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ABSTRACT

There is now clear evidence, from a variety of studies, that galactic bars contribute to and/or accelerate processes that
quench galaxies. However, bars have a variety of strengths and pattern speeds, and previous work has suggested that
slow and strong bars impact their hosts the most. In this paper, we continue to investigate the impact of bar strength
and bar speed on host galaxy evolution in a sample of barred galaxies identified via classifications from Galaxy Zoo. We
perform a comprehensive assessment of star formation tracers spanning a variety of time-scales, based on spatially resolved
spectroscopic information from the Mapping Nearby Galaxies at Apache Point Observatory (MaNGA) survey. Specifically,
we examine the radial distributions of EW [H «], H 84, H 8, and Dn4000; spectral data that trace star formation on current,
intermediate, and much longer time-scales. We investigate how these star formation tracers vary with respect to each other
in diagnostic evolutionary planes for eight categories of barred galaxies (combinations of star forming or quenching; strong
and weak; fast and slow). We continue to find that slow-strong bars drive the quenching of their hosts the most by triggering
active star formation throughout the barred region; however, we note some additional complexity: we observe that stronger
bars boost star formation at the bar centre while slower bars have increased star formation along the bar. This work adds
to the growing evidence that galactic bars have both global and local impacts on their host galaxies.

Key words: galaxies: bar — galaxies: disc — galaxies: evolution — galaxies: kinematics and dynamics - galaxies: star forma-
tion.

by moving both stars and gas in their host galaxies (E. Athanas-

1 INTRODUCTION soula 2003; M. W. Regan & P. J. Teuben 2004). A large fraction of

Quenching [or the cessation of star formation (SF)] in galaxies
occurs through a variety of mechanisms that are often interde-
pendent (e.g. J. Kormendy & R. C. Kennicutt 2004; Y.-j. Peng et al.
2012; O. Bait, S. Barway & Y. Wadadekar 2017; R. J. Smethurst
etal. 2017; A. F. L. Bluck et al. 2020; E. Contini et al. 2020). Secular
processes (i.e. slow and mostly internal dynamical processes) are
understood to be influential in the process of quenching (e.g. J.
Kormendy & R. C. Kennicutt 2004; K. L. Masters et al. 2011), in-
cluding in our own Milky Way (MW; e.g. M. Haywood et al. 2016).
In disc galaxies, internal structures such as bars are one of the
dominant drivers of secular evolution (A. Zurita et al. 2004; K.
Sheth et al. 2005).

Bars are rectangular structures in disc galaxies that form as the
result of disc instabilities (e.g. M. D. Weinberg 1985; V. P. Debat-
tista et al. 2006). Over time, bars redistribute angular momentum
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disc galaxies in the present universe contain bars (estimates range
from 25 to 73 per cent depending on method and wavelength
used; P. B. Eskridge et al. 2000; I. Marinova & S. Jogee 2007; K.
Sheth et al. 2008; P. B. Nair & R. G. Abraham 2010a; K. L. Masters
etal. 2011; R.J. Buta et al. 2019), and redder, more quiescent, discs
are more likely to host bars (particularly strong bars K. L. Masters
et al. 2011; T. Géron et al. 2021), suggesting that bars may play a
significant role in disc galaxy quenching.

One of the ways in which bars are believed to impact their hosts
is through their ability to redistribute material in the interstellar
medium (ISM). Simulations of bars show that they drive radial in-
flows of gas along dust lanes, accreting gas at the centres of their
hosts to form pseudo-bulges and/or central mass concentrations
(e.g. E. Athanassoula 1992a; J. Villa-Vargas, I. Shlosman & C.
Heller 2010; E. Athanassoula, R. E. G. Machado & S. A. Rodionov
2013; C. Carles et al. 2016). Such inflows can result in rapid SF
enhancement at the centres of barred galaxies (e.g. as observed
by K. Sheth et al. 2000; A. Alonso-Herrero & J. H. Knapen 2001;
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S. L. Ellison et al. 2011; P. Coelho & D. A. Gadotti 2011; I. Pérez &
P. Sanchez-Blazquez 2011; J. Wang et al. 2012; R. Chown et al.
2019; L. Lin et al. 2020).

While bars overall tend to be found in discs with suppressed SF
(e.g. asshown in K. L. Masters et al. 2011), spectroscopic analysis
of the SF histories (SFHs) of barred galaxies has revealed that
increased SF occurs along the leading edges of bars and bar-ends
(e.g. see T. Peterken et al. 2019; S. Diaz-Garcia et al. 2020; A.
Fraser-McKelvie et al. 2020). As bars exert a gravitational torque
on the surrounding gas, simulations predict that the extent of
SF enhancement is linked to the bar shear potential (e.g. see E.
Athanassoula 1992a; F. Renaud et al. 2015; E. Emsellem et al.
2015; S. Khoperskov et al. 2018). Regions with high-velocity gradi-
ents/shear have suppressed SF whereas regions with lower shear
at the bar-ends are associated with triggered SF (M. Haywood
et al. 2016; P. A. James & S. M. Percival 2018; F. Maeda et al.
2023; T. Kim et al. 2024; L. M. Hogarth et al. 2024). Shocks have
also been shown to inhibit SF along the bar-arms (D. Reynaud &
D. Downes 1998), but opposing evidence shows that they may
contribute to enhanced SF (A. Zurita et al. 2004).

Since bars are associated with both enhancement and sup-
pression of SF activity, it is no surprise that their overall role in
galaxy quenching remains debated. While bar fractions decrease
at higher redshifts, these observations of bars suggest that they
are long-lived structures that can exist for up to 10 Gyrs in their
hosts (e.g. T. Melvin et al. 2014; Y. Guo et al. 2025; T. Géron
et al. 2025; J. M. Espejo Salcedo et al. 2025), and so have the
potential to act over evolutionary time-scales for galaxies. While
higher bar fractions are observed in redder, quiescent galaxies
relative to those in star-forming galaxies (K. L. Masters et al.
2011, 2012; E. Cheung et al. 2013; M. Vera, S. Alonso & G. Cold-
well 2016; S. J. Kruk et al. 2018; T. Géron et al. 2021), this is
sometimes explained by bars being more likely to form in quies-
cent galaxies rather than themselves contributing to quenching
processes.

Not all bars are the same, and the impacts a bar appears to
have on its host galaxy depends on its properties (e.g. T. Géron
et al. 2021). Strong bars have been suggested to have more ob-
servable impacts on their hosts than weak bars (K. L. Masters
et al. 2012; E. Kim et al. 2017; T. Géron et al. 2021, 2024), which
emphasizes the need to consider bar strength when interpret-
ing the impact of bars on SF activity. Bar strengths (initially a
combination of length and brightness; G. de Vaucouleurs 1959),
can be estimated by a variety of methods, including analysing
the strength of Fourier modes, the bar’s contribution to the light
distribution profile, assessing the relative size of the bar to the
galaxy diameter (e.g. E. Athanassoula 1992a; P. B. Nair & R. G.
Abraham 2010a; S. J. Kruk et al. 2018), or attempting to measure
the gravitational torque of the bar (R. Buta & D. L. Block 2001; E.
Laurikainen & H. Salo 2002) via arm-interarm constrast and/or
ellipticity of the bar. Large-scale morphological classification of
galaxies in recent years has been provided by the Galaxy Zoo
(GZ) project (C. J. Lintott et al. 2008; K. W. Willett et al. 2013).
GZ obtains information on galaxy morphologies by aggregating
classifications collected from online volunteers who are asked
to complete a series of tasks identifying morphological features
(such as bars) via visual inspection. The GZ ‘bar vote fraction’
(corrected fraction of users reporting seeing a bar) has been pre-
viously used to identify strong and weak bars (K. L. Masters et al.
2011; R. A. Skibba et al. 2012), and furthermore, recent versions
of GZ ask for information on bar strength by including classifica-
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tion tasks that asks if a galaxy has a strong, weak, or no bar (T.
Géron et al. 2021; M. Walmsley et al. 2022, 2023), enabling the
exploration of the influence of bar strength on their hosts via GZ
morphologies.

Bar kinematics is becoming increasingly important in under-
standing the secular evolution of their hosts, primarily because
large resolved spectroscopy surveys enable the measurement of
bar pattern speeds, €25, for much larger samples than before
(e.g. T. Géron et al. 2023). ‘Fast’ bars have been associated with
strongly inhibited SF in the arms relative to ‘slow’ bars, indicating
that bar speed may also influence SF within the barred region (T.
Géron et al. 2024). The length of the bar relative to its corotation
radius determines the speed at which the bar moves relative to
stars at the bar end. To quantify this, the dimensionless quantity
R = Rcr/Ruar is defined as the ratio of the corotation radius to
bar radius. The corotation radius of a bar, Rcy is the radius at
which stars in the galaxy have the same angular speed as the bar
(stars interior to this radius move faster, and those outside move
slower). ‘Fast’ bars end at or near corotation (1.0 < R < 1.4) so
their ends move with the stars in the disc, while ‘slow bars’ end
inside corotation (R > 1.4; and thus rotate more slowly than the
disc stars at their ends, S. Tremaine & M. D. Weinberg 1984; B. G.
Elmegreen et al. 1996).

It is important to consider the integrated influence of bar
strength and kinematics to understand the processes by which
bars drive the evolution of their hosts. Recent work by T. Géron
etal. (2024) probed the impact of bar strength and bar speed on SF
in different types of barred galaxies at different time-scales in the
host’s evolution by examining the radial distributions of EW[H «]
(a tracer of current SF) and Dn4000 (a tracer of SF beyond Gyr
time-scales) along the barred region. Among various subsets of
barred galaxies, split based on combinations of host SFR, bar
speed, and bar strength, they observe that young SF galaxies with
bars that are both strong and slow have increased ongoing SF
and younger stellar populations within the bar than other types
of barred galaxies; additionally, T. Géron et al. (2024) find that
this increase in SF is local to the bar-end region of galaxies with
slow and strong bars compared to other surrounding regions in
the hosts.

This, along with other observations pointing to secular evolu-
tion driven by bars (e.g. E. Cheung et al. 2013; G. Gavazzi et al.
2015; D. Renu et al. 2025; C. de Sa-Freitas et al. 2025), suggests
that bars are influential contributors to morphological quench-
ing. Both theoretical insights and observations suggest that bars
slow down (D. G. Algorry et al. 2017; V. Cuomo et al. 2021; T.
Géron et al. 2023) and grow longer (and therefore more likely
stronger) over time (J. Villa-Vargas et al. 2010; E. Kim et al. 2017;
A. Fraser-McKelvie et al. 2020; T. Géron et al. 2021; Y. Rosas-
Guevara et al. 2022; F. Fragkoudi et al. 2025; C. de Sa-Freitas et al.
2025). T. Géron et al. (2024) propose that bars progress along a
continuum of strengths and speeds and therefore their impact
on their hosts increases according to their evolutionary stage,
such that galaxies with slower and stronger bars are the most
quenched.

In this paper, we build on the work presented in T. Géron
et al. (2024) by investigating how bar speed and bar strength
interact through detailed examinations of the SFHs of various
barred galaxies using the tracers EW[H «] and Dn4000 previously
considered in T. Géron et al. (2024) that probe current and distant
time-scales, but also adding two additional tracers (H 8 and H §5)
that probe SF on intermediate time-scales. By adding these trac-



ers, we are better able to examine the trajectory of bars of different
strengths and speeds in SF and quenching host galaxies across
evolutionary planes (i.e. EW[H «], H 8, and H §5versus Dn4000)
which diagnose SFHs. Additionally, we assess the extent of the
bar’s influence by comparing the impact of bar strength/speed on
localized turnovers of SF within the bar region to those of global
galaxy properties, and consider how the H @ morphology helps us
to understand the trends we see.

The rest of this paper is structured as follows. In Section 2,
we describe the data and methods used to analyse SF across the
barred region; in Section 3, we present the radial profiles of the
four selected spectroscopic tracers of SF (EW[H«], H 8, Héa,
Dn4000) in various subsets of barred galaxies and analyse the cor-
relations between these measures of SF, bar strength, bar speed,
and other host physical properties; in Section 4, we discuss these
results and present our conclusions in Section 5.

The only distance dependent quantity used in this work is stel-
lar mass from Pipe3D (S. F. Sdnchez et al. 2016a, see Section 2.3)
which is used to split the sample into SF and quenching galaxies
based on the SF sequence of galaxies. Pipe3D is a spectral fitting
algorithm applied to MaNGA data (see Section 2.1) and assumes
standard ACDM with Hy = 73 kms™! Mpc™ to derive distant de-
pendent quantities (S. F. Sanchez et al. 2022).

2 DATA AND SAMPLE SELECTION

2.1 Galaxy Zoo and identification of strong and weak bars

We use Galaxy Zoo (GZ, C. J. Lintott et al. 2008), a crowd-sourced
citizen science project that provides morphological classifications
for large datasets of galaxies, to obtain our sample of barred
galaxies and to identify strong and weak bars. Recent versions
of GZ ask about both strong and weak bars, and have developed
machine learning algorithms trained on participant responses
from prior campaigns to make morphological classifications for
larger samples (M. Walmsley et al. 2022, 2023). This paper makes
use of GZ classifications of the Dark Energy Spectroscopic Instru-
ment (DESI; A. Dey et al. 2019) survey images. GZ DESI provides
machine-generated classifications for approximately 8.7M galax-
ies, trained on GZ volunteer classifications (M. Walmsley et al.
2023). We base our sample on a set of barred galaxies selected
from GZ DESI by T. Géron et al. (2023, see Section 2.5 for further
details on sample selection).

In order to extract samples with reliable classifications from
GZ, thresholds must be imposed on the vote fractions, or the
corrected fraction of the participants who reported seeing the
feature, labelled as ‘p[primary response]’ (e.g. see K. W. Wil-
lett et al. 2013, for details on this). We use the classifications
from GZ DESI, which included a question that asks whether a
galaxy has a strong, weak, or no bar (M. Walmsley et al. 2023).
We impose the restrictions on the subsequent vote fractions
(Pstrong» Pweaks Pnobar) defined in T. Géron et al. (2021) to identify
strong and weak bars. A galaxy is considered to host

(i) a strong bar: if at least half of the classifications report that
a bar is present (Psiong+weak > 0.5) and there are more classifica-
tions as a strong bar than weak (psirong > Pweak)s

(ii) a weak bar: if psrongtweak = 0.5 and there are more classifi-
cations as weak than strong (Psiong < Pweak);

(iii) no bar: if total bar vote fraction, psrongt+weak < 0.5.

Bars and quenching 3

2.2 MaNGA

MaNGA (Mapping Nearby Galaxies at Apache Point Observa-
tory) was a survey of nearby galaxies forming part of Sloan Digital
Sky Survey IV (SDSS-IV; K. Bundy et al. 2015; M. R. Blanton
etal. 2017). Over a six year period (2014-2020), MaNGA observed
10,001 unique galaxies with the MaNGA integral field unit (IFU)
and the BOSS spectrograph (S. A. Smee et al. 2013; N. Drory et al.
2015) attached to the 2.5m Sloan Foundation Telescope (J. E.
Gunn et al. 2006). MaNGA provides spatially resolved spectral
measurements for the entire coverage of each galaxy. This typi-
cally extends to ~ 1.5 R, but can extend up to 2.5 R,, where R, is
effective radius (D. A. Wake et al. 2017). Each IFU is composed
of optical fibre bundles arranged in a hexagonal array that collec-
tively provide 17-32 arcsec of coverage, with effective resolution
of 2.5 arcsec. The reduced data are made publicly available in the
form of the MaNGA Data Reduction Pipeline (see D. R. Law et al.
(2016); subsequent analysis of this data is available as the MaNGA
Data Analysis Pipeline (DAP; K. B. Westfall et al. 2019). To access
MaNGA data, we make use of the Marvin software (B. Cherinka
et al. 2019).

The MaNGA DAP provides two-dimensional maps of various
emission and absorption features. We use the measurements of
four spectral features that indicate SF activity at various time-
scales. Specifically, we use measurements of:

(i) Gaussian-fitted Equivalent Width of Ha (EW[H «])
which traces the flux of H« emission (located at 6564 A), indi-
cating ongoing SF within a galaxy.

(ii) H B absorption index which probes the immediate, or very
recent, cessation of SF (e.g. see R. J. Smethurst et al. 2019). The
absorption of light by hydrogen in stellar atmospheres at this
wavelength (4861A) is only visible in the absence of OB stars.

(iii) H§ absorption feature which also serves as a tracer of
recent, rapid quenching in galaxies. As the absorption of light at
this wavelength (between 4080A- 4122A) is dominated by A type
stars, H § is most sensitive to SF activity within the last ~Gyr (M.
L. Balogh et al. 1999; T. Goto et al. 2003; R. J. Smethurst et al.
2019).

(iv) D ,4000, the ratio of the total flux between 4000-4100 A
and 3850-3950 Awavelengths, which traces the presence of older
stellar populations. While this correlates with the stellar popula-
tion age, it is important to consider that there is a distinct metal-
licity dependence for stellar ages above 1 Gyr (G. Kauffmann et
al. 2004).

We apply corrections to the spectral index measurements (Hp,
H 84, and Dn4000) as advised in K. B. Westfall et al. (2019); B.
Cherinka et al. (2019) to account for the stellar and gas veloc-
ity dispersions due to constraints on instrument resolution. For
measures of EW[H «], we ensure that we only trace SF activity
and avoid contamination by other ionization sources by removing
spaxels which lie in the active galactic nuclei (AGNs), Low Ioniza-
tion Nuclear Emission line-Regions (LINER), Seyfert, and com-
posite star-forming regions on a Baldwin, Phillips, & Terlevich
(BPT) diagram (J. A. Baldwin, M. M. Phillips & R. Terlevich 1981,
using the BPT function in Marvin).

We additionally use stellar masses based on the spectral fitting
from data integrated across the MaNGA bundle from the Pipe3D
value-added-catalogue (VAC) for MaNGA (S. F. Sanchez et al.
2016a, 2022).

MNRAS 548, 1-19 (2026)
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2.2.1 Bar Speeds

T. Géron et al. (2023) make use of MaNGA kinematic data to
obtain measurements of the bar kinematics, which we use in this
work. Using the bar corotation radius Rcg and the deprojected
bar radius Ry,y, the usual measure of bar speed is given by

_ Rer
Rbar '

€)

Fast bars are defined to have 1.0 < R < 1.4 and slow bars have
R > 1.4. To obtain R, measures of the bar pattern speed, galaxy
rotation curve (to obtain the corotation radius), and bar radius
are required. We use the measures of deprojected bar radius, bar
pattern speed, and R provided by T. Géron et al. (2023),! and will
summarize the method they use below.

Various methods can be used to obtain estimates of bar pat-
tern speeds (e.g. B. Canzian 1993; P. Rautiainen, H. Salo & E.
Laurikainen 2008; P. Treuthardt et al. 2008; J. Font et al. 2011).
However, the most widely used, and only model-independent
method is the S. Tremaine & M. D. Weinberg (1984, TW) method.
The TW method estimates the bar pattern speed using kinematic
tracers such as stars or gas which must be assumed to satisfy the
continuity equation.

For more details on this method, see T. Géron et al. (2023), or
for a full derivation from the continuity equation, see J. Binney &
S. Tremaine (2008). While the assumption of continuity holds
well when applied to stars in quiescent galaxies (M. R. Merri-
field & K. Kuijken 1995), there is ongoing discussion on whether
gas, or stars, in SF galaxies can be used as suitable tracers. In these
galaxies, active SF and dust obscuration may limit the ability to
fully trace the underlying mass distribution (S. Tremaine & M. D.
Weinberg 1984; J. Gerssen & V. P. Debattista 2007; J. A. L. Aguerri
et al. 2015). Despite these potential limitations, the TW method
has been applied to both quiescent and SF galaxies using stars
as tracers (V. Cuomo et al. 2019; R. Guo et al. 2019; L. Garma-
Oehmichen et al. 2020; V. Cuomo et al. 2020, 2021; T. G. Williams
et al. 2021; L. Garma-Oehmichen et al. 2022).

T. Géron et al. (2023) obtain bar pattern speeds using spa-
tially resolved fluxes and line-of-sight velocities from MaNGA
for barred galaxies. Luminosity weighted averages of the position
and line-of-sight velocity (corresponding to the photometric and
kinematic integrals respectively) are obtained by summing over
0.5 arcsec wide pseudo-slits that are centred on the disc minor
axis, aligned with the galaxy major axis, and span the IFU’s field
of view. T. Géron et al. (2021); T. Géron et al. (2023) provide
measured bar lengths based on visual inspection (by TG) of grz
optical images from the DESI Legacy surveys.

Finally, the corotation radius of a bar (the distance at which
gravitational force and centrifugal forces are balanced in the bar
rest frame) is the radius at which the rotation curve intersects
with the bar’s pattern speed expressed as a rotational velocity
(2p7). To obtain rotation curves, T. Géron et al. (2023) fit MaNGA
stellar velocities to a two-parameter arctan function defined in S.

Courteau (1997):Vyor = Viys + %Vc arctan (’7"’) ,where Vio(, Viys,

Tt

and V, are the rotational, systemic, and circular velocities re-
spectively; r is the deprojected distance from the galaxy cen-
tre, 1 is the position of the galaxy centre, and r; is the transition
radius.

LAll of which are publicly accessible here https://zenodo.org/record/
7567945.
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2.2.2 HI-MaNGA

To obtain measures of the HT content of galaxies, we use data
from DR4? of the HI-MaNGA programme (K. L. Masters et al.
2019; D. V. Stark et al. 2021). HI-MaNGA obtains H1 21cm radio
observations using the L-band receiver on the Robert C. Byrd
Green Bank Telescope (GBT), and also provides consistent infor-
mation on H I observations of MaNGA galaxies available from
other surveys (mostly from ALFALFA; M. P. Haynes et al. 2018).
H 1-MaNGA provides information on both HI detections and up-
per limits for MaNGA galaxies z < 0.05. HI masses for detections
are measured via

Fq ) @)

Jykms™!

D 2
M /Mg = 2.536 x 10° | ——
o =2:5% x 10° (20 )

where My is the HI mass, D, is the distance to the galaxy, and
Fy is the observed H 1 flux). For non-detections, an upper limit of
the H1 mass is provided using the rms noise of the spectrum and
assuming a width of W = 200 kms™! to estimate the 1o upper
limit.

Using HI mass fractions (fgr = Mu1/M,), the HI deficiency
H 14¢f is quantified by taking the difference between the expected
gas fraction fy Texp and the observed H1 mass fraction, orH I =

S, —log (%) .We follow K. L. Masters et al. (2012) for

the trend of fui,,, with stellar mass assumingfy,,, = —0.31 —
0.86 <log (ﬁ—@) - 10.2) :

2.2.3 Galaxy Environments for MaNGA

To probe the impacts of galaxy interactions, we make use of
measures of tidal strength from the Galaxy Environments for
MaNGA (GEMA) Value-Added Catalog released as part of SDSS-
IV DR17 (Abdurro’uf et al. 2022). GEMA provides various mass-
dependent (tidal strength Q) and mass-independent (projected
density 1) measures of galaxy environment, quantified following
the methods in M. Argudo-Fernandez et al. (2015). The tidal
strength parameter estimates the net strength of the gravita-
tional interaction exerted on the primary galaxy due to binding
forces with its neighbours, defined by M. Argudo-Fernandez et

3
al. (2015) asQ = log (Z; 1\% (%ﬁ’) ) ,where Mp is stellar mass of

the primary galaxy, M; is the stellar mass of the ith neighbour
galaxy, D, is the estimated diameter of the primary galaxy corre-
sponding to the Petrosian radius at which 90 per cent of the flux
is contained, and d; is the distance from the ith neighbour to the
primary galaxy. As the sample we use is volume-limited by z <
0.05, we use the measure of tidal strength of the first nearest
neighbour provided in GEMA for neighbours within 500km s=?
line-of-sight velocity, volume-limited by z < 0.06, and projected
up to a distance of 5 Mpc.

2.3 Sample Selection

To investigate the impacts of bar strength and bar kinematics
on galaxies, we use the sample (hereafter referred to as the
Tremaine-Weinberg, or “TW’ sample) presented in T. Géron et al.
(2023) which consists of barred galaxies with bar pattern speeds

Zhttps://greenbankobservatory.org/portal/gbt/gbt-legacy-archive/hi-
manga-data/
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measured using the TW method. We provide a summary of the
selection criteria T. Géron et al. (2023) used to obtain this sample
here:

(i) Galaxies with both morphological and resolved spectral
information are obtained from a cross-match of the GZ DESI
dataset (~ 8.7 million galaxies) and the MaNGA survey (~ 10 001)
galaxies, resulting in an initial sample of 9817.

(ii) Magnitude and redshift limits of 0.01 < z < 0.05 and M, <
—18.96 are applied (both of which are obtained from the NASA
Sloan Atlas; M. R. Blanton et al. 2011), reducing the number of
galaxies to 5810.

(iii) Threshold requirements are imposed on the predicted vote
fractions from GZ DESI to reliably select galaxies that have dis-
tinctly observable features (Preatures > 0.27), that those features
are highly likely to be barred face-on spirals (pnotedge_on > 0.68),
and the estimated number of volunteers that would make the bar
classification (ny,, > 0.5). This reduces the number of galaxies to
2125 candidate face-on barred galaxies.

(iv) Of the galaxies with potentially observable bars, 1213
galaxies have bar lengths and position angles measured by T.
Géron et al. (2024).

(v) To measure bar pattern speeds using the TW method,
face-on barred galaxies that have regular kinematics are se-
lected; see T. Géron et al. (2023); T. Géron et al. (2024) for
a full review), which reduces the sample size to 210 galaxies
with measured bar pattern speeds (£2;), corotation radii (Rcgr),
and R.

We use the TW sample to examine the impact of bar speed on
radial distributions of SF indicators relative to bar strength and
other global galaxy properties.

We identify galaxies within the TW sample that are SF and
quenching using the star-forming sequence defined by F. Belfiore
et al. (2018) for SFrates (SFRs) and stellar masses derived from the
Pipe3D pipeline (S. F. Sdnchez et al. 2016a).

log(SFR/Muyr ™) = (0.73 & 0.03) log(M,./Ms) — (7.33 + 0.29)
4

Galaxies with SFRs and masses below 1o(~ 0.39 dex) scatter
of the star-forming sequence in equation (7) are classified as
quenching and the rest as star forming.

Of the 210 galaxies in the TW sample (see Section 2.3), 196
have been observed by the HI-MaNGA programme and 123 have
identified detections from the fourth data release (DR4). We de-
termine the HI deficiency for the subset of 123 galaxies with
HI detections, which we call the HI rich subset. There are well-
known correlations between H I detections and the presence of a
(strong) bar (K. L. Masters et al. 2012), and in addition this selec-
tion preferentially selects more SF galaxies due to the correlations
between SF and H1 (especially long-term tracers of SF, as shown
with HI-MaNGA data in D. V. Stark et al. 2021). We find that out
of the 73 barred galaxies that are HI upper limits in H1-MaNGA,
galaxies with slow bars are also slightly more likely to be upper-
limits than fast bars. Specifically, we find 52/140, or 37 per cent of
slow bars are upper-limits, while that same fraction is 21/70, or
30 per cent of fast bars. This means the H 1 rich subset is slightly
biased against galaxies with strong and/or slow bars.

A summary of the final sample sizes is provided in Table 1.
We note that, even starting from the 10001 MaNGA galaxies, our
smallest subset (SF galaxies with fast-weak bars) contains only 10
examples.
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Table 1. A summary of all the sizes of all subsamples of the total 210
barred galaxies in our study.

Fast Slow Fast + Slow

Strong SF 18 26 44

Q 29 40 69

All 47 66 113

Weak SF 10 37 47

Q 13 37 50

All 23 74 97

Strong + Weak SF 28 63 91

Q 42 77 119

All 70 140 210

SF, star forming; Q, quenching.
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Figure 1. Fraction of galaxies that are quenching in each bar-type of the
TW sample (peach line) and of the total TW sample shown for comparison
(grey dashed line). We note that the quenching fractions by bar type are
not statistically different than that of the entire population within the
Poisson errors for this sample size (which are presented in the Section 3),
but the trends suggest that more galaxies with strong bars are quenching
than those with weak bars, and more with fast bars than slow.

3 RESULTS

We first summarize the distribution of bar and host galaxy prop-
erties across the TW sample. We note that this is as previously
reported in T. Géron et al. (2024) and provide the following to
help the reader interpret our additions to that work. In the 210
barred galaxies with both strength and speed measurements, we
note that barred galaxies are slightly more likely to be quenching
(56 + 5 per cent of barred galaxies are quenching) than SF (43 +
5 per cent are SF; all subsample sizes are summarized in Table 1).
At face-value, the TW sample is close to 50-50 quenching-SF, but
recall that disc galaxies overall are preferentially SF galaxies, so
this balance represents a bias of barred galaxies towards being
quenching. Fig. 1 shows the fractions of quenching galaxies in
each of the different bar types (peach line) - while these frac-
tions are not statistically different from that of the entire popu-
lation, the overall trends show that more strongly barred galaxies
are quenching relative to their weaker counterparts; secondarily,
more galaxies with fast bars are quenching relative to their slower
counterparts.

A total of 54 + 5 per cent of the bars in our sample with TW
measurements are strong bars, with the remainder 46 per cent
5 per cent being weak. The TW measurements reveal that two-
thirds of bars in our sample (67 & 6 per cent) are slow bars and
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the remaining third (33 + 4 per cent) are fast bars, as also reported
in T. Géron et al. (2024). We note that a majority of bars in the
TW sample are slow; however, as described in T. Géron et al.
(2023), this may be an impact of shorter bar lengths being more
likely to have complete MaNGA bundle coverage rather than
slower rotation speeds. Shorter bars have larger R and are there-
fore slower, which N. Frankel et al. (2022) suggest may explain
the overabundance of slow bars in simulations. As weak bars
(which are shorter by definition) are included in the TW sample,
an abundance of shorter bars may explain the observed skewed
distribution of R towards larger (slower) values.

Within these barred galaxies, we observe that galaxies with
slow or fast bars are about equally likely to be quenching (55 +
6 per cent compared to 60 £ 9 per cent); however, galaxies with
strong bars are slightly more likely to be quenching compared to
galaxies with weak bars (61 £ 7 per cent strong bars are quench-
ing compared to 52 % 7 per cent weak bars). Strong bars are also
less likely to be slow bars: 58 + 7 per cent of strong bars are slow,
compared to 76 £ 9 per cent of weak bars.

With these sample distributions in mind, we now move on to
investigating the radial profiles of SF indicators.

3.1 Radial profiles

We investigate how SF varies spatially across the barred region
for each of our barred galaxy subsets using four spectroscopic
tracers of SF (EW[H«], HB, Hd,, and Dn4000). We examine
the radial distributions of these SF tracers across regions aligned
with the bar position angle. To generate radial profiles of these
tracers, we follow the procedure in T. Géron et al. (2024) who re-
ported similar radial profiles, but only for EW[H «]* and Dn4000;
we add additional profiles for new tracers, and consider some
additional and/or different subgroups by bar properties. The T.
Géron et al. (2024) procedure was to overlay an aperture* of size
3arcsec x 30arcsec on to the MaNGA maps at the PA of the
bar (see Fig. 2). The choice of the dimensions for the aperture
are somewhat arbitrary; however, they both cover the resolution
(typically 2.5 arcsec) and field of view of the MaNGA data, and
by visual inspection, T. Géron et al. (2024) determined that they
capture the majority of most bars. The left panel of Fig. 2 shows
this aperture on an example galaxy.

For every spaxel®> whose centre lies within the aperture, we
extract the value of the SF tracer and determine the distance from
the given spaxel to the centre of the galaxy, normalized to the bar
radius. We then derive the individual median profile for a galaxy
by plotting median values in bins of size of 0.15 Ry, (the bar
radius) against the normalized distance from the galaxy centre
(shown in the central panel of Fig. 2). To obtain total median
profiles representative of all galaxies within a given subset, we
construct the individual median profiles for each galaxy using the

3Additionally, T. Géron et al. (2024) applied different corrections to
EW[H«] from those we describe in Section 2.2, so our values differ
slightly.

“We define our own apertures in this work, although we note that it
is possible to use the getAperture method available in Marvin (B.
Cherinka et al. 2019). We have confirmed that using either method yields
consistent results.

>In MaNGA data, a spaxel is a spatial pixel, of size 0.5 arcsec to enable
Nyquist sampling of the ~ 2.5 arcsec effective resolution (D. R. Law et al.
2016).
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process described above and take the median of all the individual
profiles as all bins are equally sized (rightmost panel of Fig. 2).

We show the radial profiles of SF and quenching galaxies host-
ing all subsets of fast/slow and strong/weak bars in Fig. 3. We
reiterate that while similar radial profiles of SF galaxies for the
EW[Ha«] and Dn4000 tracers were previously shown in T. Géron
et al. (2024), we add here profiles for quenching barred galaxies
and add the HB and H, tracers in all galaxies in the TW sub-
samples. Additionally, we perform slightly different corrections
to the values of these measures (see Section 2.2). We show all
profiles here for ease of comparison. The profiles of SF galaxies
are shown in the left panels and those of quenching galaxies on
the right, with fast-strong bars shown in purple, slow-strong in
green, fast-weak in pink, and slow-weak in blue. The main panels
are ordered top-to-bottom by time-scale of the SF tracer shown
(i.e. EW[H«] - H 8- H 85— Dn4000) and the residuals between
profiles of barred galaxies by bar speed (i.e. slow-strong-fast-
strong and slow-weak-fast-weak) are shown in each subpanel,
with differences greater than 3¢ highlighted with red points. The
vertical dashed line in all panels indicates the length of the bar.

Overall, we observe the same qualitative evidence from the ra-
dial profiles that where SF is ongoing, slow-strong bars trigger
the most SF in their still SF hosts as reported in T. Géron
et al. (2024); we note that we observe additional support for these
trends in the new profiles of the two post-starbust tracers (HS and
H 8,) in addition to those of H o and Dn4000 shown in T. Géron
et al. (2024).

Additionally, we observe new trends in the profiles of quench-
ing galaxies that show that those hosting slow-strong bars are
the most quenched. We also observe new trends that galaxies
with slow-weak bars are highly passive when in the quenching
phase but, as seen in T. Géron et al. (2024), do not show signatures
of enhanced SF in star-forming galaxies.

Galaxies with fast bars (both strong and weak - purple and
pink lines) have both suppressed SF in the bar itself and
enhanced SF at the bar-ends. This is present in both SF (as
noted by T. Géron et al. 2024) and globally quenching galaxies
(which we report for the first time in this work). SF galaxies with
fast-strong bars have the most suppressed SF in the bar
region (purple lines). This implies fast bars (weak or strong) are
inhibited from SF within the bar of their hosts, even if significant
gas is present. We observe new evidence that quenching galaxies
with fast-weak bars have the most ongoing SF at the bar-ends. We
will expand on these observations in the subsections below.

3.1.1 Star-forming barred galaxies

The EW[H «] profiles (the top-left panel of Fig. 3) of all star-
forming barred galaxies show a central peak, dip in the bar region,
and increase beyond the end of the bar. This is mirrored in the
Dn4000 profiles (lower-left), which reveal younger central stellar
populations, a peak in the bar region and decline beyond the
bar, as previously seen in T. Géron et al. (2024). Both Hé, and
H B profiles for SF galaxies show subtle central peaks and dips in
the bar region, then a monotonic increase from R ~ Rp,/2 to the
outskirts.

There are notable differences between SF galaxies with bars of
different strengths and speeds.

(i) Star-forming galaxies with slow-strong bars (green
lines in Fig. 3) show the highest levels of EW[H «] throughout
the barred region, peaking at the bar centre and just beyond the
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Figure 2. An illustration the process of constructing radial profiles, similar to that shown in fig. 2 in T. Géron et al. (2024). The left panel shows the
EW[H «] distribution with a3 arcsec x 30 arcsec aperture aligned with the position angle of the bar for the MaNGA galaxy, plate-ifu = 12622-
9101 (the same example used in T. Géron et al. 2024). The middle panel shows EW[H «] plotted against the distance from the galaxy centre normalized
to the bar radius for the region with spaxels whose centres lie within the aperture. A median profile for this galaxy (shown in black) is obtained by taking
the median EW[H «] within bins of size 0.15 Ry,,. This differs slightly from that shown in T. Géron et al. (2024) due to slightly different choices about
data corrections. The rightmost panel shows the total median profile obtained by taking the median of all individual profiles within the strongly barred
subset of the TW sample (113 galaxies), with the shaded orange regions spanning the 33rd and 66th percentile. We show the contributing individual
median profiles in light grey, with the profile of the example MaNGA galaxy shown in a thicker grey line. This plot is for the TW sample that we solely
use in this work (and is one of the samples used in T. Géron et al. 2024), whereas fig. 2 in T. Géron et al. (2024) shows this for the DESI-MaNGA sample
(another sample used in T. Géron et al. 2024, of which the TW sample is a subset).

bar-end (as also observed in T. Géron et al. 2024). This is a statisti-
cally significant difference (> 30 by the Anderson-Darling test)
between slow-strong (SSG) and fast-strong (FSG) bars. This trend
is mirrored in the Dn4000 profile of galaxies hosting slow-strong
bars, which show that they have the youngest stellar populations
within the arms of the bar (although < 3¢). This suggests that
slow-strong bars fuel the most SF within the barred region of their
SF hosts.

(ii) Star-forming galaxies hosting fast-strong bars (purple
lines in Fig. 3), have profiles with the strongest dips in the bar-
arms for EW[Hw ], HB, and Hé, and a corresponding largest peak
in Dn4000. The difference in EW[H « ] between fast-strong (FSG)
bars and slow-strong (SSG) bars is significant throughout the bar-
arms (as indicated by the red triangles in the subpanel of the
upper leftmost panel in Fig. 3 which show the difference between
these two profiles), demonstrating that star-forming galaxies with
fast-strong bars have more highly suppressed SF in their bar re-
gion.

(iii) Star-forming galaxies hosting weak bars (both fast and
slow; pink and blue lines in left panels of Fig. 3) have profiles
that fall in between those of strong bars of different speeds. In
their bar region, they have higher sSFRs and younger stars than
fast-strong bars but lower sSFRs and older stars than slow-strong
bars. It is also notable that the difference between the profiles in
galaxies hosting fast-weak and slow-weak bars are smaller than
between fast-strong and slow-strong bars. The EW[H «] profiles
of fast-weak bars peak at the centre, decline within the arms of
the bar, and peak around the bar-end as well; in contrast, the
profiles of slow-weak bars have low values of EW[H «] that rise
almost uniformly towards the bar-end. While fast-weak bars may
still trigger ongoing SF at the centre and around the bar-ends in

their star-forming hosts, there are no traces of long-lived impacts
on their hosts that would have been distinguished in the profiles
of post-starburst indicators (H 8 and H§,) and Dn4000. Slow-
weak bars exhibit an almost monotonic increase in SF with radius
which suggests that they may not impact SF in their hosts on any
time-scale (as also noted in T. Géron et al. 2024).

3.1.2 Quenching barred galaxies

We also examine the radial trends in SF indicators for galaxies
with the different bar types in quenching host galaxies. These are
shown in the right column of Fig. 3. It isimmediately notable how
different these trends are from the star-forming barred galaxies.
The profiles show that, at all radii, quenching barred galaxies
have very low values of sSFR, H 8, and H 4 at the centre. The
SF activity then rises towards the outskirts of the galaxies, to be
relatively comparable to (but still lower than) the levels found be-
yond the bar region in SF hosts. Similarly, at all radii, quenching
barred galaxies have older stellar populations (higher Dn4000),
which is particularly notable in the bar region. These broad trends
in quenching barred galaxies were previously noted by T. Géron
et al. 2024 for the EW[H«] and Dn4000 profiles. We probe the
combined impact of bar strength and speed, finding it is observed
most notably in the differences in the SF activity at the bar-ends as

(i) quenching galaxies hosting slow bars (both strong and
weak) have low values of EW[H «], H B, H 84, and high values
of Dn4000 at the bar ends.

(ii) quenching galaxies hosting fast bars (both strong and
weak) have higher values of EW[H «] and a steep gradient in
H §, at the bar-end.

MNRAS 548, 1-19 (2026)
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Figure 3. Radial profiles of EW[H«], Héa, H 8, and Dn4000 for star-forming galaxies (left panels) and quenching galaxies (right panels) subdivided
by both bar strength and speed (main panels). Shaded regions show the 33rd-66th percentile and the points are median values within bins of size
0.15Rp,r- Smaller subpanels beneath each main panel show the difference between the profiles of bars of the same strength but of different speeds in the
corresponding main panel (i.e. Slow/strong—Fast/strong and Slow/weak-Fast/weak, represented by the acronyms SSG, FSG, SW, and FW, respectively).
Where the residuals between the profile pairs are statistically significant (> 30) using an Anderson-Darling test, points are coloured red. Slow-strong
bars in SF host galaxies have higher sSFRs, younger stellar populations, and more recent/recently completed SF within the barred region.
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These observations suggest that active SF is still ongoing
around the bar end of quenching galaxies hosting fast bars
whereas those hosting slow bars (both strong and weak) have
been quenching more completely. These trends suggest that bar
speed determines the extent of ongoing SF that occurs
at the bar-ends, with galaxies hosting slow bars more able to
quickly deplete gas near the bar ends than those hosting fast bars.

In galaxies with fast bars, an additional impact of bar strength
is observed - while the EW[H «] profiles of fast bars show active
ongoing SF at the bar ends, this enhancement is especially large
for fast-weak bars (pink lines). Within the bar region, quenching
galaxies with fast-weak bars do not show any ongoing SF but have
slightly higher levels of HB and H§, (more recent starbursts) and
lower values of Dn4000 (young stellar populations) relative to
other bar types in quenching hosts. Hence, we suggest quenching
galaxies hosting fast-weak bars have only recently completed SF
within the barred region and continue to have ongoing SF at the
bar-ends. Galaxies with fast-weak bars therefore have the
least difference in SF activity at the bar-ends between SF
and quenching hosts than other bar types, suggesting their
impact on their hosts is recent.

3.2 The quenching tracks of different types of bars

We have shown how the radial profiles of SF tracers provide
insight into the spatial distribution of SF across the barred re-
gion at different time-scales. The Hoe and Dn4000 radial profiles
presented in T. Géron et al. (2024) show that SF galaxies with
slow-strong bars have the most impacted SF; we find further
qualitative evidence for the enhanced impact of slow-strong bars
on intermediate look-back time-scales (through the Hé, and H 8
tracers) and in evolved hosts (through the profiles of quenching
galaxies, which show that those with slow-strong bars are more
quenched than those with fast bars).

In addition, by plotting the median values of EW [H«], H 8,
and H §, as a function of the median values of Dn4000 in radial
bins (see Fig. 4), we can gain more insight into the host galaxy
evolution by tracing how the different SF tracers vary over both
time (i.e. in stellar population age/Dn4000) and space. We refer
to these 2D profiles as ‘quenching tracks’ since they show the
progression of galaxies from young and actively SF to old and
passive.

To construct these tracks, we use radial bins of size 0.3 Ryy;:
twice the bin size of the 1D radial profiles; additionally, we only
show four representative points of interest on the 2D profiles: (1)
the central galaxy region (R ~ 0.15Ry,;), (2) the bar arms (R ~
0.75Rpar), (3) the region just beyond the bar-end (R ~ 1.35Rp,r)
and (4) the galaxy outskirts (R ~ 2 — 3Ry,,). Points are coloured
by radius (from dark blue to light pink; see Fig. 4 legend) and
connected by dotted-dashed lines.

We do not have data for all barred galaxies to 3.0 Ry, (light
pink) - bars that are fast and/or strong are longer relative to the
galaxy’s overall R,, while MaNGA data ends at 1.5 or 2.5R,. This
has the result that galaxies with longer bars have MaNGA data
that may tend to end shorter relative to the bar (around 2.0 Ry,,);
therefore, the edges of the 2D profiles of different galaxies may
vary slightly in shade.

3.2.1 Bar impact on central SFH

As was previously evident in Fig. 3, we note that SF is enhanced
at the centres of barred SF galaxies and almost absent in barred
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quenching galaxies. We additionally see in Fig. 4 (upper row)
that ongoing SF at the centre is enhanced in SF galaxies hosting
strong bars (both slow and fast; blue-filled circles and triangles
respectively show high central EW[H«]), which have more re-
cent/recently completed SF, and younger stellar populations than
the centres of galaxies with weak bars (the blue-filled circles and
triangles respectively in the upper right panels Fig. 4 are not as
high). We also observe that, in SF strongly barred galaxies, those
with slow-strong bars have slightly higher EW[H«] than fast-
strong counterparts. In quenching barred galaxies, we observe
low sSFRs and old stellar populations at the centres (see Fig. 4,
upper row, unfilled symbols), although those hosting fast-weak
bars (rightmost column; blue-unfilled triangles) show signs of
more recently completed SF (higher H 8) and younger stellar
populations (lower Dn4000).

3.2.2 SFH within the bar-arms and around the bar-ends

We observe that the tracks of SF galaxies hosting all bars types
(except fast-weak) show an increase in Dn4000 and decrease
in EW[H«] towards the bar-arms, followed by an increase in
EW[H«], HB, and Hd, as well as a decrease in Dn4000 just be-
yond the bar-ends; this corresponds to the suppression of SF in
the arms and triggered SF around the bar-ends that we also ob-
served in the 1D radial profiles described in Section 3.1. However,
we observe notable differences in SF activity for strong bars with
different bar speeds:

(i) Slow-strong bars in SF hosts (leftmost column, filled cir-
cles) have the most enhanced and most recent SF near the bar-
ends (green markers, outlined in black), as well as the youngest
stellar populations.

(ii) SF galaxies with fast-strong bars (middle-left column,
filled triangles) show the most decline in SF activity and increase
in stellar age along the bar-arms (teal markers). Decreases in Hj
and Hd, along the arms are only observed for these bars in SF
hosts, indicating that this suppression in SF is long-lived.

(iii) SF galaxies with weak bars (both fast and slow;
middle-right and rightmost columns, filled circles and triangles
respectively) do not show a notable suppression within the bar-
arms (teal markers); their tracks show a steady increase/only
minimal decrease in SF from the centre (blue markers) to the bar-
ends (green markers, outlined in black).

All barred quenching galaxies show moderate increases in
SF along the arms and towards the bar-ends (unfilled cir-
cles/triangles in Fig. 4). We see interesting differences in the
extent of ongoing SF just beyond the bar-ends in quenching hosts
relative to those in SF hosts for different bar types.

(i) The ends of slow-strong bars in SF and quenching
galaxies (left column; green-filled and unfilled circles respec-
tively) generally occupy opposite extremes of the planes (upper
left and lower right respectively). This suggests that slow-strong
bars have a significant impact on SF properties, driving the
tracks of SF host galaxies to the upper left corner (high SF activity,
young stellar populations) and those of quenching host galaxies
to the lower right corner (passive SF, old stellar populations) of
these diagnostic planes.

(ii) The extent of ongoing SF activity in quenching galax-
ies with fast bars (both strong and weak; shown in the
middle-right and right-most columns of Fig. 4 with unfilled
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Figure 4. Median values (circular/triangular coloured markers) of Ha, H 8, and H 84 against those of Dn4000 in bins of size 0.3Ry,, (hereafter referred
to as quenching tracks) for all eight subsets of the TW sample. Markers are coloured by radius, with dark blue representing the galaxy centre and light
orange/pink the galaxy outskirts. The bar-end region (out to ~ 1.35Ry,,) corresponds to a green colour and is enlarged and outlined in black for emphasis.
Each panel shows two quenching tracks for each bar group specified by bar strength and speed: the tracks for bars in SF and quenching host galaxies,
with the corresponding median values shown in filled and unfilled markers respectively. Panels are arranged left-to-right by bar strength, with strong
bars presented in the left columns and weak bars in the right. Bar speed is indicated by the marker shape, with fast bars shown in triangles and slow bars
in circles. Light grey background points show the 2D distribution of measurements of each SF tracer (EW[H «], H 8, and H §5) within 1 R, against those
of Dn4000 for all 100001 MaNGA galaxies (obtained from the DAPAII catalogue; K. B. Westfall et al. 2019). Note that the background distribution of
each SF tracer against Dn4000 is the same across panels in the same row. We observe that slow and strong bars show the most efficient evolution within
the barred region, as SF is dramatically enhanced in SF host galaxies and effectively suppressed in quenching hosts.

triangles) are much closer in SF activity to that of these
bars in SF hosts, indicating that a substantial amount of re-
cent/ongoing SF is occurring in quenching galaxies with fast
bars.

3.2.3 SFH in the outskirts of barred galaxies

We observe that the outskirts of barred SF galaxies (indicated
by the orange/pink filled markers in Fig. 4), with the exception
of galaxies with slow-weak bars, have low sSFRs (decrease in
EW[H «]) and old stellar populations (increase in Dn4000). In
most cases, the levels of ongoing (top panels showing EW[H « in
Fig. 4) and recently completed (middle and bottom panels show-
ing H g and H 8,) SF in the outskirts of quenching barred galaxies
are similar to those of SF galaxies. The implications of this are
twofold: (i) the impact of bars on their hosts’ evolution is found
only in the radial range containing the bar, and (ii) barred galaxies
are primarily quenched inside—out. We note that the outskirts
of quenching host galaxies and those of SF hosts are the most
different in galaxies with slow bars (orange/pink circles in the
leftmost and middle-left columns).

MNRAS 548, 1-19 (2026)

3.2.4 Global versus local impact of a galactic bar

It is an open question if a bar has a global or local impact on
the galaxy in which it resides. T. Géron et al. (2024) explored this
question for different bar-types in the TW sample by comparing
the radial trends of SF along the barred region to regions perpen-
dicular to the bar; thereby showing the 1D local difference of the
distribution of SF tracers.

In this work, we probe the 2D local variation of SF tracers
by generating residual median quenching tracks for each of our
subpopulations of barred galaxies, shown in Fig. 5. Comparing
these residual tracks allows us to further infer whether bars have
localized impacts on galaxy evolution (by analysing the SF trends
in both space and time/age). The procedure is as follows:

(i) Following T. Géron et al. (2024), we rotate our bar aperture
to span the region perpendicular to the bar position angle (here-
after referred to as ‘off-bar’; see upper right inset of Fig. 5).

(ii) We create median radial profiles aligned with the bar po-
sition angle (hereafter referred to as ‘on-bar’) and the ‘off-bar’
alignment, with radial bins of size 0.3 Ry, (the same as our other
2D quenching tracks and twice that of the 1D radial profiles).
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Figure 5. Residuals of quenching tracks in regions aligned with and perpendicular to the bar (i.e. the difference of the tracks in regions with the aperture
placed on the bar and off the bar, as shown in the upper right inset figure) for all eight subsets of the TW sample. Panels and markers follow the same
formatting as Fig. 4; however, the average values within the central bin (~0.15Ry,,) are omitted as the tracks overlap in the central region. Grey shaded
regions represent the median Poisson errors on the radial distributions of each SF tracers over all eight bar groups, applied to a reference point around
zero (so points within the grey shaded regions indicate no difference between the two alignments to 1o). We see that, with the exception of slow-weak
bars, the enhancement of SF at the ends of all bars in SF hosts is a local impact, but is especially notable in slow-strong bars.

(iii) We take the difference of the on-bar and off-bar radial pro-
files of each tracer to generate the residual profiles in Fig. 5 — note
that as the centres of both the ‘on-bar’ and ‘off-bar’ alignments
overlap, we omit the central radial bin from the residual tracks
and only show three representative regions of interest: (1) the
middle of the bar arms (Rp,; ~ 0.5Rpar), (2) the bar-end (Rp,, ~
1.0 Rpar), and (3) the galaxy outskirts (Rpar ~ 2.5-3Rpar)-

(iv) We provide grey ‘error regions’ in each subplot in Fig. 5
- where the measurements are consistent with being identical
to lo.

We observe similar trends to those of T. Géron et al. (2024):
in barred SF galaxies, excesses in SF activity local to the bar
alignment occur only at the bar-end or the galaxy outskirts.
These excesses in SF vary significantly with bar-strength and bar-
speed. We add that some of these variations with bar-strength and
bar-speed are observable on intermediate look-back time-scales
(through the H 8 and H 8, tracers).

(i) SF galaxies with slow-strong bars have bar-ends (green-
filled circles in leftmost column of Fig. 5, outlined in black) that
are consistently located in the upper left corner, revealing that
these galaxies have the most enhanced ongoing and recent SF
(traced by EW[H «], H 8, and H 84 ) and young stellar populations
(traced by Dn4000) at the bar-end relative to corresponding ‘off-
bar’/perpendicular regions in the same galaxy. This indicates that
the enhancement in SF at their bar-ends is a local effect and is sig-
nificantly different (to 1o ) from regions off the bar, as also observed
by T. Géron et al. (2024).

(ii) SF galaxies with fast bars (both strong and weak)
show excess in ongoing SF (higher EW[H «]) and younger stellar
population at the bar-ends relative to off-bar regions, although
this excess is greater for fast-strong bars (see green-filled trian-
gles in upper row, middle right and rightmost columns in Fig. 5,
outlined in black). However, this local impact at the bar-ends is
not significantly different over longer time-scales (in the planes of
H B and H §, against Dn4000; middle and bottom rows of Fig. 5,
respectively).
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(iii) SF galaxies hosting slow-weak bars have residual
tracks that do not show differences in the SF activity of on-bar
and off-bar regions (within 1¢).

(iv) Quenching Galaxies with fast-strong bars have en-
hanced ongoing SF at the bar-ends that is local to the bar region:
the residual ongoing SFR at the bar-end (green-unfilled triangle
in the upper row, middle-left column of Fig. 5, outlined in black)
shows a > 1o difference between the on-bar and off-bar region.
We only see marginally local effect of more recently completed SF
(through slightly enhanced H 8) at these bar-ends (black-unfilled
triangle in middle row, middle column of Fig. 5).

While many barred galaxies show significant differences in SF
activity at the galaxy outskirts (orange/pink circles and triangles),
these differences vary sporadically between excesses and suppres-
sion of SF and do not show consistent trends with bar-type; it
is therefore unclear what drives these differences in SF activity
between the outermost regions of the galaxy aligned with the bar
and those perpendicular. The outskirts of even barred galaxies
may be asymmetric for a variety of reasons not related to the bar
itself.

3.3 Measures of correlation: Interaction with other
physical properties

To further probe the extent of bar-driven impacts on the SFH
of galaxies, in this section, we analyse correlations between the
shape of the radial profiles of SF indicators in barred galaxies
with other bar and galaxy properties. We define four represen-
tative quantities to capture the shape of SF radial profiles: (1)
the value at the centre (average within the central 0.01 Rp,,), (2)
the change between the central value to the middle of the bar
(A Arms—centre> With the middle of the bar corresponding to the
average value between 0.4 and 0.6Ry,,), (3) the change between
the values at the bar-end and mid-bar (or ‘arms’ Agpg—arms, With
the bar-end corresponding to the average value between 0.9 and
1.1Ry,,), and (4) the change between the values in surrounding
outskirts beyond the bar-end to those at the ends (Ageyond—end;
with the outskirts beyond the bar-end corresponding to the av-
erage value between 1.3 and 1.7Rp,;). We evaluate correlations
between these measurements and various physical properties of
the bar and host galaxy. These are: (1) bar-speed (as measured
by the continuous variable R, recall galaxies with R > 1.4 are
‘slow’ and those with smaller R are ‘fast’), (2) bar-strength (quan-
tified by defining the difference of the GZ DESI strong bar and
weak bar vote fractions as pPsirength = Pstrong — Pweak)> (3) specific
star formation rate (sSFR) and (4) stellar mass, both obtained
from MaNGA data via Pipe3D (S. F. Sanchez et al. 2016a), (5)
galaxy environment, as measured by the tidal strength to the
first nearest neighbour (from M. Argudo-Fernandez et al. 2015),
and (6) HI deficiency (from HI-MaNGA; K. L. Masters et al.
2019).

We examine all pairwise correlations between bar strength, bar
speed, other galaxy properties and our measures of the shape of
the radial profile of SF indicators across the barred region for our
sample. These are illustrated in the Appendix (Fig. A1), which
shows all the correlation coefficients, samples sizes, and p-values
with relationships having significant correlations indicated by the
green hi-lighted boxes.

The significant correlations that we observe (i.e. those for
which the null hypothesis can be rejected, or which have p-
values, i.e. probability of the null hypothesis, p < 0.03) include:
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(i) The central value of all SF tracers correlate (as would be
expected) with overall sSFR of the galaxies, and are inversely
correlated with the galaxy mass (Dn4000, being larger for older
stellar populations, is inverted - i.e. increased with stellar mass,
and decreases with increasing sSFR).

(ii) The magnitude of the change in recent SF (Hp and H §,) in
the outskirts is observed to correlate with sSFR and stellar mass,
such that larger changes in recent SF towards the bar-ends and
outskirts (i.e. AHSA gnd—arms €tc.) being associated with higher
masses and lower sSFRs. As seen in Fig. 3, we note that the
gradients of the profiles of recent SF tracers for quiescent galaxies
are larger than in star-forming hosts which is reflected in these
correlations.

(iii) A EW[H o] Arms—centre is found to be more negative (and
ADn4000arms—centre More positive in this region) when bars
are stronger-revealing how strong bars suppress SF along their
length. Additionally ADn4000ams—centre 1S positively correlated
with sSFR-SF barred galaxies have low Dn4000 at all radii, while
there is a notable increase in the amplitude of the negative gradi-
ent of this tracer in quenching barred galaxies.

(iv) The Agng_arms Of tracers show a variety of correlations
mostly with bar properties; bars clearly having a significant im-
pact on the SF of galaxies in the radial region from their mid-
point to their end. For ongoing SF (EW[H «]), the only significant
correlation is with bar speed, R suggesting a bigger difference
between current SF in the arms and the ends of faster bars 1 <
R < 1.4 relative to slower ones R > 1.4 — showing that fast bars
have less SF in the bar. The change in recently completed SF (A
HPBEnd_arms) Shows similar correlations, with faster bars (lower
‘R) and stronger bars having a bigger difference between recent SF
in the arms and the bar-ends, highlighting that fast-strong bars in
particular have suppressed SF in the arms. On the other hand, the
change in Dn4000 (which is largely negative in this region, hence
a positive correlation means a smaller change with larger values
of the correlating variable) shows correlations with bar speed
and strength - revealing a trend towards steeper outer declines
- i.e. more younger stellar populations for slow-weak bars, and
in lower-mass galaxies.

We do not observe any significant correlations between the
turnovers in SF and our measure of environment (Q) and only
one correlation between HI deficiency and stellar age beyond the
bar-end (older stellar populations beyond the bar associated with
more H 1 deficient hosts). The overall shape of barred galaxy SFH
profiles is thus more dependent on their internal properties (stel-
lar mass and bar properties) than environment or gas content.

Overall, the correlations provide quantitative evidence that SF
in the arms, or bar region of a barred galaxy depends largely on
bar-speed and strength, such that SF is especially suppressed in
the arms of bars that are both fast and strong, but can still occur
throughout the barred region in slow-strong bars.

3.4 Connections to Ho morphology

Previous authors (e.g. A. Fraser-McKelvie et al. 2020) have sug-
gested SF rings are linked to bars. The presence of rings could
indeed explain our observations of enhanced SF just beyond the
bar-ends, particularly for cases where the enhancement in SF is
not local to the bar-end (galaxies that have enhanced SF in the
off-bar alignment as well as the bar-end, such as those with slow-
weak or fast-weak bars; see e.g. Fig. 5).
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Figure 6. Examples of each H« morphological category defined in A. Fraser-McKelvie et al. (2020) and two additional categories introduced in this
work (In a ring and at bar-ends and Spirals; see panels (d) and (h) respectively) defined for galaxies within the TW sample. Panels show the optical image
for an example galaxy (left subpanel) along with the map of its Gaussian Emitted H & flux (central subpanel) and EW[H «] (right subpanel).

A. Fraser-McKelvie et al. (2020) identified various Ha mor-
phologies in barred galaxies with MaNGA data. We extend this
classification to our entire sample, with two of the authors (PM,
KLM) independently classifying all galaxies, and revisiting those
where we disagreed until consensus was obtained. Examples of
these classifications are shown in Fig. 6. We consider whether any
of the subtypes of barred galaxies (strong or weak; fast or slow; SF
or quenching) show any trends in these types of H @ morphology.
Our results are visualized in Fig. 7. Overall, we find that in the
entire TW sample (see grey lines in Fig. 7; the grey line in each
panel is the same and represents the morphology of the entire
TW population): 11.9 per cent of barred galaxies show H « along
the bar, 13 per cent are dominated by central H «, 41 per cent of
barred galaxies have a Ho ring (24.3 per cent a symmetric ring,
and 16.7 per cent a ring with H @ nodes); H nodes at the end of
abar are found in 39 per cent of barred galaxies (16.7 per cent with
aring, and 22.3 per cent just have nodes), 21.9 per cent of barred
galaxies show a H « spiral, and about 8.6 per cent total have either
no H« or unclassifiable/irregular H «.

Some of the features (e.g. H « along the bar, no H «, or unclassi-
fiable H @ morphology) show no significant differences between
different types of bars, although these are different between SF
and quenching bar host galaxies (see red and blue lines, respec-
tively, in lower row of Fig. 7), as it is more likely to see He in
SF galaxies: it is also much more likely to see Ha along the bar
in barred galaxies with active SF. Features that are found to be
notably different in different subsamples are as follows:

(i) Smooth H« rings and spirals are more likely to be found
in galaxies with slow bars than fast bars (green and purple lines
respectively in Fig. 7, upper row), which is consistent with recent
evidence implying that slow bars are more commonly associated
with nuclear structures (Y. H. Lee et al. 2025). Galaxies with fast
bars have more H « rings with nodes at the end (noting that, av-
eraged over both kinds of rings, the two types of bars are equally
likely to have some kind of ring; about 40 per cent have rings in
both cases).

(ii) Strong bars (orange lines in Fig. 7, middle row) are found in
galaxies with fewer H o rings and more H « in very bright central
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Figure 7. Classifications of H o morphology (EW[H «] and H « flux) for
the TW sample, shown for subsets split based on bar speed (fast versus
slow), bar strength (strong versus weak), and SFRs (SF versus quenching),
with properties of the entire sample shown for comparison in the grey
dashed lines. Error bars indicate the standard Poisson errors on the clas-
sifications. Symmetric rings and spirals are more common in slow bars
relative to fast bars. Central Ho and concentrations in H« nodes at the
bar-ends are more likely to be found in strongly barred galaxies.

regions (relative to the rest of the galaxy) and in bar-end nodes
compared to weak bars (blue lines in Fig. 7, middle row).

(iii) Quenching galaxies with bars (red lines in Fig. 7, lower
row) are more likely to have Hw rings, and less likely to have
H « along the bar, at bar-end nodes, or in a spiral than SF galaxies
with a bar (blue lines in Fig. 7, lower row).

Tying this together, it is clear that galaxies that have slow
and/or strong bars and are still SF have the most rings and spirals
in Ho. This is revealing enhanced SF, including SF along the
bar, and nodes at the end. Barred ringed galaxies are observed
to be more quenched (lower gas fractions and redder colours J.
Fernandez et al. 2025); hence, the H o« morphology of slow and/or
strong bars provides further evidence of their heightened impact
on their hosts’ evolution. Due to the limited size of our sample, we
cannot make statistical conclusions about the H @ morphology of
samples split based on combinations of bar speed, bar strength,
and host SFR. However, we note that, out of 26 slow-strong bars
in SF hosts, 11 have SF concentrated at the bar-ends only, and
13 have H « along the bar. These fractions are consistent with
the enhancements in SF along the bar and local impact of the
ends of slow-strong bars that we observe throughout this work.
In quenching galaxies, rings of ongoing SF outside the bar, espe-
cially in weak bars, are common in the Ho morphology. These
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rings appear symmetric in galaxies with slow bars, while in those
with fast bars, they also contain enhancements (or nodes) lined
up with the bar ends, which is also consistent with the SF activity
observed at the ends of fast bars in quenching galaxies. In future
work, it would be interesting to consider how these Ho mor-
phologies correlate with deviation from the typical star-forming
sequence of galaxies.

4 DISCUSSION

We have shown that the distribution of radial profiles of different
SF indicators for galaxies hosting different types of bars changes
qualitatively throughout the barred region and that turnovers in
SF correlate significantly with bar strength and bar-speed in local-
ized regions. Here, we discuss the physical impacts that different
types of bars may have on their hosts.

4.1 Radial inflow and starbursts at the centre

We clearly observe increased SF activity at the centres of star-
forming barred galaxies. While bar speed does not notably in-
fluence the extent of this central SF, bar strength has clearly
observable impacts: stronger bars drive the largest enhancements
in central SF in SF host galaxies. SF galaxies with fast-weak bars
also show signs of increased ongoing SF at the centre (through
higher EW[H«]) but no long-lived traces of central starbursts,
suggesting the impact of these bars are very recent. In already
quenching barred galaxies, all bars-regardless of type-have low
central sSFRs and evidence for both long-completed SF, and old
stellar populations at their centres, implying that they have been
centrally quenched (see Fig. 3).

Our findings support the already substantial evidence in the
literature that bars are linked to the elevated SFRs at the centre
of barred galaxies. Central SFRs of barred galaxies are typically
found to be boosted (see e.g. S. L. Ellison et al. 2011; K. George
et al. 2019, 2020; J. Wang et al. 2020; L. Newnham et al. 2020).
Similar trends are also seen in radial gradients of SF tracers
in other IFU surveys: a high fraction of barred galaxies (88 £
8 per cent) in both the CALIFA (Calar Alto Intergral Field Area;
S. F. Sanchez et al. 2016b) and MaNGA surveys have radial gra-
dients of EW[Ha], H8,, and Dn4000 that show central enhance-
ments in the sSFRs that can reach up to an order of magnitude
increase (L. Lin et al. 2017, 2020; T. Géron et al. 2024).

The most plausible process by which bars influence central SF
is the radial inflow of gas that occurs as the bar rotates through
its host. This model is supported both by observations of gas
flow (see e.g. V. Casasola et al. 2011; F. Combes et al. 2013) and
simulations (E. Athanassoula 1992b; J. Villa-Vargas et al. 2010;
D. Spinoso et al. 2017). As gas is funnelled inwards towards the
centre, this sparks central SF, and increases central mass con-
centrations (CMCs) for stronger bars (J. Villa-Vargas et al. 2010;
E. Athanassoula et al. 2013). This relation between bar strength
and radial inflow sparking central SF easily explains the trends
seen in this work of larger central SF enhancements in galaxies
with strong bars. In addition, interactions between bars and the
gaseous component of the disc show that bar growth is favoured
in gas-poor discs; as bar growth is positively correlated with bar
strength, this implies that stronger bars are more likely to exist in
quiescent galaxies (which are likely to have less gas; also see K. L.
Masters et al. 2012), and may therefore explain why we see more
strong bars among the quenching barred galaxies.



There is also considerable literature that shows not all barred
galaxies have enhanced central SF (see e.g. L. Scaloni et al. 2024;
D. Renu et al. 2025). This is consistent with the SFHs observed
for the quenching/quiescent population in this work. We demon-
strate that globally SF barred galaxies show central starbursts,
while quenching barred galaxies have a lack of central SF (also
see T. Géron et al. 2021, 2024). This suggests that barred galaxies
may generally follow an inside—out quenching process (see e.g. S.
Tacchella et al. 2015; L. Lin et al. 2019).

4.2 Turbulence, shear, and suppression of star formation
in the bar arms

Within the arms of the bar, we observe notable variations in
the SF properties of the host galaxies which correlate with bar
strength and bar speed. Barred SF galaxies with slow-strong bars
have consistently higher levels of SF in the arms and younger
stellar populations than other bar types in SF barred galaxies.
Conversely, SF galaxies with fast bars (both strong and weak)
have the most suppressed SF in their bar regions (see Fig. 3; with
fast-strong bars having the most suppressed SF).

‘We observe that it is bar strength, even more than galaxy stellar
mass, which has the strongest correlation with steep declines in
ongoing SF (EW[H «]) along the bar arms. Hence, we suggest that
bar strength drives the suppression of SF in the arms of a bar
while bar speed influences the extent of the suppression: strong
bars show the most suppressed SF along the bar, particularly
when these bars are also fast, whereas SF can still occur along
the arms of slow bars, even if they are strong.

Simulations have shown that bar-arms can be left as a region
of lower SF activity in barred galaxies (A. D. Tubbs 1982; K.
Sheth et al. 2000; R. Momose et al. 2010; Y. Watanabe et al. 2011;
G. Gavazzi et al. 2015; P. A. James & S. M. Percival 2018). The
dominant mechanism is via increased velocity dispersion of gas
molecules caused by shear motions driven by the bar potential
(S. Khoperskov et al. 2018; F. Maeda et al. 2023; T. Kim et al.
2024). Shocks (caused by the motion of leading edges of the bar
relative to the gas in the rest of the disc) are predicted to drive
angular momentum flux of the gaseous component in the disc,
increasing turbulence and thereby maximizing shear along the
arms (A. Zurita et al. 2004; W.-T. Kim et al. 2012; E. Emsellem
et al. 2015; T. Kim et al. 2024) which, in turn, inhibits cloud
collapse for SF (B. G. Elmegreen & J. Scalo 2004; J. Sun et al.
2020). There is even evidence for cloud collisions in some nearby
barred galaxies and where the collisional velocities are high, SF
is suppressed (F. Maeda et al. 2025; T. Kolcu et al. 2025). The bar-
shock suppression of SF is predicted to increase with increasing
bar strength and length (S. Khoperskov et al. 2018). Fast bars are
relatively longer than slow bars with respect to the corotation
radius (i.e. fast bars reach out to corotation whereas slow bars
end shorter than this radius), and strong bars are longer than
weak bars almost by definition. Hence, fast-strong bars are the
longest bars in the TW sample relative to the corotation radius;
the enhanced suppression in the arms we observe for galaxies
with fast-strong bars can be explained by these bars have the
highest shear due to their increased length relative to corotation.
E. Athanassoula (1992b) consider bar shocks in models with dif-
ferent ‘Lagrangian radii’ (which E. Athanassoula (1992a) explain
is roughly comparable to the corotation radius even for strongly
barred galaxies). E. Athanassoula (1992b) suggests bars which
are comparable in length to the Lagrangian radii (i.e. fast bars)
generate the strongest shocks, which explains our observations if
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we interpret the suppression of SF in fast bars as due to shocks
from a bar reaching out to near its Lagrangian radius.

4.3 Gas cloud collisions and star formation at the bar-end

We observe that all SF barred galaxies in our sample show on-
going/recently triggered SF at the bar-ends. Galaxies with fast-
strong bars have low levels of SF at the bar-ends whereas those
with slow-strong bars have the highest SF activity in this region,
as observed by their radial profiles in Fig. 3 and their locations
(lower and upper left respectively) in the evolutionary planes
presented in Fig. 4. We note that the enhanced SF at the ends of
slow-strong bars is localised to the bar-ends (see Fig. 5), indicating
that the SF is particularly enhanced at these bar-ends relative to
a surrounding ring at this radius. The stellar populations and SF
activity of weak bars fall in between those of strong bars and show
little variation with bar speed. In quenching host galaxies, we
observe that triggered SF at the bar-end persists for those hosting
fast bars (both strong and weak), although the extent of SF activ-
ity is greater at the ends of fast-weak bars. Quenching galaxies
hosting slow bars have little to no SF activity and older stellar
populations, which suggests that slow bars may be so efficient
at triggering SF at the bar-end in their hosts when they are still
forming stars that these galaxies quench more completely.

The enhancement of SF at bar-ends has been widely explored
(e.g. F. Renaud et al. 2015; E. Emsellem et al. 2015; S. Ansar
et al. 2023). The rotation of bars results in turbulence and shocks
at bar-ends and edges; this turbulence is balanced by the shear
induced in the ISM at the bar-end, which allows for the formation
of dense clouds and increases orbital crowding (F. Renaud et al.
2015; E. Emsellem et al. 2015; S. Ansar et al. 2023; F. Maeda et al.
2025). Consequently, the number of gas cloud-cloud collisions
increase, suppressing SF in the bar-arms (see e.g. Y. Fujimoto
et al. 2020) and triggering SF activity at the bar ends (F. Renaud
et al. 2015). Signs of SF enhancements at the bar ends have been
observed in the Ho morphology of massive barred galaxies, which
show concentrations of Ho at the bar-end (D. Reynaud & D.
Downes 1998; S. Verley et al. 2007; J. Neumann et al. 2019; A.
Fraser-McKelvie et al. 2020); these galaxies are more likely to host
longer and/or stronger bars (see e.g. P. B. Nair & R. G. Abraham
2010b; K. L. Masters et al. 2011; A. Fraser-McKelvie et al. 2020; K.
Mukundan et al. 2025), which explains the increased occurrence
of H« concentrated at bar-end nodes in galaxies with strong bars
that we see in our sample (see Section 3.4). Our observations of
local excesses in triggered SF at the ends of slow-strong bars in SF
galaxies in the radial profiles and quenching tracks also provides
further evidence that the extent of triggered SF at the bar-ends
increases with bar strength.

4.4 The bar of the Milky Way

It is remarkably challenging to place the bar of our own MW
into context with the fast-slow; strong-weak continuum of bars
presented here. The MW bar is often described as weak, and
assumed to be fast (i.e. assuming R = 1), which suggests it should
have limited impact on the SF in the MW, but as has been noted
by many previous authors (e.g. M. R. Merrifield 2004; J. Bland-
Hawthorn & O. Gerhard 2016; Gaia Collaboration et al. 2023)
constraining either the strength, length or the kinematics of the
Galactic bar based on observations of it from our vantage point
provides significant challenges; there has been at least one sug-
gestion of evidence that the MW bar could be long (i.e. most likely
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strong) and slow (J. A. S. Hunt & J. Bovy 2018). It is also chal-
lenging to constraint the global SF properties of our own Galaxy,
although there is good evidence the MW is likely quenching (C. E.
Fielder et al. 2021), and that that process began at a similar time
as the MW bar formed (M. Haywood et al. 2016). Even though our
vantage point within the MW makes it challenging to comment
on how the picture we present ties into the ways that our own bar
has impacted (or continues to) the SFH of our own galaxy, it is
clear, even from a quick review of some of the most recent pub-
lished work in this area, that the bar of the MW is connected to
significant radial and/or non-axisymmetric flows (most recently
constrained using Gaia data; Gaia Collaboration 2023), and may
be associated with over/underdensities in young stars (Q. Feng
et al. 2026) and molecular gas (N. J. Evans et al. 2026), suggesting
a clear impact on the Galactic SFH.

5 CONCLUSIONS

Using the sample of 210 MaNGA galaxies with bars and bar pat-
tern speeds derived by T. Géron et al. (2023), we generate radial
profiles along the direction of the bar for four tracers of SF in
nearby galaxies, namely EW[H «] for recent SF, H§,, and H 8
for recent post-starburst tracers, and Dn4000 to approximately
trace stellar population age. T. Géron et al. (2024) explored the
combined impact of bar strength and speed by generating radial
profiles of two of these tracers (EW[H «] and Dn4000) for subsets
of SF galaxies with bars of different strengths and speeds. We
continue this work by further probing the combined impact of
bar strength and speed. We compare the radial profiles of both
SF and quenching galaxies hosting combinations of strong/weak
and fast/slow bars, including two additional tracers of SF on
intermediate time-scales to get more insight into the bar’s impact
across the host’s history of SF evolution. Additionally, we trace
the evolution of all eight subsets of barred galaxies by examin-
ing the co-variance of tracers of ongoing/recently completed SF
(EW[H«], H 8, Hé8a) with the proxy for stellar population age
(Dn4000).

Of these 210 barred galaxies, we note that 113 host strong bars
and 97 host weak bars. All of these galaxies have TW measured
pattern speeds; 70 are fast bars (reaching to near corotation in
their hosts), and 140 are slow (significantly shorter than coro-
tation radius). Because the galaxy population is so bimodal in
SF properties, even among disc galaxies (K. L. Masters et al.
2010), we also separate the barred galaxies into 91 that are star
forming (on or above the SF sequence of galaxies) and 119 that
are quenching (on the way to be quiescent and below the SF
sequence). We create average SF property profiles in subsamples
of fast/strong, slow/strong, fast/weak, and slow/weak for both
quiescent and star-forming barred spirals.

In the SF sample, we find the only statistically significant bar-
driven differences in the EW[H «] profiles, suggesting the impact
of a bar on galaxies actively forming stars is largest on the shortest
time-scales of SF. Overall, we see that these profiles show a peak
of SF in the centre, a dip in the bar region, and in many cases,
a second peak at or just beyond the bar end.

As previously observed in the same sample in T. Géron et al.
(2024), we find evidence that SF galaxies with strong bars show
notable ‘speed’ related differences: slow/strong barred galaxies
(green line in Fig. 3) have the most SF in the bar arms, along with
a SF peak at the end of the bar (inside corotation). Fast/strong
barred galaxies (purple line in Fig. 3) have significant suppres-
sion of SF in the arms, which is matched by an enhancement
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in Dn4000 in this region, suggesting an older stellar population
dominates the light distribution. The SF profile in these galaxies
also shows a steep increase towards the bar end at/near corota-
tion.

Repeating this analysis for the quenching/quiescent sample
of barred galaxies, we find almost no SF within any bar ra-
dius, which is indicative of inside-out quenching. Even in these
quenching galaxies, outside the bar radius, there remains some
SF and it is in the galaxies with fast bars (both weak and strong,
but particularly notable in the fast-weak bars) that there is the
most ongoing recent SF and younger stellar populations beyond
the end of the bar.

For the post-starburst tracers (H 8 and H 84 ; but also EW[H «]),
we consider how the radial profile moves points around on 2D
plots often used to consider SF properties (e.g. G. Kauffmann et al.
2004; R. J. Smethurst et al. 2019). Here, we can plot both SF and
quenching samples together, noticing that outskirts of these two
samples often — but not always - (e.g. the slow-weak subset) have
similar properties, while we see significant differences within the
bar radius between samples. As with the single radial profiles, in
the SF sample we often notice two peaks of recent, or recently
completed SF, with the mid-bar regions being suppressed/older.
In the quenching samples, the trend is typically a monotonic
(although modest) increase in recent SF (and decrease in stellar
population age/Dn4000) with radius.

Seeking to investigate how much of these impacts are global,
versus constrained to the bar itself, we compared the 2D radial
profiles along the bar, with those in an aperture perpendicular to
the bar. We find that, at the bar-ends in the slow/strong samples,
all tracers (EW[H «], H 8, H 85, and Dn4000) are different, sug-
gesting the bar ends are notably more SF active and younger than
the non-bar disc region at the bar radius. Beyond the end of the
bar, we see this asymmetry persist in the SF subset only. In galax-
ies with fast/strong bars, we see a difference in only EW[H «]
and Dn4000 at the bar-ends, and in the samples with weak bars
(fast or slow), we see no differences at the bar end. This suggests
that slow/strong bars create the most bar-localized impacts to SF,
while fast/strong bars impact the most recent SF, and weak bars
have less local impact.

We build on the findings of T. Géron et al. (2024), who showed
that slow/strong bars among a ‘continuum of bar properties’ have
the most impact on their host galaxies, and add that this impact
is also the most bar-localized (as well as global) in slow/strong
bars on short and long time-scales. Galaxies with slow/strong
bars are both the most likely to be globally quenched among all
types of barred galaxies, and when SF is present, show the most
significant bar-related asymmetry in SF.

This work demonstrates the complexity of a bar’s impact on the
SF properties of its host galaxy, which can depend on the global
SF properties (presumably linked to gas content), bar strength
and bar speed (i.e. the length of the bar relative to the corotation
radius of the galaxy). The impact of bars as accelerators of disc
galaxy quenching is complex and fascinating right across the
continuum of bar properties. To fully quantify the role bars play
in galaxy evolution will require larger samples of barred galaxies
with reliable pattern speed measurements than those to which we
currently have access.
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APPENDIX A: CORRELATIONS WITH OTHER
GALAXY PROPERTIES

We present the pairwise correlations between bar-strength, bar-
speed, and other physical properties with measures of SF along
the barred region in Fig. A1. Each cell shows the p-value, number
of galaxies, and Pearson correlation coefficient between mea-
sures of SF tracers (along columns) and bar/host galaxy physical
properties (along rows). Significant correlations (p < 0.03) are
outlined with green boxes.
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Figure Al. Correlation matrices showing the correlation between changes in SF/stellar age across four representative regions along the bar (columns
in the matrices) and various physical properties of the bar and host galaxy (rows in matrices). Each cell shows (1) the Pearson correlation coefficient
between the corresponding measure of SF/stellar age and bar/host physical property (which is also used to colour-code the cells), (2) the p-value for
the correlation, and (3) the number of galaxies contributing to the correlation that have measured values for either the SF tracers or physical properties
in the corresponding region (we remind the reader this may occur for a number of reasons, especially since we remove SF from other contaminating
ionization sources).
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