07E-16 + 3.47E-18 1.65E-16 + 3.27E-18
Vlos 6843 + 12 6784 + 11 6623 £5 6579 + 4
Vel.Disp 161.6 + 12.4 1692 +11.3 191.8 +5.4 2557 +4.4
[OIII] 5008  high Flux 7.83E-18 + 1.47E-18 - 8.22E-18 £ 2.15E-18  2.59E-17 + 2.49E-18
Vlos 6562 + 17 - 6412 £ 22 6437 + 14
Vel.Disp 105.3 + 16.7 - 96.7 +22.0 167.7 + 13.9
low Flux - - - -
Vlos - - - -
Vel.Disp - - - -
[SII] 6718 high Flux 2.54E-17 + 1.19E-18 1.59E-17 + 1.00E-18  4.26E-17 + 1.11E-18  5.24E-17 + 1.50E-18
Vlos 6511 +7 6520 + 7 6390 + 4 6427 + 6
Vel.Disp 1547 +59 1239+ 6.3 146.5 + 3.0 182.2+43
low Flux - - - -
Vlos - - - -
Vel.Disp - - - -
[SII] 6732 high Flux 1.71E-17 + 9.24E-19 1.29E-17 + 8.67E-19  3.68E-17 + 1.01E-18  3.26E-17 + 1.12E-18
Vlos 6511 +7 6520 +7 6390 + 4 6427 + 6
Vel.Disp 1544 £58 123.6 + 6.3 146.1 +£3.0 1819 +4.2
low Flux - - - -
Vlos - - - -
Vel.Disp - - - -
stellar Vlos - - - -
Vel.Disp - - - -

Notes. Flux in (erg cm? s71), line-of-sight velocity, and velocity dispersion in (kms™!). The regions are marked in Fig.5.
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Vel
comp Region SF_1 SF_2 SF_3 SF_4
HB_NLR high Flux 9.44E-18 + 2.76E-18  3.77E-17 + 9.68E-18 - 2.24E-17 + 3.04E-18
Vlos 6802 + 26 6526 + 74 - 6838 + 14
Vel.Disp 113.6 £27.2 305.1 +64.3 - 120.2 + 13.6
low Flux 3.82E-17 £+ 447E-18  2.64E-17 + 6.25E-18 - 4.59E-17 + 447E-18
Vlos 6122 + 28 6040 + 14 - 6198 + 20
Vel.Disp 305.1 +31.1 120.3 + 18.5 - 260.7 +22.1
Ha_NLR high Flux 1.73E-16 + 1.15E-17  2.21E-16 + 1.08E-17  2.63E-16 + 1.89E-17  2.01E-16 + 7.06E-18
Vlos 6779 + 14 6615 +9 6420 + 13 6816 + 6
Vel.Disp 2714+ 153 2714 +11.3 2714 +15.6 1784 +5.4
low Flux 1.96E-16 + 6.38E-18 1.68E-16 + 5.09E-18 1.43E-17 £ 9.45E-18  2.09E-16 + 6.20E-18
Vlos 6143 £ 8 6016 + 5 6048 + 12 6171 £ 6
Vel.Disp 2253 +48 173.8 +3.7 110.3 +40.5 2253 +5.7
[NII] 6550 high Flux 2.04E-18 + 8.69E-19 1.04E-17 + 1.12E-18 1.95E-17 £ 2.04E-18  7.39E-18 + 1.74E-18
Vlos 6779 + 14 6616 + 9 6420 + 13 6816 + 6
Vel.Disp 153.8 +54.9 1549 + 13.6 160.1 + 12.5 225.8 +43.7
low Flux 3.82E-17 £ 1.59E-18  4.55E-17 £ 1.91E-18  2.98E-17 £ 2.59E-18  3.47E-17 + 2.59E-18
Vlos 6143 + 8 6016 + 5 6047 + 12 6170 £ 6
Vel.Disp 2258 +6.2 2247+ 7.7 164.6 £ 9.3 225.8 + 14.5
[NII] 6585 high Flux 6.11E-18 + 2.23E-18  3.13E-17 £ 2.83E-18  5.85E-17 £+ 4.77E-18  2.22E-17 + 4.40E-18
Vlos 6778 + 14 6615 +9 6420 + 13 6814 + 6
Vel.Disp 152.9 + 54.6 154.0 £ 13.5 159.2 + 12.5 224.6 +43.4
low Flux 1.15E-16 + 3.38E-18 1.36E-16 + 4.83E-18  8.93E-17 + 5.40E-18 1.04E-16 + 6.82E-18
Vlos 6144 + 8 6018 + 5 6049 + 12 6172 +6
Vel.Disp 2246 +6.2 223.5+7.7 163.8 £9.2 224.6 + 14.5
[O1] 6302 high Flux 2.50E-17 + 4.02E-18  3.32E-17 + 3.09E-18 1.55E-17 £ 3.55E-18  2.99E-17 + 3.41E-18
Vlos 6662 + 37 6687 + 20 6829 + 55 6798 + 23
Vel.Disp 234.6 +29.2 234.6 +17.7 234.6 + 38.3 234.6 +22.4
low Flux 3.15E-17 £ 3.91E-18  4.93E-17 £ 2.99E-18  3.30E-17 + 3.59E-18  4.84E-17 + 3.40E-18
Vlos 6050 + 28 6023 + 13 6249 + 26 6076 + 14
Vel.Disp 234.6 +22.1 231.7+11.2 234.6 + 18.5 234.6 + 13.8
[omj 3727 high Flux 7.90E-17 + 7.69E-18 1.19E-16 + 9.50E-18 1.98E-16 + 7.99E-18 1.12E-16 + 4.82E-18
Vlos 6925 + 22 6843 £ 19 6738 + 18 7047 7
Vel.Disp 233.0+ 18.1 2335+ 145 363.0+9.2 190.0 + 6.8
low Flux 1.48E-16 + 7.04E-18  2.07E-16 + 8.79E-18  5.04E-17 + 7.14E-18 1.99E-16 + 5.69E-18
Vlos 6324 £ 10 6259 +9 6440 £ 9 6350 + 6
Vel.Disp 2059 +7.5 2104 + 6.6 1329+ 123 251.6 +6.2
[OIII] 5008  high Flux 1.96E-17 + 7.60E-18  3.55E-17 + 8.31E-18 1.59E-17 + 5.70E-18  3.80E-17 + 3.13E-18
Vlos 6711 + 83 6704 + 61 6950 + 65 6887 +9
Vel.Disp 214.0 £ 58.5 296.2 +57.9 205.3 +52.6 133.2+9.2
low Flux 2.18E-17 + 8.34E-18  3.11E-17 + 6.14E-18  3.23E-17 £ 7.17E-18  3.72E-17 + 4.70E-18
Vlos 6137 £ 95 6051 + 31 6303 + 60 6150 +29
Vel.Disp 241.6 + 70.1 185.8 +26.7 296.2 +53.2 296.2 +32.5
[SII] 6718 high Flux 2.75E-17 £ 4.59E-18  3.34E-17 + 5.08E-18  4.52E-17 £ 3.56E-17  2.44E-17 + 2.10E-18
Vlos 6518 + 30 6547 + 33 6341 + 176 6906 + 23
Vel.Disp 167.2 + 19.8 220.1 £26.9 220.1 + 56.7 220.1 + 16.4
low Flux 4.21E-17 + 4.70E-18  7.16E-17 + 4.57E-18 - 7.28E-17 + 2.10E-18
Vlos 6093 + 21 6009 + 12 - 6027 + 8
Vel.Disp 173.8 + 14.1 193.1 £9.3 - 220.1 £5.5
[SII] 6732 high Flux 2.12E-17 + 3.53E-18 ~ 2.57E-17 + 3.91E-18  3.48E-17 + 2.74E-17 1.88E-17 + 1.62E-18
Vlos 6518 + 30 6546 + 33 6341 + 176 6905 + 23
Vel.Disp 166.8 + 19.7 219.6 +26.8 219.6 + 56.6 219.6 + 16.4
low Flux 3.24E-17 £ 3.62E-18  5.51E-17 + 3.52E-18 - 5.60E-17 + 1.61E-18
Vlos 6093 + 21 6010 + 12 - 6027 + 8
Vel.Disp 173.4 + 14.0 192.7+9.3 - 219.6 +5.5
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Vel
comp SF_5 SF_6 SF_7 SF_8
HB_NLR high Flux 8.48E-18 + 2.31E-18 1.49E-17 + 3.16E-18 1.05E-17 + 3.28E-18  2.82E-17 + 5.79E-18
Vlos 6700 + 30 6810 + 13 6827 + 26 6679 + 33
Vel.Disp 131.8 £ 30.0 84.0 + 14.3 108.2 +26.9 170.5 + 28.4
low Flux 2.93E-17 + 3.25E-18  5.01E-17 + 5.36E-18  5.14E-17 + 5.21E-18 1.53E-17 + 4.76E-18
Vlos 6044 + 22 6270 + 23 6244 + 22 6277 + 38
Vel.Disp 255.4 +24.7 2759 +25.7 275.0 +24.2 127.1 £ 29.0
Ha_NLR high Flux 1.66E-16 + 5.21E-18 1.94E-16 + 5.83E-18  2.29E-16 + 1.24E-17  2.33E-16 + 5.31E-18
Vlos 6674 +7 6813 +5 6777 + 12 6655 + 6
Vel.Disp 2714 +7.1 1849 + 4.8 2490+ 11.4 201.9 + 3.0
low Flux 1.45E-16 + 2.72E-18  2.18E-16 + 5.88E-18  2.88E-16 + 8.30E-18  8.56E-17 + 5.43E-18
Vlos 6024 + 4 6229 +5 6181 +7 6276 + 12
Vel.Disp 191.3£2.7 2253 +5.0 2253 +4.4 1999 +7.5
[NII] 6550 high Flux 6.60E-18 + 6.52E-19  7.10E-18 + 1.30E-18  5.58E-18 + 1.25E-18  9.88E-18 + 9.88E-19
Vlos 6674 +7 6814 + 5 6778 + 12 6655 + 6
Vel.Disp 1935+ 15.8 219.8 + 329 204.0 + 36.8 1444+ 89
low Flux 3.16E-17 £ 9.96E-19  3.44E-17 + 1.87E-18  4.37E-17 £ 1.90E-18  2.54E-17 + 1.58E-18
Vlos 6023 + 4 6228 +5 6181 +7 6275 + 12
Vel.Disp 2258 +5.4 225.8 +10.4 2258 +7.8 213.5 +10.7
[NII] 6585 high Flux 1.98E-17 + 1.66E-18  2.13E-17 + 3.27E-18 1.67E-17 £ 3.11E-18  2.96E-17 + 1.99E-18
Vlos 6673 +7 6812 +5 6776 + 12 6654 + 6
Vel.Disp 192.5 +15.7 218.6 + 32.7 202.9 + 36.6 143.6 + 8.9
low Flux 947E-17 + 2.35E-18 1.03E-16 + 4.86E-18 1.31E-16 + 4.65E-18  7.63E-17 + 3.93E-18
Vlos 6025 + 4 6230 + 5 6182 +7 6276 + 12
Vel.Disp 224.6 £5.3 224.6 +10.3 2246 +7.7 212.3 +10.6
[OI] 6302 high Flux 1.99E-17 £ 2.75E-18  3.36E-17 + 4.72E-18  2.70E-17 £ 5.17E-18  4.13E-17 + 6.91E-18
Vlos 6660 + 30 6781 + 31 6772 £42 6692 + 41
Vel.Disp 234.6 + 26.0 234.6 +26.4 234.6 + 359 234.6 +28.2
low Flux 4.37E-17 + 2.72E-18  4.01E-17 + 4.68E-18  6.08E-17 + 5.08E-18 1.97E-17 + 6.88E-18
Vlos 6000 + 13 6122 £ 25 6121 £ 18 6113 £ 85
Vel.Disp 2346+ 11.7 234.6 +21.9 234.6 + 15.5 234.6 + 58.5
[omj 3727 high Flux 5.35E-17 + 3.72E-18 1.39E-16 + 1.03E-17 1.10E-16 + 1.44E-17  2.25E-16 + 7.78E-18
Vlos 6936 + 11 6979 + 18 6903 + 41 6768 + 8
Vel.Disp 178.9 + 10.0 240.3 + 13.6 273.8 +23.8 286.9 + 8.5
low Flux 2.09E-16 + 4.52E-18 1.50E-16 + 9.73E-18 1.78E-16 + 1.30E-17 1.15E-17 + 491E-18
Vlos 6289 + 5 6371 + 15 6346 + 18 6235 +29
Vel.Disp 247.0 £ 4.5 2233 +10.7 236.3+9.7 100.8 + 32.7
[OIII] 5008  high Flux 1.90E-17 + 3.73E-18  2.58E-17 + 4.03E-18 1.54E-17 £ 3.09E-18  3.56E-17 + 5.12E-18
Vlos 6713 + 37 6863 + 13 6890 + 18 6771 + 34
Vel.Disp 235.0 + 38.9 117.8 +13.9 113.5+18.8 296.2 + 36.6
low Flux 3.17E-17 £ 3.59E-18  3.41E-17 £ 6.51E-18  2.37E-17 + 4.94E-18 1.01E-17 + 2.98E-18
Vlos 5999 + 21 6287 + 46 6213 +48 6227 £ 19
Vel.Disp 219.2 +20.8 296.2 + 48.7 296.2 + 53.6 954 +21.4
[SII] 6718 high Flux 1.15E-17 £ 4.14E-18 1.92E-17 + 2.93E-18 - 4.66E-17 + 5.88E-18
Vlos 6522 + 84 6834 + 31 - 6526 + 26
Vel.Disp 220.1 + 56.4 220.1 +29.0 - 195.7 + 18.7
low Flux 7.19E-17 + 4.07E-18  5.63E-17 £ 2.93E-18  8.18E-17 £ 4.17E-17  8.21E-18 + 4.33E-18
Vlos 6008 + 13 6158 + 11 6119 + 138 6202 + 40
Vel.Disp 216.0 + 8.6 220.1 +9.9 220.1 +55.9 111.8 +30.3
[SII] 6732 high Flux 8.83E-18 + 3.18E-18 1.48E-17 + 2.26E-18 - 3.59E-17 + 4.52E-18
Vlos 6522 + 84 6833 + 31 - 6526 + 26
Vel.Disp 219.6 + 56.3 219.6 + 28.9 - 195.3 + 18.6
low Flux 5.53E-17 £ 3.13E-18  4.33E-17 £ 2.25E-18  6.29E-17 + 3.20E-17  6.31E-18 + 3.33E-18
Vlos 6009 + 13 6159 + 11 6119 + 138 6202 + 40
Vel.Disp 2156 + 8.5 219.6 +9.9 219.6 + 55.8 111.6 £ 30.3
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Vel
comp SF_9 SF_10 SF_11 SF_12
HB_NLR high Flux 3.72E-17 + 4.98E-18 - - -
Vlos 6461 + 30 - - -
Vel.Disp 283.1 +32.9 - - -
low Flux 9.37E-18 + 2.91E-18 1.34E-17 + 6.81E-18 1.12E-17 + 2.92E-18 1.84E-17 + 1.59E-18
Vlos 5906 + 19 6647 + 100 5811 +47 5674 +7
Vel.Disp 85.6 +21.4 203.6 + 41.1 210.7 +47.0 88.0 + 6.6
Ha_NLR high Flux 1.44E-16 + 6.53E-18 1.43E-16 + 2.87E-18 - -
Vlos 6426 + 12 6714 + 3 - -
Vel.Disp 2714 +10.2 163.6 +2.2 - -
low Flux 4.79E-17 + 2.45E-18  3.58E-17 + 3.28E-18  7.11E-17 + 3.00E-18  8.83E-17 + 2.38E-18
Vlos 5753 +4 6318 + 18 5891 +7 5631 +3
Vel.Disp 99.1 +42 2253 + 155 201.7 +7.3 128.8 +£3.0
[NII] 6550 high Flux 2.12E-17 + 1.52E-18 6.65E-18 + 7.39E-19 - -
Vlos 6426 + 12 6715 +3 - -
Vel.Disp 225.8 +13.1 1243 + 8.7 - -
low Flux 2.56E-17 + 2.05E-18 1.17E-17 + 1.45E-18 2.58E-17 + 1.44E-18 1.14E-17 + 1.46E-18
Vlos 5751+ 4 6317 + 18 5840 + 107 5691 + 90
Vel.Disp 2258 +15.8 2258 +23.3 2705+ 5.4 2721+ 74
[NII] 6585 high Flux 6.36E-17 + 3.80E-18 2.00E-17 + 1.51E-18 - -
Vlos 6426 + 12 6713 +3 - -
Vel.Disp 224.6 + 13.1 123.6 + 8.7 - -
low Flux 7.68E-17 + 5.47E-18 3.51E-17 + 3.72E-18 1.46E-16 + 3.35E-18 1.02E-16 + 3.25E-18
Vlos 5755+ 4 6318 + 18 5843 +5 5695 +7
Vel.Disp 224.6 + 15.7 224.6 +23.2 269.1 £5.3 270.6 + 7.4
[O1] 6302 high Flux 3.09E-17 + 490E-18  2.94E-17 + 1.77E-18  2.14E-17 £ 2.91E-18  6.95E-18 + 1.19E-18
Vlos 6532 + 33 6724 + 11 6958 + 27 7104 + 34
Vel.Disp 234.6 + 30.4 234.6 +12.2 234.6 +27.3 234.6 + 344
low Flux 1.89E-17 + 4.86E-18 8.08E-18 + 1.78E-18 347E-17 + 2.88E-18 7.61E-18 + 1.18E-18
Vlos 5847 + 54 5821 +42 5873 + 16 5665 + 31
Vel.Disp 234.6 +49.1 234.6 + 44.6 234.6 + 16.7 234.6 + 31.0
[omj 3727 high Flux 1.27E-16 + 5.01E-18 1.06E-16 + 2.17E-18 - -
Vlos 6561 + 12 6880 + 4 - -
Vel.Disp 351.0+ 11.9 209.4 + 3.7 - -
low Flux - - 3.48E-17 + 2.93E-18  4.03E-17 + 2.28E-18
Vlos - - 6074 + 12 5878 + 8
Vel.Disp - - 160.2 + 11.7 1578 +7.7
[OIII] 5008  high Flux 1.51E-17 + 4.74E-18 - - -
Vlos 6671 + 57 - - -
Vel.Disp 207.4 +52.2 - - -
low Flux 2.16E-17 £ 5.96E-18  5.70E-18 + 1.95E-18 1.46E-17 + 2.41E-18  7.90E-18 + 1.40E-18
Vlos 5915 + 68 6486 + 36 5885 + 20 5720 + 11
Vel.Disp 296.2 + 69.8 1229 +£329 137.8 £ 19.5 68.0 + 10.5
[SII] 6718 high Flux 2.19E-17 + 1.97E-18 2.09E-17 + 8.20E-19 - -
Vlos 6403 + 10 6674 + 5 - -
Vel.Disp 135.0 + 10.4 139.8 +4.7 - -
low Flux 1.20E-17 + 2.18E-18 - 2.76E-17 + 2.88E-18 1.57E-17 + 7.78E-19
Vlos 5791 + 34 - 6379 + 16 6087 + 5
Vel.Disp 195.4 +30.8 - 176.9 + 15.8 1127+ 4.7
[SII] 6732 high Flux 1.69E-17 + 1.51E-18 1.60E-17 + 6.31E-19 - -
Vlos 6403 + 10 6674 + 5 - -
Vel.Disp 1347 + 10.4 139.5 +4.7 - -
low Flux 9.26E-18 + 1.67E-18 - - 8.70E-18 + 5.26E-19
Vlos 5793 + 34 - - 6088 + 5
Vel.Disp 195.0 + 30.7 - - 1125 +4.7
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Table G.8. As Table G.4 but for region SF_13-15.
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Vel
comp SF_13 SF_14 SF_15
HB_NLR high Flux - - -
Vlos - - -
Vel.Disp - - -
low Flux 1.84E-17 + 1.59E-18 1.84E-17 + 1.59E-18 1.84E-17 + 1.59E-18
Vlos 5674 7 5674 +7 5674 17
Vel.Disp 90.3 + 10.3 84.1+1.8 944 +48
Ha_NLR high Flux - - -
Vlos - - -
Vel Disp - - -
low Flux 1.43E-16 + 2.27E-18  7.52E-16 + 5.88E-18 1.86E-16 + 3.76E-18
Vlos 5742 £2 5805 + 1 5780 £ 2
Vel.Disp 1374+ 1.9 120.5 + 0.8 1248 +2.2
[NII] 6550 high Flux - - R
Vlos - - -
Vel.Disp - - -
low Flux 1.61E-17 + 1.35E-18 ~ 6.59E-17 + 3.01E-18 1.47E-17 + 2.28E-18
Vlos 5737 + 55 5799 + 20 5796 + 67
Vel.Disp 272.1 £ 6.1 1543 +2.9 272.1 +6.8
[NII] 6585 high Flux - - -
Vlos - - -
Vel.Disp - - -
low Flux 1.17E-16 + 3.05E-18  2.90E-16 + 6.38E-18 1.81E-16 + 5.27E-18
Vlos 5741 £ 6 5802 + 3 5800 + 7
Vel.Disp 270.6 + 6.0 153.5+29 270.6 + 6.7
[O1] 6302 high Flux 1.35E-17 + 2.01E-18 1.73E-17 + 2.49E-18 1.21E-17 + 1.87E-18
Vlos 6978 + 30 6988 + 29 6921 + 19
Vel.Disp 234.6 +29.9 234.6 + 28.8 234.6 + 19.0
low Flux 1.71E-17 + 1.99E-18  4.65E-17 + 2.46E-18 1.98E-17 + 1.88E-18
Vlos 5739 +23 5796 + 11 5816 + 31
Vel.Disp 234.6 +23.2 234.6 + 10.6 234.6 +31.3
[O11] 3727 high Flux - - -
Vlos - - -
Vel.Disp - - -
low Flux 5.83E-17 £ 3.03E-18  6.47E-16 + 7.68E-18 1.27E-16 + 3.33E-18
Vlos 5920 £ 7 5976 +2 5961 + 4
Vel.Disp 1535+ 6.9 161.1 £ 1.7 158.6 + 3.6
[OIII] 5008  high Flux - - -
Vlos - - -
Vel Disp - - -
low Flux 2.47E-17 + 2.42E-18  3.44E-16 + 470E-18  4.60E-17 + 2.02E-18
Vlos 5756 £ 8 5791 =1 5800 + 3
Vel.Disp 91.5+78 82.1+1.0 78.7+3.0
[SIT] 6718 high Flux - - -
Vlos - - -
Vel.Disp - - -
low Flux 1.45E-17 + 1.03E-18 1.02E-16 + 1.78E-18  2.98E-17 + 1.47E-18
Vlos 6188 £ 6 6250 + 2 6229 £ 5
Vel.Disp 101.4 + 6.1 1147 + 1.7 123.2+5.0
[SII] 6732 high Flux - - _
Vlos - - -
Vel.Disp - - -
low Flux 8.80E-18 + 7.36E-19  5.93E-17 + 1.24E-18 1.86E-17 + 1.08E-18
Vlos 6188 £ 6 6250 + 2 6229 £ 5
Vel.Disp 101.2 + 6.1 1145+ 1.7 123.0 £ 5.0
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Table G.9. '2CO (1 - 0) and '2CO (2 — 1) line-of-sight velocity, velocity dispersion, integrated flux, and H, molecular gas mass for the regions in
the SF ridge and the bridge.

2CO(1-0) 2co@2-1)
Region Vlos Vel.Disp Flux M(H,) Vlos Vel.Disp Flux
(kms™) (kms™) (K kms™) (108M,) (kms™") (kms™") (K kms™)
b_i 6458 + 18 664 +183 1.01+£022 3.25=+0.70 5800 +£22 50.5+223 0.66+0.30

6612+ 10 399+10.5 0.81+£0.18 2.61+0.57 6669 + 33 69.1 +33.4 < 0.70
6788 +20 61.2+22.1 0.57+0.18 1.84+0.59 - - -
7120+ 13 328 +11.5 031+0.12 1.00 +0.37 - - -
- - - - 5774 +24  70.0 +£25.5 1.06 £0.38
6434 + 10 438 +10.7 0.74+£0.18 2.39 +0.58 6404 + 18 39.8+17.7 0.62 +0.28
6601 +13 352 +12.7 047+0.16 1.51+0.53 6650 + 35 70.0 + 35.5 < 0.76
SQ-A 5879+ 17 324 +158 032+0.16 1.03+0.51 5813+ 18 432+ 18.1 0.69 +0.30
6574 +20 87.1+21.8 1.30+£0.30 4.20+0.97

SF_i 5877+10  29.1+£86 040+0.12 1.27+0.40 5808 +21 70.0+209 1.13+0.35

6569 +17 973 +18.8 137+0.26 4.41+0.83 - - -

SFE_ii 5880+ 10 22.1+84 034+0.13 1.10+041 5766 +43  70.0 +£33.7 1.35+0.50
6554 +24 1145+264 123+0.27 3.97+0.87 6601 +25 70.0+252 0.89+0.33
6795 +17 263 +13.1 <0.22 <0.72

SF_iii 5833 +28 76.7+282 053+0.20 1.71 +£0.65 S7T73+22 70.0+227 1.56+0.41
6451 +13  47.6+139 056+0.16 1.79+0.52 5962 £30 53.0+282 0.75+0.34
6620+ 12 31.1+154 035+0.15 1.11+0.49 6603 +25 70.0+25.1 0.92+0.34

SFE_iv - - - - 5784 £27 70.0+30.1 1.26+0.48

- - - 5982 +20 46.0+19.8 0.94+0.37

6425 + 8 295+79 061 +£0.17 1.95+0.53 6500 + 30 70.0 +30.3 0.96 + 0.43

Notes. The regions are marked in Fig. 7. The '3CO (1 — 0) emission is absent in these regions.
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G.3. Regions in or near the NGC7318 pair and NGC7317

Table G.10. Ionised gas and stellar flux, line-of-sight velocity, and velocity dispersion in the inner 1.5” of NGC7317, NGC7318A and B.

NGC7318A NGC7318B NGC7317
Hao_NLR  Flux 9.91E-16 + 1.14E-16 7.41E-16 + 6.12E-17 -
Vlos 6094 + 53 6188 + 34 -
Vel.Disp 408.5 +23.0 355.6 +23.1 -
[NII] 6550 Flux 1.26E-16 + 2.07E-17 2.07E-16 = 2.69E-17 -
Vlos 5962 + 164 6094 + 613 -
Vel.Disp 456.0 + 29.1 353.5+27.0 -
[NII] 6585 Flux 1.08E-15 + 1.25E-16  5.18E-16 + 5.50E-17 -
Vlos 5965 + 61 6096 + 38 -
Vel.Disp 453.6 +28.9 351.6 +26.8 -
[OII] 3727 Flux 2.81E-17 + 4.86E-18 - -
Vlos 5949 + 20 - -
Vel.Disp 133.3 + 20.1 - -
stellar Vlos 6787 5 5973 +4 6734 £ 5
Vel.Disp 263.6 + 10.7 168.9 £+ 4.0 2627+ 6.9

Notes. Flux in (erg cm? s7'), line-of-sight velocity, and velocity dispersion in (kms™'). The regions are marked in Fig.5.

Table G.11. 12CO (1 - 0), 2CO (2 - 1) and 3CO (1 - 0) line-of-sight velocity, velocity dispersion, integrated flux, and H, molecular gas mass in
the regions in or near the NGC7318 pair and NGC7317.

Region Vlos Vel.Disp Flux M(H,)
(kms™h) (kms™h) (K kms™1) (108M,)
2cOo1-0)
18a - - - -
18b 6439 + 14 373+ 135 0.33+0.12 1.05+0.40
6631 + 17 27.7+£13.6 <0.20 < 0.64
18_1 5882 + 12 258+ 11.7 025+0.11 0.81 £0.37
6434 + 11 343+10.1 038+0.12 1.21+0.38
18_iii 6639.0 +51 107.9 £51.0 <0.48 < 1.55
17 - - - -
2co@2-1
18a 5815+ 16 70.0 £ 169 1.45+0.34
6430 + 17 253 +13.2 < 0.40
18b 5800 + 25 70.0 £223  1.79 £ 0.44

6001 + 41 70.0+369 1.08 +0.44

6565 + 29 70.0 £28.6 0.82+0.35

18_1 5837 £22 70.0+21.2 198 +0.48

6050 + 35 70.0 £34.7 121 +£0.48

6443 + 29 70.0 £28.9 0.95+0.40

18_iii 5789 + 22 70.0 £22.1 1.02+0.33
17_ 5621 + 31 70.0+34.2 1.30+0.60

5800 + 10 2600+99 1.11+0.39

6052 + 24 70.0 £23.8 1.58 +0.56

Notes. The regions are marked in Fig. 7. The '3CO (1 — 0) emission is absent in these regions.
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