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ABSTRACT

We present the evolution of the star formation dispersion—stellar mass relation (o sgr—M,) in the DEVILS D10 region using new
measurements derived using the PROSPECT spectral energy distribution fitting code. We find that o spr—M, shows the characteristic
‘U-shape’ at intermediate stellar masses from 0.1 < z < 0.7 for a number of metrics, including using the deconvolved intrinsic
dispersion. A physical interpretation of this relation is the combination of stochastic star formation and stellar feedback causing
large scatter at low stellar masses and AGN feedback causing asymmetric scatter at high stellar masses. As such, the shape of this
distribution and its evolution encodes detailed information about the astrophysical processes affecting star formation, feedback
and the lifecycle of galaxies. We find that the stellar mass that the minimum o ggr occurs evolves linearly with redshift, moving
to higher stellar masses with increasing lookback time and traces the turnover in the star-forming sequence. This minimum o ggr
point is also found to occur at a fixed specific star formation rate (sSFR) at all epochs (sSFR ~ 107°® Gyr~!). The physical
interpretation of this is that there exists a maximum sSFR at which galaxies can internally self-regulate on the tight sequence
of star formation. At higher sSFRs, stochastic stellar processes begin to cause galaxies to be pushed both above and below the
star-forming sequence leading to increased SFR dispersion. As the Universe evolves, a higher fraction of galaxies will drop
below this sSFR threshold, causing the dispersion of the low stellar mass end of the star-forming sequence to decrease with
time.

Key words: methods: observational — galaxies: evolution — galaxies: general — galaxies: star formation.

Schreiber et al. 2015; Thorne et al. 2021). The observational linearity

1 INTRODUCTION and low scatter along this relation has been interpreted as evidence

A ubiquitous feature of the star-forming galaxy population is the tight
correlation between the rate at which they are forming new stars (star
formation rate, SFR) and their total baryonic mass currently in stars
(stellar mass, M, ). The SFR—M, relation, commonly referred to as
the star-forming ‘main sequence’ (SFS; Elbaz et al. 2007; Noeske
et al. 2007; Salim et al. 2007; Whitaker et al. 2012; Johnston et al.
2015; Davies et al. 2016) is found to exist for galaxies over a range of
epoch and environments, and has been shown by numerous studies to
remain roughly linear out to the early Universe, but with increasing
normalization as a function of lookback time (e.g. Lee et al. 2015;
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that the majority of star-forming galaxies exist in a self-regulated
equilibrium state (i.e. Daddi et al. 2010; Genzel et al. 2010; Bouché
et al. 2010; Lagos et al. 2011; Davé et al. 2013; Lilly et al. 2013;
Mitchell et al. 2016). In this model, the inflow rate of gas for future
star formation is balanced by the rate at which new stars are formed
and the outflow of gas from feedback events (i.e. supernovae, SNe,
and active galactic nuclei, AGN).

However, within the full distribution of galaxies the relationship
between star formation and stellar mass is not this simplistic.
Galaxies that sit off the tight locus of the SFS are unlikely to fit
within this simple self-regulated model. For example, populations
such as star-bursting sources which lie above the SES, the passive
cloud which sits below the SFS and ‘green valley’ sources which
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sit between the SFS and passive cloud, are all likely undergoing
evolution through the SFR-M, plane, which does not follow this
self-regulated model. Moreover, various studies have found that even
within the SFS galaxies are constantly changing position due to small
starburst/quenching events (i.e. Magdis et al. 2012; Tacchella et al.
2016). This means that while the locus of the SFS remains constant
at a given epoch and evolves smoothly with time, individual galaxies
are constantly moving above and below the SFS locus, resulting
in the observed intrinsic scatter. The SFS also shows a number of
characteristics that suggest this simple self-regulated model make
break down in specific regimes. Many studies have measured the
non-linearity and flattening of the SFS at high stellar masses (e.g.
Rodighiero et al. 2010; Elbaz et al. 2011; Whitaker et al. 2012;
Lee et al. 2015; Katsianis, Tescari & Wyithe 2016; Grootes et al.
2017, 2018; Thorne et al. 2021), and various astrophysical processes
have been invoked that drive the most massive galaxies away from
the linear SFS (e.g. Abramson et al. 2014; Willett et al. 2015;
Erfanianfar et al. 2016; Cook et al. 2020). As such, understanding
the astrophysical origin of galaxies across the full SFR-M, plane
can provide key insights in the evolutionary processes that are diving
galaxy properties.

To first order, the position of a galaxy within this plane is governed
by its star formation history (SFH; Madau, Pozzetti & Dickinson
1998; Kauffmann et al. 2003; Bellstedt et al. 2020), i.e. the rate at
which stars were formed as a function of time, and the availability
of gas for star formation episodes. In turn these properties can be
fundamentally altered by the primary events that occur in a galaxies
life, such as SNe- (Dekel & Silk 1986; Dalla Vecchia & Schaye
2008; Scannapieco et al. 2008) and AGN-feedback (Kauffmann et al.
2004; Fabian 2012), environmental processes such as strangulation,
stripping and starvation (e.g. Giovanelli & Haynes 1985; Moore
et al. 1999; Peng et al. 2010; Cortese et al. 2011; Darvish et al.
2016; Cortese, Catinella & Smith 2021), morphological evolution
(Conselice 2014; Eales et al. 2015), gas accretion events adding new
fuel (Kauffmann et al. 2006; Sancisi et al. 2008; Mitchell et al. 2016),
and mergers (e.g. Bundy et al. 2004, 2009; Baugh 2006; Kartaltepe
et al. 2007; de Ravel et al. 2009; Jogee et al. 2009; Lotz et al. 2011;
Robotham et al. 2014, and see review of Conselice 2014). Combined
it is these events that shape a galaxy’s SFHs and ultimately result
in the distribution within the SFR—-M, plane (Abramson et al. 2016;
Caplar & Tacchella 2019).

One of the key diagnostics in the variation of SFHs that leads
to the distribution of galaxy properties is the dispersion along the
SFR-M, relation (o sgr—M,; Guo et al. 2015; Willett et al. 2015;
Davies et al. 2019a; Katsianis et al. 2019). At a given stellar
mass, this dispersion essentially encodes the variation in galaxy
SFHs — caused by the processes outlined above. Recently, numerous
studies have explored the shape of the ogpr—M, relation, finding
varied observational measurements of the dispersion at a given
stellar mass and redshift (Elbaz et al. 2007; Noeske et al. 2007;
Rodighiero et al. 2010; Whitaker et al. 2012; Guo et al. 2015;
Schreiber et al. 2015; Santini et al. 2017). However, in the local
Universe a consensus picture is arising that the osgr—M, relation
appears to be ‘U-shaped’, with high dispersion at both low and
high stellar masses and a minimum dispersion point at around
logo[M/M*] = 9-10 (Willett et al. 2015; Davies et al. 2019a). In
Davies et al. (2019a), we explored the variation in the measured
osrr—M, relation for different star-forming population selection
techniques and SFR indicators using the Galaxy And Mass Assembly
(GAMA; Driver et al. 2011, 2016; Hopkins et al. 2013; Liske et al.
2015; Baldry et al. 2018) sample. We found that this ‘U-shaped’
o srr—M, relation is ubiquitous irrespective of selection method and

DEVILS: o sgp—M, evolution 4393

SFR indicator, suggesting that this shape is fundamental to the
galaxy population and encodes information about the astrophysical
processes that are driving the position of galaxies in the SFR-M,
plane.

Simulations can also offer further insights into the ospr—M,
relation and the physical processes driving its evolution. Sparre
et al. (2015) use the Illustris simulation (Vogelsberger et al. 2014)
to explore the SFS and at z ~ 0 find a relatively flat o gpr—M,
at 9 < logjo[M,/Mg] < 10.5 and increasing dispersion to higher
masses, roughly consistent with observations. Katsianis et al. (2019)
applied a similar approach to EAGLE (Crain et al. 2015; Schaye
et al. 2015; McAlpine et al. 2016; Matthee & Schaye 2018) and find
a ‘U-shaped’ o spr—M, relation similar to that of Willett et al. (2015).
Conversely, Matthee & Schaye (2018) undertake a similar study
with EAGLE but find a linearly decreasing o spr—M, with stellar
mass. However, it must be noted that both of these studies apply an
SFER cut to their samples, and the overall measurement of o spr—M,
is very sensitive to the exact choice of SFR cut used (Davies et al.
2019a).

Following the work of Davies et al. (2019a), we now expand
of analysis the oggr—M, relation to explore its evolution out to
z ~ 0.8 using the Deep Extragalactic VlIsible Legacy Survey
(DEVILS; Davies et al. 2018). Importantly, DEVILS is designed
as an intermediate 0.3 < z < 1 counterpart to GAMA, using the
same selection, measurement and analysis techniques, allowing us
to draw direct comparisons between galaxy samples over the last
~8 Gyr of universal history. After parametrizing the evolution of the
o srr—M, relation, we then use its changing shape, and the simulation
predictions regarding the astrophysical nature of the various features
of this relation, to suggest a lower stellar mass and/or specific SFR
limit at which self-regulated, main-sequence star formation begins
to give way to stochastic stellar-feedback/star formation at the low
stellar mass end.

2 DATA

2.1 The Deep Extragalactic VIsible Legacy Survey

Briefly, DEVILS is an ongoing spectroscopic survey being under-
taken with the Anglo-Australian Telescope (AAT). The survey aims
to build a high completeness (>85 per cent) sample of ~60 000
galaxies to Y < 21.2mag in three well-studied deep extragalactic
fields: D10 (COSMOS), D02 (ECDEFS), and D03 (XMM-LSS).
This sample will provide the first high completeness sample at
intermediate redshift, allowing for the robust parametrization of
group and pair environments in the distant Universe. The science
goals of the project are varied, from the environmental impact on
galaxy evolution at intermediate redshift, to the evolution of the halo
mass function over the last ~7 billion years. For full details of the
survey science goals, survey design, target selection, photometry and
spectroscopic observations, see Davies et al. (2018, 2021).

The DEVILS regions were specifically chosen to cover areas with
extensive existing and oncoming imaging campaigns to facilitate
broad range of science topics. In this work, we only use the DEVILS
D10 region that represents a sub-region of the Cosmic Evolution
Survey region (COSMOS; Scoville et al. 2007), covering 1.5 deg? of
the UltraVISTA McCracken et al. (2012) field and centred at RA =
150.04, Dec. = 2.22. This field is prioritized for DEVILS early
science as it is the most spectroscopically complete, has the most
extensive multiwavelength coverage of the DEVILS fields, and has
already been processed to derive robust galaxy properties through
spectral energy distribution (SED) fitting, see below.
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Figure 1. The distribution of points in the M, -z plane from DEVILS galaxies
using the sample outlined in Thorne et al. (2021) with boxes over plotted to
define the sample selection used in this work. The dotted vertical lines show
the separation between redshift bins used in our analysis. We split the sample
into five Az = 0.15 bins between 0.1 < z < 0.85. The lower dashed line
displays the g — i colour completeness limit presented in Thorne et al. (2021)
for a rest-frame colour-complete sample as a function of redshift, while the
upper dashed line is this relation plus 2 dex (to exclude the most massive
galaxies that will be undersampled in this relatively small area field). These
lines bound the region used in our polynomial fitting (see Fig. 3).

2.2 Sample selection and fitting ranges

In this work, we utilize the derived galaxy properties and redshifts
for galaxies in the D10 region discussed in Thorne et al. (2021).
Briefly, Thorne et al. (2021) fit galaxies in the D10 region using
the PROSPECT (Robotham et al. 2020) SED fitting code to derive
galaxy properties such as stellar mass, SFR, SFH, and metallicity
from FUV-FIR photometry derived using PROFOUND (Robotham
et al. 2018). They discuss the validity of these measurements and
then perform a detailed analysis of the evolution of the SFR—M*
relation and stellar mass function. As such, we do not go into any
further detail here, but refer the reader to Thorne et al. (2021) for
a detailed description of the values used in this work. We note that
for this paper we use the DEVILS-internal D10-PROSPECT catalogue
DEVILS_D10ProSpectCat_02.02_.2021_v0.3.

In order to explore the evolution of the ospr—M, relation in
DEVILS we first split our sample into five Az = 0.15 redshift bins
between 0.1 < z < 0.85. Below this redshift we use the results from
Davies et al. (2019a) from GAMA, which probes a much larger, and
therefore representative volume (Driver & Robotham 2010), while
above this redshift, it becomes somewhat difficult to parameterize
the shape of the o gpr—M, relation as the Thorne et al. (2021) sample
becomes significantly incomplete to low stellar mass galaxies. These
redshift bins are shown as the dashed vertical lines in Fig. 1.

Following this, we only consider the o sgr—M, relation for a stellar
mass complete sample of galaxies at each redshift bin. To determine
this range, Thorne et al. (2021) calculate the rest-frame g — i colour
completeness limit, M}y, as a function of stellar mass and lookback
time as:

1
log,o(Miim/Mg) = Ztlb + 7.25, 1)
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where 7, is lookback time in Gyrs. This line essentially represents the
lower stellar mass at which the sample is complete to both red-passive
and blue-star-foming galaxies at a given epoch. Fig. 1 displays this as
the lower dashed line. At the upper stellar mass end, the D10 region
will also be incomplete to the most massive systems due to the small
volume probed in the local Universe. To conservatively overcome
this we limit our sample to systems that have log,o(M*/Mg) <
logio(Mim + 2.0). While the 2 dex range here is somewhat arbitrary,
we show in Section 3.1 that this selection bounds the minimum SFR
dispersion point in the o sgr—M, relation. In addition, we find that
removing this upper cut-off does not significantly change any of
the results presented in this paper. In subsequent figures, we will
display the full sample in each redshift bin (i.e. without these stellar
mass completeness cuts imposed) but show the ranges of the stellar
mass complete sample as dashed vertical lines, and only fit our data
between these lines.

Finally, within our analysis we must also decide whether to
parametrize the dispersion in our sample in terms of SFR or specific
star formation rate (sSSFR). This is somewhat a matter of personal
preference, as both quantities are of interest and both can be used
to define the dispersion about the star-forming main sequence. More
broadly, both properties have merits in terms of exploring the galaxy
population and its evolution, and previous studies exploring the
scatter along the main sequence have almost equally split between
the choice of SFR or sSFR. While SFR is a more direct measure of the
current activity within the galaxy and the conversion rate of gas into
stars, the sSFR is more indirectly a measure of the relative growth
rate of galaxies, and the energy input into the system per unit mass.
Largely, this choice here is down to the specific question being asked.
Given that we wish to not only parametrize the measured scatter on
the population but also intrinsic scatter (and associated errors), we
decide to primarily use the metric with the smallest measurement
error. As sSFR contains co-variant errors from both SFR and stellar
mass (which must be combined in quadrature), we will use dispersion
measurements for SFR. However, we note that in our analysis we
do measure the dispersion and reproduce all figures for sSFRs as
well. We find that the results are almost identical in both cases, and
therefore this choice does not affect our conclusions in any way.
Therefore, we only opt to show our dispersion metrics and their
evolution in terms of SFR for the rest of this paper.

3 THE ospr-M, RELATION

‘We next determine the o sgr—M, relation in each of our redshift bins.
‘We note here that in this initial analysis we do not perform any sub-
selection for star-forming/passive systems, but undertake our analysis
for the full galaxy sample. We split the sample at each redshift into
23 Alog9(M,/Mg) = 0.2 bins between 7.2 < logo(M,./Mg) < 12.0.
Then following Davies et al. (2019a), we measure the dispersion of
SFRs in each stellar mass bin using three different metrics.

First, we calculate the standard deviation, here o gp, in log;o(SFR)
in each bin. Secondly, we calculate the interquartile range in each
bin (i.e. making no assumption about the shape of the distribution).
Finally, we also calculate the intrinsic scatter in each bin using
the HYPERFIT (Robotham & Obreschkow 2015) package with full
Markov chain Monte Carlo (MCMC) optimization, assuming a
unimodal, 1D distribution of SFRs. This is achieved by, in each
stellar mass and redshift bin, assigning random x-values to sources
in each bin and fitting for SFR with errors. Errors on each SFR are
taken from Thorne et al. (2021), and for reference the median SFR
error as a function of stellar mass and SFR for our 0.4 < z < 0.55
sample are shown in Fig. Al.

220z Aenigad pz uo Jasn ade)) uie1sap\ 8yl 1o Alsienun Aq y621Z219/26E1/€/60S/21o14B/Seluw/woo dno olwepeoe//:sdny Wwolj papeojumoq


art/stab3145_f1.eps

Dispersion type:
2L 0. Z<O',5 Intrinsic
TE ' O sp
- Interquartile range
@ | ]
o E 1
k. ~aud : 1
T u :
> k=, 1
£ = [F '
b o E
R -
C S
i 3
Tk I
S E | ]
E I 1
- I 1
- I 1
| 1 1
o : !
M —
© Eirm B iy e i L e gt

108 10° 10" 10"
Stellar Mass, Mg

DEVILS: o spp—M, evolution 4395

10'

LR

10°

T T T

107
T

SFR, Mg yr"

107

:I 11 1111 I 1
108 10°
Stellar Mass, Mg

10°

10" 10"

r ol 1

Figure 2. Example of dispersion measurements along the sSFR-M, (left) and SFR-M, (right) relations in a single redshift bin at 0.4 < z < 0.55 using the
D10-PROSPECT sample. We split the distribution into logo[M,] = 0.2 dex bins and measure both the standard deviation (o sp, green lines), interquartile range
(bounded by blue lines), and intrinsic scatter (red lines) at each stellar mass. We highlight that while the distributions appear skewed to have more points above
the o gp, interquartile range and intrinsic scatter values than below, this is due to the fact that many passive systems fall at much lower SFRs/sSFRs than shown
here. The ‘U-shaped’ distribution is visible in all dispersion metrics, with minimum at M* ~ 10'© M. The fitting range displayed in Fig. 1 is shown as the
dashed vertical lines. The dotted horizontal line in the left-hand panel displays the sSFR cut that lies at 1 dex below the main-sequence normalization point
measured at 9<logo[M*/Mg] < 10. This is used in Section 3.2. Note that while there is a cutout to the maximum sSFR derived in the PROSPECT analysis, this

occurs below our stellar mass limit.

This measurement aims to remove the component of the dispersion
that is driven by measurement error — and is therefore most likely to
represent the true astrophysical properties of the o spr—M, relation.
For our measurement errors per source, we take the upper and lower
bound of the SED-derived properties outlined in Thorne et al. (2021)
as a lo error for both SFR and stellar mass.

Fig. 2 displays an example of our three dispersion metrics for a
single epoch at 0.4 < z < 0.55. We overplot the o gp, interquartile
range and intrinsic scatter measurements in each mass bin. The
stellar mass completeness ranges discussed in the previous section
are displayed as the dashed vertical lines. From this figure alone,
it is clear that the ogsgr—M, relation at this epoch displays the
characteristic ‘U-shape’ when considering all dispersion metrics,
with large dispersion at the low stellar mass end, a low dispersion
pinch-point at intermediate stellar masses and a return to larger
dispersion at high stellar masses.

In Fig. 3, we then display the o sgr—M, relation for o gp, interquar-
tile range and intrinsic scatter dispersion metrics as a function of
stellar mass in each of our five redshift bins. We note that each
panel covers a significant redshift range and therefore some of the
observed dispersion could be due to evolution in SFRs across this
range. However, we also repeat our analysis splitting each redshift
range in two and find that our results do not change (but errors are
increased).

Errors on o gp and the interquartile range are calculated in the same
way as Davies et al. (2019a). Briefly, for both metrics we perform a
100 bootstrap resamplings within the upper and lower bounds of the
PROSPECT SED fitting ranges in both stellar mass and SFR, and re-
calculate the dispersion in each resampling. The error then represents
the standard deviation of the dispersions in each resample. This is
intended to take into account the varying measurement error in each

of our SFR indicators as a function of stellar mass. For our o gp error,
we then also include a statistical error calculated as:

\/ 208, (N; — D)7

205ER;

ErrUSFRi ~ R 2)
where i is the index of the stellar mass bin and N is the number of
galaxies in that bin (Rao 1973). We then combine this in quadrature
with the error calculated from our bootstrap resamples. For errors on
the intrinsic scatter, these are directly obtained in HYPERFIT from the
MCMC posterior chains, where we input the 1o errors for both SFR
and stellar mass.

We find that, particularly between our stellar mass completeness
lines (dashed verticals in Fig. 3), the dispersion shows the charac-
teristic ‘U-shape’ for all dispersion metrics, but that this begins to
break down in our highest redshift bin, where either our samples
become too incomplete to parametrize the shape or the ‘U-shape’
of this distribution no longer applies (see discussion in Section 4).
Interestingly, we also find that the ogp metric and interquartile
range metric are largely consistent in dispersion measurement in
the ‘U-shape’ region and at the low mass end, but diverge for high
stellar masses. This is consistent with the proposed origin of the
dispersion along the SFS, in which at the low stellar mass end,
stochastic star formation and stellar feedback is likely to induce
symmetric lognormal scatter about the SFS, as galaxies would be
both enhanced in SFR through starburst events, and suppressed in
SFR through stellar feedback events. In the lognormal regime o sp
and the interquartile range should be similar (interquartile range
~1.350sp), as we observe. However, at the high stellar mass end,
processes that drive galaxies off the SFS (AGN feedback, etc.) are
likely predominantly quenching in nature, and once galaxies fall off

MNRAS 509, 4392-4410 (2022)
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Figure 3. The dispersion along the SFR-M, relation in different redshift bins using both standard deviation (o' sp, green) and interquartile range (blue). Errors
are calculated from 100 bootstrap resamples of the distribution. Dashed vertical lines are the sample ranges described in Fig. 1. We fit the distributions using a
least-squares second-order polynomial regression between the sample limit lines (solid lines). Note o gp and interquartile range agree at the low stellar mass end
but differ at stellar masses above M, > 1019 M. This is indicative of the scatter being a log-normal distribution at low stellar masses (from stochastic SF and
stellar feedback) and asymmetric at high stellar masses (from AGN-feedback), see Davies et al. (2019a). All distributions show the characteristic ‘U-shaped’

distribution between the sample limits.

the sequence they very rarely return (i.e. this is a one-directional non-
stochastic process). As such, this leads to a distribution of SFRs that
is not lognormal in distribution (potentially lognormal with a power-
law tail or bimodal). In this regime osp and interquartile range will
not provide the same dispersion measurement, as seen in Fig. 3 (this
is discussed in more detail in Davies et al. 2019b, as similar results are
seen in GAMA, and further in Section 4). As expected, the intrinsic
scatter shows a much lower dispersion than the other metrics, but
still shows the same ‘U-shape’ within our sample limits at z < 0.7.
We then fit the dispersion values between our sample ranges using
a simple second-order polynomial using a least-squares regression
to parametrize the parabolic ‘U-shape’. These are displayed as the
coloured solid lines in Fig. 3.

3.1 M;

¥ min — the minimum dispersion point and its evolution

To parametrize the evolution of the o spr—M, relation we opt to apply
some relatively simple metrics and not to overcomplicate any analysis
beyond what the data would allow. To this end, we initially simply
trace the evolution of the stellar mass point at which the minimum
dispersion in the o sgr—M, relation occurs, hereafter M;_ . . where
x represents the dispersion metric. The importance of this point to
the astrophysical processes occurring in galaxies will be discussed

in Section 4. We measure this minimum point for all three of our
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dispersion metrics and for both the binned data values directly and
from our second-order polynomial fits.
In Fig. 4, we show the evolution of M;_ . for ogp (green points),
interquartile range (blue points) and intrinsic scatter (red points) for
our second-order polynomial fitted values. We also overplot the z ~
0 GAMA measurements from Davies et al. (2019a). Interestingly, we
find that for all dispersion metrics we find good agreementin M;_ ..
at z < 0.55 and a linearly increasing M;_ . with redshift. This is
also consistent with the point from GAMA at z ~ 0. These metrics
begin to diverge in our 0.55 < z < 0.7 bin and are inconsistent at the

highest redshift bin.

In order to roughly parametrize the evolution of M} . . we fit
the GAMA and DEVILS M, data values with a linear model

osp—min
(green line). This line is parametrized as:

logio[M;_ ;] = 1.94(z) + 8.86. 3)
While the M;__; measurements do appear to plateau or drop in the

highest redshift bin, potentially where our data do not well constrain
the minimum point, our results do suggest that M} _ . does in fact
move to higher stellar masses with redshift/lookback-time, i.e. the
point at which scatter along the SFR—M, relation is smallest occurs
at higher stellar masses with redshift. Lastly, we also overplot the
evolution of the ‘break point” where the star-forming main-sequence
flattens at the high mass end from Thorne et al. (2021), defined there
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Figure 4. Evolution of the minimum dispersion stellar mass point (M}

) with redshift. M

X—min

Redshift

_min 18 presented for our polynomial fits for o gp, interquartile

range and the intrinsic scatter. We also overplot the minimum point for the GAMA sample at z ~ 0.05 from Davies et al. (2019a). For all methods the minimum
dispersion point increases in stellar mass with redshift. We fit the GAMA data point and o sp-fit values to produce the solid green line, which parametrizes the
evolution of the minimum dispersion point with redshift. We also show the M evolution for both the full sample and just z > 0.45 galaxies from Thorne et al.
(2021), respectively. My represents the ‘break point’ where the star-forming main-sequence flattens at the high mass end. We find that the evolution of M is

similar to the evolution of M}_ .., potentially suggesting a common origin.

as M, for both a fit to the full sample, as presented in their work,
and a fit to just the z > 0.45 data (but extrapolated over all epochs),
respectively. We choose to do this as the Thorne et al. (2021) work
shows a discontinuity in the evolution of M at z ~ 0.45, and hence
the two reactions given a probable range for the true evolution of M.
We find that the evolution of M| is similar to the evolution of M;_ . .
potentially suggesting a common origin. The physical interpretation
of these trends will be discussed in Section 4.

Next, we explore the evolution of the shape of the ogpr—M,
relation by plotting the SFR dispersion at three fixed stellar masses:
logg[M,/Mg] = 8.5, 9.5, 11.0 in the left and middle columns
of Fig. 5. These points bound the region of below M} . at all
epochs, close to M;_ . but at a fixed stellar mass, and above the
M;_ ., respectively and describe the evolution of the shape of the
o srr—M, relation. Note that for the logo[M./Mg] = 8.5 points, we
only show results to z ~ 0.5, as beyond this log;o[M,/Mg] = 8.5
falls below our sample completeness limits and therefore suffers
from incompleteness (artificially reducing the dispersion). While
the log;o[M,/Mg] = 11.0 points fall above our upper stellar mass
limits, we still include them here as our upper limit is somewhat
conservative and we wish to compare to previous results, which
explore ogrr at these masses (see below). We then fit the evolution
of the minimum dispersion with a linear relation, including the z ~ 0
GAMA point.

Within Fig. 5, we find that at the lowest stellar masses the
dispersion increases significantly with redshift, suggesting that the
scatter about the low stellar mass main sequence is increasing
with lookback-time (which could potentially be evidence of more
stochastic processes occurring at higher redshift). Next, we find a
slight increase in the minimum dispersion at log;o[M,/Mg] = 9.5,
which matches the evolution at the M;_ . (as expected). Finally, we
find that the dispersion in the highest stellar mass range is increasing
with time. This suggests that the dispersion in the SFR-M, plane in
the most massive galaxies is growing as the Universe evolves. Once

again, the physical interpretation of this will be discussed in more
details in Section 4.

We then also explore evolution of the measured SFR dispersion
value at the M;_ . point for each of our dispersion metrics. The
right column of Fig. 5 shows the dispersion at M} . as a function
of redshift for our intrinsic scatter values (dark red points, top panel),
osp (green points, middle panel) and interquartile range (blue points,
bottom panel). We then fit the evolution of the minimum dispersion
with a linear relation (dark red, green, and blue lines, respectively).
Note that solid lines are fits to the binned data M}_ . points and
the dashed lines are fits to our second-order polynomial M} ..
measurements — however, these are consistent. We find that in all
three cases the dispersion at M;_ . shows a slight increase with
redshift/lookback-time (the solid and dashed dark red, top, green,
middle, and blue, bottom lines all slightly increase with redshift),
i.e. the minimum dispersion along the SFR—M, relation gets larger
with redshift. Once again, the physical interpretation of this will be
discussed in Section 4.

3.2 The o spr—M, relation for just the SFS

Comparing our results with previous measurements of the evolution
of the ogpr, both from observations and simulations, is somewhat
complicated. This is largely due to the fact that the majority of these
studies quote the dispersion along the star-forming sequence only
(excluding passive systems). We opt not to do this in the previous
sections as the methods by which the passive systems are removed
are varied and sometimes disparate, and the choice of this method
can have a strong impact on the measured dispersion at particular
stellar masses (i.e. see Davies et al. 2019b). This coupled with the
fact that these previous works use different SFR indicators, different
methods for determining redshifts and stellar masses, have different
selection limits, makes comparing o ggg measurements fraught with
difficulty. That’s said, we do aim to provide such a comparison here
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Figure 5. Evolution of the dispersion values for four different stellar masses (columns) with redshift using the intrinsic scatter (top row), osp (middle row),

and interquartile range (bottom row). We first show the dispersion at the minimum dispersion point, M.
fit as in Fig. 4. These stellar mass points bound the region of bellow M (logio[M*/Mg] = 8.5), close to M}

—min

9.5) and above M}

X—min

¥
X—min>

for both the data and our second-order polynomial
but at fixed stellar mass (logjo[M*/Mg] =

—min

(log1p[M*/Mg] = 11.0). Finally, we also overplot the values for the GAMA sample at z ~ 0 from Davies et al. (2019a) to the left of the

dashed vertical line. We fit the evolution of the o' sp dispersion at each stellar mass, combining the GAMA and DEVILS results, with a simple linear regression.

in order to roughly place our new measurements within the context
of existing works.

In order to directly compare to these samples, we first must isolate
the star-forming main sequence. To do this, we opt for two simple
methods which are comparable to those is used in many of the
previous studies, first using a simple sSFR cut to exclude the passive
population and second using rest-frame colours to identify blue star-
forming galaxies. At each redshift bin in our sample, for the former
we determine the normalization of the star-forming main-sequence
at 9<logo[M*/My] < 10 in terms of sSFR (hereafter, MSq_;o) and
simply deem all galaxies that have sSFRs of greater than 1 dex below
MSq_j¢ as star forming. While this selection is somewhat arbitrary,
it is largely consistent with many of the previous works (see the
Appendix). An example of this selection line at 0.4 < z < 0.55 is
shown in Fig. 2. Next, we perform a colour selection to isolate the
star-forming population following a similar method to Ilbert et al.
(2015) and using the rest-frame, dust-corrected photometry derived
in the PROSPECT analysis of Thorne et al. (2021). We initially visually
define a dividing line between the star-forming and passive popula-

MNRAS 509, 4392-4410 (2022)

tions in the NUV-r versus stellar mass plane for our z ~ 0 population,
and then apply a similar normalization offset with lookback time as
Ibert et al. (2015), giving a star-forming selection of:

NUV* —r* > 2—0.09(1, —2.21) [M* < 10° Mg]
NUV* —r* > 0.8log,)[M*/Mg] — 5.2 — 0.09(ty, — 2.21)
x [M* > 10° Mg], 4)

where NUV*-r* is the rest-frame, dust-corrected NUV-r colour and
1 is the lookback time in Gyr. The 0.09(#-2.21) scaling factor is
adapted from Ilbert et al. (2015) taking into account the changing
colours of galaxies with redshift. This selection is displayed in Fig. 6
for our 0.4 < z < 0.55 sample. Here, we show our selection plane
in the top panel and points selected as passive and star forming in
the u-r versus stellar mass plane (middle) and sSFR versus stellar
mass (bottom). The bottom panel indicates that this selection is
comparable to the sSFR selection at this epoch, but does not provide
a hard cut in sSFR that could impact the measured dispersion values.
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Using the isolated SFS population, we then repeat our measure-
ments of the osgr—M, relation for each of our dispersion metrics.
Fig. 7 shows the intrinsic scatter for both star-forming population
selections at each redshift. Note that we do not show ogp and
interquartile range dispersions here to reduce complexity. However,
they do show similar trends with stellar mass but with larger
dispersion normalization (as in Fig. 3). From this figure, we see
that (as expected) at low stellar masses the dispersion along the main
sequence is largely the same as our previous results (where the bulk
of the galaxies are not passive), but significantly change at the high
stellar mass end, where a large fraction of the systems are removed
— particularly when using an sSFR cut. We also find that using either
an sSFR or colour selection yields similar results at low/intermediate
stellar masses in shape (with some normalization offset), but differ
slightly at the high stellar mass end. For the colour selection, the ‘U-
shaped’ distribution can still be seen (albeit more weakly), while in
the harsher sSFR-selection this shape is removed in all but the lowest
redshift bin, and the intrinsic scatter declines with stellar mass. This
is consistent with Davies et al. (2019a) for the z ~ 0 population, and
some previous studies (see below and the Appendix), where a linear
sSFR cut largely removes some of the scatter in the high stellar mass
population. However, as the ‘U-shaped’ distribution remains when
using a colour selection of the SFS, it is likely not simply due to
the passive population, but also caused by an increased dispersion
within the main sequence at the high stellar mass end.

We present a detailed comparison to previous observations
(Noeske et al. 2007; Guo, Zheng & Fu 2013; Guo et al. 2015; Ilbert
et al. 2015; Schreiber et al. 2015; Willett et al. 2015; Boogaard
et al. 2018), the EAGLE hydrodynamical simulations (Matthee &
Schaye 2018; Katsianis et al. 2019) and Shark semi-analytic model
(Lagos et al. 2018) in the Appendix, which is summarized in Fig. 8.
However, to give an overview of these comparisons here, in terms
of the previous observational results, we see that the observational
picture is complicated and varied. However, despite the samples
being selected in very different ways and the ogpr—M, relation
measured with varied approaches, our new measurements are largely
consistent with the existing literature. They have the roughly the
same ogp values for high stellar mass galaxies, and largely the same
evolutionary trend. The only exception to this is the log;o[M,/Mg]
= 9.5 point from Guo et al. (2013) at z = 0.7, which is in strong
contention with our new measurements. However, we note that this
measurement is made at a point where the majority of their sample
is undetected in the observational band used to measure their SFRs.

In terms of the EAGLE results, we note that despite using the same
simulation, Matthee & Schaye (2018) and Katsianis et al. (2019)
find distinctly different results, highlighting how the choice of SFS
selection and methodology can strongly affect the measurement of
the osgr—M, relation. However, to first order none of the EAGLE
predictions are in strong contention with our observational trends.
This is particularly true for Matthee & Schaye (2018) who find a
marginally decreasing intrinsic o at all stellar masses and decreasing
intrinsic o with stellar mass, as our observations. The Katsianis et al.
(2019) results are similar for our low and intermediate stellar mass
samples, but they find a much larger intrinsic o for high stellar
mass galaxies. The o measurement for high stellar mass galaxies
is most sensitive to choice of sSFR, and thus is very dependant on
exact methodology, so this is unsurprising. In addition, it is in these
masses that the most tension exists between the results of Matthee &
Schaye (2018) and Katsianis et al. (2019).

For Shark, we can apply the exact same methodology as for
DEVILS (see Appendix B3 and Fig. B1), including the same mea-
surement of intrinsic dispersion and the same sSFR cuts. Exploring
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Figure 7. The same at Fig. 3 but just showing the intrinsic dispersion measurements with a cut of sSSFR > MSg_jo — 1 dex applied (green points) and an
NUV-r colour-selection (violet points) applied, to be directly comparable to previous observations and simulation results, which use similar cuts. We note here
that the dashed vertical lines do not display stellar mass ranges, as in Fig. 3, but reference stellar mass points for comparison. Some of the previous literature
works compare the evolution of the dispersion at a number of fixed stellar mass points. We show these here as vertical purple, black, and red dashed lines at

logio[M./Mg] = 8.5, 9.5, and 11, respectively. The vertical dot—dashed gold line also shows the parametrization of the evolution of M

_min from equation (3).

Visually, this is close to the minimum dispersion point in the colour selected sample for all epochs at z < 0.7.

the evolution of the dispersion at our three stellar mass points
(Fig. 5), we see very little evolution at any stellar mass and the
results differ from both our observational results and EAGLE, in
that even with an sSFR selection the largest SFR dispersion in the
Shark sample occurs at the highest stellar masses. This largely occurs
as using an sSFR cut defined at 1 dex below the SFS still retains a
significant fraction of passive galaxies in the Shark sample. However,
for direct comparison, we do not change the method which we use
for the observational data. We do note, that the Shark dispersion
close to M;_ .. (ie. at logo[M./Mg] = 9.5) lies close to our
measured observational values when an sSFR selection is applied
(black points compared to lowest blue line in the bottom panel
of Fig. 5). We therefore once again highlight that the Shark SFS
minimum dispersion values are close to our observational data, but
the evolution of the shape of the o spr—M, relation is not consistent.
For a much more detailed comparison with these previous results,
please see the Appendix.

3.3 Two SFS populations split at M7 _ . ?

—min *
Following our analysis of the o spr—M, relation it is also informative
to consider the full distribution of the sSFRs across the sSFR—M,
plane, and it is evolution. For this we split our sample at each redshift
into five stellar mass bins, which are defined relative to M* at

X—min

MNRAS 509, 4392-4410 (2022)

a given epoch. Two of these cover regions below M;_ .. one at
M;_ ., and two above M;_ . . In the top panels of Fig. 9, we then
display the distribution of sSFRs in each of these stellar mass ranges,
with each panel showing a different epoch. We also calculate the
standard deviation, skewness, and kurtosis of each distribution (in
logo[sSFR]), given in the legend of each panel. Taking each panel
independently, we see that if we compare the low mass (blue) to
high mass (red) distributions we find that they (i) shift to lower
sSFRs, (ii) become broader, (iii) typically have lower kurtosis, and
(iv) appear more bimodal. This is generally all expected as we see
more red and passive galaxies at higher stellar masses, observed as
an additional population broadening the distribution in the sSFR—
M, plane. We find that the highest kurtosis values occur at M}_ ..
at all epochs, once again indicating that the distribution is most
strongly peaked at the minimum dispersion point. We also find that
the diversity/spread of sSFRs appears to increase with redshift (i.e.
the full spread of galaxy sSFRs is broader), this is consistent with
the o sgr—M, relation increasing with normalization and is indicative
of more turbulent star formation in the earlier Universe.

In the bottom panels of Fig. 9, we then compare the evolution of the
sSFRs distributions at fixed stellar mass with respect to M} . . What
is most striking in these panels is that there is very little evolution in
the distribution of sSFRs for high mass galaxies in terms of median

sSFR, but strong evolution in low stellar mass galaxies. This suggests
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Figure 8. Evolution of the SFR dispersion values at different stellar masses with redshift when an sSFR cut of sSSFR > (MSg_jo — 1 dex) is applied (top row)
and an NUV-r colour cut is applied (bottom). Here, we compare to previous observational measurements (top row) and simulation predictions (bottom row) —
given in the right-hand legend. We opt to display the colour selection with o'sp dispersion in the top row and sSFR selection with intrinsic dispersion in the
bottom row as these most closely match the selections applied in the literature observations and simulations, respectively. We use the same stellar mass points
as Katsianis et al. (2019) to be able to directly compare to the EAGLE predictions. We also overplot the values for the GAMA sample at z ~ 0 from Davies
et al. (2019a) — again to the left of the dashed vertical line. Literature data points are colour coded by the closest match to our three stellar mass bins.

that over the last ~6 Gyr the high mass end of the SFS has evolved
very little in sSFR, while the low mass end evolves considerably.
We reiterate that these stellar mass ranges are defined with respect
to the M .. point. As such, this leads to an intriguing possibility,
is the SFS evolving differently above and below M;_ . ? Thorne
et al. (2021) show that for the DEVILS sample used here there is
a turnover stellar mass in the SFS that increases to higher stellar
masses with lookback time (defined at Mj). As shown in Fig. 4,
this point lies close to M;_ . . and using two different methods for
fitting M, its value bounds M;_ . at all epochs. This, combined
with the indication different evolution of sSFRs above and below
M;_ .., leads to the question of whether M} . (the minimum
dispersion point on the SFS) also traces the break point in the
SFS.

To explore this further, Fig. 10 displays the SES evolution, where
we split the sample above and below the M} _ . point at a given
epoch. For ease of description, we display the SFS both in the
SFR-M, (left) and sSFR-M, (right) planes. To fit these relations
we simply take the median SFR/SSFR as a function of stellar mass
for all SSFR>10"'2M, galaxies and then fit a linear relation to
the median points. Interestingly, this figure shows exactly what was
predicted above. The M} . does in fact appear to trace the break in
the SFS at all epochs. We do also see distinctly different properties
of the SFS either side of M _ . . Below this point the SFS is steep
in terms of SFR (~flat in sSFR) and evolves strongly in both slope
and normalization. However, above M;_ . the SFS is flat in terms
of SFR (slope of 1 in terms of sSFR), does not evolve in slope, and
evolves less strongly in normalization.

In combination, these results suggest that the M;__. point, not
only traces the minimum dispersion point along the SFS, but also

traces the break point in the SFS, where the sequence evolves

differently either side of M;__. . Potentially, this indicates that the

M;_.., point delineates the boundary point between two different
evolutionary mechanisms that are diving star formation changes in

galaxies.

4 TOWARDS A PHYSICAL INTERPRETATION
OF THE ospr-M, RELATION AND ITS
EVOLUTION

In order to form a physical interpretation of our results, we first
summarize the key observational trends discussed in the previous
section:

(1) When no cuts are applied to the DEVILS sample we find
a ‘U-shaped’ osgr—M, with high dispersion at the low and high
stellar mass end, and minimum dispersion point at around 9 <
logo[M*/Mp] < 10. This is true when using either the ogp,
interquartile range or the intrinsic scatter as a measure of dispersion,
and is consistent with GAMA at z ~ 0 (Fig. 3).

(ii) The minimum dispersion point, M;_ . . appears to evolve
~linearly with redshift to z ~ 0.8, increasing in stellar mass. This
is true to z ~ 0.6 using either the data directly, or a second-order
polynomial fit, and for o gp, interquartile range and intrinsic scatter
(Fig. 4).

(iii) When no cuts are applied to the DEVILS sample the dis-
persion at My . increases with redshift from 0 < z < 0.8. This
is true using either the data directly, or a second-order polynomial
fit, and for all dispersion measurements. At low stellar masses the
dispersion increases significantly at 0 < z < 0.5 (beyond this our
sample is incomplete at these masses) and at high stellar masses the
dispersion decreases (Fig. 5).
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Figure 9. The distribution of sSFRs as a function of stellar mass with respect to M;_ . (z) at a given redshift (top panels) and the distribution of sSFRs as a
function of redshift at a given stellar mass, with respect to M

*_min (2) (bottom panels). The standard deviation, skewness, and kurtosis for each distribution is
given in the legend.
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Figure 10. Fits to the median SFS as a function of redshift split at M .
epochs explored, while circles and solid lines show the median and fit below
The M

X—min

X—min

(z) point does appear to trace the break in the SFS at all epochs. Below M

Stellar Mass, Mg

(z) in terms of SFR (left) and sSFR (right). Different coloured lines show the various

(), and squares and dashed lines show the median and fit above M;_ . ().
(z) we find a strong slope in the SFR—M, distribution, but above

—min

M. (2) the SFR-M, is flat (i.e. all galaxies have a fixed SFR irrespective of stellar mass). We also find that below M} _ . (z) we see stronger evolution in

X

both the slope and normalization of the sequence than above M (z). This is true for all but the lowest redshift bin. However, Thorne et al. (2021) show that

—min

at this epoch the DEVILS sample alone does not contain enough high stellar mass galaxies to accurately constrain the break in the SES.

(iv) When we apply an sSFR cut to isolate the SFS the ‘U-shaped’
distribution is largely removed (in all but the lowest redshift bin) and
we find the ogpr decreases with stellar mass. Applying an NUV-r
colour selection (Fig. 6) the ‘U-shape’ is still present but weakened
and has a minimum that is consistent with M;__. for the full sample
(Fig. 7).

(v) For an NUV-r colour selection and o sp we find that the dis-
persion increases with redshift at low stellar masses (log;o[M*/Mg]
= 8.5) and intermediate stellar masses (log;o[M*/Mg] = 9.5) and is
roughly flat with redshift at high stellar masses (log;o[M*/Mg] = 11).
Literature observations only really have measurements at the high
stellar mass end at z > 0, and these are largely consistent with our
measurements at log;o[M,/Mg] = 11, but with small normalization
offsets (Fig. 5 — top panel).

(vi) For an NUV-r colour selection and intrinsic dispersion we find
that osgr marginally decreases or is flat with redshift at all stellar
masses. The EAGLE simulations also find that o sgr decreases with
redshift at all stellar masses, modulo slightly different results from
two different EAGLE studies (Fig. 5 — bottom panel).

(vii) While the Shark semi-analytic model shows similar intrinsic
SFR dispersion values to our DEVILS observations, it does not
show significant evolution in the shape of the ospr—M, relation,
and therefore also M_ . (Figs 4 and 5 — bottom panel).

(viii) If we isolate the SFS above and below the M} . point, we
find that it appears to trace the break in the SFS, and we observe
different evolution of the SFS in these two regimes.

Next, using these observations we propose potential physical
interpretations that could lead to these observational trends. First,
we reiterate the previously proposed physical interpretations of the

‘U-shape’ of the ospgr —M, at z ~ 0 and revisit this interpretation in
the context of our new results.

In this model, the dispersion is high at the low stellar mass end
due to stochastic starbursts and stellar feedback events leading to a
lognormal symmetrical ‘puffing-up’ of the SFS, while at the high
stellar mass end quenching events, such as feedback from AGN,
cause galaxies to drop off the SFS and become passive increasing the
dispersion and making the distribution more asymmetric or bimodal.
Atintermediate stellar masses, galaxies are too massive to be strongly
impacted by stochastic feedback processes and not massive enough
to have grown strong, powerful AGN which can cause galaxy-wide
quenching. As such, they exist in a self-regulated star formation
state where there is a ready supply of star-forming gas and galaxies
grow uniformly. This results in a tight, low-dispersion SFS. It must
be noted here, that this assumption is likely only true for central
galaxies. Satellite galaxies can undergo additional environmental
quenching mechanisms that lead to increased dispersion in the SFR—
M, plane. This dispersion is likely to occur primarily at intermediate
stellar masses, impacting the overall shape of the distribution and
likely removing the ‘U-shaped’ dispersion (i.e. see Davies et al.
2019a). As we still clearly see the ‘U-shape’ in our results here,
and environmental impact potentially removes this shape, this may
suggest that we are not strongly impacted by environment. However,
in this work we choose not to consider the impact of environmental
quenching and/or central/satellite status as these data products do
not currently exist for the DEVILS sample. Instead, we defer further
analysis in this area to subsequent DEVILS papers.

This model for the physical interpretation of the shape of the o gpr—
M, relation is described and justified in detail in Katsianis etal. (2019)
and Davies et al. (2019a). In Katsianis et al. (2019), they show that
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Figure 11. Infographic showing the shape of the physical interpretation of the o sgr—M, relation and its evolution with redshift. The left-hand panel shows the
physical interpretation of the shape of the o srpr—M., relation at a single epoch. In the middle, we show a representation of how the o spr—M, relation evolves with
time and highlight the key observable trends numbered 1-3, see Section 4 for further discussion of this infographic’s key components. On the right, we show
the fits the intrinsic scatter for our DEVILS data at z < 0.55 (taken from Fig. 2) plotted in an identical way to our infographic and showing the same trends.

this model is consistent with EAGLE, as running the simulation with
AGN feedback turned off reduces the dispersion at the high stellar
mass end, while suppressing stellar feedback reduces the scatter at
the low stellar mass end. As such, in our interpretation here we first
start from the premise that these assumptions regarding the physical
origin of the high dispersion at each end of the SES are correct, and
then aim to explain the evolutionary trends we observe in our data.
We note that this physical interpretation is not necessarily the true
astrophysical mechanisms which are occurring, and we will discuss
different potential interpretations and caveats throughout this section.

To start, the left-hand panel of Fig. 11 displays an infographic
of the model described above. The grey line represents a tight,
uniform dispersion main sequence with self-regulated star formation
and ready supply of gas. Adding in stochastic processes that lead to
starburst and (short-duration) quenching events lead to an upturn in
the dispersion at the low mass end (blue line), while adding passive
systems and large-scale AGN quenching leads to an upturn in the
dispersion at the high mass end. In the middle panel of Fig. 11, we
then aim to visually represent the three key observational trends in
our data that we believe to be representative of the astrophysical
processes that are shaping the evolution of o sgr—M,:

(i) Below M;_ .. the dispersion of SFRs seen in galaxies at a
fixed stellar mass increases with redshift. Assuming this dispersion
is produced by stochastic stellar processes, this would suggest that
these processes are more extreme at earlier times and can produce
more significant starburst and/or feedback events at a fixed stellar
mass. This is consistent with our understanding of galaxy evolution
processes, where sSFRs at a fixed stellar mass are larger, gas rich
merger events more prevalent and starbursts more extreme (due to
available gas supply and lower metallicity populations) at earlier
times. As such, galaxies that have low enough stellar mass to be
globally affected by both single starburst/feedback events, will be
significantly driven off the SFS leading to increased dispersion.
However, it must be noted here that this does not provide evidence
for or against stochastic stellar processes being the cause of increased
dispersion at low stellar masses, only that our observations are
consistent with this assumption. The increased scatter could equally
be produced by a larger variation in longer duration SFHs at lower
stellar masses. Exploring this will be the subject of a follow-up paper
(Davies et al., in preparation).

MNRAS 509, 4392-4410 (2022)

(ii) Above My _ . the dispersion of SFRs seenin galaxies at a fixed
stellar mass decreases with redshift. At the high stellar mass end,
this dispersion measurement is largely driven by the (permanently)
quenched population combined with actively quenching galaxies
which produce asymmetric scatter to low SFRs, i.e. there are very
few star-bursting massive galaxies. As the passive population grows
with time, it is unsurprising that the dispersion in SFRs increases
as more and more galaxies fall to below the main sequence. This is
observed for our high mass populations in DEVILS. We cannot, with
our current results, make any statement regarding the origin of the
high stellar mass scatter (i.e. if it is caused by AGN feedback) but
will also explore the distribution of AGN across this plane in Davies
et al. (in preparation) to help elucidate this picture.

(iii) The M;_ ., point moves to larger stellar masses with red-
shift and the dispersion measurement at M; . slightly increases.
From the discussion in point 1, we suggest that the ability of
starburst/feedback events to strongly impact the position of a galaxy
within the SFR-M, plane at a fixed stellar mass increases with
lookback time. The likelihood of these events are largely driven
by two properties, the sSFR (secular starbursts) and gas rich major
mergers. We also know that at a fixed stellar mass, the sSFR
of galaxies increases with lookback time, and the incidence of
major mergers at a fixed stellar mass increases with lookback time.
Following this, itis likely that the stochastic processes leading to large
dispersion in SFRs, can occur in more and more massive galaxies
as we look further back into the early Universe — i.e. the energy
input/output from a system from star formation per unit stellar mass
can get larger with lookback time. This naturally leads to a scenario
with the My . point (the point where stochastic processes can begin
to cause large dispersion) moves to higher stellar masses with redshift
—as seen in our observations.

Following this logic and being speculative, the M;_ . point, and
its evolution can be thought to represent both the minimum stellar
mass where a galaxy is not significantly affected by stellar processes
leading to starburst/quenching, and at earlier times the maximum
stellar mass where a galaxy is not able to be made passive by large-
scale quenching process (i.e. AGN feedback). Therefore, M;_ ..
represents the point in the SFR—M, plane where galaxies exist in a
stable, self-regulated star formation regime — i.e. the balance point
in galaxy feedback processes. As such, it is likely a highly important
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property in understanding the global evolution of galaxies and the
processes by which they move within that SFR—M, plane —eventually
becoming quenched.

Interestingly, the stellar masses at which a galaxy is quenched
by large-scale processes (i.e. AGN feedback) is potentially more
stable in evolution than the point at which star formation processes
can effect a galaxy’s position with respect to the SFS. For example,
the former is driven by AGN feedback, which is correlated with a
galaxy’s black hole mass and therefore bulge mass (via the Mpy—
O ypulge Telation). Within this regime, to first order, the energy
input into the system from AGN leading to quenching is directly
correlated with the stellar mass of the galaxy, and the property
resisting the quenching (i.e. largely gravity to retain star-forming
gas) is also correlated with stellar mass, leading to self-similar
evolution. However, the latter is governed by SFR which, at a fixed
stellar mass, decrease strongly with time. This means that as the
Universe evolves less energy per unit stellar mass is input into
galaxies via star formation processes, reducing the likelihood of
strong starburst/feedback events at a given stellar mass. Thus, the
upturn in the dispersion in SFR at low stellar masses will likely
evolve more strongly than the upturn at the high mass end. This is
seen somewhat in our Fig. 5, but will require further study with larger
samples extending to lower stellar mass limits — i.e. the combination
of AMOST-WAVES-deep (Driver etal. 2019) and deep LSST+Nancy
Grace Roman imaging.

However, following this train of thought, it is useful to explore
how the energy input into the system via star formation per unit
stellar mass (i.e. to first order ~sSFR) evolves in different regimes
along the SFS, now defined relative to the M} _ . point. If the above
postulations are correct, then we may hypothesise that:

(1) The median sSFR of the SFS will evolve strongly with redshift,
decreasing as the Universe grows older. This is well known and
observed in many previous studies, showing the overall decline of
star formation in the Universe as available gas supply becomes more
limited and downsizing occurs. This forms our reference point, with
which to compare to other positions within the plane.

(ii) The median sSFR at M} . point will evolve very little
with redshift. We are arguing here that this point represents a
minimum stellar mass where the energy input into the system from
star formation per unit stellar mass is low enough such that the
galaxy can remain in a self-regulated stable state on the SFS without
stochastic processes driving it either above (starbursts) or below
(quenching events) the sequence — leading to increased dispersion.
As this point may be purely defined by the current SFR and stellar
mass of the galaxy (energy input versus gravity to retain gas), one
might expect the sSFR at this point to be fixed with time, i.e. as
a galaxy grows in stellar mass, it requires more energy input from
star formation to induce stochastic processes that can significantly
move a galaxy in the SFR-M, plane (increasing dispersion). If both
stellar mass and this required energy input increase in a self-similar
fashion, then we may expect sSFRs at M;_ . to remain fixed. This
is a very broad assumption as stellar mass # gravitational potential
(particularly for low mass dwarf galaxies). However, without infor-
mation regarding each galaxy’s dark matter halo, we use it as a
proxy here.

(iii) The median sSFR at above and below M} __ . point to evolve
differently with redshift. As we propose this point to be the transition
between stochastic stellar processes causing large dispersion along
the SFS at the low stellar mass end, and large-scale quenching events
and the passive population causing large dispersion at the high mass
end, we may expect these regimes to evolve differently. Different
astrophysical processes are occurring in these regimes, and therefore
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we may expect sSFRs to also evolve differently. Below M} _ ..
galaxies are evolving rapidly, gas reservoirs are consumed quickly,
and SFRs can change on short time-scales. Above M} _ . galaxies
are likely globally unaffected by individual stellar events, they evolve
slowly unless a catastrophic event (i.e. AGN) causes them to quench
and drop off the SFS. This essentially reiterates what is seen in
Fig. 10. However, care must be taken as environment will likely play
a strong role in governing these processes, and we reiterate that the
environmental impact on the results presented here will be the subject
of a following paper.

In Fig. 12, we test these hypotheses by showing the evolution of
median sSFR for samples selected with respect to M} . . First, we
take the functional form of the predicted evolution of M;_ . from
equation (3) and determine the median sSFR at M} . =+ 0.02dex
at each epoch, shown as the red points. Interestingly, as predicted the
sSFR at M;_ . shows no, or very weak evolution with redshift.
This suggests that M} _ . is essentially tracing a fixed point in
sSFR at all times, i.e. the minimum dispersion along the SES, while
occurring at different stellar masses, always occurs at the same sSFR
at close to sSSFR ~ 107> yr~! (red dashed line). We therefore argue
that galaxies with an sSFR ~ 107>®yr~!, which we now define
as sSFRy i, at all epochs reside in the most stable state on the
tight SFS. We reiterate that they are massive enough to retain a
steady supply of gas for future star formation and do not have SFRs
large enough to impact their position relative to the SFS through
starburst event, while they are not yet massive enough to have
formed a powerful AGN that can lead to galaxy-wide quenching.
At lower stellar masses, stochastic stellar processes cause galaxies to
evolve rapidly producing larger SFR dispersions and the most rapid
evolution in sSFRs (blue points/lines in Fig. 12). At higher stellar
masses, galaxies are in a relatively stable state until catastrophic
quenching events drive them off the SFS. As such, median sSFRs
(and SFR dispersions) are also relatively flat with time. Fig. 12
therefore also shows that the SFS above M;_ . is evolving more
slowly than below M;_ . (i.e. the slope of the SFS is changing). As
well as corroborating the findings of Fig. 10, this is also consistent
with the results outlined in Thorne et al. (2021) who find show that
the slope of the low stellar mass end of the SFS is evolving more
rapidly than the high stellar mass end.

Finally, based on our hypothesis and results, we suggest that
SSFR_min represents a fundamental property of galaxies at all epochs.
It is the maximum sSFR at which a galaxy can remain in a steady
state on the tight star-forming main sequence. If sSSFRs are larger than
SSFR_min, stochastic stellar processes can push galaxies both above
and below the tight sequence leading to increased SFR dispersion.
As the Universe evolves the sSFR of all galaxies decreases. As such,
another intriguing potential consequence of fixed sSFRy i, point
is that with time, a larger fraction of galaxies will drop below the
SSFR_min point. This not only causes M;_ . tomove to lower stellar
masses (due to the slope of the sSSFR-M, relation) but also predicts
that the low stellar mass end of the SFS should become tighter with
time as more and more galaxies at lower and lower stellar masses
are not strongly impacted by stochastic stellar processes. This is
somewhat observed in our Figs 3, 5, and 9, as the dispersion at
low stellar masses decreases with time — adding weight to this idea.
Following this, it is also likely that the osgr—M, relation should
become more broadly ‘U-shaped’ and less ‘V-shaped’ with time,
as more of the low scatter plateau of self-regulated star formation
is revealed when M;_ . moves to lower and lower stellar masses.
This is not currently observed in our DEVILS data. However, it
is worth noting that the ospr—M, relation observed for GAMA
at z ~ 0 from Davies et al. (2019a) does have a much broader
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Figure 12. Evolution of median sSFRs for three different stellar mass ranges defined with respect to M;_
M_ i, from equation (3), blue and green points show the median sSFR below and above M;_ . . respectively. We find that sSFRs for
point and high stellar mass end evolve weakly or not at all. This suggests that M’
076 yr~! — red dashed line).

predicted evolution of
the low stellar mass end evolve strongly, while sSFRs at the M ¥ min
occur at a fixed sSFR at all epochs (SSFRx_min ~ 1

low-dispersion plateau than our results at higher redshifts. Despite
this, further samples extending to lower stellar masses in the local
Universe will be required to fully map the local o sgr—M, relation
and its late-time evolution i.e. from 4MOST-WAVES-wide (Driver
et al. 2019). Further, this potentially means that at some point in
our Universal future, as sSFRs continue to fall, all galaxies will sit
below the sSFRy ., point. At this time, all star-forming galaxies
will lie on a very tight, low-dispersion SFS until their gas supply
is expended and they asymmetrically fall into the passive regime,
i.e. our Universal history is tending to a state where stochastic stellar
processes are becoming less and less important in terms of the overall
evolution of galaxies.

In combination, our results and speculative interpretations all
suggest that the shape of the o sgr—M, relation, and importantly the
M;_ ., and sSFR, ., points, are incredibly important diagnostics
of the galaxy population and encode detailed information regarding
the astrophysical processes with drive the position of galaxies in the
SFR-M, plane. As such, these metrics require further study with
larger/deeper samples, and an exploration of how they vary with
other galaxy properties such as AGN fraction, morphology/structure,
larger scale environment and merger events. Following this, it is also
interesting to consider why galaxies reside in high-dispersion region
of this plane by exploring their short- and long-duration SFH (i.e.
Bellstedt et al. 2020; Throne et al., in preparation) and/or likely
evolutionary path. Each of these will be the subject of further papers
using the DEVILS sample.

5 CONCLUSIONS

In this work, we have explored the SFR dispersion as a function
of stellar mass across the SFR-M, plane (osgr—M,) at a number
of epochs using the PROSPECT SED fitting analysis to DEVILS
galaxies. We find that dispersion follows a characteristic ‘U-shape’
at all epochs, with high SFR dispersion at both low and high stellar
masses and a minimum SFR dispersion point between (Fig. 3). We

define this minimum SFR dispersion point as M;_ . and show
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that it evolves with redshift, moving to higher stellar masses with
increasing lookback time (Fig. 4), and the absolute SFR dispersion
value at M . increases to earlier times (Fig. 5). We also show
that the shape of the ogggr —M, relation evolves with time with the
SFR dispersion decreasing rapidly at low stellar masses (galaxies are
reducing in stochasticity or the diversity in SFHs is decreasing) but
increasing for high stellar mass galaxies (more massive galaxies are
becoming passive with time), shown in Fig. 5.

We then apply both colour and sSFR cuts to our sample to compare
to existing observations and simulation (which apply similar cuts),
and find roughly broad agreement with previous work (Fig. 8) —
with the caveat of these results being largely dependant on the
methodology used. Following this we explore the full distribution
of sSFRs as a function of stellar mass, defined relative to M;_ .
(Fig. 9) and find that the distribution of sSFRs evolves different
above and below M} .. with strong evolution at the low stellar
mass end, and little evolution above M;_ . . Exploring this further
we showed that M__. does appear to trace the turnover point in the
star-forming sequence (Fig. 10), potentially indicating that it traces
the boundary between two different evolutionary regimes.

We place our new observational results in the context of existing
astrophysical interpretations of the origin of the shape of the o ggr—
M, relation, that the low mass scatter is caused by stochastic SF
process, while the high mass scatter is caused by AGN feedback,
and show that they are at least consistent with this interpretation.
However, we caveat that they do not rule out many other interpre-
tations such at long-duration SFH variation, environmental impacts,
morphology/structure variations across the plane, etc. These will all
be discussed in future papers using the DEVILS sample, and hence
we do not discuss them further here.

Finally, we highlight that as the M}_ . point occurs at a roughly
fixed sSFR at all epochs and traces the turnover point in the SFS, it is
likely to be a key parameter in our understanding of galaxy evolution
processes and potentially delineates the boundary between different
evolutionary mechanisms (whatever they ultimately turn out to be).
As such, an investigation into the relationship between the evolution
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of M7 .. and other galaxy properties will likely yield significant
insights into the galaxy evolution process. These investigations will
form the basis of a series of papers exploring M within the

X—min
DEVILS sample.
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APPENDIX A: EXAMPLE SFR ERROR
DISTRIBUTION

In order to aid in understanding of the significance of our results, in
Fig. A1 we show the median SFR errors from the PROSPECT analysis
of Thorne et al. (2021) as a function of stellar mass and SFR in
our 0.4 < z < 0.55 sample. We find errors of <0.2 dex for the SFR
population at all stellar masses.
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Figure Al. The typical median SFR error from the PROSPECT analysis of
Thorne et al. (2021) as a function of stellar mass and SFR for our 0.4 < z <
0.55 sample. Errors along the SFS are <(.2 dex at all stellar masses.
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APPENDIX B: DETAILED COMPARISON TO
PREVIOUS WORK

First, in order to compare our results to previous results exploring
the dispersion along the SFS, we measure the dispersion for both
our sSFR cut and colour cut samples described in Section 3.2 at
the three stellar mass points (logo[M,/Mg] = 8.5, 9.5, 11.0). These
mass points match the EAGLE work of Katsianis et al. (2019), and
others. Fig. 5 shows the evolution of dispersion of the SFS in these
three stellar mass bins as the filled purple, black, and red symbols,
respectively. Here in the top panel, we show ogp dispersion metric
using our NUV-r colour cuts, while in the bottom panel we display the
intrinsic dispersion measurements using the sSFR cut. This choice
is to best compare to previous observations (top) and simulations
(bottom), which largely use similar selection criteria (see following
subsections). We then fit a linear relation to each of the points with
the solid lines in the corresponding colour.

In the top panel of Fig. 5, for ogp and colour cuts, we find
strong evolution in the low (logo[M*/My] = 8.5) and intermediate
(logo[M*/Mg] = 9.5) stellar mass bins, with the dispersion increas-
ing with redshift. While in our highest stellar mass bin (log;o[M*/Mg]
= 11) we find that the dispersion is largely constant at around 0.4—
0.5 dex. In the bottom panel for intrinsic scatter and sSFR cuts, we
find a declining or constant dispersion at all stellar masses, ranging
from 0.45 to 0.15 dex. However, we must also caveat again that these
relations are largely dependant on the choice of selection used to
isolate the SFS population, and are purely used here to compare to
previous results that apply similar selections.

B1 Comparison to previous observations

Numerous observational studies have measured the dispersion of the
SES at various epochs and over a range of different stellar mass scales.
Here, we compile these results and match to the most appropriate
stellar mass point in Fig. 5 for comparison. However, it is worth
noting that the majority of these studies only probe the high mass
end of the o gpr—M, relation, above the M;_ . point. This means
that they are only directly comparable to our log;o[M,/Mg] = 11
measurements and are also in the region of the SFR—M, plane where
the measurement of the dispersion is most sensitive to the choice
of passive/star-forming selection. That said, it is still informative to
compare our new measurements to these previous results.

First, Noeske et al. (2007) use the All-Wavelength Extended
Groth Strip International Survey (AEGIS) with Keck/DEEP2 spectra
to measure the SFS from 0.2 < z < 1.1 at logo[M,/Mg] >10.
They measure the SFR dispersion about the main sequence to be a
constant ~0.3 dex at all epochs, assuming a lognormal distribution.
They determine SFRs using a combination of the DEEP2 emission
lines, GALEX UV photometry and Spitzer 24 um emission, and
select star-forming galaxies based on U-B colours. Stellar masses
are derived from SED fits. In Fig. 5, we display the Noeske et al.
(2007) values as red crosses as they are most directly comparable
to the high stellar mass end of our sample. These points lie close
(with small normalization offset) to our measured values, which at
logio[M,/Mg] = 11 and for our colour selected sample show a flat
~0.4 dex dispersion at 0 < z < 0.8

Next, Guo et al. (2013) use the COSMOS data and publicly
available photometric redshifts to measure the dispersion of the
SES at 0.6 < z < 0.8. They also determine sSFRs using the
UV+24 um measurements from the COSMOS photometric sample,
and stellar masses using a simple scaling from rest-frame K-
band emission. Star-forming galaxies are selected using a U, V, K
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colour-magnitude diagram. They measure the dispersion at a sin-
gle epoch but within four Astellar mass bins between 9.5 <
logo[M*/Mg] < 11.5, finding an sSFR dispersion of 0.18, 0.21,
0.26, 0.31 dex, respectively. In Fig. 5, we display the Guo et al. (2013)
results for the 9.5 < log;o[M*/Mg] < 10.0 and 11.0 < log;o[M*/Mg]
< 11.5 bins in comparison to our intermediate and high stellar mass
points, the open black and red circles at z = 0.7. The high stellar mass
scatter point is consistent with the results of Noeske et al. (2007),
but at a lower normalization than our point at that redshift. However,
the 9.5 < logo[M*/Mg] < 10.0 point lies well below our current
measurement. Importantly, at that point in the Guo et al. (2013)
sample, the sample is dominated by objects not detected at 24 um
and as such, the sample may be incomplete at the low SFR end —
leading to a decrease in measured dispersion.

Following this, Guo et al. (2015) further measured the dispersion
along the main sequence for z ~ 0 galaxies using a sample derived
from SDSS. Here, they measure SFRs using a combination of H-o
emission and WISE 24 pm photometry. The star-forming population
is selected using an sSFR cut and dispersion measured for both the
full population and disc galaxies only (using a number of different
morphological selections). They measure the dispersion to have a
minimum point close to logio[M./Mg] = 9.0, comparable to the
results from Davies et al. (2019b), and a minimum scatter of 0.4 and
0.51dex at log;o[M./My] = 9.5 and 11.5, respectively. In Fig. 5,
we display these results as the open upward-facing triangles close to
z =0, and find that they are largely consistent with our evolutionary
trends (and roughly consistent with the GAMA z ~ 0 points).

Ilbert et al. (2015) also explore the evolution of the mass-sSFR
plane from z = 1.4 to the present day using the COSMOS/GOODS
samples. They primarily select galaxies based on 24 um emission,
and determine SFRs using MIR+FIR photometry. Stellar masses are
estimated using the Le Phare SED fitting code and star-forming
galaxies selected using rest-frame colour. They measure oys at
a number of epochs and for a number of stellar mass bins at
logio[M,/Mg] > 10. Here, we use their 10.5 < log;o[M*/Mg] <
11.0 stellar mass bin to compare to our results, which is shown as
the red crosses in Fig. 5. These display a measured dispersion that
is comparable to ours and no evolution with redshift, also consistent
with our findings at this stellar mass range.

Schreiber et al. (2015) use the GOODS-Herschel and CANDELS-
Herschel key programs to explore the growth of galaxies from z =
4 to the present day. The derive SFRs from the UV+FIR and stellar
masses from SED fitting. Star-forming galaxies are selected using
rest-frame colours. They measure the SFS dispersion at a number of
epochs and for a number of stellar mass bins at logo[M,/Mg] > 9.5.
In Fig. 5, we display their log;o[M,./Mg] = 9.5 and logo[M,./Mg]
= 11 measurements at z = 0.5 (the only ones that overlap with our
sample) as the open back and red diamonds, respectively. Schreiber
et al. (2015) find a largely consistent dispersion value at all stellar
masses, which is roughly consistent with our measurements at the
same epoch — 0.35 dex compared to ~0.4 dex.

More locally, Willett et al. (2015) use the Galaxy Zoo sample to
measure the o sgr—M, relation at z < 0.085 for different morpholog-
ically selected disc populations from 8.5 < logo[M*/My] < 11.5.
They use SFRs and stellar masses from the SDSS sample, and select
disc galaxies based on the Galaxy Zoo classifications. They also find
the ‘U-shape’ distribution of the ospr— M, relation. Here, we use
their values at each of our mass bins and display them in Fig. 5 as
open downward facing triangles at z ~ 0. At all masses these points
are largely consistent with our trends. However, they do find that
the smallest scatter is in the log;o[M,./Mg] = 11 bin (the up-turn in
dispersion in their sample occurs at higher stellar masses than ours).
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Finally, Boogaard et al. (2018) use the MUSE Hubble Ultra Deep
Field Survey to measure the evolution of the SFR—M, relation to z =
1. Stellar masses are derived from SED fitting and SFR from MUSE
spectral lines. They measure the SFR dispersion to be constant at 0.44
for all redshifts and stellar masses. As such, we simply display this in
Fig. 5 as the horizontal dashed gold line. This value sits between all
of our stellar mass bins and is therefore consistent with the median
at all stellar masses.

From this comparison, we can see that the observation picture is
complicated and varied. However, despite the samples being selected
in very different ways and the o spr—M, relation measured with varied
approaches, our new measurements are largely consistent with the
existing literature. The only exception to this is the logo[M./Mg] =
9.5 point from Guo et al. (2013) at z = 0.5, which is in strong con-
tention with our new measurements. However, we note again that this
measurement is made at a point where the majority of their sample
is undetected in the observational band used to measure their SFRs.

B2 Comparison to EAGLE hydrodynamical simulations

Recently, various simulation suites have also been used to es-
timate the evolution of the ogrr—M, relation. First, Matthee &
Schaye (2018) use Evolution and Assembly of GaLaxies and their
Environments (EAGLE; Schaye et al. 2010; Crain et al. 2015)
hydrodynamical simulations to measure the evolution of o for
sSFR > 107! yr~! galaxies at 9 < log;o[M*/My] < 11 and find a
dispersion that decreases roughly linearly with stellar mass (as in our
sample for a similar sSFR cut, see Fig. 7), but that declines relatively
uniformly at all stellar masses out to z = 1. In the bottom panel
of Fig. 5, we display the Matthee & Schaye (2018) evolution of the
dispersion along the SFS (taken from their fig. 3) in each of our stellar
mass bins as the short dashed lines. We note that these lines display
the intrinsic dispersion measurements not including measurement
error, and hence we compare to our intrinsic values (filled points and
linearly fit with the solid lines). Overall, we find very similar trends to
Matthee & Schaye (2018) in our sample which is selected in a similar
manner. We find a decreasing or flat evolution of the dispersion at
all stellar masses for our intrinsic dispersion and absolute dispersion
values that lie close to the Matthee & Schaye (2018) lines. We also
both find the largest dispersion in the low stellar mass bin and smallest
dispersion in the high stellar mass bin. For z = 0, Matthee & Schaye
(2018) also display their values including a SDSS-like measurement
error, which we show in the bottom panel of Fig. 5 as open triangles.
These points are also loosely consistent with our observed trends.
Following this, Katsianis et al. (2019) also used EAGLE to explore
the evolution of o spr—M,, using a similar sSFR selection to Matthee
& Schaye (2018), but find somewhat different results. While Matthee
& Schaye (2018) determine that ospg decreases with stellar mass,
Katsianis et al. (2019) recover the ‘U-shaped’ distribution of o sgr—
M, at a range of epochs but with a decreasing normalization with
redshift. Interestingly, their sSFR cut does not remove the large
scatter at the high stellar mass end as we see in our sample (and in
Matthee & Schaye 2018). Most importantly, Katsianis et al. (2019)
find the smallest dispersion at intermediate stellar masses, close to
our M;_ . points. While this is also true for our samples with no
cuts applied and with our colour selections, it is not for an sSFR cut
(as applied in Katsianis et al. 2019). However, we caution once again
here that the choice of sSFR cut applied can have strong impact on
the measured dispersion values, especially at the high stellar mass
end. The evolution of oggr presented by Katsianis et al. (2019)
is shown in the bottom panel of Fig. 5 as the long dashed lines.
Despite the statements above the intrinsic scatter values presented

MNRAS 509, 4392-4410 (2022)

220z Aieniga 'z uo Jasn ade) uiaissp) oyl 10 Alsianiun Aq $6Z1219/Z6EY/S/60S/3101e/Seluw/wod dno olwapeoe//:sdiy Wwolj papeojumo(]



4410 L. J. M. Davies et al.

cq_ bbb | N TR X R 3 !' b | R B § bR 3 LS 2 S %
I 0.1<z<0.25 - 0.25<z<0.4
~ E Ay
o ; %

i LN

0.6
T
o

0.4<z<0.55

T

—fr
i
T |
= i
2 i
e 1
i i g
o, i
o ] 1 7’ v
<] i r X, i ;+ J
o H T [} . { \h' o
gaf ! % N | ,'* - A 4 + ]
z i i / i} i
:JIJ- o B i I L) E.’r _:j "* i ]
Q2 x 1 %
2] V 1 ‘? b
o i I i r h
w o[ i I F S ]
£° i 1 i
E i 1 i
ol I T 1
C’.- i n PR | ; n 4l " n lllllll__l\lljl I b n ;Ill\lll n n 1|1|ul-_||ul + PR | n bt - + + ||||ul-
S bt -+ it ]
& = DEVLS T ; r
= 0.55<z<0.7 Shark b 0.7<z<0.85 i
s --- fitting ranges [ i
oSl = Mymn(2) T i .
=° i 1 i F
i i T i
L oL i [ i [
b Ry N
=J T b f ¥ L
2, [fe) A *+ }’*' J / i
€S sk B b st S - T i 5
2 A '+"+ i _I’\‘.-—#-*-kj i
& / i pad !
ast / _ P B
a / i v i Y ]
o ¥ : T P4 ! — 0.10<2<0.25
2ol s ! L ; ] --- 0.25<z<0.40]
= i Iy S 0.40<z<0.55
= i T/ i == 0.55<z<0.70
o 14 i —— 0.70<2<0.85]
O Liaal TR | PRI PRI B ST | il | PRI IF ST | PR | . ‘....‘lm ey N |{
10° 10° 10" 10" 10° 10" 10" 10° 10° 10 10

Stellar Mass, Mg

Stellar Mass, Mg

Stellar Mass, Mg

Figure B1. Comparison between the intrinsic o spr—M, relation and its evolution from our DEVILS observations (dark red) and Shark semi-analytic model
(orange), similar to Fig. 3. We display this comparison for each of our redshift bins and all redshifts in the same panel (bottom right). We also display the

¥
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predicted evolution of M.
by Katsianis et al. (2019) and overall trends are largely consistent
with our observations, modulo a normalization offset in the highest
stellar mass bin.

In summary, the Matthee & Schaye (2018) and Katsianis et al.
(2019) work highlight how the choice of SFS selection and method-
ology can strongly affect the measurement of the o sgr—M, relation
(they use the same simulations, but get different results), but to first
order none of the EAGLE predictions are in strong contention with
our observational trends.

B3 Comparison to Shark semi-analytic simulations

Lastly, we also compare to the Shark semi-analytic model (Lagos
et al. 2018). In comparing to Shark, we have much more flexibility
in directly comparing our observational results to the simulation
as within the DEVILS team we have developed bespoke DEVILS-
specific light-cones from the Shark simulation suite (Bravo et al.,
in preparation). These have the same sample selection and source
distributions as the DEVILS sample and therefore can be directly
compared. As such, we apply an identical sample selection and
analysis procedure for measuring the ogpr—M, relation as in our
DEVILS sample (as described earlier in this work). We measure
the intrinsic scatter in the Shark-simulated population in each of
our redshift windows as a function of stellar mass for the full
population and identical sSFR selection as our observational data
(1 dex below the Shark SFS cut), and then also determine M} .,
and the intrinsic dispersion at M;_ . and log;o[M./Mp] =8.5,9.5,
11.0. Fig. B1 shows an example of the Shark intrinsic o spr—M,
relation in comparison to our DEVILS measurements.
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from equation (3) as the dashed vertical gold line.

We find that while the Shark ogpr—M, does broadly show the
characteristic ‘U-shape’ at all epochs (as reported for z ~ 0 in Davies
et al. 2019a), and has similar minimum intrinsic dispersion values
as our DEVILS observations (at ~0.4 dex), we find two interesting
differences to our observations. First, the o sgr—M, relation has a
larger flat low dispersion plateaux, and in fact shows consistent
~0.4 dex dispersion between 8 < log;o[M*/Mg] < 10. Secondly, the
Shark relation shows very little evolution with redshift in comparison
to DEVILS (see bottom right panel of B1).

Next, we also include lines from the Shark sSFR-selected SFS
dispersion on the bottom panel of Fig. 5 as the solid blue lines.
These also show very little evolution at any stellar mass and differ
to both our observational results and EAGLE, in that even with
an sSFR selection the largest SFR dispersion in the Shark sample
occurs at the highest stellar masses. This largely occurs as using an
sSFR cut defined at 1dex below the SES still retains a significant
fraction of passive galaxies in the Shark sample. However, for direct
comparison, we do not change the method which we use for the
observational data.

We do note, as above, that the Shark dispersion close to My _ ..
(i.e. atlogo[M*/Mg] = 9.5) lies close to our measured observational
values when an sSFR selection is applied (black points compared to
lowest blue line in the bottom panel of Fig. 5). We therefore once
again highlight that the Shark SFS minimum dispersion values are
close to our observational data, but the evolution of the shape of the
o spr—M, relation is not consistent.

This paper has been typeset from a TeX/I&TEX file prepared by the author.
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