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ABSTRACT

We use comparisons between the SAMI Galaxy Survey and equilibrium galaxy models to infer the importance of disc fading
in the transition of spirals into lenticular (SO) galaxies. The local SO population has both higher photometric concentration and
lower stellar spin than spiral galaxies of comparable mass and we test whether this separation can be accounted for by passiv
aging alone. We construct a suite of dynamically self consistent galaxy models, with a bulge, disc and halo using the GalactiICS
code. The dispersion-dominated bulge is given a uniformly old stellar population, while the disc is given a current star formation
rate putting it on the main sequence, followed by sudden instantaneous quenching. We then generate mock obsearables (
images, stellar velocity and dispersion maps) as a function of time since quenching for a range of bulgejtptakss ratios.

The disc fading leads to a decline in measured spin as the bulge contribution becomes more dominant, and also leads to increase
concentration. However, the quantitative changes observed after 5 Gyr of disc fading cannot account for all of the observed
di erence. We see similar results if we instead subdivide our SAMI Galaxy Survey sample by star formation (relative to the main
sequence). We use EAGLE simulations to also take into account progenitor bias, using size evolution to infer quenching time.
The EAGLE simulations suggest that the progenitors of current passive galaxies typically have slightly higher spin than present
day star-forming disc galaxies of the same mass. As a result, progenitor bias moves the data further from the disc fading model
scenario, implying that intrinsic dynamical evolution must be important in the transition from star-forming discs to passive discs.
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1 INTRODUCTION formation history and morphology is also signi cant, with most star
. . . - forming galaxies being late types, and most passive galaxies being
f_&eve?llnglj th_e underl)_/lng phys;c'?hl proc?ssies_ d“V'?g tthe trhan§forrc\7-early types. However, this is not exactly a one-to-one relation, as
1on o gaiaxies remains one ot tne centrat aims ol astropnysICs. Wee, e 4| works have shown (eMasters et al. 201 chawinski et al.
know that through cosmic time the galaxy population tends to tran- .

o ) . 2009 Davies et al. 201p
sition from star forming to passive, from blue to red, and from mor-
phologically late type (e.g. spirals) to early type (e.g. SOs). These Environment must play a signi cant role in these transformations,
transitions are undoubtedly related to each other; for example colougiven the well known morphology density (e.@ressler 198pand
is to rst order related to mean stellar age, and so directly tied to star formation rate density relations (elgewis et al. 2002 This is

the star formation history of a galaxy. The connection between staiparticularly so for the expected transformation from spiral to lentic-
ular (or SO) galaxies. The fraction of SOs grows monotonically as

environment becomes richer, at the expense of spirals. Despite en-
¢ scott.croom@sydney.edu.au vironment being clearly implicated in the spiral SO transformation,
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this has not brought us directly to the physical cause of the trans- Decomposing S0 galaxies into a bulge and disc provides a di er-
formation, as there remains a number of plausible mechanisms thatnt view.Christlein & Zabludo (2004 suggest that SO bulges are
could play a part. In fact, it's likely that many of the proposed mech- more luminous than can be explained by simple disc fading, but this
anisms have a role, but that their importance changes as a functiodisagrees with a combination of decomposition and colour analysis
of environment. (Head et al. 202)that is used to argue for disc fading. Kinematic
Measurements as a function of redshift show that as we go backlecomposition allows us to go one step further, Qudtesi et al.
in time the SO fraction declines in dense environments. This decling2013 derive the TF and Faber Jackson relations for SO discs and
happens both in clusterB(essler et al. 1997and groupsJust etal.  bulges separately. Their small sample shows consistent o sets of SOs
2010. In fact, the change in SO fraction with cosmic time appearsin both dynamical scaling relations, that again points to more than
stronger in groups (de ned as having dispersioh 750kms 1 by just disc fading for the formation of SOs. In contradh et al.(2020
Just et al.) than clusters { 750kms 1). Similar evolution is seen  have recently examined the kinematics of decomposed bulges and
in the colour (e.gButcher & Oemler 198¢and star formation rates  discs from the SAMI Galaxy Survey across a wide range in mass and
(e.g.Elbaz et al. 200y of galaxies in high density environments. morphology. They nd that the disks for both early- and late-type
Arguably the simplest process that converts a spiral to an SO igalaxies are sit on the same stellar-mass Tully-Fisher relation.

so called strangulation (e.d-arson et al. 1980 where continued Measuring the stellar population ages and metallicities of Virgo
in ow of gas onto the disc is inhibited by the galaxy's environment. .|uster SO bulges and discs separatiynston et a(2014 nd that

The star formation in the disc slowly shuts down as remaining fuel isbulges have younger ages. This points to the last star formation in
consumed. More violent interactions, such as ram pressure strippingos peing centrally concentrated, although it could still be occurring
(Gunn & Gott 1973 can remove gas directly from the disc. Ram iy the inner disk, rather than within a dispersion supported bulge.
pressure may be expected to act quickly, but as a galaxy falls into afhe johnston et a{2014 measurement is consistent with the obser-
over dense region, the increase in ram pressure can be gradual, leagation that star formation is typically more centrally concentrated in
ing to slower transitionsoediger & Briiggen 209Q7Other physical high density environments, both in clustekoppmann & Kenney

e ects can also play a role. Thermal conduction from the hot intra- 2004 and groups $chaefer et al. 2012019. The younger central
cluster medium to the cooler interstellar medium of a galaxy Canages could be due to star formation enhanced by gas in ows toward
potentially lead to much faster gas lo86/ayaraghavan & Sarazin - the central parts of the galaxies, caused by dynamical interactions.
20173. However, simulations including magnetic elds nd that  ajternatively, ram pressure may only remove the outer gas reservoir,

thermal conduction is suppressed as the hot electrons have to followjjowing central star formation to continue for some tirGef 2013.
the magnetic eld lines\{%ayaraghavan & Sarazin 20}76ompar-

isons between hydrodynamic simulations of gas stripping with an g
without magnetic elds byRamos-Martinez et 22018 nd that gas Croometal. 201Bundy etal. 20155anchez et al. 20} 6as opened

removal is less e cient, and happens at larger radius, when magnetic!P @nother window onto the question of SO formation. They allow
elds are present. Another contributing factor is turbulent viscosity €Stimates of the fraction of dynamical support provided by rotational
that could enhance strippinti¢isen 198, although hydrodynami- ~ Velocity () and random orbits (dlsperS|oh,)..T_r-1es'e ca; car;.be
cal simulations seem to suggest that viscosity does not severely alt&Ombined into the spin parameter proxy, = i j+jish’ = +2_f “i
the gas mass lost from disd®@dediger & Briiggen 2008 (Emsellem et al. 20)1where the radiu$ is typically taken as the
As well as the primarily gas physics related processes, gravita-& €ctive radius,” e. Querejeta et a(2019 use the Calar Alto Legacy
tional interactions with the other galaxies or the group/cluster po-ntégral Field spectroscopy Area survey (CALIFA) to argue that the
tential could also be important for the transition from spiral to S0. fransformation of spirals to SOs cannot simply be disc fading, as
Simulations suggest that some galaxy galaxy mergers can lead to>0S have both lower: and higher concentration (de ned as the
S0 like morphology. These include minor merge@ekki 1999 ratio of the radii containing 90 and 50 percent of total galaxy ux,
and at least a fraction of major mergers with favourable impact pa-2 = 90*" 50)- Instead they propose that merging is able to translate

rameters and progenitor spin@erejeta et al. 20)5Less severe ga_laxies in potklv and congentration. A similar conc!usic_m is drawn
dynamical interactions can also play a rdiekki & Couch (2011, using galaxies observed with the Sydney-AAO Multi-object Integral
henceforth BC11) show that repeated tidal interactions with other™1€ld Spectrograph (SAMI) bogarty et al(2019 based on cluster
galaxies within a group environment has the e ect of heating the 92l2xies. However, in this case the authors argue that the trend in
stellar disc, and triggering nuclear star formation to build a bulge. and concentration is consistent with repeated dynamical encounters

Many observations of SO galaxies have been used to try and aéBCll)'
certain which processes are most important. SO galaxies are found to The_: vs. concentration plane seems to provide a useful tool for
follow a well de ned Tully-Fisher (TF) relationNlathieu et al. 2002 diagnosing the nature of transformations, but care has to be taken over
Rawle et al. 201Bwith an o set from the same relation for spirals. interpretation. Both measurements are light weighted, and so can be
The o set is largely consistent with SOs having older stellar popula- in uenced by radial di erences in stellar populationSarollo et al.
tions. HoweveWilliams et al.(2010 nds thatthere remainsasmall (2016 show that while quenched galaxies have higher Bulge/Total
o0 set between the spiral and SO TF relation even when stellar mass of ¢) ) ux ratios than star forming disc galaxies, their bulges are
dynamical mass is used. This o set may mean that galaxies undergmot more luminous. Rather, their discs have lower luminosity. The
a small amount of contraction as they transition from SO0 to spiral. Anlower disc luminosity is a natural consequence of the disc fading
alternative to contraction may be evolution in the zero-point of the as star formation ceases. Given the bulge and disc have di erent
spiral TF, although recent work carefully comparing high redshift light pro les (the bulge typically with higher Sérsic index), a
and low redshift gas kinematics suggests little evolution of the TF re- reduced light contribution from the disc can lead to higher measured
lation (Tiley et al. 2019. The SO TF relation therefore seems broadly concentration, without any underlying structural change. Likewise,
consistent with gas related quenching followed by the fading of the_+ measurements are ux weighted, so fading of a disc can lead
disc, althoughTapia et al.(2017 argue that a similar TF relation to the bulge component dominating the measured dynamics. If the
could be derived through merging. bulge is dispersion dominated (or at least has less rotational support

d The advent of large-scale integral eld spectroscopy surveys (e.g.
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than the disc), then: can be reduced, again without any underlying  There is alarge amount of exibility with the GalactICS approach.
structural change in the galaxy. However we choose a restricted range of parameters, relevant to
The aim of this paper is to assess how large the impact of discddemonstrating the impact of disc fading. The NFW halo density
fading is on_+ and concentration. In particular, we wish to know pro le is
whether di erences between the spiral and SO populations seen in 1
this parameter space can be explained solely by disc fading, or if othed / " Us SV
physical e ects are also required. To do this we build self-consistent FeASTIL, FeA
dynamical models using the GalactlCS cod@¥iken & Dubinski  where we choose = 1, V= 23andA = 6:07kpc. The halois nearly
1995 Widrow et al. 2008, and from them generate synthetic images spherical (mildly vertically attened by the disc), non-rotating and
and velocity elds using the MagRite code developedayanuetal.  truncated beyond 300 kpc. Modi cation of the halo parameters has
(2017). This approach allows us to control the stellar population agelittle impact on the stellar components beyond the expected change
of the separate dynamical components (bulge and disc). We thein the rotation curve. The bulge is also nearly spherical and non-
compare the results of our models to integral eld data from the rotating, although it can be somewhat attened as it responds to the
SAMI Galaxy Survey Croom et al. 2012Bryant et al. 2015 potential of a massive disc. We could choose models with a rotating
A challenge in comparing spirals and SOs is that we are usuallybulge, but a non-rotating bulge leads to the largest di erence in
making the comparison at the same redshift, while the progenitors okinematics with disc fading, so provides a robust upper limit on the
today's SOs were spirals at an earlier epoch. Measurements of highole of disc fading. The bulge follows a classicale Vaucouleurs
redshift gas kinematics appear to show much greater turbulence 1948 pro le (Sérsic=g = 4+0), although changes to the value=gf
discs (e.gWisnioski et al. 201pat early times, and this could trans- have modest impacts on our results compared to changes in the bulge
late to higher stellar disc dispersion. Recent simulations similarlyscale length. In order to generate physically realistic galaxies we use
show increased dispersion at high redshifillépich et al. 201 the measured stellar mass Vs relations fromLange et al(2016.
To take this into account we will use EAGLE simulatior&ciaye  They t relations of the form
etal. 2019 to make estimates of this progenitor bias. Comparisons of
star formation and kinematics using SAMI and EAGLE have already. _ g
been used to highlight the importance of progenitor bia€bytese © 1010"
etal.(2019. They nd that little evidence of structural change when

satellite galaxies are quenched. For bulges we use values @f= 166 7kpc andl = 0+477to approxi-

In Sec;t|on2 \f/ve de;crlt;:_e the_ det;aulséoftcn);; model, mc:]udlng (Tur mate the separate low- and high-mass power law relations. For discs
assumed star formation histories. In Sectione present the result |\« — 5. kpc andl = 0-301that is slightly steeper tharange

of making_: and concentration measurements on the S|mulat|ons.et al.(2018 to account for the di culty of accurately measuring the

Section4 contains a comparison of our mod_els wﬁh measurementssize of very small discs. The disc density pro le is:
from the SAMI Galaxy Survey, as well as discussion of the role of

@)

" 1

@)

to bulge and disc properties measured fradpand SDSS imaging.

progenitor bias. We give concluding remarks in Sectomhrough- d/ expt' o' 3%sectfilel30 (3)
out the paper we assume a cosmology with = 03, = 0s7 and L o L ) ) . .
o =70kms Mpc 1. Here' isthe cylindrical radius in the disc ahdks the vertical distance

o the disc. We choose the disc scale length, that is equivalent

to an' ¢ de ned using the above relations frobange et al(2016.

We assume a scale heightlaf = 0s75kpc. The structural parameter
2 DISC FADING MODELS that most in uences our results is the ratio of bulge and disc scale

Our main goal is to test whether disc fading is consistent with theléngths. Changes of scale length can have important consequences for
di erence between spirals and SOs in the concentration plane. ~ OUr measurements. For example, a larger disc scale length, together
To do this we need simulated galaxies that have realistic dynamicdvith @ smaller bulge would lead to large changes inas the disc

and morphological structure. We also need to apply di erent starfades and the bulge becomes more important. These changes can in
formation histories to the bulge and disc components. Importantly,turn have a signi cant e ect on the measured. For this reason we

the derived kinematics need to be light weighted, so that we can fully@ve chosen to use the observed relatioriseoige et al(2016 for
capture the e ects of only varying the «! of the stellar popula- ~ Our models.

tions without modifying their underlying distribution functions. The ~ The simulated galaxies are built by sampling the underlying dis-
methodology presented Baranu et al(2017) to model SAMI data tribution functions, so their spatial resolution is largely set by this

ful Is all of these criteria and we will now describe its key features. discrete sampling. The bins for sampling are adaptive. Averaged over
all bins the resolution is 150pc, but in practice it is better than

100 pc in all but the outer disk. This is an order of magnitude better
2.1 Equilibrium galaxy models than the observational resolution.
We generate a range of models with bulge/total mass fraction
( *))of0.0to 1.0 in steps of 0.1. In each case the total stellar mass
of the combined bulge and disci§'%8 M

The equilibrium galaxy models are built using a modi ed version
of the GalactiCS codeKy¥sken & Dubinski 1995Widrow et al.
2008, detailed in Appendix F offaranu et al(2017). GalactIlCS
computes equilibrium phase space distribution functions for three
components: an exponential stellar disc with a $eefntical density
pro le; a attened, non-rotatingSérsic(1963 pro le stellar bulge;
and a slightly attened halo with a generalizedavarro et al. 1997  There are several steps required to simulate observed kinematics
hereafter NFW) pro le. Typically the equilibrium solution is close from the dynamical models presented above. The early stages make
to the original parameters, but with the spherical components (bulgeise of the synthetic observation pipeline "This Is Not A Pipeline'
and halo) attened by the presence of the disc. (TINAP; rstdescribed byTaranu et al. 20130 generate images and

2.2 Generating synthetic images and kinematics
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Table 1. Simulation results for the example of) = 05 and a range of 1.6 percent. These changes are much smaller t_han the trends we nd
inclinations (Inc) and quenching timegg]. Other «) ratios are available ~ due to disc fading and as a result we don' consider the e ect of S/N

in the electronic version of this paper. for the remainder of this paper.
Another alternative is that the disc scale height could vary with disc

BT Inc. G "o v _re MHef% g 50 size. We introduce a varying disc scale height that is one eighth of the

deg Gyr arcsec disc scale length, varying from the ducial valules(= 0<75kpc) for
05 0 0.0 =71 000 000 0.00 240 the most massive discs Fo_about half oft_hls value for the Ie_ast massive.
05 0 10 742 000 000 0.00 246 The result is only a minimal change in our results, with average
05 0 20 726 0.00 0.00 0.00 249 changes between the ducial model and the varying scale height
05 0 3.0 715 0.00 0.00 0.00 251 model being 0.022 ing,, 0.008 in _gr,, 04045in concentration
05 0 40 7.07 0.00 0.00 0.00 253 and 0011lin
0.5 0 5.0 7.00 0.00 0.00 0.00 2.55 Variations in dust content between early- and late-type galaxies
05 15 00 793 002 0.22 0.19 2.40 could in uence our measurements. The amount of extinction due to
05 15 10 764 0.02 0.18 0.16 247 dustis found to be dependent on stellar population age @@dese
05 15 20 750 002 017 0.15 2.50 et al. 2008. Disc scale-lengths have been shown to be colour de-
05 15 3.0 741 00z 016 0.14 2.52 pendent (e.gPeletier et al. 1994de Gr¥is 1998and this has been
05 15 4.0 783 002 016 0.14 2:54 explained by the distribution of dust in discs. However, more recent
0.5 15 5.0 7.24 002 0.15 0.13 2.55 R . .
05 30 00 783 010 038 037 243 measurements of d|§c scale Iengths as a function of wavelength in
05 30 1.0 756 010 033 0.31 249 large samples spanning a range of inclinations and other galaxy prop-
05 30 20 747 009 030 0.29 252 erties show weaker evidence for wavelength dependétathi(et al.
05 30 3.0 741 0.09 0.29 0.28 254 2010. Early-type galaxies can contain signi cant amounts of dust,
05 30 40 7.36 0.09 0.28 0.27 2.56 but this is typically much less than late-type galaxies (®rgith et al.
05 30 5.0 7.28 0.09 0.27 0.26 2.57 2012 Beeston et al. 209)8Simulations including the impact of dust
05 45 00 758 020 048 0.51 247 (e.g.Gadotti et al. 2010Pastrav et al. 20)3n observed properties
05 45 10 724 019 042 0.43 2.53 nd that dust tends to lower thes) , and make discs appear larger,
05 45 2.0 710 018 039 0.40 2.55 with the degree of change depending on the assumed optical depth
05 45 3.0 701018 0.38 0.38 257 and dust geometry. If the star-forming spirals contain signi cantly
0.5 45 4.0 6.94 0.18 0.36 0.36 2.59 . . - .
05 45 50 686 018 035 035 260 more dust than SO_s, this would increase the_ observed di erence in
05 60 0.0 733 035 054 0.64 254 _R. and concentration. However, given the di culty of quantifying
05 60 1.0 709 034 048 0.55 260 the di erential impact of dust between spirals and SOs, we choose
05 60 20 6.95 033 0.46 0.51 2.62 not to implement a dust correction in our models.
0.5 60 3.0 6.86 0.32 044 0.49 2.64
0.5 60 4.0 6.76 031 043 0.47 2.66
05 60 50 678 031 042 0.46 267 4 SAMI GALAXIES IN THE _gr, CONCENTRATION
0.5 75 0.0 7.48 057 0.59 0.79 2.75 PLANE
0.5 75 1.0 7.17 054 054 0.68 2.79
05 75 20 712 054 052 0.65 2.81 4.1 SAMI galaxy measurements
0.5 75 3.0 7.03 053 0.50 0.62 2.82
05 75 4.0 695 052 0.49 0.59 283  The Sydney AAO Multi-object Integral eld spectrograph (SAMI,
05 75 5.0 6.80 052 0.48 0.58 2.84 Croom et al. 201puses 13 deployable imaging bre bundles (hex-
05 90 00 832 082 0.67 0.95 2.97 abundlesBland-Hawthorn et al. 20t Bryant et al. 201¥lacross a 1
05 90 10 812 0.81 0.60 0.84 3.01 degree diameter eld of view at the prime focus of the 3.9m Anglo-
05 90 2.0 8.05 0.80 0.59 0.80 3.03 Australian Telescope. The hexabundles each contains 61 bres, and
05 9 30 792 079 057 0.77 3.05  each breis 1.6 arcsec in diameter. Each hexabundle therefore covers
05 90 40 803 079 057 0.76 3.06 a circular 15 arcsec diameter region on the sky, with a lling factor
0.5 90 5.0 796 079 0.56 0.74 3.07

of 75 percent. The SAMI bres are fed to the dual beam AAOmega
spectrographSharp et al. 2006

The SAMI Galaxy Survey@room et al. 2012Bryant et al. 2015
concentration = 2+477for no seeing and = 2+471for SAMI-like targeted over 3000 galaxies from 2013 to 2018, covering a broad
seeing. The change in concentration with disc fading is also unafrange in stellar masdog!” " © = 108 to 10'9) in the redshift
fectedwith = 1@G=5Gyr 1@=0°=0-135(fornoseeing) range0:004 Y | Y 0095 Targets were selected based on SDSS
and = 0-134(for SAMI-like seeing). photometry and spectroscopy from the Galaxy And Mass Assembly

The second observational e ectis the# ofthe measurement. We survey (GAMA; Driver et al. 201). A further eight high density
have assumed perfect data in constructing our models, but changeduster regions were also targeted to capture the richest environments
in (+# could impact the measured parameters. To examine this wgOwers et al. 2017 In the current analysis we include the SAMI
generate one set of galaxies (with) = 05 and inclination of  cluster elds, but only those that have SDSS imaging (Abell clusters
45 degrees) with(«# ratio typical of KIDS imaging and SAMI 168, 2399, 119 and 85), to maintain a consistent set of photometric
spectroscopic observations. We then measggeand concentration ~ measurements, particularly concentrations.
for these simulations with added noise. The di erence caused by The spectroscopic observations from the SAMI Galaxy Survey
adding noise to the simulations is found to be at mo$#3 percent  cover the wavelength ranges 3750 5750 A and 6300 7400A, at a
in _Rr, and concentration. We also test how (he# in uences our resolution of' = 1808 and 4304 at the spectral wavelengths of
measurement of _g, and . These are similarly small, with the 4800 A and 6850 A, respectivelygn de Sande et al. 201:78cott
dierencein _g, being 0.9 percent and the di erence in being etal. 2018.
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galaxies with SDSS imaging are potential objects to still include in 1apje 2. The mean - , concentration'(gge" 50) and ellipticity @) for SAMI
our analysis. galaxies separated by mass [in 0.5 bingogf" " )] and morphological

Stellar kinematics are measured using the penalized pixel tting mtype. Only bins where the number of galaxi#s{ is 5 or greater are listed.
routine,PPXF (Cappellari & Emsellem 200Q4following the method
discussed in detail byan de Sande et a(2017H. We will only log” © mtype #g
highlight key points of the tting here, and refer the readewvém
de Sande et al2017h for further details. The red arm data are g-g 18-8 8-2 12 gé;gg-gig 2-;?18-822 8-1238-8;2
convolved to match the_blue in terms of spect_ral resolutlo_n an_d then 9.5 10.0 10 11 04720034 27930038 0.3690.035
the two arms are tted simultaneously, assuming a Gaussian line-of-

. e ) ; T 9.510.0 15 27 0.4760.034 2.5560.047 0.2980.032
sight velocity distribution. Optimal templates are derived by ttingin 9.510.0 20 11 0.4770.037 2.6180.084 0.3660.051

annularly binned spectra using the MILES stellar libra®arichez- 9.510.0 25 29 05150.032 2.4960.054 0.3930.037
Blazquez et al. 2006 PPXF is then run on individual spaxels in 9.510.0 3.0 96 05550.013 2.3200.025 0.4170.020
three passes, rst to measure the noise from residuals, then to clip 10.0 10.5 0.0 38 0.2400.019 2.8700.045 0.0740.010
outlying pixels and emission lines, and nally to derive the kinematic  10.0 10.5 0.5 48 0.3040.018 2.8780.030 0.1310.012
parameters. On the third pa@BXF uses a linear combination of the ~ 10.010.5 1.0 66 0.4360.015 2.8910.028 0.2830.011
optimal template in the relevant annulus and those in the adjacent 10.010.5 1.5 112 0.5040.013 2.7150.029 0.3450.014
annuli. Uncertainties for each spectral measurement are estimated 10-010.5 2.0 148 0.5350.012  2.5500.028 0.3510.016

. . : : 10.010.5 25 126 0.6190.011 2.3400.024 0.4360.021
from. ts to 1.50 simulated spectra, where noise is added that is 10.010.5 30 85 06100013 22440029 04170025
consistent with the observations.

; _ 10511.0 0.0 74 0.2180.014 3.1110.029 0.1030.008
Based on the above tting we then apply the quality cuts sug- 195110 05 64 02740017 3.0950.035 O.1440.009

" 90°" 50 1

gested byan de Sande et gR017H, namely: signal to noise ratio 10511.0 1.0 118 0.4210.013 3.0400.022 0.2990.009
i 3A L fopsi FWHMingye2 ' 35kms 1; +eror ¥ 30kms 1 10511.0 15 90 0.4890.014 2.8960.029 0.3800.016
ferror Y fops 01, 25kms 1. The' ¢, PA and ellipticity of each 10511.0 2.0 138 0.5510.012 2.6210.033 0.3790.016
SAMI galaxy is measured in the same way as the models described 10.511.0 25 27 0.6770.025 2.3430.058 0.4780.040
in Section2.3, using MGE Emsellem et al. 1994Cappellari 2002 105110 30 7 0.6300.069 2.2840.151 0.2910.095

Scott et al. 200p Detailed application of this to the SAMI datais de- ~ 11.011.5 0.0 59 0.1530.016 3.1860.025 0.1120.009
scribed byD'Eugenio et al.(2021). Similarly, _gr,, is also measured ﬂg ﬂg (1)(5) gi 8'2388'8% 2122882? g'gigg'gg
following the procedure in Sectio®.3. We include galaxies where 11'0 11'5 1'5 1 0'4750'039 2'8480'052 0'3230‘043
the_r, measurementis aperture corrected'tg fvan de Sande et al. 110115 50 20 05880033 25670.072 0.4160.038
20173, in cases where the SAMI data do not extend't@.1

For data taken at the spatial resolution of SAMI, seeing can impact

the kl_ner_natlc _measgrements. This beam-sme_anng tends to convegte classes with mtype = 0.5, 1.5 or 2.5. If there is still no agreement
velocity into dispersion and hence loweg,. Various authors have

developed b . i : Grah ¢ al reached, the galaxy is unclassi ed. Removing galaxies that are mor-
eveloped beam-smearing corrections 1gg (e.g. Graham et al. phologically unclassi ed from our kinematic sample, we then have
2018. We use the newly derived corrections byarborne et al.

1 laxies.
(20203. These corrections are derived by applying observational 566 galaxies

features to an array of simulated galaxies usingstiMSPINsoftware Optical concentrations are taken from SDSS DRfazajian et al.
. ) 2009, and are based on the standard de nition of= * Ao_50,
(Harborne et al. 202QbThe corrections are a function bpse* e, 9 M= £o-90° o650

ellipticity and Sérsic index wherkpsg describes the width of the where A g0 andfego are the circular radii containing 50 and 90

. ) h . ercent of the Petrosian ux, respectivelptateva et al. 20Q1We
observational point spread function. We only use galaxies wheréD P U 9

f pare’ & ¥ 05, to minimize any residual impact of beam smearing nd one galaxy that does not have a valid concentration (i.e. bad
PSP e 9, . . L

. . S values or photometric ags from SDSS), resulting in a nal sample
After correction,Harborne et al(20203 nd that the dispersion in P 9 ) 9 P

) : . .of 1565 galaxies.
_R. between the true and beam-smearing corrected simulations is 9

only 0.026 dex and the mean is only di erent by 0.001 dex. Beam-
smearing corrections are partlgularly important in thls work be(:ause4.2 Trends in_g,_ and concentration with morphology and
they are dependent on galaxy size. Early-type galaxies are on averagée e .
’ ) mass for SAMI galaxies

smaller than late-type galaxies, so beam-smearing could cause sys-
tematic di erences. Applying all the kinematic quality cuts results The distribution of SAMI galaxies in ther, concentration plane
in a sample of 1595 galaxies. is shown in Fig.6. To distinguish mass trends from other e ects

Optical morphological classi cation of SAMI galaxies is de- we separate the galaxies into bins of 0.5 dexogt" <" ©. At
scribed in detail byCortese et al(2016. The classi cation uses masses beloog!" <" © = 10 there are a smaller number of
SDSS DR9 Ahn et al. 2012 colour images inspected by at least galaxies and the range of morphologies is more limited. One as-
eight independent members of the team. First the galaxies were sulpect of this is the purely physical e ect that most low-mass galaxies
divided into early or late type, based on the presence of spiral are late-type spirals or irregulars. However, another factor is that
arms and/or indications of star formation. The galaxies were therthe lower surface brightness for these galaxies means that the mea-
further sub-classi ed and given an index which we call mtype, from sured stellar kinematics is less complete at low masses. In7Fig.
0 to 3. Early type galaxies were further categorised as elliptical (E, we show the stellar kinematic completeness as a function of mass
mtype=0) or lenticular (SO, mtype=1) based on the presence of adis@nd belowlog!" <" © = 95 this drops quickly. However, above
Late type galaxies were subdivided into those with a bulge (early spi-logt" <" © = 100 our stellar kinematic measurements are rela-
ral eSp, mtype=2) or without a bulge (late sprial, ISp, mtype=3). At tively complete, and we also have a broad range of morphology. The
least 66 percent agreement was required for these classi cations. l&bove points highlight the need to make consistent comparisons at
this was not met, then adjacent votes were combined into intermedithe same stellar mass when investigating morphology trends.
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Table 3. The di erence between mearng, and concentration () for di erent morphological or SFR-de ned classes. This is shown in mass intervals for the

di erence between SO (mtype=1) and eSp (mtype=2) galaxies, the di erent between INT and SF galaxies, and the di erence between PAS and SF galaxies.
Samples listed as 'No-SR' do not include slow rotators [that lie within the region de nedappellari(2016]. We also list the signi cance of the di erence

and the fractional di erence that can be contributed by disc fading. For the disc fading contribution we compare to the model results averaged over all B/T and
inclination values, of _g, = 0+056and = 0-091 The last row for each sample contains the results for the full mass range bébgééne" © = 95

and 11.5, based on an inverse variance weighted average of the individual mass bins.

_Re Signi cance Frac. DF
logt" © (S0-eSp) (S0-eSp)  _Rre C  _Re

All Morph (S0-eSp)

9.510.0 0.006 0.048 0.1750.088 0.1 2.0 9.93 0.47
10.010.5 0.099 0.020 0.3410.039 50 87 056 0.24
10.511.0 0.130 0.018 0.4190.040 7.3 105 0.42 0.20
11.011.5 0.288 0.044 0.5980.075 6.6 7.9 0.19 0.14

All 0.132 0.013 0.4170.026 104 16.1 0.42 0.20

No-SR Morph (S0-eSp)

9.510.0 0.006 0.048 0.1750.088 0.1 2.0 9.93 0.47
10.010.5 0.097 0.017 0.3520.039 57 9.0 056 0.23
10.511.0 0.098 0.016 0.4090.040 6.2 10.1 0.56 0.20
11.011.5 0.220 0.037 0.5960.079 59 7.6 0.25 0.14

Al 0.104 0.011 0.4090.026 9.6 155 0.53 0.20

No-SR SFR (INT-SF)

9.510.0 0.026 0.033 0.1000.054 0.8 1.8 214 091
10.010.5 0.066 0.018 0.1940.036 3.6 54 0.85 0.47
10511.0 0.084 0.019 0.3010.045 43 66 0.67 0.30
11.0115 0.210 0.038 0.4030.104 55 3.9 027 0.23

Al 00810011 03090026 7.3 121 069 0.29

No-SR SFR (PAS-SF)
9.510.0 0.1050.022 0.2720.042 4.7 6.4 053 0.34
10.0105 0.194 0.012 0.4450.026 159 16.8 0.29 0.20
10511.0 0.191 0.016 05170.035 123 14.8 029 0.18
11.0115 0.307 0.037 0.6030.098 83 6.1 0.18 0.15
Al 0.187 0.008 0.5060.019 22.6 26.8 0.30 0.18

When we subdivide our sample by morphology (mtype) at di erence between mtype=2.0 (early spiral, eSp) and mtype=1.0 (S0)
logt" " ©j 9 (colour coded in Fig6 from purple to red for  provides a lower limit on the global di erence between spirals and
late type to early type) we see the expected trends that earlier galaxySOs.
types (lower mtype value) have higher concentration and lowgr The values of _g, = _gr,'eSP _gr,'SC and = 14(?°
While there is signi cant scatter (in part caused by inclination), the  1(0° are listed in Table3. In all three mass intervals above
mean trends (large points) are clear. The mean values are also givgggt" «" © = 10«0 the di erence in concentration andg, be-
in Table2 (note that we only give mean values when we have at leastween eSp (mtype=2) and SO (mtype=1) galaxies is highly signi -
5 galaxies in a mass morphology bin). cant. Taking the average across the full mass ralgg’( © = 95

Our main aim in this paper is to test whether the changes seen wheto 11.5, although limiting to greater than 10.0 make no di erence
spirals transition to SO galaxies could be consistent with disc fadingto the results) gives a mean g, = 04132 0013 and mean
For this it is best to de ne samples that are minimally contaminated = 04417 0026. In calculating the average across all masses we
with other morphologies, that could bias our measurements. Wetake an inverse variance weighted average of the di erences in each
therefore now consider only those objects for which the morphologyof the four separate mass intervals. This approach is more reliable
is classi ed as SO with mtype=1 (yellow points in Fig). We donot  than calculating the mearg, and concentration using a single large
include objects with morphological classi cations of mtype=0.5 or mass bin, as the changing morphological mix as a function of mass
1.5, asthese intermediate classes were only assigned when agreemeah bias the di erence in this case.
could not be reached in our classi cation. Therefore, they likely  There is a trend of increasing di erence between eSp and SO
contain contamination from adjacent morphological classes. galaxies as mass increases for bgghand concentration. Ing, the

As the comparison to our SOs we take the SAMI objects classi-trend with mass is largely driven by decreasing spin for SO galaxies
ed as pure early-type spiral galaxies, mtype=2 (light blue points in as mass increases. However, the main trend in concentration is in-
Fig. 6). We make this choice because this class should be minimallycreasing concentration as mass increases for SO galaxies @)able
contaminated by SOs, have signi cant numbers across each of thé natural interpretation of increasing concentration with mass is that
mass intervals abodeg!" +" © =100, and based on their clas- higher mass SOs have a larger B/T ratio. We do indeed see this trend
si cation should show evidence for a bulge. That said, we note thatin bulge-disc decomposition of GAMA galaxies (Casura et al. in
the mtype=2.5 or 3.0 classes are generally close to the mtype=2.prep). However, the fact that we don't see equivalent changeg,in
galaxies in the g, concentration plane. If anything, the later mtypes suggests that the bulges (or at least more concentrated components)
have slightly higher r, and lower concentration, so looking at the still have substantial dynamical support from rotation. Future work
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4.5 The impact of progenitor bias between star-forming and passive galaxies in the EAGLE simulations
(iis also several times larger than the di erence that can be attributed to

An important caveat on the work above is that we have assumed,. . . ) o
- ) .~ disc fading. Th t fthe= 0 I EAGLE
that the progenitors of present day SOs (or PAS) galaxies look like ISC 1ading. 1Ne progentiors otte~ Ipassive galaxies in

. . are also seen to declineig, by 0-3betweerl = 1andl = 0. This
present day eSp (or SF) galaxies. As pointed ouChytese et al. ._decline is several times larger than can be attributed to disc fading,

. . ) §o the EAGLE simulations do not support simple disc fading as the
could also contribute to the observational di erences that we see. In PP P g

fact. ob i f 4 emissi t that in th ¢ galaxi cause of the low g, in passive galaxies.
P?Cd'do serva Il(l)n; ?t g_m|35|on _sug_ge:_ tal |;01e|pa:§ ’ lga a|><|es However, we note that ther, distributions in di erent simulation
ad dynamically hotter discs (e gisnioski et al, » In the local data sets can be quite di erentgn de Sande et al. 20L%AlIso, as

Universe disks with younger stellar populations are thinner than those hiahliah ; - . .
. Fig11, I h |
with older stars (e.gran de Sande et al. 2018 is highlighted by Fig11, simply comparing the same mass galaxies

atl = 0is not a su ciently robust test to examine the importance of
disc fading, as the mass growth histories of passive and star-forming
galaxies are di erent.

Using the EAGLE simulations we now examine the progenitors of
Galaxies that continue to accrete gas (and therefore continue to forripday’s passive galaxies by looking at the value gf for galaxies
Stars) will tend to Spin up with increasing cosmic time (Q_ggos onthe star-forming main sequence at di erent redshifts, but this time
et al. 2017. To quantitatively assess the impact of progenitor bias Selected based on their stellar mass at redshifiye carry out this
we take measurements g&, from the EAGLE simulations§chaye ~ analysis in 3 stellar mass interval€0 Y log*" %" © 105,
et al. 2015 Lagos et al. 201)7 We note that EAGLE size evoluton 105 Y log*" %" © 110 and11:0 Y log*" *[°" ©
(Furlong et al. 201)is consistent with the observed size evolution 11¢5. In each case the masses correspond to the mass at the redshift
found byvan der Wel et al(2014). As a result, this realistic size evo- Where the properties are measured. These mass intervals allow us
lution will be implicitly included in the EAGLE g, measurement, to be sure that we have su cient galaxies per bin (at high mass)
given that they are made within one e ective radius in fRkand. ~ and are not impacted by resolution e ects (at low mass). The
We use the EAGLE reference model (Ref-L100N1504) and measur&alues on the main sequence are shown in E&y\We generate the
_R, as described bizagos et al(2018 and make measurements at Measurements assuming that the galaxies are edge-ori Z&)gand

4.5.1 Progenitor bias from EAGLE simulations

13 redshift intervals betwedn= 0 and1+8. Here and below we will ~ randomly inclined to the line of sight (Fig12b). For a given mass
only focus on measurements of, (not concentration) as we are interval,” *1°, EAGLE galaxies on the main sequence have very
primarily concerned with the evolution of kinematics. similar median values ofr, at all redshifts we examine. In fact, there

The galaxies in EAGLE are separated into passive and star formingis & small decline of up to 0-1 (for the highest mass interval) in
using a similar approach to the one we use with SAMI galaxies. This_R, from high to low redshift. We also note that for a given redshift,
is also similar to the method used on EAGLE galaxiegightetal.  the value of g, on the main sequence is a function of masg,
(2019. We rst de ne potential star forming galaxies in EAGLE as increases froni0:0 Y log*" *1°" © 105 (blue lines in Fig.
those abovéog!B( ' *Gyr 10 2 05l following Furlong etal. 12 to 105 Y log'” *1%" © 110 (green lines). However, as
(2015. Then, to de ne the star-forming main sequence for eachWe increase masstog*" *°" ©j 11:0_g, is lower again (red
redshift interval, we t a linear relation to the meditogt( ' °asa lines). This is consistent with the increased importance of mergers
function oflogl" °. EAGLE galaxies within 0.6 dex of the best t N mass growth at the highest stellar masses.
main sequence relation are de ned as star forming. Those more than
1.6 dex below the main sequence are de ned as passive.

Examples of the median EAGLE evolutionary tracks are shown
in Fig. 11. Here we select EAGLE galaxies &t= 0 that have = The known (e.gvan der Wel et al. 2014and references therein)
logt" <" ©° = 105 11 and are either star forming (blue size evolution observed in the high redshift galaxy population also
points/lines) or passive (red points/lines)lat 0. We then identify ~ provides another source of progenitor bias. To quantify this we com-
their progenitors at higher redshift and calculate the median valuegpare the size mass relations for SAMI galaxies used in our analysis,
of _g, (intrinsic edge-on value), stellar mass, speci c star formation separated into the SF, INT and PAS populations (not including slow
rate andA-band half-light radius. From high redshift the, of the rotators; see g13). Here we are using the major axig values esti-
| = 0 selected star-forming galaxies is increasing, but the evolutionmated using MGE in the SDSSband. There is a clear separation in
attens belowl 1. In contrast, the passive galaxies decline in spin size between SF and PAS galaxies that is largest at the low mass end.
belowl = 1. At | j 1the progenitors of = 0 passive galaxies have This is not surprising given that the size mass relation for early-type
higher_g, than star-forming galaxies. The reason for the o set in galaxies is known to be steeper than that of late types$éaen et al.

_R. at highl can be explained by viewing the other panels in Fig. 2003. The INT galaxies sit between the SF and PAS populations.
11. Even though the progenitors of both the star-forming and passive Taking a step further we can use the ratio of mean size for SF
galaxies have similar speci c star formation rates abbve 1 (see and PAS or INT galaxies to quantify how much size di erence there
Fig. 11c), they have di erent masses (Fifylb), as the mass growth is between the populations. These ratios are shown in1Hay. At

of passive galaxies is slower bl 1. As a result, the progenitors of  stellar masses belolwgt" +" © VY 105 the size ratio is relatively
thel = 0O star-forming and passive galaxies have di erent masses atconstant, while at higher masses (grey shaded region) it declines.
high redshift, and we should not expect them to have the saqne  Several authors (e.gRobotham et al. 20)4ave pointed out that at

or other quantities (such as size, see HEilfl), even if their speci c masses greater than" galaxy build up is dominated by merging,
star formation rates agree at an earlier epoch. while at lower masses in-situ star formation dominates. Given that

The di erence in_g, between star-forming and passive galaxies locally logt" <" ©° ' 1066 (Baldry et al. 201® we will only
in EAGLE atl = Ois large, at 025 035 (depending on stellar  consider size information beloleg!" <" ©° = 105. The average
mass). This is similar to the di erence we see in SAMI between size ratio for' ¢sp*' epasis 175 0<05(red horizontal line in Fig.
passive and star-forming galaxies (see T&)l&he large di erence  14), while for' ¢ gp*' eynT itis 1¢.30 004 (green horizontal line in

4.5.2 Progenitor bias and size evolution
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values and Figl4b that uncertainties in the evolutionary model atlog*" «" ©j 11have the largestincrease_ig, as redshift in-
contribute signi cantly to the calculateld;. Residual size evolution  creases. These galaxies also show the largest observational di erence
(e.g. duetodiscfading, see F§ could also contribute to uncertainty in _gr, between SF and PAS (or eSp and S0s). In this case it is even
onlgq, but as we discuss above, this is small compared to the overalinore clear that intrinsic dynamical evolution must play the main role
evolution in size seen in the galaxy population. in transforming galaxies. At high masses mergers are more impor-
tant than in situ star formation for mass growth (eRpbotham et al.
2014. Therefore, we expect that many of the passive fast rotators at
logt" <" ©j 11 may be built up from mergers. These mergers
Carollo et al.(201§ demonstrated from photometric measurements Will need to have impact parameters and total angular momentum
that the di erences in *) between quenched and star-forming satel- such that after the merger, they still have signi cant rotatioagos

lite galaxies can be largely attributed to disc-fading. However, Carollo®t al. (2018 used EAGLE simulations to show that galaxy mergers
et al. also show that the size di erence between quenched and stegonsistently decrease, unless they are very gas rich. Minor merg-
forming galaxies is too large to be caused by disc fading. This is€rs With gas fractiory 0-1, can reduce g, by 20 to 40 percent on
consistent with our measurements, that also consider dynamics. average, while major mergers of the same gas fractions regydsy

The morphological mix of galaxies in groups is known to evolve 50 percent [see Fig. 14 dfagos et al(2018]. Hence, the decrease
strongly, with an increase in the fraction of SOs by approximately ain _r.. even of main sequence galaxies, is consistent with mergers
factor of 2 sincd ' 05 (Just et al. 2010 If we assume there is little & ecting them systematically dtY 1.
mass growth in passive disks once they are quenched (SeE]5|g To con rm the contribution of progenitor bias we will need to
and c), then the value of_11° for main sequence galaxies in Fig. make stellar kinematic observations at higher redshift. Some work in
12 provides us an estimate of their progenitors' spin at the point thatthis area has already been done using the LEGA-C suBeganson
they quench. If we conservatively say that most SOs have transforme@t al. 2013. LEGA-C nds that++f for passive galaxies is reduced
from star-forming discs since 1, then the EAGLE simulation ~froml = 0-8tol = 0, suggesting some spin down of massive passive
results suggest that their progenitors hag that is slightly higher galaxies. However, the exact amount of spin down is still uncertain
than current star-forming discs of the same mass. For example, thke.g. see discussion in appendix®ézanson et a(2018]. These
dierence gl = 0° _gtl =1°= 006, -0.05 and -0.07 for measurements are also seeing-convolved estimates oévolution
EAGLE main sequence galaxies in mass interledg" " © = and seeing corrections are dependent onbethand sizefarborne
10 105,105 110and110 115 respectively. These values are et al. 2020y so the intrinsic evolution is harder to discern.
similar to the change expected from 5 Gyr of our disc fading models
( _re = 0055 averaged over all B/T and inclination). As a result,
disk fading is only su cient to evolve galaxies from their typicag, 5 CONCLUSIONS
on the main sequencelat 1to the typical value of g, on the main
sequence dt = 0. This is not a su cient change to evolve galaxies
on the main sequenceka= 1to the observedg, of passive galaxies
atl = 0.

We can also use our estimatesl gffrom size evolution to obtain
another prediction of the amount of progenitor bias g). For PAS
galaxies,| @ = 1413 1+47 (depending on the evolutionary model (i) Ingalaxieswith an old bulge and a star forming disc, quenching
used). At the high end of this redshift range thg of galaxies on  the disc leads to a reduction in measured spjif,and an increase
the main sequence (Fifj2) starts to decline towards higher redshift, in measured concentration. These trends are due to the reduction in
however this decline is small. As a result, for all three mass intervalsthe light weighted contribution of the disc. Unsurprisingly this is
shown in Fig.12, _g, in the main sequence is higherlgh= 113 most signi cant for systems where the mass of the bulge and disc
1l47thanitis atl = 0. are relatively equal. Fore) = 05 we nd that 5 Gyr of quenching

We consider our size evolution estimates of quenching time to beeads to a reduction of0«12in _g.. At the same time, the measured
reasonable dbgt" " ©=10 105 (Section4.5.3and Figl4). Aband concentration increases by 0.13. Averaged overeallwe
In this mass range theg, on the main sequence is between 0.06 nd 5Gyr of disc fading leads to change ing, of 0+055and a
(l@= 113) and 0.04 [@= 1+47) higher than at = 0. The observed  change in concentration of 0.082.

di erence betweerl = 0 PAS and SF galaxies in this mass range (i) We measure the di erence ing, and concentration between

is 04194 0012 If we add the progenitor bias to this, then the early spirals (classi ed eSp) and S0s from the SAMI Galaxy Survey.
range for the total change in spin is betweed234 and 0254, We nd SOs have an average, that is smaller than eSp galaxies,
where the size of the allowable range is dominated by the uncertaintwith the mean _r, = 04132 04013 The mean dierence in

on the estimated quenching time, not the uncertainty in observeatoncentrationis = 0417 0026 This di erence is in the same
_R. Values. In contrast, the change allowable due to disk fadingqualitative sense as our disc fading models but somewhat larger in
(averaging over all ¢) ) is 0057 Disk fading appears to only amplitude, only becoming comparable when using the most extreme
contribute a small fraction of the required change, meaning thatmodels ( ¢) = 0e5).

intrinsic dynamical evolution (i.e. changes in the orbital distribution (i) When we separate SAMI galaxies by their star formation rate
of stars) must be an important contributing factor. It is also worth relative to the main sequence (instead of morphology) we nd that
noting that our disk fading models are likely to be optimistic in the di erence between regular star forming galaxies (on the main
the amount of apparent kinematic change they cause. We assunsequence) and passive galaxipslé6 dex below the main sequence)

a purely dispersion supported bulge (no rotation) and a 10 Gyr olds too great to be due to disc fading alone.

bulge stellar population. A bulge with some rotation, or younger stars (iv) The di erence in spin and concentration between main se-
will reduce the impact of disk fading. guence galaxies and those with weak star formatisé ( 16 dex

The galaxies from the EAGLE simulation on the SF main sequencebelow the main sequence) is less than for passive galaxies.

4.5.4 Combining disc fading and progenitor bias

We use dynamically self consistent models to estimate the signature
of disc fading on the observed kinematics and structural properties of
galaxies. In particular, we assess how the changing contribution from
bulge and disc can in uence galaxy properties, despite no change in
the mass fraction in each component. Speci cally we conclude that:
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(v) Size evolution plays an important role in progenitor bias, but DE190100375) funded by the Australian Government and a Univer-
as aresult can be used as a tool to estimate the time at which galaxiesty of Sydney Postdoctoral Research Fellowship. KH is supported
guenched and left the main sequence (under a number of assumpy the SIRF and UPA awarded by the University of Western Australia
tions). Scholarships Committee.

(vi) We use the EAGLE simulations to estimate the amount of
progenitor bias that can contribute tg, dierences. For a xed
mass range at redshift the spin of main sequence galaxies in-
creases slightly fronh = O until at leastl = 1 (dependent on mass). DATA AVAILABILITY

This progenitor bias does not help to bring disk fading models intoThe SAMI data used in this paper, including kinematic mea-
agreement with the data, as it goes in the opposite sense to that r8urements, are included in SAMI Data ReleaseC80pm et al.
quired. We conclude that disk fading is not su cient to explain the 2021 available via Australian Astronomical Optics' Data Central,

_R. dierence between star forming and passive (or eSp and SO)nttps://datacentral.org.au/. Simulation results for all models are avail-
galaxies at = 0. Instead, intrinsic evolution of the stellar dynamics gaple online as part of this publication.

of the galaxies must dominate.

The progenitors of today's SOs are in most cases likely to be spi-
ral galaxies at an earlier epoch (elyessler et al. 199@0ustetal. REFERENCES
2010. Spatially resolved spectroscopic surveys capable of measuring
the stellar kinematics in discs should be able to quantify the impor-~AC_software team 2015, 2dfdr: Data reduction software, Astrophysics
tance of evolving stellar disc dispersion. Sampling a redshift range S°urce Code Library (ascl:1505.015)

— N " . . Abazajian K. N., et al., 200%RpJS 182, 543
| =025 050 would be su cient to study 3 5Gyr of evolution. Ahn C. P, et al., 2012\pJS 203, 21

Such observations are now becoming possible with medium deepy, 5. T., etal., 2014, SAMI: Sydney-AAO Multi-object Integral eld spec-

surveys coveringnlarge areas using instruments such as the Multi trograph pipeline, Astrophysics Source Code Library (ascl:1407.006)
Unit Spectroscopic Explorer (MUSEBacon et al. 2010 One such  pjien J. T, et al., 2015, MNRAS, 446, 1567

project is the Middle-Ages Galaxy Properties with Integral Field Bacon R., et al., 2010, in Ground-based and Airborne Instrumentation for
Spectroscopy (MAGPFEoster et al. 2020survey currently proceed- Astronomy Ill. p. 773508¢0i:10.1117/12.856027
ing on the Very Large Telescope with MUSE. Baldry I. K., etal., 2012MNRAS, 421, 621
Future work should also examine whether the kinematic and strucBaldwin J. A., Phillips M. M., Terlevich R., 198 BASR, 93, 5
tural properties of SO galaxies are dependent on environment. If dyBeeston R. A., etal., 2018INRAS, 479, 1077
namical e ects contribute to the formation process of SOs, di erences Bekki K., 1998,ApJL, 502, L133

in interactions as a function of environment could lead to measurablegekk' K., Couch W. J., 201IMNRAS, 415, 1783
. ezanson R., et al., 2018pJ, 858, 60
environmental trends.

Bland-Hawthorn J., et al., 2011, Optics Express, 19, 2649

Brough S., et al., 201ApJ, 844, 59

Bryant J. J., Bland-Hawthorn J., Fogarty L. M. R., Lawrence J. S., Croom
S. M., 2014, MNRAS, 438, 869
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