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DYNAMICAL SUPPRESSION OF STAR FORMATION IN ETGS

Star formation suppression in ETGs 3435

Table 2. KS relation fits.

SF indicator Sample n c χ2
red

log (M! yr−1 kpc−2)
(1) (2) (3) (4) (5)

22 µm All 1.20 ± 0.04 −3.58 ± 0.09 6.74
22 µm All 1.40 −4.01 ± 0.02 7.12
22 µm PXVIII 1.14 ± 0.04 −3.57 ± 0.10 3.83
22 µm PXVIII 1.40 −4.15 ± 0.03 4.66
FUV + 22 µm All 1.51 ± 0.04 −4.20 ± 0.10 9.90
FUV + 22 µm All 1.40 −3.96 ± 0.02 10.02
FUV + 22 µm PXVIII 1.36 ± 0.05 −4.11 ± 0.11 4.23
FUV + 22 µm PXVIII 1.40 −4.19 ± 0.03 4.25

Notes. This table contains the fitted slope and intercept for the KS relations
presented in Fig. 4 (here parametrized as log10("SFR)=n log10("gas) + c).
Column 1 lists the SFR indicator used, and column 2 the sample of galaxies
included in the fit. PXVIII refers to the interferometrically mapped sample
of Paper XVIII. The slope (n) and intercept (c) of the best fits are given in
columns 3 and 4. Where the slope was fixed to n = 1.4 (the best-fitting value
of K98), this is indicated in column 3 and no error bar is reported on the
slope. Column 5 shows the reduced χ2 for each fit, indicating how well the
best-fitting values represent the observed data points.

3.5 Local volumetric SF relations

An alternative approach to unifying SF relations is to assume that
SFE is set by the local value of the gas free-fall time. As discussed in
depth in Krumholz, Dekel & McKee (2012, hereafter KDM12), such
a volumetric SF relation can reproduce observations of both Galactic
and extragalactic star-forming sources. The local free-fall time that
is relevant for SF can be calculated in several ways, depending on
whether the ISM of the object is assumed to be in small bound
units (such as giant molecular clouds; GMCs) or a continuous sheet
with local density variations. The former is thought to be a more
physical model of low-redshift galaxies, while the latter is thought
to be appropriate in high-redshift and starbursting sources.

Figure 6. As the top-right panel of Fig. 2, but with the gas surface densities
divided by the dynamical time (estimated at the outer edge of the molecular
gas disc). Only galaxies with interferometic CO maps available are included.
Molecular gas-rich ATLAS3D ETGs are the red circles, while the spiral and
starburst objects of K98 are shown in black and red, respectively. The best
fit reported in K98 is shown as a black line, and the best fit to our points,
assuming the same slope as K98, is shown as a dashed line. The intercept of
the best-fitting line corresponds to ETGs turning ≈2 per cent of their gas into
stars per dynamical time, a factor of ≈5 lower than spiral/starburst galaxies.
The mean error bar on the ETG data points is shown in the bottom-right
corner.

The fundamental parameters that vary in the GMC based free-fall
time (tff,GMC) estimates are the gas velocity dispersion and the ob-
served gas density (see equation 6 below). No study of the molecular
gas velocity dispersion in ETGs currently exist, but Davis et al., in
preparation, suggest that this dispersion is low, and likely similar to
local spirals which have σ gas ! 12 km s−1(Caldu-Primo et al. 2013).
Assuming this velocity dispersion does not strongly vary between
sources, the GMC based estimate of free-fall time just depends on

Figure 5. As the bottom-right panel of Fig. 4, but showing for reference the spiral and starburst objects of K98 (where the SFRs were calculated from Hα

emission, and have been corrected to a Kroupa IMF) and the spatially resolved SFRs (in radial bins) of six ETGs (presented in Paper XXII, where the SFR was
calculated from non-stellar 8 µm emission).

MNRAS 444, 3427–3445 (2014)Downloaded from https://academic.oup.com/mnras/article-abstract/444/4/3427/1031859
by UB Heidelberg user
on 06 March 2018

Davis+ 2014
(also e.g. Kennicutt 1989, 

van de Voort+2018)
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ISM MORPHOLOGY - AFFECTED BY GRAVITATIONAL POTENTIAL
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■ WISDOM sample: high resolution ALMA CO observations (mainly J=2->1, 
sometimes J=3->2) of galaxy (centre)s  
■ Original aim: dynamically measure SMBH masses (e.g. Onishi+2017, Davis+2017, 2018, 2020, 

North+2019, 2021, Smith+2019, 2021, Lelli+2021, Ruffa+2023, Liang+2024)
■ Wealth of GMC science possible (e.g. Liu+2021, 2022, Lu+2022, Choi+2023, Williams+2023)

■ Galaxy morphologies ranging from LTGs to ETGs 

■ Inclination < 65°
■ Geometric beam average axis < 100pc 

WISDOM

SELECTION CRITERIA
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THE SAMPLE

6 J. Gensior et al.

Table 2. WISDOM galaxies and their properties

Galaxy Type Distance log("H2 ) log("⇤ ) Re,K log(`⇤ ) log(SFR) Inclination PA WISDOM
(Mpc) (M�) (M�) (arcsec) (M� kpc�2) (M� yr�1) (°) (°)

FRL 0049 -3.0 (ETG) 86.7 [1] 8.7 [1] 10.3 [1] 3 [1] 9.31 0.78 [1] 55.9 30 1, 9
NGC 0383 -2.9 (ETG) 66.6 [2] 9.2 [9] 11.8 [12] 11 [15] 9.92 0.00 [9] 37.6 142 9, 18, 19
NGC 0404 -2.8 (ETG) 3.06 [3] 6.7 [10] 9.1 [13] 64 [16] 8.34 -2.60 [17] 20.0 37 20, 21
NGC 0524 -1.2 (ETG) 23.3 [4] 7.9 [9] 11.4 [4] 24 [15] 9.75 -0.56 [14] 20.6 40 9, 19, 22
NGC 1387 -2.8 (ETG) 19.9 [5] 8.3 [9] 10.7 [14] 16 [15] 9.51 -0.68 [14] 35.0 64 9, 23
NGC 1574 -2.9 (ETG) 19.3 [6] 7.5 [11] 10.8 [14] 21 [15] 9.41 -0.91 [14] 25.0 340 9, 11, 19
NGC 4429 -0.8 (ETG) 16.5 [4] 8.0 [9] 11.2 [4] 49 [15] 9.19 -0.84 [14] 66.8 93 9, 19, 24, 25
NGC 4501 3.3 (Spiral) 15.3 [4] 8.9 [9] 11.0 [14] 58 [15] 8.94 0.43 [14] 58.7 135 9
NGC 4826 2.2 (Spiral) 7.36 [4] 7.9 [9] 10.2 [14] 69 [15] 8.62 -0.71 [14] 59.5 100 9
NGC 5806 3.2 (Spiral) 21.4 [4] 9.0 [9] 10.6 [14] 30 [15] 8.80 -0.03 [14] 60.0 170 9, 26
NGC 6753 3.0 (Spiral) 43.7 [7] 9.6 [9] 10.8 [14] 20 [15] 8.78 0.32 [14] 31.0 30 9
NGC 6958 -3.7 (ETG) 35.4 [8] 8.7 [9] 10.8 [14] 12 [15] 9.35 -0.58 [14] 70.0 115 9, 27
Notes: For each galaxy, column 1 lists its name and column 2 its morphological type according to the HyperLEDA database (Makarov et al. 2014). For
the following properties, a reference to the source is indicated in square brackets and listed at the end of this description. The galaxy distance is listed
in column 3, the molecular gas mass, estimated from the moment zero map as described in the text, in column 4. The total stellar mass and the  -band
effective radius are listed in columns 5 and 6, respectively. Column 7 lists the central stellar mass surface density, calculated from the stellar mass and
effective radius as described in the text. Column 8 lists the SFR, column 9 the inclination and column 10 the position angle (PA) of the galaxy. Column
11 lists the associated WISDOM papers. References: (1) Lelli et al. (2022) (2) Freedman et al. (2001), (3) Karachentsev et al. (2002), (4) Cappellari
et al. (2011), (5) Liu et al. (2002), (6) Tonry et al. (2001), (7) Bogdán et al. (2017), (8) Marino et al. (2011), (9) Davis et al. (2022), (10) this work, (11)
Ruffa et al. (2023), (12) Veale et al. (2017), (13) Seth et al. (2010), (14) Leroy et al. (2019), (15) Skrutskie et al. (2006), (16) Baggett et al. (1998), (17)
Thilker et al. (2010), (18) North et al. (2019), (19) Williams et al. (2023), (20) Davis et al. (2020b), (21) Liu et al. (2022), (22) Smith et al. (2019), (23)
Boyce et al. (in prep.), (24) Davis et al. (2018), (25) Liu et al. (2021), (26) Choi et al. (2023), (27) Thater et al. (in prep.).
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Figure 2. Moment zero maps of all WISDOM galaxies considered in this paper. In the top-right corner of each map we show the mass surface density scaling
(conversion from original brightness units as described in Section 2.2). The scale bar in the bottom-right corner of each map gives and indication of the size
of the visible circumnuclear gas disc. The purple ellipse in the bottom-left corner of each map shows the size of the synthesised beam. A black dashed circle
indicates the 1100 large scale limit of the power spectrum fit.
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Figure 1. Gaussian-smoothed and regridded mass surface density projection of the central gas reservoir of each simulation considered in this paper, 600
Myr after the start of the simulation. The simulations are ordered by increasing central stellar mass surface density, from the lowest (noB, top-left) to highest
(B_M100_R1, bottom-right). Each map has a linear extent of 2.25 kpc and the purple solid circle in the bottom-left corner indicates the size of the Gaussian
beam. The central regions of the bulge-dominated galaxies (bottom right) are much smoother and largely devoid of sub-structure, compared to the clumpy ISM
found in the central regions of the disc-dominated galaxies (top left).

where � is the amplitude of the power-law, : the wavenumber, and V

the power-law (i.e. power spectrum) slope. As discussed in Section 1,
a broken power-law occasionally provides a better fit to the data (e.g.
Dutta et al. 2009a; Grisdale et al. 2017), and we will discuss individ-
ual deviations from a single power-law briefly in the Section 3.2 and
in more detail in Appendix D.

Individual bright emission regions can dominate a power spec-
trum on small scales, to the extent that they can induce a bump and
break in the power spectrum (e.g. Willett et al. 2005; Koch et al.
2020). In our simulated galaxy sample, we observe this behaviour
in all of our bulge-dominated galaxies, due to the extremely dense
region at the centre. There, gas accumulates continuously because
star formation is suppressed and the simulations do not include AGN

feedback, which could remove (some of) the innermost gas (Gensior
et al. 2020). Therefore, we mask the centre of each simulated galaxy
using an inverted cosine bell window function and refer the reader
to Appendix B2 for more details. To keep the analysis as consistent
as possible, we similarly mask the centre of each WISDOM zeroth-
moment map, where the extent of the central region masked depends
on the size of the map. To avoid contamination of the power spectra
by Gibbs ringing (stripes in the two-dimensional power spectrum;
artefacts caused by a sharp cut-off of the emission), we addition-
ally use a Tukey filter with U = 0.1 to taper the edges of simulated
and observed gas maps. The U value of the Tukey filter tapering
was determined based on a visual inspection of the two-dimensional
power spectrum, where U = 0.1 is the most conservative value that

MNRAS 000, 1–21 (2023)
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Use TurbuStat (Koch+ 2019) to obtain power spectra
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■ ISM morphology traces 
galaxy (stellar) morphology

QUANTIFYING ISM MORPHOLOGY WITH NON-PARAMETRIC INDICATORS 8 Timothy A. Davis et al.

Figure 2. Asymmetry, Smoothness and Gini coe�cient measurements for the molecular medium in our observed and simulated galaxies at 120 pc spatial
resolution, plotted against each other (three main panels). WISDOM early-type galaxies are indicated as red circles, while spiral galaxies are shown in blue.
PHANGS late-type galaxies are shown as open blue symbols. Simulated galaxies are indicated by green stars. We find that all three non-parametric morphology
parameters are strongly correlated with each other. The marginal distribution for each class of system is shown in the histograms at the top and right of each
panel. WISDOM early and late-type galaxies are shown as red and blue shaded histograms, respectively, while PHANGS spiral galaxies are shown as open
blue histograms. These marginal distributions clearly show that each galaxy type (spiral, ETG) has a distinct distribution in each non-parametric morphology
measure.

collapse (see Section 5.1.2). In principle, one would wish to cor-
relate measures of ISM morphology directly with the properties
of each galaxy’s circular velocity curve. However, suitable rotation
curves for these galaxies are not available uniformly5, and obtaining
them is beyond the scope of this work. However, in galaxy centres
the gravitational potential is likely dominated by the potential of the
stars. In this section, we thus compare our non-parametric morphol-
ogy measurements with stellar properties that should act as proxies
for the potential well shapes and depths.

In Figure 3 we plot the Asymmetry (top panels), Smoothness
(middle panels) and Gini (bottom panels) parameters as a function

5 Rotation curves for the PHANGS sample galaxies were extracted by mod-
elling moment-one maps in Lang et al. (2020), however the two-dimensional
fitting procedure used was optimised for the disc regions, and is likely to be
less robust in the galaxy centres we probe here. Full three-dimensional mod-
elling of the CO data-cube is typically required to derive accurate rotation
curves for bulge regions.

of the total stellar mass of each galaxy (left column), the stellar
velocity dispersion (f⇤; central column), and of the e�ective stellar
mass surface density (`⇤; right column) of each galaxy. Symbols
are as in Figure 2. Negative correlations are seen between our non-
parametric morphology measures and all of these quantities. The
Spearman’s rank correlation coe�cients (listed in Table 3) show
that these correlations are all significant, with the e�ective stellar
mass surface density correlations being the strongest.

It is not possible to probe correlations with stellar mass for the
simulated galaxies (shown as green stars in Fig. 3 ), as they all have
the same total stellar mass, but the simulated galaxies do show very
similar strongly decreasing trends with f⇤ and `⇤ (albeit these sys-
tems are somewhat o�set in central surface density compared to the
observed galaxies due to the simulation setup; see Section 2.3). This
suggests that the shape of the gravitational potential may matter, as
objects with higher stellar velocity dispersions and stellar mass sur-
face densities have smoother, and more symmetric molecular ISM
morphologies. While all these parameters are closely linked (e.g.
galaxies with dominant bulges generally have large M⇤, high f⇤,

MNRAS 000, 1–20 (2020)

Davis, Gensior+ 2022
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QUANTIFYING ISM MORPHOLOGY WITH NON-PARAMETRIC INDICATORS 
14 Timothy A. Davis et al.

Figure 7. Integrated intensity maps of 62 of the sample galaxies, plotted at their approximate location in the `⇤-Gini diagram (see Figure 3). The exact position
of each galaxy has be allowed to vary by ⇡5% for display purposes. Each galaxy has been scaled to the same size, and the gas distribution is traced by 10
contours starting at 5% of the peak integrated intensity of each map. This figure demonstrates visually the changes we see in the gas distributions of our galaxies
across this space, from flocculent systems in the top left to smooth discs in the lower-right.

(ii) The gravitational potential and turbulence driven by star for-
mation are important: As (i), but the feedback from the stars that
do form drives turbulence which also plays an important role in
regulating the state of the ISM.

(iii) Star formation feedback dominates: Galaxies with high star
formation e�ciencies experience more feedback per unit gas mass,
driving turbulence and disrupting/blowing holes in the ISM, and
e�ects caused by the gravitational potential are unimportant.

In the next section we attempt to determine which, if any, of
these scenarios is driving the observed correlations between the
ISM morphology and galaxy properties.

5.1.1 Optimal predictors

In order to attempt to distinguish the primary drivers of the ob-
served correlations, and their relative importance, we can make use
of statistical tools to determine which combination of parameters
provides an optimal predictor of non-parametric morphology.

We begin by using the linear regressor in ������-����� (Pe-
dregosa et al. 2011) to fit linear relations between our non-
parametric morphology measures and observations quantities. We
include the following observed parameters, which we believe could
potentially drive the observed correlations (either physically, or
via observational e�ects): stellar mass, e�ective radius, inclina-
tion, SFR, sSFR, SFE, ⌃H2 ,1kpc, M�2, `⇤, ⌃H2 ,1kpc/`⇤, and the

beam size in parsecs and arcseconds. We then quantified the root-
mean squared (RMS) scatter around each relation, to determine
which quantities can be used to predict the morphology of the ISM
most accurately. In each case we found that `⇤ and ⌃H2 ,1kpc are the
quantities that best predict the ISM morphology, resulting in almost
identical RMS scatters.

We then attempt to extend this by using the multivariate linear
regressor (again from ������-�����) which finds the =-dimensional
hyperplane that best fits our observed data using an ordinary least-
squares regression. We describe here regressing the parameters de-
scribed above against the Asymmetry parameter (as it shows the
strongest correlations in many of the figures above and is less af-
fected by bars). The best-fitting relation using all 12 of these pa-
rameters can predict the Asymmetry with an RMS scatter of 0.24.

In order to determine which parameters provide the most diag-
nostic power we make use of ‘Sequential Feature Selection’ (Ferri
et al. 1994) within ������-�����. This algorithm attempts to find
the optimum combination of features to include in a feature subset
using cross-validation. We find that `⇤ is the single feature that can
predict the Asymmetry parameter most strongly, with an RMS scat-
ter of 0.29. If allowed to include a second parameter the algorithm
chooses ⌃H2 ,1kpc (resulting in predictions with an RMS scatter of
0.26). The third important parameter is the SFR, resulting in pre-
dictions with an RMS scatter of 0.25. Adding additional parameters
beyond this point does not substantially improve the prediction. We

MNRAS 000, 1–20 (2020)
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Figure 3. Non-parametric morphology measurements (Asymmetry; top panel, Smoothness; middle panel, and Gini; bottom panel) for the molecular ISM at
120 pc scales in the sample galaxies, plotted against the total stellar mass (left column), stellar velocity dispersion (central column) and the stellar mass surface
density of the galaxy (right column). Symbols are as in Figure 2. All three morphology measures (and the optical morphology) correlate with the stellar mass,
velocity dispersion and the stellar mass surface density. The morphology of the ISM in the simulated systems also show a strong correlation with stellar mass
surface density with a similar slope, albeit o�set in surface density. The observed correlations are highly significant (see Table 3), suggesting that the depth of
the potential well of these galaxies influences the structure of the ISM.

high `⇤ and are typically classified as ETGs), these results suggest
that the mass distribution of each galaxy is a factor that influences
the structure of the ISM.

4.2.2 Central molecular gas mass surface density

Another explanation of our results would be if the molecular ISM
of ETGs was lower surface density, reducing the impact of self-
gravity, and thus suppressing fragmentation. In this case, all else
being equal, we would expect a positive correlation between our
ISM morphology measures and the molecular gas mass surface
density. We plot the Asymmetry, Smoothness and Gini parameters
as a function of the mean molecular gas mass surface density of our
galaxies in the left column of Figure 4. This molecular gas surface
density is calculated within an elliptical aperture 1 kpc in radius.
We choose this radius as molecular gas is not detected beyond this
in some of the WISDOM ETGs, and it ensures the measurements
are comparable between galaxies. We assume that the surface den-
sity of the gas in non-detected regions is zero, and include this in
our averages. Calculating the mean surface density of only the de-
tected material instead makes very little di�erence (increasing the
calculated surface densities by less than a factor of two on average).

Contrary to the naive expectation above, we find a negative
correlation between the non-parametric morphology measures and
the central molecular gas surface density, which would suggest
as the molecular medium becomes denser it fragments less. This
implies that the gas mass surface density is not the dominant factor
determining the ability of the molecular ISM to fragment in these
galaxy centres. This result will be discussed further in Section 5.1.

We note that the mass surface densities measured here are
for molecular gas only, and rely intimately on our assumptions for
the CO-to-H2 conversion factor. While CO-to-H2 conversion factor
variations are almost certainly present within (and between) our
sample objects, it seems unlikely they can drive the trend seen in
Figure 4, which extends over four orders of magnitude in mean
molecular gas surface density. Atomic gas is likely present in these
regions too, meaning our gas mass surface density estimates are
formally lower limits. Unfortunately no current facilities can probe
atomic gas at these spatial resolutions. In the centres of massive
galaxies molecular gas typically dominates over atomic gas, as the
later saturates at mass surface densities of ⇡10 M� pc�2 (Bigiel
et al. 2008). For the majority of sample galaxies, which have mean
central molecular gas mass surface densities at least an order of
magnitude above this, we thus do not expect the inclusion of H� to
change our results.
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WISDOM XI: ISM morphology in galaxy centres 9

Figure 3. Non-parametric morphology measurements (Asymmetry; top panel, Smoothness; middle panel, and Gini; bottom panel) for the molecular ISM at
120 pc scales in the sample galaxies, plotted against the total stellar mass (left column), stellar velocity dispersion (central column) and the stellar mass surface
density of the galaxy (right column). Symbols are as in Figure 2. All three morphology measures (and the optical morphology) correlate with the stellar mass,
velocity dispersion and the stellar mass surface density. The morphology of the ISM in the simulated systems also show a strong correlation with stellar mass
surface density with a similar slope, albeit o�set in surface density. The observed correlations are highly significant (see Table 3), suggesting that the depth of
the potential well of these galaxies influences the structure of the ISM.

high `⇤ and are typically classified as ETGs), these results suggest
that the mass distribution of each galaxy is a factor that influences
the structure of the ISM.

4.2.2 Central molecular gas mass surface density

Another explanation of our results would be if the molecular ISM
of ETGs was lower surface density, reducing the impact of self-
gravity, and thus suppressing fragmentation. In this case, all else
being equal, we would expect a positive correlation between our
ISM morphology measures and the molecular gas mass surface
density. We plot the Asymmetry, Smoothness and Gini parameters
as a function of the mean molecular gas mass surface density of our
galaxies in the left column of Figure 4. This molecular gas surface
density is calculated within an elliptical aperture 1 kpc in radius.
We choose this radius as molecular gas is not detected beyond this
in some of the WISDOM ETGs, and it ensures the measurements
are comparable between galaxies. We assume that the surface den-
sity of the gas in non-detected regions is zero, and include this in
our averages. Calculating the mean surface density of only the de-
tected material instead makes very little di�erence (increasing the
calculated surface densities by less than a factor of two on average).

Contrary to the naive expectation above, we find a negative
correlation between the non-parametric morphology measures and
the central molecular gas surface density, which would suggest
as the molecular medium becomes denser it fragments less. This
implies that the gas mass surface density is not the dominant factor
determining the ability of the molecular ISM to fragment in these
galaxy centres. This result will be discussed further in Section 5.1.

We note that the mass surface densities measured here are
for molecular gas only, and rely intimately on our assumptions for
the CO-to-H2 conversion factor. While CO-to-H2 conversion factor
variations are almost certainly present within (and between) our
sample objects, it seems unlikely they can drive the trend seen in
Figure 4, which extends over four orders of magnitude in mean
molecular gas surface density. Atomic gas is likely present in these
regions too, meaning our gas mass surface density estimates are
formally lower limits. Unfortunately no current facilities can probe
atomic gas at these spatial resolutions. In the centres of massive
galaxies molecular gas typically dominates over atomic gas, as the
later saturates at mass surface densities of ⇡10 M� pc�2 (Bigiel
et al. 2008). For the majority of sample galaxies, which have mean
central molecular gas mass surface densities at least an order of
magnitude above this, we thus do not expect the inclusion of H� to
change our results.
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WHAT IS THE SPATIAL POWER SPECTRUM?
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Table 2. WISDOM galaxies and their properties

Galaxy Type Distance log("H2 ) log("⇤ ) Re,K log(`⇤ ) log(SFR) Inclination PA WISDOM
(Mpc) (M�) (M�) (arcsec) (M� kpc�2) (M� yr�1) (°) (°)

FRL 0049 -3.0 (ETG) 86.7 [1] 8.7 [1] 10.3 [1] 3 [1] 9.31 0.78 [1] 55.9 30 1, 9
NGC 0383 -2.9 (ETG) 66.6 [2] 9.2 [9] 11.8 [12] 11 [15] 9.92 0.00 [9] 37.6 142 9, 18, 19
NGC 0404 -2.8 (ETG) 3.06 [3] 6.7 [10] 9.1 [13] 64 [16] 8.34 -2.60 [17] 20.0 37 20, 21
NGC 0524 -1.2 (ETG) 23.3 [4] 7.9 [9] 11.4 [4] 24 [15] 9.75 -0.56 [14] 20.6 40 9, 19, 22
NGC 1387 -2.8 (ETG) 19.9 [5] 8.3 [9] 10.7 [14] 16 [15] 9.51 -0.68 [14] 35.0 64 9, 23
NGC 1574 -2.9 (ETG) 19.3 [6] 7.5 [11] 10.8 [14] 21 [15] 9.41 -0.91 [14] 25.0 340 9, 11, 19
NGC 4429 -0.8 (ETG) 16.5 [4] 8.0 [9] 11.2 [4] 49 [15] 9.19 -0.84 [14] 66.8 93 9, 19, 24, 25
NGC 4501 3.3 (Spiral) 15.3 [4] 8.9 [9] 11.0 [14] 58 [15] 8.94 0.43 [14] 58.7 135 9
NGC 4826 2.2 (Spiral) 7.36 [4] 7.9 [9] 10.2 [14] 69 [15] 8.62 -0.71 [14] 59.5 100 9
NGC 5806 3.2 (Spiral) 21.4 [4] 9.0 [9] 10.6 [14] 30 [15] 8.80 -0.03 [14] 60.0 170 9, 26
NGC 6753 3.0 (Spiral) 43.7 [7] 9.6 [9] 10.8 [14] 20 [15] 8.78 0.32 [14] 31.0 30 9
NGC 6958 -3.7 (ETG) 35.4 [8] 8.7 [9] 10.8 [14] 12 [15] 9.35 -0.58 [14] 70.0 115 9, 27
Notes: For each galaxy, column 1 lists its name and column 2 its morphological type according to the HyperLEDA database (Makarov et al. 2014). For
the following properties, a reference to the source is indicated in square brackets and listed at the end of this description. The galaxy distance is listed
in column 3, the molecular gas mass, estimated from the moment zero map as described in the text, in column 4. The total stellar mass and the  -band
effective radius are listed in columns 5 and 6, respectively. Column 7 lists the central stellar mass surface density, calculated from the stellar mass and
effective radius as described in the text. Column 8 lists the SFR, column 9 the inclination and column 10 the position angle (PA) of the galaxy. Column
11 lists the associated WISDOM papers. References: (1) Lelli et al. (2022) (2) Freedman et al. (2001), (3) Karachentsev et al. (2002), (4) Cappellari
et al. (2011), (5) Liu et al. (2002), (6) Tonry et al. (2001), (7) Bogdán et al. (2017), (8) Marino et al. (2011), (9) Davis et al. (2022), (10) this work, (11)
Ruffa et al. (2023), (12) Veale et al. (2017), (13) Seth et al. (2010), (14) Leroy et al. (2019), (15) Skrutskie et al. (2006), (16) Baggett et al. (1998), (17)
Thilker et al. (2010), (18) North et al. (2019), (19) Williams et al. (2023), (20) Davis et al. (2020b), (21) Liu et al. (2022), (22) Smith et al. (2019), (23)
Boyce et al. (in prep.), (24) Davis et al. (2018), (25) Liu et al. (2021), (26) Choi et al. (2023), (27) Thater et al. (in prep.).
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Figure 2. Moment zero maps of all WISDOM galaxies considered in this paper. In the top-right corner of each map we show the mass surface density scaling
(conversion from original brightness units as described in Section 2.2). The scale bar in the bottom-right corner of each map gives and indication of the size
of the visible circumnuclear gas disc. The purple ellipse in the bottom-left corner of each map shows the size of the synthesised beam. A black dashed circle
indicates the 1100 large scale limit of the power spectrum fit.

MNRAS 000, 1–21 (2023)

1. Fourier transform x complex conjugate 

2. Azimuthal average 

3. Fit power law



The WISDOM of power spectra  | Jindra Gensior I SKACH Winter Meeting | 23.01.24

■ Power spectrum index (β) expected to 
depend on nature of turbulence (e.g. 
Elmegreen & Scale 2004, Federrath+2013, Nandakumar 
& Dutta 2020)

■ β sensitive to ISM morphology (e.g. 
Walker+2014, Grisdale+2017, Koch+2020)

■ Predominantly HI studied for HI 
observations of galaxies 

■ Has been used to highlight need for stellar 
feedback + validate feedback models (e.g. 
Walker+2014, Grisdale+2017)
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Table 2. WISDOM galaxies and their properties

Galaxy Type Distance log("H2 ) log("⇤ ) Re,K log(`⇤ ) log(SFR) Inclination PA WISDOM
(Mpc) (M�) (M�) (arcsec) (M� kpc�2) (M� yr�1) (°) (°)

FRL 0049 -3.0 (ETG) 86.7 [1] 8.7 [1] 10.3 [1] 3 [1] 9.31 0.78 [1] 55.9 30 1, 9
NGC 0383 -2.9 (ETG) 66.6 [2] 9.2 [9] 11.8 [12] 11 [15] 9.92 0.00 [9] 37.6 142 9, 18, 19
NGC 0404 -2.8 (ETG) 3.06 [3] 6.7 [10] 9.1 [13] 64 [16] 8.34 -2.60 [17] 20.0 37 20, 21
NGC 0524 -1.2 (ETG) 23.3 [4] 7.9 [9] 11.4 [4] 24 [15] 9.75 -0.56 [14] 20.6 40 9, 19, 22
NGC 1387 -2.8 (ETG) 19.9 [5] 8.3 [9] 10.7 [14] 16 [15] 9.51 -0.68 [14] 35.0 64 9, 23
NGC 1574 -2.9 (ETG) 19.3 [6] 7.5 [11] 10.8 [14] 21 [15] 9.41 -0.91 [14] 25.0 340 9, 11, 19
NGC 4429 -0.8 (ETG) 16.5 [4] 8.0 [9] 11.2 [4] 49 [15] 9.19 -0.84 [14] 66.8 93 9, 19, 24, 25
NGC 4501 3.3 (Spiral) 15.3 [4] 8.9 [9] 11.0 [14] 58 [15] 8.94 0.43 [14] 58.7 135 9
NGC 4826 2.2 (Spiral) 7.36 [4] 7.9 [9] 10.2 [14] 69 [15] 8.62 -0.71 [14] 59.5 100 9
NGC 5806 3.2 (Spiral) 21.4 [4] 9.0 [9] 10.6 [14] 30 [15] 8.80 -0.03 [14] 60.0 170 9, 26
NGC 6753 3.0 (Spiral) 43.7 [7] 9.6 [9] 10.8 [14] 20 [15] 8.78 0.32 [14] 31.0 30 9
NGC 6958 -3.7 (ETG) 35.4 [8] 8.7 [9] 10.8 [14] 12 [15] 9.35 -0.58 [14] 70.0 115 9, 27
Notes: For each galaxy, column 1 lists its name and column 2 its morphological type according to the HyperLEDA database (Makarov et al. 2014). For
the following properties, a reference to the source is indicated in square brackets and listed at the end of this description. The galaxy distance is listed
in column 3, the molecular gas mass, estimated from the moment zero map as described in the text, in column 4. The total stellar mass and the  -band
effective radius are listed in columns 5 and 6, respectively. Column 7 lists the central stellar mass surface density, calculated from the stellar mass and
effective radius as described in the text. Column 8 lists the SFR, column 9 the inclination and column 10 the position angle (PA) of the galaxy. Column
11 lists the associated WISDOM papers. References: (1) Lelli et al. (2022) (2) Freedman et al. (2001), (3) Karachentsev et al. (2002), (4) Cappellari
et al. (2011), (5) Liu et al. (2002), (6) Tonry et al. (2001), (7) Bogdán et al. (2017), (8) Marino et al. (2011), (9) Davis et al. (2022), (10) this work, (11)
Ruffa et al. (2023), (12) Veale et al. (2017), (13) Seth et al. (2010), (14) Leroy et al. (2019), (15) Skrutskie et al. (2006), (16) Baggett et al. (1998), (17)
Thilker et al. (2010), (18) North et al. (2019), (19) Williams et al. (2023), (20) Davis et al. (2020b), (21) Liu et al. (2022), (22) Smith et al. (2019), (23)
Boyce et al. (in prep.), (24) Davis et al. (2018), (25) Liu et al. (2021), (26) Choi et al. (2023), (27) Thater et al. (in prep.).
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Figure 2. Moment zero maps of all WISDOM galaxies considered in this paper. In the top-right corner of each map we show the mass surface density scaling
(conversion from original brightness units as described in Section 2.2). The scale bar in the bottom-right corner of each map gives and indication of the size
of the visible circumnuclear gas disc. The purple ellipse in the bottom-left corner of each map shows the size of the synthesised beam. A black dashed circle
indicates the 1100 large scale limit of the power spectrum fit.
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QUANTIFYING ISM MORPHOLOGY WITH THE DENSITY POWER SPECTRUM
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Figure 1. Gaussian-smoothed and regridded mass surface density projection of the central gas reservoir of each simulation considered in this paper, 600
Myr after the start of the simulation. The simulations are ordered by increasing central stellar mass surface density, from the lowest (noB, top-left) to highest
(B_M100_R1, bottom-right). Each map has a linear extent of 2.25 kpc and the purple solid circle in the bottom-left corner indicates the size of the Gaussian
beam. The central regions of the bulge-dominated galaxies (bottom right) are much smoother and largely devoid of sub-structure, compared to the clumpy ISM
found in the central regions of the disc-dominated galaxies (top left).

where � is the amplitude of the power-law, : the wavenumber, and V

the power-law (i.e. power spectrum) slope. As discussed in Section 1,
a broken power-law occasionally provides a better fit to the data (e.g.
Dutta et al. 2009a; Grisdale et al. 2017), and we will discuss individ-
ual deviations from a single power-law briefly in the Section 3.2 and
in more detail in Appendix D.

Individual bright emission regions can dominate a power spec-
trum on small scales, to the extent that they can induce a bump and
break in the power spectrum (e.g. Willett et al. 2005; Koch et al.
2020). In our simulated galaxy sample, we observe this behaviour
in all of our bulge-dominated galaxies, due to the extremely dense
region at the centre. There, gas accumulates continuously because
star formation is suppressed and the simulations do not include AGN

feedback, which could remove (some of) the innermost gas (Gensior
et al. 2020). Therefore, we mask the centre of each simulated galaxy
using an inverted cosine bell window function and refer the reader
to Appendix B2 for more details. To keep the analysis as consistent
as possible, we similarly mask the centre of each WISDOM zeroth-
moment map, where the extent of the central region masked depends
on the size of the map. To avoid contamination of the power spectra
by Gibbs ringing (stripes in the two-dimensional power spectrum;
artefacts caused by a sharp cut-off of the emission), we addition-
ally use a Tukey filter with U = 0.1 to taper the edges of simulated
and observed gas maps. The U value of the Tukey filter tapering
was determined based on a visual inspection of the two-dimensional
power spectrum, where U = 0.1 is the most conservative value that
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Figure 3. Gas mass surface density power spectra (solid lines colour-coded by the central stellar mass surface density of the simulated galaxy, with uncertainties
as shading), computed from the snapshots 600 Myr after the start of the simulations. Each panel compares the effect of changing bulge scale radius (1 – 3 kpc)
at constant bulge mass, with panels from left to right showing simulations with bulges containing 30, 60, 90 and 100 per cent of the initial stellar mass. The one
bulge-less galaxy is shown with the leftmost panel and the single "b = 0.75"⇤ bulge is shown in the middle left panel. In each panel, the best-fitting power-laws
are shown as black dashed lines, the vertical black dashed line indicates the smallest spatial scale considered for the fit, and the legend lists the best-fitting
power-law slopes with their 1f uncertainties. All galaxies have a similar amount of power (arbitrary unit), thus individual power spectra are vertically offset
from each other for visibility.

lations, or is caused by other parameter choices. While the power-law
fit is restricted to spatial scales larger than the minimum gravitational
softening, the sub-structure on smaller scales might be affected by the
gravitational softening choice. Small scale fragmentation might be
even more suppressed in the highest `⇤ galaxies which would lead to
a steeper power spectrum, and thus a continuous trend of increasing
V with `⇤, however higher resolution simulations would be required
to test this. Interestingly, the flattening of the V-`⇤ trend occurs at
a slope of ⇠2.6, which is close to that expected of two-dimensional
Kolmogorov (1941) turbulence (8/3). If physical, this flattening could
therefore indicate that high shear eventually drives incompressible
turbulence. We use Spearman’s rank correlation coefficient to assess
the strength and statistical significance of this correlation. To take into
account the uncertainties on the time-averaged slopes, we perform
1000 Monte-Carlo simulations assuming that the power spectrum
slope of each data point is well described by a Gaussian distribution.
This allows us to quote both Spearman’s rank correlation coefficient
and p-value with uncertainties, as given by the average and the 16th-
to-84th percentile of the Monte-Carlo simulation. A Spearman rank
correlation coefficient of A = 0.81+0.05

�0.05 with ? = 0.001+0.001
�0.001 con-

firms that the correlation between V and central stellar mass surface
density is strong and statistically significant. This directly links the
galactic gravitational potential to the suppression of fragmentation
via the power spectrum slope. It also confirms that shear from a
high-`⇤ potential does not only drive turbulence that suppresses star
formation, but it also tears apart clouds and suppresses fragmenta-
tion. This is a strong prediction from the simulations, to which we
can compare the WISDOM observations.

3.2 Observations

Figure 5 shows the power spectra of the WISDOM galaxies consid-
ered in this paper. All spectra are plotted on the same spatial scale,
both to make comparison easier and to highlight the different spatial
scales under consideration (that are function of the galaxy distance,
map size and synthesised beam). In each panel, the navy dashed
line shows the best-fitting power-law to the power spectrum, an inset
shows the centre-masked zeroth-moment map from which the power

Figure 4. Time-averaged slopes (V) of the power-laws best-fitting the power
spectra of the simulated galaxies as a function of the galaxies’ central stellar
mass surface densities (`⇤). Error bars indicate the uncertainties on the time-
averaged power-law slopes. As indicated by the Spearman rank correlation
coefficient and p-value listed in the bottom-right corner, there is a statistically-
significant correlation between the best-fitting slope of the power spectrum
and the central stellar mass surface density of a galaxy.

spectrum was computed and the black vertical dashed line indicates
the smallest spatial scale considered for the fit. We summarise the
results of the 1D power spectrum fits of the WISDOM galaxies in
Table 5.

Only half of the galaxy power spectra (FRL 0049, NGC 0404, NGC
1387, NGC 1574, NGC 4429 and NGC 4826) are well described by
a single power-law. The other spectra show very pronounced bumps
and/or breaks. In NGC 0383, NGC 0524, NGC 4501, NGC 5806,
and NGC 6958 this is likely caused by ring structures. NGC 6753
possesses a very bright central region within a very low density
region, itself surrounded by a low-density gas disc with weak spiral
arms. These likely give rise to the complicated shape of the power
spectrum, with multiple break points.

To assess the validity of our single power-law fits, we recompute

MNRAS 000, 1–21 (2023)
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Figure 3. Gas mass surface density power spectra (solid lines colour-coded by the central stellar mass surface density of the simulated galaxy, with uncertainties
as shading), computed from the snapshots 600 Myr after the start of the simulations. Each panel compares the effect of changing bulge scale radius (1 – 3 kpc)
at constant bulge mass, with panels from left to right showing simulations with bulges containing 30, 60, 90 and 100 per cent of the initial stellar mass. The one
bulge-less galaxy is shown with the leftmost panel and the single "b = 0.75"⇤ bulge is shown in the middle left panel. In each panel, the best-fitting power-laws
are shown as black dashed lines, the vertical black dashed line indicates the smallest spatial scale considered for the fit, and the legend lists the best-fitting
power-law slopes with their 1f uncertainties. All galaxies have a similar amount of power (arbitrary unit), thus individual power spectra are vertically offset
from each other for visibility.

lations, or is caused by other parameter choices. While the power-law
fit is restricted to spatial scales larger than the minimum gravitational
softening, the sub-structure on smaller scales might be affected by the
gravitational softening choice. Small scale fragmentation might be
even more suppressed in the highest `⇤ galaxies which would lead to
a steeper power spectrum, and thus a continuous trend of increasing
V with `⇤, however higher resolution simulations would be required
to test this. Interestingly, the flattening of the V-`⇤ trend occurs at
a slope of ⇠2.6, which is close to that expected of two-dimensional
Kolmogorov (1941) turbulence (8/3). If physical, this flattening could
therefore indicate that high shear eventually drives incompressible
turbulence. We use Spearman’s rank correlation coefficient to assess
the strength and statistical significance of this correlation. To take into
account the uncertainties on the time-averaged slopes, we perform
1000 Monte-Carlo simulations assuming that the power spectrum
slope of each data point is well described by a Gaussian distribution.
This allows us to quote both Spearman’s rank correlation coefficient
and p-value with uncertainties, as given by the average and the 16th-
to-84th percentile of the Monte-Carlo simulation. A Spearman rank
correlation coefficient of A = 0.81+0.05

�0.05 with ? = 0.001+0.001
�0.001 con-

firms that the correlation between V and central stellar mass surface
density is strong and statistically significant. This directly links the
galactic gravitational potential to the suppression of fragmentation
via the power spectrum slope. It also confirms that shear from a
high-`⇤ potential does not only drive turbulence that suppresses star
formation, but it also tears apart clouds and suppresses fragmenta-
tion. This is a strong prediction from the simulations, to which we
can compare the WISDOM observations.

3.2 Observations

Figure 5 shows the power spectra of the WISDOM galaxies consid-
ered in this paper. All spectra are plotted on the same spatial scale,
both to make comparison easier and to highlight the different spatial
scales under consideration (that are function of the galaxy distance,
map size and synthesised beam). In each panel, the navy dashed
line shows the best-fitting power-law to the power spectrum, an inset
shows the centre-masked zeroth-moment map from which the power
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Figure 4. Time-averaged slopes (V) of the power-laws best-fitting the power
spectra of the simulated galaxies as a function of the galaxies’ central stellar
mass surface densities (`⇤). Error bars indicate the uncertainties on the time-
averaged power-law slopes. As indicated by the Spearman rank correlation
coefficient and p-value listed in the bottom-right corner, there is a statistically-
significant correlation between the best-fitting slope of the power spectrum
and the central stellar mass surface density of a galaxy.

spectrum was computed and the black vertical dashed line indicates
the smallest spatial scale considered for the fit. We summarise the
results of the 1D power spectrum fits of the WISDOM galaxies in
Table 5.

Only half of the galaxy power spectra (FRL 0049, NGC 0404, NGC
1387, NGC 1574, NGC 4429 and NGC 4826) are well described by
a single power-law. The other spectra show very pronounced bumps
and/or breaks. In NGC 0383, NGC 0524, NGC 4501, NGC 5806,
and NGC 6958 this is likely caused by ring structures. NGC 6753
possesses a very bright central region within a very low density
region, itself surrounded by a low-density gas disc with weak spiral
arms. These likely give rise to the complicated shape of the power
spectrum, with multiple break points.

To assess the validity of our single power-law fits, we recompute
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Figure 5. Gas mass surface density power spectra of the WISDOM galaxies considered in this paper (solid teal lines, with uncertainties as shading), plotted
with unique spatial scale for ease of comparison. In each panel, the best-fitting power-law is shown as navy dashed line, the vertical black dashed line indicates
the smallest spatial scale considered for the fit and the legend lists the best-fitting power-law slope with its 1f uncertainty. The inset shows the centre-masked
moment zero map of the galaxy, from which the power spectrum was computed.

Table 5. Results of the power-law fits to the 1D power spectra of all selected
WISDOM galaxies

Galaxy V Fit range
(pc)

FRL 0049 3.02 ± 0.08 151 – 3450
NGC 0383 2.70 ± 0.45 83 – 1518
NGC 0404 2.33 ± 0.04 2 – 163
NGC 0524 2.05 ± 0.18 71 – 1243
NGC 1387 2.09 ± 0.14 77 – 1045
NGC 1574 2.83 ± 0.12 30 – 222
NGC 4429 2.34 ± 0.22 24 – 809
NGC 4501 2.45 ± 0.15 90 – 816
NGC 4826 2.78 ± 0.23 13 – 246
NGC 5806 2.69 ± 0.29 60 – 1141
NGC 6753 2.81 ± 0.13 57 – 2325
NGC 6958 2.75 ± 0.44 42 – 700
Notes: For each galaxy, column 1 lists the name, column
2 lists the best-fitting slope and the 1f uncertainty on the
fit. Column 3 lists the spatial scales across which a power-
law was fitted to the 1D power spectrum.

the fit to the power spectra of the observations, allowing for a break,
i.e. a dual power-law fit using the turbustat fitting routine and a
segmented linear fit. Comparing the Bayesian information criterion

of the fits with and without a break yields only three galaxies, NGC
4501, NGC 4826 and NGC 5806, whose power spectra are better
fit by broken power-laws. A break in a surface mass density power
spectrum is thought to indicate the scale height of the gas disc, as
turbulence transitions from three-dimensional turbulence on small
scales to two-dimensional turbulence on large scales (e.g. Dutta et al.
2009b). The break scale of the NGC 4826 power-law is at 27 pc, which
would imply an extremely thin molecular gas disc. Yim et al. (2014)
measured molecular gas scale heights of 31 ± 8 and 33 ± 8 pc for
two other galaxies, NGC 5907 and NGC 4565, respectively, but CO
scale heights of 100–200 pc are more common (Wilson et al. 2019).
However, 27 pc approximately matches the size of the dense clouds
seen in the zeroth-moment map, which may cause the break (Körtgen
et al. 2021). The breaks in NGC 4501 and NGC 5806 occur at 239
pc and 191 pc, respectively, and could more plausibly be linked to
the scale height of their molecular gas discs. Alternatively, the fits
might be affected by the prominent ring structures. However, even
the best-fitting single power-laws tend to be within the uncertainties
associated with the 1D gas mass surface density power spectrum of
these galaxies. Therefore, we use the best-fitting slope of the single
power-law for all observed galaxies for consistency and we refer
the reader to Appendix D for an in-depth discussion of the multi-
component power-law fits.
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Figure 6. Slopes (V) of the power-laws best-fitting the power spectra of
the simulated (teal) and WISDOM (purple) galaxies as a function of their
central stellar mass surface densities (`⇤). The vertical error bars indicate the
uncertainties on the time-averaged best-fitting power-law slopes (simulations)
or the 1f uncertainties on the best-fitting power-law slopes (observations).

In Figure 6 we overplot the WISDOM galaxies’ best-fitting power
spectrum slopes as a function of their central stellar mass surface
densities on the simulation data. Contrary to the clear trend present in
the simulations, the slopes of the observed galaxies have more scatter
with respect to `⇤. This is a clear departure from the prediction of
the simulations. There is neither a trend of power spectrum slope
with central stellar mass surface density for the whole dataset of
WISDOM galaxies (A = �0.14+0.24

�0.24, ? = 0.55+0.31
�0.34), nor for the sub

sets of spiral galaxies (A = 0.02+0.48
�0.52, ? = 0.57+0.30

�0.39) or ETGs (A =

�0.09+0.33
�0.31, ? = 0.57+0.29

�0.31). The lack of a correlation with `⇤ could
in part stem from the unsuitability of some power spectra to being fit
by a single power-law. Alternatively, the observations might follow
the trend of the simulations (at log(`⇤/M� kpc�2) > 8.75), but the
measurement uncertainties on V and `⇤ as well as potential scatter
from physical effects not included in the simulations could obscure
it. We will discuss the discrepancies between power spectra of the
simulations and WISDOM galaxies in more depth in Section 4.2.
However, before doing so, we wish to investigate whether the power
spectrum slopes of the WISDOM galaxies are correlated with other
quantities.

4 DISCUSSION

4.1 Correlations with the slopes of the WISDOM power
spectra?

In an attempt to identify the driver of turbulence in the WISDOM
galaxies, we have checked for correlations between the power spec-
trum slope and a large number of quantities. Some are observational
(beam size, extent of the fit, lower spatial scale limit of the fit, sensi-
tivity of observations) while others are galaxy properties (gas mass,
mean central molecular gas mass surface density, stellar mass, gas
fraction central gas-to-stellar mass surface density ratio, SFR, spe-
cific SFR, star formation efficiency, Gini, Asymmetry, Smoothness
and the stellar-to-gas Toomre (1964) Q ratio). Table C1 lists all
Spearman rank correlation coefficients and corresponding p-values.
If we define ?  0.1 as being statistically significant, we find a sin-
gle statistically-significant correlation (with mean central molecular
gas mass surface density) for the observations. This statistically-

significant correlation, as well as some other quantities of interest,
are discussed in more detail below. We focus on the observations
here, because the simulations only differ in the underlying stellar po-
tential by construction. They are initialised with the same gas fraction
and the same radial gas extent, all of which only evolve very slightly,
thus resulting in a very narrow range of mean central molecular gas
mass surface densities (see also Figure 4 in Davis et al. 2022). Dif-
ferences in the simulated galaxies’ (s)SFR are driven by changes in
`⇤ (see Figure 15 in Gensior et al. 2020), therefore any trend of the
physical quantities investigated for the observations, if present in the
simulations, will be a result of the correlation with the central stellar
mass surface density discussed in Section 3.1.

4.1.1 Sensitivity of the observations

Koch et al. (2020) highlighted that observational effects can influ-
ence a power spectrum, even on spatial scales larger than the nom-
inal spatial resolution (geometric beam size; see also Körtgen et al.
2021). With sensitivities (⌃gas,thresh) that vary by more than an order
of magnitude across WISDOM galaxies, from 4 (NGC 4501) to 97
M� pc�2 (NGC 6958), it is worth examining whether the sensitivities
of the WISDOM galaxies affect the derived power spectra. The top
left panel of Figure 7 reveals a putative trend between the molecular
gas mass surface density sensitivity of the dataset and the best-fitting
power-law slope of the resultant power spectrum. The power spec-
trum appears to steepen with worsening (i.e. higher surface density)
sensitivity. However, the V � ⌃gas,thresh trend has a Spearman rank
correlation coefficient A = 0.52+0.16

�0.17 and p-value ? = 0.14+0.14
�0.13, so

it is not statistically significant. To nevertheless test if any of our
results are affected by this possible bias, we have performed the ob-
servational analysis again with all zeroth-moment maps clipped to
a molecular gas mass surface density of 70 M� pc�2, to mimic a
uniform sensitivity. It turns out even this crude approximation only
has a negligible effect on the correlation between best-fitting power-
law slope and central stellar mass surface density shown in Figure 6.
Despite this, we advise to be mindful of potential effects when com-
paring the power spectra of a heterogeneous set of observations.

4.1.2 Star formation rate

Star formation is one of the primary drivers of feedback and thus
turbulence (e.g. Mac Low & Klessen 2004; Hennebelle & Falgarone
2012). Here we examine whether there is a correlation between the
power spectrum slopes and the SFRs of the selected WISDOM galax-
ies. With our sample comprising ETGs and spirals, we cover several
decades in SFR, thus expect to have sufficient dynamic range to iden-
tify a correlation, should it exist. However, the bottom left panel of
Figure 7 shows that there is no trend between the power spectrum
slope and the SFR of a galaxy. This is confirmed by a Spearman rank
correlation coefficient of A = 0.35+0.17

�0.16 with ? = 0.31+0.25
�0.23.

4.1.3 Gas fraction

Dynamical suppression has a strong dependence on the gas fractions
of galaxies (Martig et al. 2013; Gensior & Kruĳssen 2021). Addition-
ally, Gensior & Kruĳssen (2021) demonstrated that the morphology
of the circumnuclear gas reservoir can be strongly affected by the
gas-to-stellar mass ratio of the galaxy. At fixed (high) central stel-
lar mass surface density, the smooth circumnuclear region of the
gas disc decreases in extent until finally the entire ISM is porous
and sub-structured for increasing initial cold gas-to-stellar mass ratio
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Figure 6. Slopes (V) of the power-laws best-fitting the power spectra of
the simulated (teal) and WISDOM (purple) galaxies as a function of their
central stellar mass surface densities (`⇤). The vertical error bars indicate the
uncertainties on the time-averaged best-fitting power-law slopes (simulations)
or the 1f uncertainties on the best-fitting power-law slopes (observations).

In Figure 6 we overplot the WISDOM galaxies’ best-fitting power
spectrum slopes as a function of their central stellar mass surface
densities on the simulation data. Contrary to the clear trend present in
the simulations, the slopes of the observed galaxies have more scatter
with respect to `⇤. This is a clear departure from the prediction of
the simulations. There is neither a trend of power spectrum slope
with central stellar mass surface density for the whole dataset of
WISDOM galaxies (A = �0.14+0.24

�0.24, ? = 0.55+0.31
�0.34), nor for the sub

sets of spiral galaxies (A = 0.02+0.48
�0.52, ? = 0.57+0.30

�0.39) or ETGs (A =

�0.09+0.33
�0.31, ? = 0.57+0.29

�0.31). The lack of a correlation with `⇤ could
in part stem from the unsuitability of some power spectra to being fit
by a single power-law. Alternatively, the observations might follow
the trend of the simulations (at log(`⇤/M� kpc�2) > 8.75), but the
measurement uncertainties on V and `⇤ as well as potential scatter
from physical effects not included in the simulations could obscure
it. We will discuss the discrepancies between power spectra of the
simulations and WISDOM galaxies in more depth in Section 4.2.
However, before doing so, we wish to investigate whether the power
spectrum slopes of the WISDOM galaxies are correlated with other
quantities.

4 DISCUSSION

4.1 Correlations with the slopes of the WISDOM power
spectra?

In an attempt to identify the driver of turbulence in the WISDOM
galaxies, we have checked for correlations between the power spec-
trum slope and a large number of quantities. Some are observational
(beam size, extent of the fit, lower spatial scale limit of the fit, sensi-
tivity of observations) while others are galaxy properties (gas mass,
mean central molecular gas mass surface density, stellar mass, gas
fraction central gas-to-stellar mass surface density ratio, SFR, spe-
cific SFR, star formation efficiency, Gini, Asymmetry, Smoothness
and the stellar-to-gas Toomre (1964) Q ratio). Table C1 lists all
Spearman rank correlation coefficients and corresponding p-values.
If we define ?  0.1 as being statistically significant, we find a sin-
gle statistically-significant correlation (with mean central molecular
gas mass surface density) for the observations. This statistically-

significant correlation, as well as some other quantities of interest,
are discussed in more detail below. We focus on the observations
here, because the simulations only differ in the underlying stellar po-
tential by construction. They are initialised with the same gas fraction
and the same radial gas extent, all of which only evolve very slightly,
thus resulting in a very narrow range of mean central molecular gas
mass surface densities (see also Figure 4 in Davis et al. 2022). Dif-
ferences in the simulated galaxies’ (s)SFR are driven by changes in
`⇤ (see Figure 15 in Gensior et al. 2020), therefore any trend of the
physical quantities investigated for the observations, if present in the
simulations, will be a result of the correlation with the central stellar
mass surface density discussed in Section 3.1.

4.1.1 Sensitivity of the observations

Koch et al. (2020) highlighted that observational effects can influ-
ence a power spectrum, even on spatial scales larger than the nom-
inal spatial resolution (geometric beam size; see also Körtgen et al.
2021). With sensitivities (⌃gas,thresh) that vary by more than an order
of magnitude across WISDOM galaxies, from 4 (NGC 4501) to 97
M� pc�2 (NGC 6958), it is worth examining whether the sensitivities
of the WISDOM galaxies affect the derived power spectra. The top
left panel of Figure 7 reveals a putative trend between the molecular
gas mass surface density sensitivity of the dataset and the best-fitting
power-law slope of the resultant power spectrum. The power spec-
trum appears to steepen with worsening (i.e. higher surface density)
sensitivity. However, the V � ⌃gas,thresh trend has a Spearman rank
correlation coefficient A = 0.52+0.16

�0.17 and p-value ? = 0.14+0.14
�0.13, so

it is not statistically significant. To nevertheless test if any of our
results are affected by this possible bias, we have performed the ob-
servational analysis again with all zeroth-moment maps clipped to
a molecular gas mass surface density of 70 M� pc�2, to mimic a
uniform sensitivity. It turns out even this crude approximation only
has a negligible effect on the correlation between best-fitting power-
law slope and central stellar mass surface density shown in Figure 6.
Despite this, we advise to be mindful of potential effects when com-
paring the power spectra of a heterogeneous set of observations.

4.1.2 Star formation rate

Star formation is one of the primary drivers of feedback and thus
turbulence (e.g. Mac Low & Klessen 2004; Hennebelle & Falgarone
2012). Here we examine whether there is a correlation between the
power spectrum slopes and the SFRs of the selected WISDOM galax-
ies. With our sample comprising ETGs and spirals, we cover several
decades in SFR, thus expect to have sufficient dynamic range to iden-
tify a correlation, should it exist. However, the bottom left panel of
Figure 7 shows that there is no trend between the power spectrum
slope and the SFR of a galaxy. This is confirmed by a Spearman rank
correlation coefficient of A = 0.35+0.17

�0.16 with ? = 0.31+0.25
�0.23.

4.1.3 Gas fraction

Dynamical suppression has a strong dependence on the gas fractions
of galaxies (Martig et al. 2013; Gensior & Kruĳssen 2021). Addition-
ally, Gensior & Kruĳssen (2021) demonstrated that the morphology
of the circumnuclear gas reservoir can be strongly affected by the
gas-to-stellar mass ratio of the galaxy. At fixed (high) central stel-
lar mass surface density, the smooth circumnuclear region of the
gas disc decreases in extent until finally the entire ISM is porous
and sub-structured for increasing initial cold gas-to-stellar mass ratio
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Figure 7. Slopes (V) of the power-laws best-fitting the power spectra of the WISDOM galaxies as a function of the galaxies’ mass surface density sensitivities
(⌃gas,thresh, top left), molecular gas fraction ( 5H2 , top right), SFR (bottom left) and average molecular gas mass surface density within the central kpc (⌃̄H2 ,
bottom right). The data points are colour-coded by their central stellar mass surface densities (`⇤). Vertical error bars indicate the 1f uncertainties on the
best-fitting power-law slopes and horizontal error bars show the uncertainty on the respective quantity. The Spearman rank correlation coefficient and p-value for
each correlation are shown in each panel. There only statistically significant correlation is that between power spectrum slope and the average central molecular
gas mass surface density of the observations.

from 1 to 20 per cent. For simplicity we have restricted ourselves
in this study to the analysis of the Gensior et al. (2020) simulations
with a constant initial cold gas-to-stellar mass ratio of 0.05, but the
observed galaxies have a range of gas fractions. Therefore, we in-
vestigate the molecular gas-to-stellar mass ratios of the WISDOM
galaxies in relation to their power spectrum slopes in the top right
of Figure 7. However, as evidenced by the Spearman rank corre-
lation coefficient A = 0.40+0.17

�0.16 with a ? = 0.25+0.21
�0.20, there is no

statistically-significant trend. There is also no secondary trend with
`⇤, in contrast to the prediction from the simulations.

4.1.4 Mean central molecular gas mass surface density

The bottom right panel of Figure 7 shows the power spectrum slopes
of the WISDOM galaxies as a function of their central mean molecu-
lar gas mass surface density, ⌃̄H2 . Following Davis et al. (2022), ⌃̄H2
is the average molecular gas mass surface density within an ellipse of
semi-major axis 1 kpc, that is centred on the centre of the galaxy and
oriented according to the galaxy’s position angle. There is a trend
of steeper power spectra with increasing mean central molecular gas
mass surface density with a Spearman rank correlation coefficient
A = 0.61+0.13

�0.13 and ? = 0.06+0.05
�0.05. Therefore, this trend is statistically

significant for our definition of ? < 0.1. Davis et al. (2022) found
similar correlations between the non-parametric morphological pa-

rameters and ⌃̄H2 , in that galaxies with higher central gas surface
density had a smoother, less sub-structured ISM. A correlation with
⌃̄H2 suggests that the self-gravity of the gas could play an impor-
tant role in setting the structure of (and driving turbulence in) the
ISM. However, naively one would expect the strong self-gravity to
affect the ISM structure in the opposite way, through fragmentation,
from which one would expect an anti-correlation between V and ⌃̄H2 .
Therefore, it is unclear whether self-gravity is the dominant driver of
turbulence in these galaxies. Davis et al. (2022) analysed the stellar-
to-gas Toomre (1964) Q ratio to determine whether the stability of the
system is dominated by the stellar or the gaseous component. They
found that in ⇡75 per cent of galaxies the stability of the gas disc is
dominated by the stellar component, suggesting that the ⌃̄H2 trend is
a secondary correlation with the gravitational potential. However, we
find no trend between the power spectrum slopes and the stellar-to-
gas Q ratios of the galaxies, nor with any other more direct tracers of
the potential, implying that while the mean central gas mass surface
density might weakly depend on the potential, it seems to be the
more relevant quantity for the power spectrum. Another possibility
is that the V correlates with ⌃̄H2 , as a tracer for the turbulent en-
ergy per unit area of gas, which depends on the gas surface density
(e.g. Krumholz et al. 2018). This potentially hints at gravitational
momentum transport or accretion driven turbulence as the drivers of
turbulence in the observed galaxies, explaining the correlation with
⌃̄H2 . However, the differences in the sensitivities of the observations
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Figure 7. Slopes (V) of the power-laws best-fitting the power spectra of the WISDOM galaxies as a function of the galaxies’ mass surface density sensitivities
(⌃gas,thresh, top left), molecular gas fraction ( 5H2 , top right), SFR (bottom left) and average molecular gas mass surface density within the central kpc (⌃̄H2 ,
bottom right). The data points are colour-coded by their central stellar mass surface densities (`⇤). Vertical error bars indicate the 1f uncertainties on the
best-fitting power-law slopes and horizontal error bars show the uncertainty on the respective quantity. The Spearman rank correlation coefficient and p-value for
each correlation are shown in each panel. There only statistically significant correlation is that between power spectrum slope and the average central molecular
gas mass surface density of the observations.

from 1 to 20 per cent. For simplicity we have restricted ourselves
in this study to the analysis of the Gensior et al. (2020) simulations
with a constant initial cold gas-to-stellar mass ratio of 0.05, but the
observed galaxies have a range of gas fractions. Therefore, we in-
vestigate the molecular gas-to-stellar mass ratios of the WISDOM
galaxies in relation to their power spectrum slopes in the top right
of Figure 7. However, as evidenced by the Spearman rank corre-
lation coefficient A = 0.40+0.17

�0.16 with a ? = 0.25+0.21
�0.20, there is no

statistically-significant trend. There is also no secondary trend with
`⇤, in contrast to the prediction from the simulations.

4.1.4 Mean central molecular gas mass surface density

The bottom right panel of Figure 7 shows the power spectrum slopes
of the WISDOM galaxies as a function of their central mean molecu-
lar gas mass surface density, ⌃̄H2 . Following Davis et al. (2022), ⌃̄H2
is the average molecular gas mass surface density within an ellipse of
semi-major axis 1 kpc, that is centred on the centre of the galaxy and
oriented according to the galaxy’s position angle. There is a trend
of steeper power spectra with increasing mean central molecular gas
mass surface density with a Spearman rank correlation coefficient
A = 0.61+0.13

�0.13 and ? = 0.06+0.05
�0.05. Therefore, this trend is statistically

significant for our definition of ? < 0.1. Davis et al. (2022) found
similar correlations between the non-parametric morphological pa-

rameters and ⌃̄H2 , in that galaxies with higher central gas surface
density had a smoother, less sub-structured ISM. A correlation with
⌃̄H2 suggests that the self-gravity of the gas could play an impor-
tant role in setting the structure of (and driving turbulence in) the
ISM. However, naively one would expect the strong self-gravity to
affect the ISM structure in the opposite way, through fragmentation,
from which one would expect an anti-correlation between V and ⌃̄H2 .
Therefore, it is unclear whether self-gravity is the dominant driver of
turbulence in these galaxies. Davis et al. (2022) analysed the stellar-
to-gas Toomre (1964) Q ratio to determine whether the stability of the
system is dominated by the stellar or the gaseous component. They
found that in ⇡75 per cent of galaxies the stability of the gas disc is
dominated by the stellar component, suggesting that the ⌃̄H2 trend is
a secondary correlation with the gravitational potential. However, we
find no trend between the power spectrum slopes and the stellar-to-
gas Q ratios of the galaxies, nor with any other more direct tracers of
the potential, implying that while the mean central gas mass surface
density might weakly depend on the potential, it seems to be the
more relevant quantity for the power spectrum. Another possibility
is that the V correlates with ⌃̄H2 , as a tracer for the turbulent en-
ergy per unit area of gas, which depends on the gas surface density
(e.g. Krumholz et al. 2018). This potentially hints at gravitational
momentum transport or accretion driven turbulence as the drivers of
turbulence in the observed galaxies, explaining the correlation with
⌃̄H2 . However, the differences in the sensitivities of the observations

MNRAS 000, 1–21 (2023)

Gensior+ 2023



The WISDOM of power spectra  | Jindra Gensior I SKACH Winter Meeting | 23.01.24

OBSERVATIONS:
POWER SPECTRUM SLOPE CORRELATES WITH CENTRAL GAS SURFACE DENSITY

The WISDOM of power spectra 11

0 20 40 60 80
�gas,thresh (M� pc�2)

1.5

2.0

2.5

3.0

�

r = 0.51+0.17
�0.17

p = 0.14+0.12
�0.13

Spirals

ETGs

�3.5 �3.0 �2.5 �2.0 �1.5 �1.0
log (fH2)

r = 0.40+0.17
�0.16

p = 0.25+0.21
�0.20

�2 �1 0 1
log (SFR / M� yr�1)

1.5

2.0

2.5

3.0

�

r = 0.35+0.16
�0.17

p = 0.31+0.25
�0.22

2.0 2.5 3.0
log (�̄H2 / M� pc�2)

r = 0.61+0.14
�0.14

p = 0.06+0.06
�0.06

8.4

8.6

8.8

9.0

9.2

9.4

9.6

9.8

log
(µ

�
/

M
�

kp
c �

2)

Figure 7. Slopes (V) of the power-laws best-fitting the power spectra of the WISDOM galaxies as a function of the galaxies’ mass surface density sensitivities
(⌃gas,thresh, top left), molecular gas fraction ( 5H2 , top right), SFR (bottom left) and average molecular gas mass surface density within the central kpc (⌃̄H2 ,
bottom right). The data points are colour-coded by their central stellar mass surface densities (`⇤). Vertical error bars indicate the 1f uncertainties on the
best-fitting power-law slopes and horizontal error bars show the uncertainty on the respective quantity. The Spearman rank correlation coefficient and p-value for
each correlation are shown in each panel. There only statistically significant correlation is that between power spectrum slope and the average central molecular
gas mass surface density of the observations.

from 1 to 20 per cent. For simplicity we have restricted ourselves
in this study to the analysis of the Gensior et al. (2020) simulations
with a constant initial cold gas-to-stellar mass ratio of 0.05, but the
observed galaxies have a range of gas fractions. Therefore, we in-
vestigate the molecular gas-to-stellar mass ratios of the WISDOM
galaxies in relation to their power spectrum slopes in the top right
of Figure 7. However, as evidenced by the Spearman rank corre-
lation coefficient A = 0.40+0.17

�0.16 with a ? = 0.25+0.21
�0.20, there is no

statistically-significant trend. There is also no secondary trend with
`⇤, in contrast to the prediction from the simulations.

4.1.4 Mean central molecular gas mass surface density

The bottom right panel of Figure 7 shows the power spectrum slopes
of the WISDOM galaxies as a function of their central mean molecu-
lar gas mass surface density, ⌃̄H2 . Following Davis et al. (2022), ⌃̄H2
is the average molecular gas mass surface density within an ellipse of
semi-major axis 1 kpc, that is centred on the centre of the galaxy and
oriented according to the galaxy’s position angle. There is a trend
of steeper power spectra with increasing mean central molecular gas
mass surface density with a Spearman rank correlation coefficient
A = 0.61+0.13

�0.13 and ? = 0.06+0.05
�0.05. Therefore, this trend is statistically

significant for our definition of ? < 0.1. Davis et al. (2022) found
similar correlations between the non-parametric morphological pa-

rameters and ⌃̄H2 , in that galaxies with higher central gas surface
density had a smoother, less sub-structured ISM. A correlation with
⌃̄H2 suggests that the self-gravity of the gas could play an impor-
tant role in setting the structure of (and driving turbulence in) the
ISM. However, naively one would expect the strong self-gravity to
affect the ISM structure in the opposite way, through fragmentation,
from which one would expect an anti-correlation between V and ⌃̄H2 .
Therefore, it is unclear whether self-gravity is the dominant driver of
turbulence in these galaxies. Davis et al. (2022) analysed the stellar-
to-gas Toomre (1964) Q ratio to determine whether the stability of the
system is dominated by the stellar or the gaseous component. They
found that in ⇡75 per cent of galaxies the stability of the gas disc is
dominated by the stellar component, suggesting that the ⌃̄H2 trend is
a secondary correlation with the gravitational potential. However, we
find no trend between the power spectrum slopes and the stellar-to-
gas Q ratios of the galaxies, nor with any other more direct tracers of
the potential, implying that while the mean central gas mass surface
density might weakly depend on the potential, it seems to be the
more relevant quantity for the power spectrum. Another possibility
is that the V correlates with ⌃̄H2 , as a tracer for the turbulent en-
ergy per unit area of gas, which depends on the gas surface density
(e.g. Krumholz et al. 2018). This potentially hints at gravitational
momentum transport or accretion driven turbulence as the drivers of
turbulence in the observed galaxies, explaining the correlation with
⌃̄H2 . However, the differences in the sensitivities of the observations
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Figure 7. Slopes (V) of the power-laws best-fitting the power spectra of the WISDOM galaxies as a function of the galaxies’ mass surface density sensitivities
(⌃gas,thresh, top left), molecular gas fraction ( 5H2 , top right), SFR (bottom left) and average molecular gas mass surface density within the central kpc (⌃̄H2 ,
bottom right). The data points are colour-coded by their central stellar mass surface densities (`⇤). Vertical error bars indicate the 1f uncertainties on the
best-fitting power-law slopes and horizontal error bars show the uncertainty on the respective quantity. The Spearman rank correlation coefficient and p-value for
each correlation are shown in each panel. There only statistically significant correlation is that between power spectrum slope and the average central molecular
gas mass surface density of the observations.

from 1 to 20 per cent. For simplicity we have restricted ourselves
in this study to the analysis of the Gensior et al. (2020) simulations
with a constant initial cold gas-to-stellar mass ratio of 0.05, but the
observed galaxies have a range of gas fractions. Therefore, we in-
vestigate the molecular gas-to-stellar mass ratios of the WISDOM
galaxies in relation to their power spectrum slopes in the top right
of Figure 7. However, as evidenced by the Spearman rank corre-
lation coefficient A = 0.40+0.17

�0.16 with a ? = 0.25+0.21
�0.20, there is no

statistically-significant trend. There is also no secondary trend with
`⇤, in contrast to the prediction from the simulations.

4.1.4 Mean central molecular gas mass surface density

The bottom right panel of Figure 7 shows the power spectrum slopes
of the WISDOM galaxies as a function of their central mean molecu-
lar gas mass surface density, ⌃̄H2 . Following Davis et al. (2022), ⌃̄H2
is the average molecular gas mass surface density within an ellipse of
semi-major axis 1 kpc, that is centred on the centre of the galaxy and
oriented according to the galaxy’s position angle. There is a trend
of steeper power spectra with increasing mean central molecular gas
mass surface density with a Spearman rank correlation coefficient
A = 0.61+0.13

�0.13 and ? = 0.06+0.05
�0.05. Therefore, this trend is statistically

significant for our definition of ? < 0.1. Davis et al. (2022) found
similar correlations between the non-parametric morphological pa-

rameters and ⌃̄H2 , in that galaxies with higher central gas surface
density had a smoother, less sub-structured ISM. A correlation with
⌃̄H2 suggests that the self-gravity of the gas could play an impor-
tant role in setting the structure of (and driving turbulence in) the
ISM. However, naively one would expect the strong self-gravity to
affect the ISM structure in the opposite way, through fragmentation,
from which one would expect an anti-correlation between V and ⌃̄H2 .
Therefore, it is unclear whether self-gravity is the dominant driver of
turbulence in these galaxies. Davis et al. (2022) analysed the stellar-
to-gas Toomre (1964) Q ratio to determine whether the stability of the
system is dominated by the stellar or the gaseous component. They
found that in ⇡75 per cent of galaxies the stability of the gas disc is
dominated by the stellar component, suggesting that the ⌃̄H2 trend is
a secondary correlation with the gravitational potential. However, we
find no trend between the power spectrum slopes and the stellar-to-
gas Q ratios of the galaxies, nor with any other more direct tracers of
the potential, implying that while the mean central gas mass surface
density might weakly depend on the potential, it seems to be the
more relevant quantity for the power spectrum. Another possibility
is that the V correlates with ⌃̄H2 , as a tracer for the turbulent en-
ergy per unit area of gas, which depends on the gas surface density
(e.g. Krumholz et al. 2018). This potentially hints at gravitational
momentum transport or accretion driven turbulence as the drivers of
turbulence in the observed galaxies, explaining the correlation with
⌃̄H2 . However, the differences in the sensitivities of the observations
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Figure 7. Slopes (V) of the power-laws best-fitting the power spectra of the WISDOM galaxies as a function of the galaxies’ mass surface density sensitivities
(⌃gas,thresh, top left), molecular gas fraction ( 5H2 , top right), SFR (bottom left) and average molecular gas mass surface density within the central kpc (⌃̄H2 ,
bottom right). The data points are colour-coded by their central stellar mass surface densities (`⇤). Vertical error bars indicate the 1f uncertainties on the
best-fitting power-law slopes and horizontal error bars show the uncertainty on the respective quantity. The Spearman rank correlation coefficient and p-value for
each correlation are shown in each panel. There only statistically significant correlation is that between power spectrum slope and the average central molecular
gas mass surface density of the observations.

from 1 to 20 per cent. For simplicity we have restricted ourselves
in this study to the analysis of the Gensior et al. (2020) simulations
with a constant initial cold gas-to-stellar mass ratio of 0.05, but the
observed galaxies have a range of gas fractions. Therefore, we in-
vestigate the molecular gas-to-stellar mass ratios of the WISDOM
galaxies in relation to their power spectrum slopes in the top right
of Figure 7. However, as evidenced by the Spearman rank corre-
lation coefficient A = 0.40+0.17

�0.16 with a ? = 0.25+0.21
�0.20, there is no

statistically-significant trend. There is also no secondary trend with
`⇤, in contrast to the prediction from the simulations.

4.1.4 Mean central molecular gas mass surface density

The bottom right panel of Figure 7 shows the power spectrum slopes
of the WISDOM galaxies as a function of their central mean molecu-
lar gas mass surface density, ⌃̄H2 . Following Davis et al. (2022), ⌃̄H2
is the average molecular gas mass surface density within an ellipse of
semi-major axis 1 kpc, that is centred on the centre of the galaxy and
oriented according to the galaxy’s position angle. There is a trend
of steeper power spectra with increasing mean central molecular gas
mass surface density with a Spearman rank correlation coefficient
A = 0.61+0.13

�0.13 and ? = 0.06+0.05
�0.05. Therefore, this trend is statistically

significant for our definition of ? < 0.1. Davis et al. (2022) found
similar correlations between the non-parametric morphological pa-

rameters and ⌃̄H2 , in that galaxies with higher central gas surface
density had a smoother, less sub-structured ISM. A correlation with
⌃̄H2 suggests that the self-gravity of the gas could play an impor-
tant role in setting the structure of (and driving turbulence in) the
ISM. However, naively one would expect the strong self-gravity to
affect the ISM structure in the opposite way, through fragmentation,
from which one would expect an anti-correlation between V and ⌃̄H2 .
Therefore, it is unclear whether self-gravity is the dominant driver of
turbulence in these galaxies. Davis et al. (2022) analysed the stellar-
to-gas Toomre (1964) Q ratio to determine whether the stability of the
system is dominated by the stellar or the gaseous component. They
found that in ⇡75 per cent of galaxies the stability of the gas disc is
dominated by the stellar component, suggesting that the ⌃̄H2 trend is
a secondary correlation with the gravitational potential. However, we
find no trend between the power spectrum slopes and the stellar-to-
gas Q ratios of the galaxies, nor with any other more direct tracers of
the potential, implying that while the mean central gas mass surface
density might weakly depend on the potential, it seems to be the
more relevant quantity for the power spectrum. Another possibility
is that the V correlates with ⌃̄H2 , as a tracer for the turbulent en-
ergy per unit area of gas, which depends on the gas surface density
(e.g. Krumholz et al. 2018). This potentially hints at gravitational
momentum transport or accretion driven turbulence as the drivers of
turbulence in the observed galaxies, explaining the correlation with
⌃̄H2 . However, the differences in the sensitivities of the observations
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➡ Dominant driver of ISM turbulence probably related to gas density
Next strongest predictor for Asymmetry & Smoothness of ISM following µ* (Davis, Gensior+2022) 
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■ Galactic gravitational potential and galactic dynamics 
matter: high shear creates smooth gas discs at the 
centres of spheroids 
■ Low Gini, Asymmetry & Smoothness coefficients (simulations & 

observations) 
■ Strong correlation between power spectrum slope (β) and central 

stellar mass surface density (µ*) confirms suppression of 
fragmentation in spheroid-dominated galaxies (simulations)

■ Observations show no correlation between β and µ* 
■ Could indicate that missing physics in the simulations
■ Scatter around β~2.6-2.7 at high-µ*, consistent with the slopes of 

the simulations could indicate shear-driven incompressible 
turbulence in this regime

■ β correlates with central gas mass surface density 
➡ Dominant driver of ISM turbulence probably related to gas 

density

SUMMARY
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Figure 6. Slopes (V) of the power-laws best-fitting the power spectra of
the simulated (teal) and WISDOM (purple) galaxies as a function of their
central stellar mass surface densities (`⇤). The vertical error bars indicate the
uncertainties on the time-averaged best-fitting power-law slopes (simulations)
or the 1f uncertainties on the best-fitting power-law slopes (observations).

In Figure 6 we overplot the WISDOM galaxies’ best-fitting power
spectrum slopes as a function of their central stellar mass surface
densities on the simulation data. Contrary to the clear trend present in
the simulations, the slopes of the observed galaxies have more scatter
with respect to `⇤. This is a clear departure from the prediction of
the simulations. There is neither a trend of power spectrum slope
with central stellar mass surface density for the whole dataset of
WISDOM galaxies (A = �0.14+0.24

�0.24, ? = 0.55+0.31
�0.34), nor for the sub

sets of spiral galaxies (A = 0.02+0.48
�0.52, ? = 0.57+0.30

�0.39) or ETGs (A =

�0.09+0.33
�0.31, ? = 0.57+0.29

�0.31). The lack of a correlation with `⇤ could
in part stem from the unsuitability of some power spectra to being fit
by a single power-law. Alternatively, the observations might follow
the trend of the simulations (at log(`⇤/M� kpc�2) > 8.75), but the
measurement uncertainties on V and `⇤ as well as potential scatter
from physical effects not included in the simulations could obscure
it. We will discuss the discrepancies between power spectra of the
simulations and WISDOM galaxies in more depth in Section 4.2.
However, before doing so, we wish to investigate whether the power
spectrum slopes of the WISDOM galaxies are correlated with other
quantities.

4 DISCUSSION

4.1 Correlations with the slopes of the WISDOM power
spectra?

In an attempt to identify the driver of turbulence in the WISDOM
galaxies, we have checked for correlations between the power spec-
trum slope and a large number of quantities. Some are observational
(beam size, extent of the fit, lower spatial scale limit of the fit, sensi-
tivity of observations) while others are galaxy properties (gas mass,
mean central molecular gas mass surface density, stellar mass, gas
fraction central gas-to-stellar mass surface density ratio, SFR, spe-
cific SFR, star formation efficiency, Gini, Asymmetry, Smoothness
and the stellar-to-gas Toomre (1964) Q ratio). Table C1 lists all
Spearman rank correlation coefficients and corresponding p-values.
If we define ?  0.1 as being statistically significant, we find a sin-
gle statistically-significant correlation (with mean central molecular
gas mass surface density) for the observations. This statistically-

significant correlation, as well as some other quantities of interest,
are discussed in more detail below. We focus on the observations
here, because the simulations only differ in the underlying stellar po-
tential by construction. They are initialised with the same gas fraction
and the same radial gas extent, all of which only evolve very slightly,
thus resulting in a very narrow range of mean central molecular gas
mass surface densities (see also Figure 4 in Davis et al. 2022). Dif-
ferences in the simulated galaxies’ (s)SFR are driven by changes in
`⇤ (see Figure 15 in Gensior et al. 2020), therefore any trend of the
physical quantities investigated for the observations, if present in the
simulations, will be a result of the correlation with the central stellar
mass surface density discussed in Section 3.1.

4.1.1 Sensitivity of the observations

Koch et al. (2020) highlighted that observational effects can influ-
ence a power spectrum, even on spatial scales larger than the nom-
inal spatial resolution (geometric beam size; see also Körtgen et al.
2021). With sensitivities (⌃gas,thresh) that vary by more than an order
of magnitude across WISDOM galaxies, from 4 (NGC 4501) to 97
M� pc�2 (NGC 6958), it is worth examining whether the sensitivities
of the WISDOM galaxies affect the derived power spectra. The top
left panel of Figure 7 reveals a putative trend between the molecular
gas mass surface density sensitivity of the dataset and the best-fitting
power-law slope of the resultant power spectrum. The power spec-
trum appears to steepen with worsening (i.e. higher surface density)
sensitivity. However, the V � ⌃gas,thresh trend has a Spearman rank
correlation coefficient A = 0.52+0.16

�0.17 and p-value ? = 0.14+0.14
�0.13, so

it is not statistically significant. To nevertheless test if any of our
results are affected by this possible bias, we have performed the ob-
servational analysis again with all zeroth-moment maps clipped to
a molecular gas mass surface density of 70 M� pc�2, to mimic a
uniform sensitivity. It turns out even this crude approximation only
has a negligible effect on the correlation between best-fitting power-
law slope and central stellar mass surface density shown in Figure 6.
Despite this, we advise to be mindful of potential effects when com-
paring the power spectra of a heterogeneous set of observations.

4.1.2 Star formation rate

Star formation is one of the primary drivers of feedback and thus
turbulence (e.g. Mac Low & Klessen 2004; Hennebelle & Falgarone
2012). Here we examine whether there is a correlation between the
power spectrum slopes and the SFRs of the selected WISDOM galax-
ies. With our sample comprising ETGs and spirals, we cover several
decades in SFR, thus expect to have sufficient dynamic range to iden-
tify a correlation, should it exist. However, the bottom left panel of
Figure 7 shows that there is no trend between the power spectrum
slope and the SFR of a galaxy. This is confirmed by a Spearman rank
correlation coefficient of A = 0.35+0.17

�0.16 with ? = 0.31+0.25
�0.23.

4.1.3 Gas fraction

Dynamical suppression has a strong dependence on the gas fractions
of galaxies (Martig et al. 2013; Gensior & Kruĳssen 2021). Addition-
ally, Gensior & Kruĳssen (2021) demonstrated that the morphology
of the circumnuclear gas reservoir can be strongly affected by the
gas-to-stellar mass ratio of the galaxy. At fixed (high) central stel-
lar mass surface density, the smooth circumnuclear region of the
gas disc decreases in extent until finally the entire ISM is porous
and sub-structured for increasing initial cold gas-to-stellar mass ratio
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Figure 7. Slopes (V) of the power-laws best-fitting the power spectra of the WISDOM galaxies as a function of the galaxies’ mass surface density sensitivities
(⌃gas,thresh, top left), molecular gas fraction ( 5H2 , top right), SFR (bottom left) and average molecular gas mass surface density within the central kpc (⌃̄H2 ,
bottom right). The data points are colour-coded by their central stellar mass surface densities (`⇤). Vertical error bars indicate the 1f uncertainties on the
best-fitting power-law slopes and horizontal error bars show the uncertainty on the respective quantity. The Spearman rank correlation coefficient and p-value for
each correlation are shown in each panel. There only statistically significant correlation is that between power spectrum slope and the average central molecular
gas mass surface density of the observations.

from 1 to 20 per cent. For simplicity we have restricted ourselves
in this study to the analysis of the Gensior et al. (2020) simulations
with a constant initial cold gas-to-stellar mass ratio of 0.05, but the
observed galaxies have a range of gas fractions. Therefore, we in-
vestigate the molecular gas-to-stellar mass ratios of the WISDOM
galaxies in relation to their power spectrum slopes in the top right
of Figure 7. However, as evidenced by the Spearman rank corre-
lation coefficient A = 0.40+0.17

�0.16 with a ? = 0.25+0.21
�0.20, there is no

statistically-significant trend. There is also no secondary trend with
`⇤, in contrast to the prediction from the simulations.

4.1.4 Mean central molecular gas mass surface density

The bottom right panel of Figure 7 shows the power spectrum slopes
of the WISDOM galaxies as a function of their central mean molecu-
lar gas mass surface density, ⌃̄H2 . Following Davis et al. (2022), ⌃̄H2
is the average molecular gas mass surface density within an ellipse of
semi-major axis 1 kpc, that is centred on the centre of the galaxy and
oriented according to the galaxy’s position angle. There is a trend
of steeper power spectra with increasing mean central molecular gas
mass surface density with a Spearman rank correlation coefficient
A = 0.61+0.13

�0.13 and ? = 0.06+0.05
�0.05. Therefore, this trend is statistically

significant for our definition of ? < 0.1. Davis et al. (2022) found
similar correlations between the non-parametric morphological pa-

rameters and ⌃̄H2 , in that galaxies with higher central gas surface
density had a smoother, less sub-structured ISM. A correlation with
⌃̄H2 suggests that the self-gravity of the gas could play an impor-
tant role in setting the structure of (and driving turbulence in) the
ISM. However, naively one would expect the strong self-gravity to
affect the ISM structure in the opposite way, through fragmentation,
from which one would expect an anti-correlation between V and ⌃̄H2 .
Therefore, it is unclear whether self-gravity is the dominant driver of
turbulence in these galaxies. Davis et al. (2022) analysed the stellar-
to-gas Toomre (1964) Q ratio to determine whether the stability of the
system is dominated by the stellar or the gaseous component. They
found that in ⇡75 per cent of galaxies the stability of the gas disc is
dominated by the stellar component, suggesting that the ⌃̄H2 trend is
a secondary correlation with the gravitational potential. However, we
find no trend between the power spectrum slopes and the stellar-to-
gas Q ratios of the galaxies, nor with any other more direct tracers of
the potential, implying that while the mean central gas mass surface
density might weakly depend on the potential, it seems to be the
more relevant quantity for the power spectrum. Another possibility
is that the V correlates with ⌃̄H2 , as a tracer for the turbulent en-
ergy per unit area of gas, which depends on the gas surface density
(e.g. Krumholz et al. 2018). This potentially hints at gravitational
momentum transport or accretion driven turbulence as the drivers of
turbulence in the observed galaxies, explaining the correlation with
⌃̄H2 . However, the differences in the sensitivities of the observations
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Figure 7. Slopes (V) of the power-laws best-fitting the power spectra of the WISDOM galaxies as a function of the galaxies’ mass surface density sensitivities
(⌃gas,thresh, top left), molecular gas fraction ( 5H2 , top right), SFR (bottom left) and average molecular gas mass surface density within the central kpc (⌃̄H2 ,
bottom right). The data points are colour-coded by their central stellar mass surface densities (`⇤). Vertical error bars indicate the 1f uncertainties on the
best-fitting power-law slopes and horizontal error bars show the uncertainty on the respective quantity. The Spearman rank correlation coefficient and p-value for
each correlation are shown in each panel. There only statistically significant correlation is that between power spectrum slope and the average central molecular
gas mass surface density of the observations.

from 1 to 20 per cent. For simplicity we have restricted ourselves
in this study to the analysis of the Gensior et al. (2020) simulations
with a constant initial cold gas-to-stellar mass ratio of 0.05, but the
observed galaxies have a range of gas fractions. Therefore, we in-
vestigate the molecular gas-to-stellar mass ratios of the WISDOM
galaxies in relation to their power spectrum slopes in the top right
of Figure 7. However, as evidenced by the Spearman rank corre-
lation coefficient A = 0.40+0.17

�0.16 with a ? = 0.25+0.21
�0.20, there is no

statistically-significant trend. There is also no secondary trend with
`⇤, in contrast to the prediction from the simulations.

4.1.4 Mean central molecular gas mass surface density

The bottom right panel of Figure 7 shows the power spectrum slopes
of the WISDOM galaxies as a function of their central mean molecu-
lar gas mass surface density, ⌃̄H2 . Following Davis et al. (2022), ⌃̄H2
is the average molecular gas mass surface density within an ellipse of
semi-major axis 1 kpc, that is centred on the centre of the galaxy and
oriented according to the galaxy’s position angle. There is a trend
of steeper power spectra with increasing mean central molecular gas
mass surface density with a Spearman rank correlation coefficient
A = 0.61+0.13

�0.13 and ? = 0.06+0.05
�0.05. Therefore, this trend is statistically

significant for our definition of ? < 0.1. Davis et al. (2022) found
similar correlations between the non-parametric morphological pa-

rameters and ⌃̄H2 , in that galaxies with higher central gas surface
density had a smoother, less sub-structured ISM. A correlation with
⌃̄H2 suggests that the self-gravity of the gas could play an impor-
tant role in setting the structure of (and driving turbulence in) the
ISM. However, naively one would expect the strong self-gravity to
affect the ISM structure in the opposite way, through fragmentation,
from which one would expect an anti-correlation between V and ⌃̄H2 .
Therefore, it is unclear whether self-gravity is the dominant driver of
turbulence in these galaxies. Davis et al. (2022) analysed the stellar-
to-gas Toomre (1964) Q ratio to determine whether the stability of the
system is dominated by the stellar or the gaseous component. They
found that in ⇡75 per cent of galaxies the stability of the gas disc is
dominated by the stellar component, suggesting that the ⌃̄H2 trend is
a secondary correlation with the gravitational potential. However, we
find no trend between the power spectrum slopes and the stellar-to-
gas Q ratios of the galaxies, nor with any other more direct tracers of
the potential, implying that while the mean central gas mass surface
density might weakly depend on the potential, it seems to be the
more relevant quantity for the power spectrum. Another possibility
is that the V correlates with ⌃̄H2 , as a tracer for the turbulent en-
ergy per unit area of gas, which depends on the gas surface density
(e.g. Krumholz et al. 2018). This potentially hints at gravitational
momentum transport or accretion driven turbulence as the drivers of
turbulence in the observed galaxies, explaining the correlation with
⌃̄H2 . However, the differences in the sensitivities of the observations
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Figure 7. Slopes (V) of the power-laws best-fitting the power spectra of the WISDOM galaxies as a function of the galaxies’ mass surface density sensitivities
(⌃gas,thresh, top left), molecular gas fraction ( 5H2 , top right), SFR (bottom left) and average molecular gas mass surface density within the central kpc (⌃̄H2 ,
bottom right). The data points are colour-coded by their central stellar mass surface densities (`⇤). Vertical error bars indicate the 1f uncertainties on the
best-fitting power-law slopes and horizontal error bars show the uncertainty on the respective quantity. The Spearman rank correlation coefficient and p-value for
each correlation are shown in each panel. There only statistically significant correlation is that between power spectrum slope and the average central molecular
gas mass surface density of the observations.

from 1 to 20 per cent. For simplicity we have restricted ourselves
in this study to the analysis of the Gensior et al. (2020) simulations
with a constant initial cold gas-to-stellar mass ratio of 0.05, but the
observed galaxies have a range of gas fractions. Therefore, we in-
vestigate the molecular gas-to-stellar mass ratios of the WISDOM
galaxies in relation to their power spectrum slopes in the top right
of Figure 7. However, as evidenced by the Spearman rank corre-
lation coefficient A = 0.40+0.17

�0.16 with a ? = 0.25+0.21
�0.20, there is no

statistically-significant trend. There is also no secondary trend with
`⇤, in contrast to the prediction from the simulations.

4.1.4 Mean central molecular gas mass surface density

The bottom right panel of Figure 7 shows the power spectrum slopes
of the WISDOM galaxies as a function of their central mean molecu-
lar gas mass surface density, ⌃̄H2 . Following Davis et al. (2022), ⌃̄H2
is the average molecular gas mass surface density within an ellipse of
semi-major axis 1 kpc, that is centred on the centre of the galaxy and
oriented according to the galaxy’s position angle. There is a trend
of steeper power spectra with increasing mean central molecular gas
mass surface density with a Spearman rank correlation coefficient
A = 0.61+0.13

�0.13 and ? = 0.06+0.05
�0.05. Therefore, this trend is statistically

significant for our definition of ? < 0.1. Davis et al. (2022) found
similar correlations between the non-parametric morphological pa-

rameters and ⌃̄H2 , in that galaxies with higher central gas surface
density had a smoother, less sub-structured ISM. A correlation with
⌃̄H2 suggests that the self-gravity of the gas could play an impor-
tant role in setting the structure of (and driving turbulence in) the
ISM. However, naively one would expect the strong self-gravity to
affect the ISM structure in the opposite way, through fragmentation,
from which one would expect an anti-correlation between V and ⌃̄H2 .
Therefore, it is unclear whether self-gravity is the dominant driver of
turbulence in these galaxies. Davis et al. (2022) analysed the stellar-
to-gas Toomre (1964) Q ratio to determine whether the stability of the
system is dominated by the stellar or the gaseous component. They
found that in ⇡75 per cent of galaxies the stability of the gas disc is
dominated by the stellar component, suggesting that the ⌃̄H2 trend is
a secondary correlation with the gravitational potential. However, we
find no trend between the power spectrum slopes and the stellar-to-
gas Q ratios of the galaxies, nor with any other more direct tracers of
the potential, implying that while the mean central gas mass surface
density might weakly depend on the potential, it seems to be the
more relevant quantity for the power spectrum. Another possibility
is that the V correlates with ⌃̄H2 , as a tracer for the turbulent en-
ergy per unit area of gas, which depends on the gas surface density
(e.g. Krumholz et al. 2018). This potentially hints at gravitational
momentum transport or accretion driven turbulence as the drivers of
turbulence in the observed galaxies, explaining the correlation with
⌃̄H2 . However, the differences in the sensitivities of the observations
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Figure 7. Integrated intensity maps of 62 of the sample galaxies, plotted at their approximate location in the `⇤-Gini diagram (see Figure 3). The exact position
of each galaxy has be allowed to vary by ⇡5% for display purposes. Each galaxy has been scaled to the same size, and the gas distribution is traced by 10
contours starting at 5% of the peak integrated intensity of each map. This figure demonstrates visually the changes we see in the gas distributions of our galaxies
across this space, from flocculent systems in the top left to smooth discs in the lower-right.

(ii) The gravitational potential and turbulence driven by star for-
mation are important: As (i), but the feedback from the stars that
do form drives turbulence which also plays an important role in
regulating the state of the ISM.

(iii) Star formation feedback dominates: Galaxies with high star
formation e�ciencies experience more feedback per unit gas mass,
driving turbulence and disrupting/blowing holes in the ISM, and
e�ects caused by the gravitational potential are unimportant.

In the next section we attempt to determine which, if any, of
these scenarios is driving the observed correlations between the
ISM morphology and galaxy properties.

5.1.1 Optimal predictors

In order to attempt to distinguish the primary drivers of the ob-
served correlations, and their relative importance, we can make use
of statistical tools to determine which combination of parameters
provides an optimal predictor of non-parametric morphology.

We begin by using the linear regressor in ������-����� (Pe-
dregosa et al. 2011) to fit linear relations between our non-
parametric morphology measures and observations quantities. We
include the following observed parameters, which we believe could
potentially drive the observed correlations (either physically, or
via observational e�ects): stellar mass, e�ective radius, inclina-
tion, SFR, sSFR, SFE, ⌃H2 ,1kpc, M�2, `⇤, ⌃H2 ,1kpc/`⇤, and the

beam size in parsecs and arcseconds. We then quantified the root-
mean squared (RMS) scatter around each relation, to determine
which quantities can be used to predict the morphology of the ISM
most accurately. In each case we found that `⇤ and ⌃H2 ,1kpc are the
quantities that best predict the ISM morphology, resulting in almost
identical RMS scatters.

We then attempt to extend this by using the multivariate linear
regressor (again from ������-�����) which finds the =-dimensional
hyperplane that best fits our observed data using an ordinary least-
squares regression. We describe here regressing the parameters de-
scribed above against the Asymmetry parameter (as it shows the
strongest correlations in many of the figures above and is less af-
fected by bars). The best-fitting relation using all 12 of these pa-
rameters can predict the Asymmetry with an RMS scatter of 0.24.

In order to determine which parameters provide the most diag-
nostic power we make use of ‘Sequential Feature Selection’ (Ferri
et al. 1994) within ������-�����. This algorithm attempts to find
the optimum combination of features to include in a feature subset
using cross-validation. We find that `⇤ is the single feature that can
predict the Asymmetry parameter most strongly, with an RMS scat-
ter of 0.29. If allowed to include a second parameter the algorithm
chooses ⌃H2 ,1kpc (resulting in predictions with an RMS scatter of
0.26). The third important parameter is the SFR, resulting in pre-
dictions with an RMS scatter of 0.25. Adding additional parameters
beyond this point does not substantially improve the prediction. We
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Figure D1. Gas mass surface density power spectra of the three WISDOM galaxies NGC 4501, NGC 4826 and NGC 5806 (solid teal lines, with uncertainties
as shading), plotted with unique spatial scale for ease of comparison. In each panel, the best-fitting single power-law is shown as navy dashed line, the large
scale (small scale) best-fitting broken power-law is shown as a purple solid (dotted) line, the vertical black dashed (purple dotted) line indicates the smallest
spatial scale (break scale) considered for the fit and the legend lists the best-fitting (large scale) power-law slopes with their 1f uncertainty. The inset shows the
centre-masked moment zero map of the galaxy, from which the power spectrum was computed.

galaxies are larger when considering the large scale slopes of the
best-fitting broken power-laws. The large scale slopes are (much)
shallower than the slopes of the best-fitting single power-law for the
simulated galaxies in the same central stellar mass surface density
regime. In contrast to the single power-law lopes, the combination of
best-fitting single and large scale slopes shows a statistically signif-
icant correlation with the surface density sensitivity of the observa-
tions. There are still no trends between the best-fitting slopes and star
formation rate or molecular gas-to-stellar mass fraction. However,
while there still exists a putative trend of increasing power-law slope
with central stellar surface density, it is no longer statistically sig-
nificant (Spearman rank correlation coefficient A = 0.45+0.10

�0.10 with
a p-value ? = 0.16+0.10

�0.10) when considering the large scale slopes
of the best-fitting broken power-laws for NGC 4501, NGC 4826 and
NGC 5806.

This paper has been typeset from a TEX/LATEX file prepared by the author. Figure D2. Slopes (V) of the power-laws best-fitting the power spectra of
the simulated (teal) and WISDOM (purple) galaxies as a function of their
central stellar mass surface densities (`⇤), including the large scale slopes
of the broken power-laws for NGC 4501, NGC 4826 and NGC 5806. The
empty symbols show the result of the best-fitting single power-law to the
aforementioned galaxies. The vertical error bars indicate the uncertainties
on the time-averaged best-fitting power-law slopes (simulations) or the 1f
uncertainties on the best-fitting power-law slopes (observations).
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Figure D2. Slopes (V) of the power-laws best-fitting the power spectra of
the simulated (teal) and WISDOM (purple) galaxies as a function of their
central stellar mass surface densities (`⇤), including the large scale slopes
of the broken power-laws for NGC 4501, NGC 4826 and NGC 5806. The
empty symbols show the result of the best-fitting single power-law to the
aforementioned galaxies. The vertical error bars indicate the uncertainties
on the time-averaged best-fitting power-law slopes (simulations) or the 1f
uncertainties on the best-fitting power-law slopes (observations).
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Figure D3. Slopes (V) of the power-laws best-fitting the power spectra of the WISDOM galaxies as a function of the galaxies’ mass surface density sensitivities
(⌃gas,thresh, top left), molecular gas fraction ( 5H2 , top right), SFR (bottom left) and average molecular gas mass surface density within the central kpc (⌃̄H2 ,
bottom right), including the large scale slopes of the broken power-laws for NGC 4501, NGC 4826 and NGC 5806. The empty grey symbols show the result of
the best-fitting single power-law to the aforementioned galaxies. The data points are colour-coded by their central stellar mass surface densities (`⇤). Vertical
error bars indicate the 1f uncertainties on the best-fitting power-law slopes and horizontal error bars show the uncertainty on the respective quantity. The
Spearman rank correlation coefficient and p-value for each correlation are shown in each panel. There only statistically significant correlation is that between
power spectrum slope and the average central molecular gas mass surface density of the observations.
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