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A B S T R A C T 

There is now clear evidence, from a variety of studies, that galactic bars contribute to and/or accelerate processes that 
quench galaxies. How ev er, bars hav e a v ariety of strengths and pat t ern speeds, and previous w ork has suggest ed 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 
spectr oscopic information fr om the Mapping N earby Galaxies at Apache Point Observat ory (MaNGA) surv ey . Specifically , 
we examine the radial distributions of EW [H α], H δA , H β, and Dn4000; spectral data that trace star formation on current, 
int ermediat e, and much longer time-scales. We inv estigat e 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 barr ed r egion; how ev er, w e not e 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 wor ds: g alaxies: bar – galaxies: disc – galaxies: evolution – galaxies: kinematics and dynamics – galaxies: star forma- 
tion. 
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 INTRODUCTION  

uenching [or the cessation of star formation (SF)] in galaxies 
ccurs through a variety of mechanisms that are often interde- 
endent (e.g. J. Kormendy & R. C. Kennicutt 2004 ; Y.-j. Peng et al.
012 ; O. Bait, S. Barway & Y. Wadadekar 2017 ; R. J. Smethurst
t al. 2017 ; A. F. L. Bluck et al. 2020 ; E. Contini et al. 2020 ). Secular
rocesses (i.e. slow and mostly internal dynamical processes) are 
nderst ood t o be influential in the pr ocess of quenching (e.g . J.
ormendy & R. C. Kennicutt 2004 ; K. L. Masters et al. 2011 ), in-
luding in our own Milk y Wa y (MW; e.g. M. Haywood et al. 2016 ).
n disc galaxies, internal structures such as bars are one of the
ominant drivers of secular evolution (A. Zurita et al. 2004 ; K.
heth et al. 2005 ). 
Bars are rectangular structures in disc galaxies that form as the

esult of disc instabilities (e.g. M. D. Weinberg 1985 ; V. P. Debat-
ista et al. 2006 ). Ov er time, bars redistribut e angular momentum
 E-mail: pmengistu@haverford.edu 
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y moving both stars and gas in their host galaxies (E. Athanas-
oula 2003 ; M. W. Regan & P. J. Teuben 2004 ). A large fraction of 
isc galaxies in the present universe contain bars (estimates range 
rom 25 to 73 per cent depending on method and wavelength
sed; P. B. Eskridge et al. 2000 ; I. Marinova & S. Jogee 2007 ; K.
heth et al. 2008 ; P. B. Nair & R. G. Abraham 2010a ; K. L. Masters
t al. 2011 ; R. J. Buta et al. 2019 ), and r edder, mor e quiescent, discs
r e mor e likely to host bars (particularly strong bars K. L. Masters
t al. 2011 ; T. Géron et al. 2021 ), suggesting that bars ma y pla y a
ignificant role in disc galaxy quenching. 
One of the ways in which bars are believed to impact their hosts

s through their ability to redistribute material in the interstellar 
edium (ISM). Simulations of bars show that they drive radial in-
ows of gas along dust lanes, accreting gas at the centres of their
osts to form pseudo-bulges and/or central mass concentrations 
e.g. E. Athanassoula 1992a ; J. Villa-Vargas, I. Shlosman & C.
eller 2010 ; E. Athanassoula, R. E. G. Machado & S. A. Rodionov
013 ; C. Carles et al. 2016 ). Such inflows can result in rapid SF
nhancement at the centres of barred galaxies (e.g. as observed 
y K. Sheth et al. 2000 ; A. Alonso-Herr er o & J. H. Knapen 2001 ;
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/by/4.0/ ), which permits unrestricted reuse, distribution, and 

https://doi.org/10.1093/mnras/stag561
http://orcid.org/0009-0006-4365-2246
http://orcid.org/0000-0003-0846-9578
http://orcid.org/0000-0002-6851-9613
http://orcid.org/0000-0001-6417-7196
http://orcid.org/0000-0001-5578-359X
http://orcid.org/0000-0001-5882-3323
mailto:pmengistu@haverford.edu
https://creativecommons.org/licenses/by/4.0/


2 P. Mengistu et al. 

M

S  

P  

2
 

(  

o  

i  

(  

F  

o
S  

A  

2  

e  

a  

e  

2  

a  

D  

c
 

p  

g  

a  

a  

h  

e  

p  

h  

r  

2  

w  

s  

c  

p
 

h  

e  

s  

e  

e  

i  

c  

c  

t  

d  

g  

A  

t  

L  

e
g  

(  

G  

c  

t  

(  

(  

v  

2  

o  

t  

G  

e  

m
 

s  

l
b  

(  

s  

t  

G  

r  

s  

R  

b  

w  

(  

s  

t  

i  

d  

E
 

s  

b  

e  

i  

h  

(  

t
b  

s  

b  

a  

o  

t  

s  

t
 

t  

2  

t  

i  

s  

G  

s  

A  

 

2  

c  

o  

s  

q
 

e  

i  

b  

c  

t  

t  
. L. Ellison et al. 2011 ; P. Coelho & D. A. Gadotti 2011 ; I. Pérez &

. Sánchez-Blázquez 2011 ; J. Wang et al. 2012 ; R. Chown et al.
019 ; L. Lin et al. 2020 ). 
While bars ov erall t end t o be found in discs with suppressed SF

e.g. as shown in K. L. Masters et al. 2011 ), spectroscopic analysis
f the SF histories (SFHs) of barred galaxies has revealed that
ncreased SF occurs along the leading edges of bars and bar-ends
e.g. see T. Peterken et al. 2019 ; S. Díaz-García et al. 2020 ; A.
 r aser-McKelvie et al. 2020 ). As bars e x ert a gravitational tor que
n the surrounding gas, simulations predict that the extent of 
F enhancement is linked to the bar shear potential (e.g. see E.
 thanassoula 1992a ; F. R enaud et al. 2015 ; E. Emsellem et al.
015 ; S. Khoperskov et al. 2018 ). Regions with high-velocity gradi-
nts/shear have suppressed SF whereas regions with lower shear
t the bar-ends are associated with triggered SF (M. Haywood
t al. 2016 ; P. A. James & S. M. Percival 2018 ; F. Maeda et al.
023 ; T. Kim et al. 2024 ; L. M. Hogarth et al. 2024 ). Shocks have
lso been shown to inhibit SF along the bar-arms (D. Reynaud &
. Downes 1998 ), but opposing evidence shows that they may
ontribut e t o enhanced SF (A. Zurita et al. 2004 ). 
Since bars are associated with both enhancement and sup-
ression of SF activity, it is no surprise that their overall role in
alaxy quenching remains debated. While bar fractions decrease
t higher redshifts, these observations of bars suggest that they
r e long -lived structur es that can e xist for up to 10 Gyrs in their
osts (e.g. T. Melvin et al. 2014 ; Y. Guo et al. 2025 ; T. Géron
t al. 2025 ; J. M. Espejo Salcedo et al. 2025 ), and so have the
ot ential t o act ov er ev olutionary time-scales for galaxies. While
igher bar fractions are observed in redder, quiescent galaxies
elativ e t o those in star-forming galaxies (K. L. Masters et al.
011 , 2012 ; E. Cheung et al. 2013 ; M. Vera, S. Alonso & G. Cold-
ell 2016 ; S. J. Kruk et al. 2018 ; T. Géron et al. 2021 ), this is
ometimes explained by bars being more likely to form in quies-
ent galaxies rather than themselves contributing to quenching
rocesses. 
Not all bars are the same, and the impacts a bar appears to
ave on its host galaxy depends on its properties (e.g. T. Géron
t al. 2021 ). Strong bars have been suggest ed t o hav e more ob-
ervable impacts on their hosts than weak bars (K. L. Masters
t al. 2012 ; E. Kim et al. 2017 ; T. Géron et al. 2021 , 2024 ), which
mphasizes the need to consider bar strength when interpret-
ng the impact of bars on SF activity. Bar strengths (initially a
ombination of length and brightness; G. de Vaucouleurs 1959 ),
an be estimated by a variety of methods, including analysing
he strength of Fourier modes, the bar’s contribution to the light
istribution profile, assessing the relative size of the bar to the
 alaxy diameter (e.g . E. Athanassoula 1992a ; P. B. Nair & R. G.
braham 2010a ; S. J. Kruk et al. 2018 ), or attempting to measure
he gravitational torque of the bar (R. Buta & D. L. Block 2001 ; E.
aurikainen & H. Salo 2002 ) via arm-interarm constrast and/or
llipticity of the bar. Large-scale morphological classification of 
 alaxies in r ecent years has been pr ovided by the Galaxy Zoo
GZ) project (C. J. Lintott et al. 2008 ; K. W. Willett et al. 2013 ).
Z obtains information on galaxy morphologies by aggregating
lassifications collected from online volunteers who are asked
 o complet e a series of tasks identifying morphological features
such as bars) via visual inspection. The GZ ‘bar v ot e fraction’
corrected fraction of users reporting seeing a bar) has been pre-
iously used to identify strong and weak bars (K. L. Masters et al.
011 ; R. A. Skibba et al. 2012 ), and furthermore, recent versions
f GZ ask for information on bar strength by including classifica-
NRAS 548, 1–19 (2026) 
ion tasks that asks if a galaxy has a strong, weak, or no bar (T.
éron et al. 2021 ; M. Walmsley et al. 2022 , 2023 ), enabling the
xploration of the influence of bar strength on their hosts via GZ
orphologies. 
Bar kinematics is becoming increasingly important in under-
tanding the secular evolution of their hosts, primarily because
arge resolved spectroscopy surveys enable the measurement of 
ar pattern speeds, �b , for much larger samples than before
e.g . T. Gér on et al. 2023 ). ‘Fast’ bars hav e been associat ed with
trongly inhibited SF in the arms relativ e t o ‘slow’ bars, indicating
hat bar speed may also influence SF within the barr ed r egion (T.
éron et al. 2024 ). The length of the bar relativ e t o its corotation
adius determines the speed at which the bar moves relative to
tars at the bar end. To quantify this, the dimensionless quantity
 = R CR /R bar is defined as the ratio of the corotation radius to
ar radius. The corotation radius of a bar, R CR is the radius at
hich stars in the galaxy have the same angular speed as the bar
stars interior to this radius move faster, and those outside move
lower). ‘Fast’ bars end at or near corotation ( 1 . 0 < R < 1 . 4 ) so
heir ends move with the stars in the disc, while ‘slow bars’ end
nside corotation ( R > 1 . 4 ; and thus r otate mor e slowly than the
isc stars at their ends, S. Tremaine & M. D. Weinberg 1984 ; B. G.
lmegreen et al. 1996 ). 
It is important to consider the int egrat ed influence of bar
trength and kinematics to understand the processes by which
ars drive the evolution of their hosts. Recent work by T. Géron
t al. ( 2024 ) probed the impact of bar strength and bar speed on SF
n different types of barred galaxies at different time-scales in the
ost’s evolution by examining the radial distributions of EW[H α]
a tracer of current SF) and Dn4000 (a tracer of SF beyond Gyr
ime-scales) along the barred region. Among various subsets of 
arr ed g alaxies, split based on combinations of host SFR, bar
peed, and bar strength, they observe that young SF galaxies with
ars that are both strong and slow have increased ongoing SF
nd younger stellar populations within the bar than other types
f barr ed g alaxies; additionally, T. Gér on et al. ( 2024 ) find that
his increase in SF is local to the bar-end region of galaxies with
low and strong bars compared to other surr ounding r egions in
he hosts. 
This, along with other observations pointing to secular evolu-

ion driven by bars (e.g. E. Cheung et al. 2013 ; G. Gavazzi et al.
015 ; D. Renu et al. 2025 ; C. de Sá-Freitas et al. 2025 ), suggests
hat bars are influential contributors to morphological quench-
ng . Both theor etical insights and observations suggest that bars
low down (D. G. Algorry et al. 2017 ; V. Cuomo et al. 2021 ; T.
éron et al. 2023 ) and grow longer (and therefore more likely
tronger) over time (J. Villa-Vargas et al. 2010 ; E. Kim et al. 2017 ;
. F r aser-McKelvie et al. 2020 ; T. Géron et al. 2021 ; Y. Rosas-

Guev ar a et al. 2022 ; F. F r agkoudi et al. 2025 ; C. de Sá-Freitas et al.
025 ). T. Géron et al. ( 2024 ) propose that bars progress along a
ontinuum of strengths and speeds and therefore their impact
n their hosts increases according to their evolutionary stage,
uch that galaxies with slower and stronger bars are the most
uenched. 
In this paper, we build on the work presented in T. Géron
t al. ( 2024 ) by investigating how bar speed and bar strength
nteract through detailed examinations of the SFHs of various
arr ed g alaxies using the tracers EW[H α] and Dn4000 pr eviously
onsidered in T. Géron et al. ( 2024 ) that probe current and distant
ime-scales, but also adding two additional tracers (H β and H δA )
hat probe SF on int ermediat e time-scales. By adding these trac-
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rs, w e are bett er able t o examine the trajectory of bars of different
trengths and speeds in SF and quenching host galaxies across 
volutionary planes (i.e. EW[H α], H β, and H δA versus Dn4000) 
hich diagnose SFHs. Additionally, we assess the extent of the 
ar’s influence by comparing the impact of bar strength/speed on 
ocalized turnovers of SF within the bar region to those of global
 alaxy pr operties, and consider how the H αmorphology helps us
o understand the trends we see. 
The rest of this paper is structured as follows. In Section 2 ,
e describe the data and methods used to analyse SF across the
arr ed r egion; in Section 3 , we pr esent the radial pr ofiles of the
our selected spectroscopic tracers of SF (EW[H α], H β, H δA ,
n4000) in various subsets of barred galaxies and analyse the cor-
elations between these measures of SF, bar strength, bar speed, 
nd other host physical properties; in Section 4 , we discuss these
esults and present our conclusions in Section 5 . 
The only distance dependent quantity used in this work is stel-

ar mass from Pipe3D (S. F. Sánchez et al. 2016a , see Section 2.3 )
hich is used to split the sample into SF and quenching galaxies
ased on the SF sequence of galaxies. Pipe3D is a spectral fitting
lgorithm applied to MaNGA data (see Section 2.1 ) and assumes
tandard λCDM with H 0 = 73 km s –1 Mpc –1 to derive distant de-
endent quantities (S. F. Sánchez et al. 2022 ). 

 DA  T  A  AND  SAMPLE  SELECTION  

.1 Galaxy Zoo and identification of strong and weak bars 

e use Galaxy Zoo (GZ, C. J. Lintott et al. 2008 ), a cr owd-sour ced
itizen science project that provides morphological classifications 
or large datasets of galaxies, to obtain our sample of barred
alaxies and to identify strong and weak bars. Recent versions 
f GZ ask about both strong and weak bars, and have developed
achine learning algorithms trained on participant responses 
rom prior campaigns to make morphological classifications for 
arger samples (M. Walmsley et al. 2022 , 2023 ). This paper makes
se of GZ classifications of the Dark Energy Spectroscopic Instru- 
ent (DESI; A. Dey et al. 2019 ) survey images. GZ DESI provides
achine-generated classifications for appr o ximately 8.7M galax- 
es, trained on GZ v olunt eer classifications (M. Walmsley et al.
023 ). We base our sample on a set of barr ed g alaxies selected
rom GZ DESI by T. Géron et al. ( 2023 , see Section 2.5 for further
etails on sample selection). 
In order to extract samples with reliable classifications from 

Z, thresholds must be imposed on the v ot e fractions, or the
orrected fraction of the participants who reported seeing the 
eature, labelled as ‘p[primary response]’ (e.g. see K. W. Wil- 
ett et al. 2013 , for details on this). We use the classifications
rom GZ DESI, which included a question that asks whether a 
alaxy has a strong, weak, or no bar (M. Walmsley et al. 2023 ).
e impose the restrictions on the subsequent v ot e fractions

 p strong , p weak , p no bar ) defined in T. Géron et al. ( 2021 ) to identify
trong and weak bars. A galaxy is considered to host 

(i) a strong bar: if at least half of the classifications report that
 bar is present ( p strong+weak ≥ 0 . 5 ) and there are more classifica-
ions as a strong bar than weak ( p strong ≥ p weak ); 
(ii) a weak bar: if p strong+weak ≥ 0 . 5 and there are more classifi-
ations as weak than strong ( p strong ≤ p weak ); 
(iii) no bar: if total bar vote fraction, p strong+weak ≤ 0 . 5 . 
.2 MaNGA 

aNG A (Mapping N earby Galaxies at Apache Point Observa- 
ory) was a survey of nearby galaxies forming part of Sloan Digital
ky Survey IV (SDSS-IV; K. Bundy et al. 2015 ; M. R. Blanton
t al. 2017 ). Over a six year period (2014–2020), MaNGA observed
0,001 unique galaxies with the MaNGA integral field unit (IFU) 
nd the BOSS spectrograph (S. A. Smee et al. 2013 ; N. Drory et al.
015 ) attached to the 2.5m Sloan Foundation Telescope (J. E.
unn et al. 2006 ). MaNG A pr ovides spatially r esolved spectral
easurements for the entire coverage of each galaxy. This typi- 
ally ext ends t o ∼ 1.5 R e but can extend up to 2.5 R e , where R e is
ffective radius (D. A. Wake et al. 2017 ). Each IFU is composed
f optical fibre bundles arranged in a hexagonal array that collec-
ively provide 17–32 arcsec of cov erage, with effectiv e resolution 
f 2.5 arcsec. The reduced data are made publicly available in the
orm of the MaNGA Data Reduction Pipeline (see D. R. Law et al.
 2016 ); subsequent analysis of this data is available as the MaNGA
ata Analysis Pipeline (DAP; K. B. Westfall et al. 2019 ). To access
aNGA data, we make use of the Marvin software (B. Cherinka
t al. 2019 ). 
The MaNG A DAP pr ovides two - dimensional maps of various
mission and absorption features. We use the measurements of 
our spectral features that indicate SF activity at various time- 
cales. Specifically, we use measurements of: 

(i) Gaussian-fit ted Equiv alent Width of H α (EW[H α]) 
hich traces the flux of H α emission (located at 6564 Å), indi-
ating ongoing SF within a galaxy. 
(ii) H β absorption index which probes the immediate, or very 

 ecent, cessation of SF (e.g . see R. J. Smethurst et al. 2019 ). The
bsorption of light by hydrogen in stellar atmospheres at this 
avelength (4861 ̊A ) is only visible in the absence of OB stars. 
(iii) H δ absorption feature which also serves as a tracer of 

ecent, rapid quenching in galaxies. As the absorption of light at
his wav elength (betw een 4080 Å– 4122 Å) is dominated by A type
tars, H δ is most sensitive to SF activity within the last ∼Gyr (M.
. Balogh et al. 1999 ; T. Goto et al. 2003 ; R. J. Smethurst et al.
019 ). 
(iv) D n 4000 , the ratio of the total flux between 4000–4100 Å
nd 3850–3950 Åwavelengths, which traces the presence of older 
tellar populations. While this correlates with the stellar popula- 
ion age, it is important to consider that there is a distinct metal-
icity dependence for stellar ages above 1 Gyr (G. Kauffmann et
l. 2004 ). 

We apply corrections to the spectral inde x measur ements (H β,
 δA , and Dn4000) as advised in K. B. Westfall et al. ( 2019 ); B.
herinka et al. ( 2019 ) to account for the stellar and gas veloc-
ty dispersions due to constraints on instrument resolution. For 
easures of EW[H α], we ensure that we only trace SF activity
nd avoid contamination by other ionization sources by removing
paxels which lie in the active galactic nuclei (AGNs), Low Ioniza-
ion Nuclear Emission line-Regions (LINER), Seyfert, and com- 
osite star-forming regions on a Baldwin, Phillips, & Terlevich 
BPT) diagram (J. A. Baldwin, M. M. Phillips & R. Terlevich 1981 ,
sing the BPT function in Marvin ). 
We additionally use stellar masses based on the spectral fitting 

rom data int egrat ed across the MaNGA bundle from the Pipe3D
alue-added-catalogue (VAC) for MaNGA (S. F. Sánchez et al. 
016a , 2022 ). 
MNRAS 548, 1–19 (2026) 
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.2.1 Bar Speeds 

. Géron et al. ( 2023 ) make use of MaNGA kinematic data to
btain measurements of the bar kinematics, which we use in this
ork. Using the bar corotation radius R CR and the deprojected
ar radius R bar , the usual measure of bar speed is given by 

 = 

R CR 

R bar 
. (1) 

ast bars are defined to have 1 . 0 < R < 1 . 4 and slow bars have
 > 1 . 4 . To obtain R , measures of the bar pattern speed, galaxy
otation curve (to obtain the corotation radius), and bar radius
r e r equir ed. We use the measur es of depr ojected bar radius, bar
attern speed, and R provided by T. Géron et al. ( 2023 ), 1 and will
ummarize the method they use below. 
Various methods can be used to obtain estimates of bar pat-

ern speeds (e.g . B . Canzian 1993 ; P. Rautiainen, H. Salo & E.
aurikainen 2008 ; P. Tr euthar dt et al. 2008 ; J . F ont et al. 2011 ).
ow ev er, the most widely used, and only model-independent
ethod is the S. Tremaine & M. D. Weinberg ( 1984 , TW) method.
he TW method estimates the bar pattern speed using kinematic
racers such as stars or gas which must be assumed to satisfy the
ontinuity equation. 
For more details on this method, see T. Géron et al. ( 2023 ), or

or a full derivation from the continuity equation, see J. Binney &
. Tremaine ( 2008 ). While the assumption of continuity holds
ell when applied to stars in quiescent galaxies (M. R. Merri-
eld & K. Kuijken 1995 ), there is ongoing discussion on whether
as, or stars, in SF galaxies can be used as suitable tracers. In these
alaxies, active SF and dust obscuration may limit the ability to
ully trace the underlying mass distribution (S. Tremaine & M. D.
einberg 1984 ; J. Gerssen & V. P. Debattista 2007 ; J. A. L. Aguerri
t al. 2015 ). Despite these potential limitations, the TW method
as been applied to both quiescent and SF galaxies using stars
s 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
t al. 2021 ; L. Garma-Oehmichen et al. 2022 ). 
T. Géron et al. ( 2023 ) obtain bar pattern speeds using spa-

ially r esolved flux es and line- of- sight velocities fr om MaNG A
or barr ed g alaxies. Luminosity w eight ed av erages of the position
nd line- of- sight velocity (corresponding to the photometric and
inematic int egrals respectiv ely) are obtained by summing ov er
.5 arcsec wide pseudo - slits that are centred on the disc minor
xis, aligned with the galaxy major axis, and span the IFU’s field
f view. T. Géron et al. ( 2021 ); T. Géron et al. ( 2023 ) provide
easured bar lengths based on visual inspection (by TG) of grz
ptical images from the DESI Legacy surveys. 
Finally, the corotation radius of a bar (the distance at which
ravitational force and centrifugal forces are balanced in the bar
est frame) is the radius at which the rotation curve intersects
ith the bar’s pattern speed e xpr essed as a rotational velocity

 �b r). To obtain rotation curves, T. Géron et al. ( 2023 ) fit MaNGA
t ellar v elocities t o a tw o-paramet er arctan function defined in S.
ourteau ( 1997 ):V rot = V sys + 

2 
π
V c arctan 

(
r−r 0 
r t 

)
, where V rot , V sys ,

nd V c are the rotational, systemic, and circular velocities re-
pectiv ely; r is the deproject ed distance fr om the g alaxy cen-
re, r 0 is the position of the galaxy centre, and r t is the transition
NRAS 548, 1–19 (2026) 

adius. 

 All of which are publicly accessible here https://zenodo.org/record/ 
567945. 

(  

2

m

.2.2 HI-MaNGA 

o obtain measures of the H i content of galaxies, we use data
rom DR4 2 of the HI-MaNGA programme (K. L. Masters et al.
019 ; D. V. Stark et al. 2021 ). HI-MaNGA obtains H i 21cm radio
bservations using the L-band receiver on the Robert C. B yr d
reen Bank Telescope (GBT), and also provides consistent infor-
ation on H i observations of MaNG A g alaxies available fr om
ther surveys (mostly from ALF ALF A; M. P. Haynes et al. 2018 ).
 i -MaNG A pr ovides information on both HI detections and up-
er limits for MaNG A g alaxies z < 0 . 05 . H i masses for detections
r e measur ed via 

 HI /M � = 2 . 536 × 10 5 
(

D 

Mpc 

)2 ( F HI 
Jy km s −1 

)
(2) 

here M HI is the H i mass, D , is the distance to the galaxy, and
 HI is the observed H i flux). For non-detections, an upper limit of 
he H i mass is provided using the rms noise of the spectrum and
ssuming a width of W = 200 km s −1 to estimate the 1 σ upper
imit. 
Using H i mass fractions ( f HI = M HI / M � ), the H i deficiency
 i def is quantified by taking the difference between the expected
as fraction f H i exp and the observed H i mass fraction, orH i def =
f H i exp − log 

(
M H i 
M ∗

)
. We follow K. L. Masters et al. ( 2012 ) for

he trend of f HI exp with stellar mass assumingf H i exp = −0 . 31 −
 . 86 

(
log 

(
M � 

M �

)
− 10 . 2 

)
. 

.2.3 Galaxy Environments for MaNGA 

o probe the impacts of galaxy int eractions, w e make use of 
easur es of tidal str ength fr om the Galaxy Envir onments for
aNG A (GEMA) Value-A dded Catalog released as part of SDSS-
V DR17 (Abdurr o ’uf et al. 2022 ). GEMA pr ovides various mass-
ependent (tidal strength Q ) and mass-independent (projected
ensity η) measures of galaxy environment, quantified following
he methods in M. Argudo-Fernández et al. ( 2015 ). The tidal
trength parameter estimates the net strength of the gravita-
ional interaction e x erted on the primary galaxy due to binding
orces with its neighbours, defined by M. Argudo-Fernández et

l. ( 2015 ) asQ ≡ log 
(∑ 

i 
M i 
M P 

(
D P 
d i 

)3 )
, where M P is stellar mass of 

he primary galaxy, M i is the stellar mass of the i th neighbour
alaxy, D p is the estimated diameter of the primary galaxy corre-
ponding to the Petrosian radius at which 90 per cent of the flux
s contained, and d i is the distance from the i th neighbour to the
rimary galaxy. As the sample we use is v olume-limit ed by z <
 . 05 , we use the measure of tidal strength of the first nearest
eighbour provided in GEMA for neighbours within 500 km s −1 
ine- of- sight v elocity, v olume-limit ed by z < 0 . 06 , and projected
p to a distance of 5 Mpc . 

.3 Sample Selection 

o inv estigat e the impacts of bar strength and bar kinematics
n galaxies, we use the sample (hereafter referred to as the
remaine–Weinberg, or ‘TW’ sample) presented in T. Géron et al.
 2023 ) which consists of barred galaxies with bar pattern speeds
 ht tps://greenbankobserv atory.org/portal/gbt/gbt- legacy- archive/hi- 
anga-data/ 

https://zenodo.org/record/7567945
https://greenbankobservatory.org/portal/gbt/gbt-legacy-archive/hi-manga-data/
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Table 1. A summary of all the sizes of all subsamples of the total 210 
barr ed g alaxies 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. 

Figure 1. F r action of g alaxies that ar e 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 ar e pr esented 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. 
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easured using the TW method. We provide a summary of the
election criteria T. Géron et al. ( 2023 ) used to obtain this sample
ere: 

(i) Galaxies with both morphological and resolved spectral 
nformation are obtained from a cross-match of the GZ DESI 
ataset ( ∼ 8.7 million galaxies) and the MaNGA survey ( ∼ 10 001)
 alaxies, r esulting in an initial sample of 9817. 
(ii) Magnitude and redshift limits of 0.01 < z < 0.05 and M r <

18 . 96 are applied (both of which are obtained from the NASA
loan Atlas; M. R. Blanton et al. 2011 ), reducing the number of 
alaxies to 5810. 
(iii) Thr eshold r equir ements ar e imposed on the pr edict ed v ot e

ractions from GZ DESI to reliably select galaxies that have dis-
inctly observable features ( p features > 0 . 27 ), that those features
re highly likely to be barred face-on spirals ( p notedge _ on > 0 . 68 ),
nd the estimated number of volunteers that would make the bar
lassification ( n bar > 0 . 5 ). This reduces the number of galaxies to
125 candidate face-on barred galaxies. 
(iv) Of the galaxies with potentially observable bars, 1213 
alaxies have bar lengths and position angles measured by T. 
éron et al. ( 2024 ). 
(v) To measure bar pattern speeds using the TW method, 

ace-on barr ed g alaxies that have r egular kinematics ar e se-
ected; see T. Géron et al. ( 2023 ); T. Géron et al. ( 2024 ) for
 full r eview), which r educes the sample size to 210 galaxies
ith measured bar pattern speeds ( �b ), corotation radii (R CR ),
nd R . 

We use the TW sample to examine the impact of bar speed on
adial distributions of SF indicators relative to bar strength and 
ther global galaxy properties. 
We identify galaxies within the TW sample that are SF and 
uenching using the star-forming sequence defined by F. Belfiore 
t al. ( 2018 ) for SF r ates (SFRs) and stellar masses derived from the
ipe3D pipeline (S. F. Sánchez et al. 2016a ). 

og ( SFR/ M �yr −1 ) = (0 . 73 ± 0 . 03) log ( M ∗/ M �) − (7 . 33 ± 0 . 29) 
(4)

alaxies with SFRs and masses below 1 σ (∼ 0 . 39 dex) scatter
f the star-forming sequence in equation ( 7 ) are classified as
uenching and the rest as star forming. 
Of the 210 galaxies in the TW sample (see Section 2.3 ), 196
ave been observed by the HI-MaNG A pr ogramme and 123 have
dentified detections from the fourth data release (DR4). We de- 
ermine the H i deficiency for the subset of 123 galaxies with
I det ections, which w e call the HI rich subset. Ther e ar e well-
nown correlations between H i detections and the presence of a 
strong) bar (K. L. Masters et al. 2012 ), and in addition this selec-
ion pr efer entially selects mor e SF g alaxies due to the corr elations
etween SF and H i (especially long-term tracers of SF, as shown
ith HI-MaNGA data in D. V. Stark et al. 2021 ). We find that out
f the 73 barred galaxies that are H i upper limits in H i -MaNGA,
alaxies with slow bars are also slightly more likely to be upper-
imits than fast bars. Specifically, we find 52/140, or 37 per cent of 
low bars are upper-limits, while that same fraction is 21/70, or
0 per cent of fast bars. This means the H i rich subset is slightly
iased against galaxies with strong and/or slow bars. 
A summary of the final sample sizes is provided in Table 1 .
e not e that, ev en starting from the 10 001 MaNG A g alaxies, our
mallest subset (SF galaxies with fast-weak bars) contains only 10 
xamples. 
 RESULTS  

e first summarize the distribution of bar and host galaxy prop-
rties across the TW sample. We note that this is as previously
eported in T. Géron et al. ( 2024 ) and provide the following to
elp the r eader interpr et our additions to that work. In the 210
arr ed g alaxies with both strength and speed measurements, we
ote that barred galaxies are slightly more likely to be quenching
56 ± 5 per cent of barred galaxies are quenching) than SF (43 ±
 per cent are SF; all subsample sizes are summarized in Table 1 ).
 t face-v alue, the TW sample is close to 50–50 quenching-SF, but
ecall that disc galaxies overall are preferentially SF galaxies, so 
his balance r epr esents a bias of barr ed g alaxies towar ds being
uenching . Fig . 1 shows the fractions of quenching galaxies in
ach of the different bar types (peach line) - while these frac-
ions are not statistically different from that of the entire popu-
ation, the overall trends show that more strongly barred galaxies 
re quenching relativ e t o their weaker counterparts; secondarily, 
or e g alaxies with fast bars ar e quenching r elativ e t o their slow er
ounterparts. 
A total of 54 ± 5 per cent of the bars in our sample with TW
easur ements ar e str ong bars, with the r emainder 46 per cent ±
 per cent being weak. The TW measurements reveal that two-
hirds of bars in our sample (67 ± 6 per cent) are slow bars and
MNRAS 548, 1–19 (2026) 
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he r emaining thir d (33 ± 4 per cent) are fast bars, as also reported
n T. Géron et al. ( 2024 ). We note that a majority of bars in the
W sample are slow; how ev er, as described in T. Géron et al.
 2023 ), this may be an impact of shorter bar lengths being more
ikely to have complete MaNGA bundle coverage rather than
lower rotation speeds. Shorter bars have larger R and are there-
ore slower, which N. F r ankel et al. ( 2022 ) suggest may explain
he overabundance of slow bars in simulations. As weak bars
which are shorter by definition) are included in the TW sample,
n abundance of shorter bars may explain the observ ed skew ed
istribution of R towards larger (slower) values. 
Within these barred galaxies, w e observ e that galaxies with
low or fast bars are about equally likely to be quenching (55 ±
 per cent compared to 60 ± 9 per cent); how ev er, galaxies with
trong bars are slightly more likely to be quenching compared to
alaxies with weak bars (61 ± 7 per cent strong bars are quench-
ng compared to 52 ± 7 per cent weak bars). Strong bars are also
ess likely to be slow bars: 58 ± 7 per cent of strong bars are slow,
ompared to 76 ± 9 per cent of weak bars. 
With these sample distributions in mind, we now move on to

nvestigating the radial profiles of SF indicators. 

.1 Radial profiles 

e inv estigat e how SF varies spatially acr oss the barr ed r egion
or each of our barred galaxy subsets using four spectroscopic
racers of SF (EW[H α], H β, H δA , and Dn4000). We examine
he radial distributions of these SF tracers across regions aligned
ith the bar position angle. To generate radial profiles of these
racers, we follow the pr ocedur e in T. Géron et al. ( 2024 ) who re-
orted similar radial profiles, but only for EW[H α] 3 and Dn4000;
e add additional profiles for new tracers, and consider some
dditional and/or different subgroups by bar properties. The T.
éron et al. ( 2024 ) procedure was t o ov erlay an aperture 4 of size
 arcsec × 30 arcsec on to the MaNGA maps at the PA of the
ar (see Fig. 2 ). The choice of the dimensions for the aperture
re somewhat arbitrary; how ev er, they both cover the resolution
typically 2.5 arcsec) and field of view of the MaNGA data, and
y visual inspection, T. Géron et al. ( 2024 ) determined that they
apture the majority of most bars. The left panel of Fig. 2 shows
his aperture on an example galaxy. 
For every spaxel 5 whose centre lies within the aperture, we
xtr act the v alue of the SF tr acer and determine the distance from
he given spaxel to the centre of the galaxy, normalized to the bar
adius. We then derive the individual median profile for a galaxy
y plotting median values in bins of size of 0.15 R bar (the bar
adius) against the normalized distance from the galaxy centre
shown in the central panel of Fig. 2 ). To obtain total median
r ofiles r epr esentative of all g alaxies within a giv en subset, w e
onstruct the individual median profiles for each galaxy using the
NRAS 548, 1–19 (2026) 

 A dditionally, T. Gér on et al. ( 2024 ) applied differ ent corr ections to 
W[H α] from those we describe in Section 2.2 , so our values differ 
lightly. 
 We define our own apertures in this work, although we note that it 
s possible to use the getAperture method available in Marvin (B. 
herinka et al. 2019 ). We have confirmed that using either method yields 
onsistent results. 
 In MaNGA data, a spaxel is a spatial pixel, of size 0.5 arcsec to enable 
yquist sampling of the ∼ 2 . 5 arcsec effective resolution (D. R. Law et al. 
016 ). 
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rocess described above and take the median of all the individual
rofiles as all bins are equally sized (rightmost panel of Fig. 2 ). 
We show the radial profiles of SF and quenching galaxies host-

ng all subsets of fast/slow and strong/weak bars in Fig. 3 . We
eit erat e that while similar radial profiles of SF galaxies for the
W[H α] and Dn4000 tracers were previously shown in T. Géron
t al. ( 2024 ), we add here profiles for quenching barred galaxies
nd add the H β and H δA tracers in all galaxies in the TW sub-
amples. Additionally, we perform slightly different corrections
o the values of these measures (see Section 2.2 ). We show all
r ofiles her e for ease of comparison. The pr ofiles of SF g alaxies
re shown in the left panels and those of quenching galaxies on
he right, with fast-strong bars shown in purple, slow-strong in
reen, fast-weak in pink, and slow - weak in blue. The main panels
r e or der ed t op-t o-bott om by time-scale of the SF tracer shown
i.e. EW[H α] – H β– H δA – Dn4000) and the residuals between
r ofiles of barr ed g alaxies by bar speed (i.e. slow-str ong–fast-
trong and slow - weak–fast- weak) are shown in each subpanel,
ith differ ences gr eat er than 3 σ highlight ed with red points. The
ertical dashed line in all panels indicates the length of the bar. 
Ov erall, w e observ e the same qualitative evidence from the ra-
ial profiles that where SF is ongoing, slow-strong bars trigger
he most SF in their still SF hosts as reported in T. Géron
t al. ( 2024 ); w e not e that w e observ e additional support for these
rends in the new profiles of the two post-starbust tracers (H β and
 δA ) in addition to those of H α and Dn4000 shown in T. Géron
t al. ( 2024 ). 
Additionally, w e observ e new trends in the profiles of quench-

ng galaxies that show that those hosting slow-strong bars are
he most quenched. We also observe new trends that galaxies
ith slow - weak bars are highly passive when in the quenching
hase but, as seen in T. Géron et al. ( 2024 ), do not show signatures
f enhanced SF in star-forming galaxies. 
Galaxies with fast bars (both strong and weak – purple and
ink lines) have both suppressed SF in the bar itself and
nhanced SF at the bar-ends . This is present in both SF (as
oted by T. Géron et al. 2024 ) and globally quenching galaxies
which we report for the first time in this work). SF galaxies with
ast-strong bars have the most suppressed SF in the bar
egion (purple lines). This implies fast bars (weak or strong) are
nhibited from SF within the bar of their hosts, even if significant
 as is pr esent. We observe new evidence that quenching galaxies
ith fast-weak bars have the most ongoing SF at the bar-ends. We
ill expand on these observations in the subsections below. 

.1.1 Star-forming barred galaxies 

he EW[H α] profiles (the top-left panel of Fig. 3 ) of all star-
orming barred galaxies show a central peak, dip in the bar region,
nd increase beyond the end of the bar. This is mirr or ed in the
n4000 profiles (lower-left), which rev eal y ounger central st ellar
opulations, a peak in the bar region and decline beyond the
ar, as previously seen in T. Géron et al. ( 2024 ). Both H δA and
 β pr ofiles for SF g alaxies show subtle central peaks and dips in
he bar region, then a monotonic increase from R ∼ R bar / 2 to the
utskirts. 
Ther e ar e notable differ ences between SF g alaxies with bars of 
iffer ent str engths and speeds. 

(i) Star-forming galaxies with slow-strong bars (green
ines in Fig. 3 ) show the highest levels of EW[H α] throughout
he barr ed r egion, 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 α] distribution with a 3 arcsec × 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 α] plotted against the distance from the g alaxy centr e 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 α] within bins of size 0.15 R bar . 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 r egions spanning the 33r d and 66th per centile. 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). 
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ar-end (as also observed in T. Géron et al. 2024 ). This is a statisti-
ally significant difference ( > 3 σ by the Anderson–Darling test) 
etween slow-strong (SSG) and fast-strong (FSG) bars. This trend 
s mirr or ed in the Dn4000 pr ofile of g alaxies hosting slow-str ong
ars, which show that they have the youngest stellar populations 
ithin the arms of the bar (although < 3 σ ). This suggests that
low-strong bars fuel the most SF within the barred region of their
F hosts. 
(ii) Star-forming galaxies hosting fast-strong bars (purple 

ines in Fig. 3 ), have profiles with the strongest dips in the bar-
rms for EW[H α], H β, and H δA and a corresponding largest peak
n Dn4000. The difference in EW[H α] between fast-strong (FSG) 
ars and slow-strong (SSG) bars is significant throughout the bar- 
rms (as indicated by the red triangles in the subpanel of the
pper leftmost panel in Fig. 3 which show the difference between 
hese two profiles), demonstrating that star-forming galaxies with 
ast -strong bars ha ve mor e highly suppr essed SF in their bar re-
ion. 
(iii) Star-forming galaxies hosting weak bars (both fast and 
low; pink and blue lines in left panels of Fig. 3 ) have profiles
hat fall in between those of strong bars of different speeds. In
heir bar region, they have higher sSFRs and younger stars than
ast-strong bars but lower sSFRs and older stars than slow-strong 
ars. It is also notable that the difference between the profiles in
alaxies hosting fast-weak and slow-weak bars are smaller than 
etween fast-strong and slow-strong bars. The EW[H α] profiles 
f fast-weak bars peak at the centre, decline within the arms of 
he bar, and peak around the bar-end as well; in contrast, the
rofiles of slow - w eak bars hav e low values of EW[H α] that rise
lmost uniformly towards the bar-end. While fast-weak bars may 
till trigger ongoing SF at the centre and around the bar-ends in
heir star-forming hosts, there are no traces of long-lived impacts 
n their hosts that would have been distinguished in the profiles
f post-starburst indicators (H β and H δA ) and Dn4000. Slow- 
eak bars exhibit an almost monotonic increase in SF with radius
hich suggests that they may not impact SF in their hosts on any
ime-scale (as also noted in T. Géron et al. 2024 ). 

.1.2 Quenching barred galaxies 

e also examine the radial trends in SF indicators for galaxies
ith the different bar types in quenching host galaxies. These are
hown in the right column of Fig. 3 . It is immediately notable how
iffer ent these tr ends ar e fr om the star-forming barr ed g alaxies.
he profiles show that, at all radii, quenching barred galaxies 
av e v ery low values of sSFR, H β, and H δA at the centre. The
F activity then rises towards the outskirts of the galaxies, to be
elatively comparable to (but still lower than) the levels found be-
ond the bar region in SF hosts. Similarly, at all radii, quenching
arr ed g alaxies hav e older st ellar populations (higher Dn4000),
hich is particularly notable in the bar region. These broad trends
n quenching barred galaxies were previously noted by T. Géron 
t al. 2024 for the EW[H α] and Dn4000 pr ofiles. We pr obe the
ombined impact of bar strength and speed, finding it is observed
ost notably in the differences in the SF activity at the bar-ends as

(i) quenching galaxies hosting slow bars (both strong and 
 eak) hav e low values of EW[H α], H β, H δA , and high values
f Dn4000 at the bar ends. 
(ii) quenching galaxies hosting fast bars (both strong and 
 eak) hav e higher values of EW[H α] and a st eep gradient in
 δA at the bar-end. 
MNRAS 548, 1–19 (2026) 
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Figure 3. Radial profiles of EW[H α], H δA , H β, 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 
0.15 R bar . 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/w eak–Fast/w eak, represent ed by the acronyms SSG, FSG, SW, and FW, respectively). 
Wher e the r esiduals between the pr ofile pairs ar e statistically significant ( > 3 σ ) using an Anderson–Darling test, points ar e colour ed r ed. Slow-str ong 
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 
round the bar end of quenching galaxies hosting fast bars 
hereas those hosting slow bars (both strong and weak) have 
een quenching more completely. These trends suggest that bar 
peed determines the extent of ongoing SF that occurs 
t the bar-ends , with galaxies hosting slow bars more able to
uickly deplete gas near the bar ends than those hosting fast bars.
In galaxies with fast bars, an additional impact of bar strength

s observed – while the EW[H α] profiles of fast bars show active
ngoing SF at the bar ends, this enhancement is especially large 
or fast-weak bars (pink lines). Within the bar region, quenching 
alaxies with fast-weak bars do not show any ongoing SF but have
lightly higher levels of H β and H δA (more recent starbursts) and 
ower values of Dn4000 (young stellar populations) relative to 
ther bar types in quenching hosts. Hence, we suggest quenching 
alaxies hosting fast-weak bars have only recently completed SF 
ithin the barr ed r egion and continue t o hav e ongoing SF at the
ar-ends. Galaxies with fast-weak bars ther efor e have the 
east difference in SF activity at the bar-ends between SF 

nd quenching hosts than other bar types, suggesting their 
mpact on their hosts is recent. 

.2 The quenching tracks of different types of bars 

e have shown how the radial profiles of SF tracers provide 
nsight into the spatial distribution of SF across the barred re-
ion at different time-scales. The H α and Dn4000 radial profiles 
resented in T. Géron et al. ( 2024 ) show that SF galaxies with
low-strong bars have the most impacted SF; we find further 
ualitative evidence for the enhanced impact of slow-strong bars 
n int ermediat e look-back time-scales (through the H δA and H β

racers) and in ev olv ed hosts (through the profiles of quenching
alaxies, which show that those with slow-strong bars are more 
uenched than those with fast bars). 
In addition, by plotting the median values of EW [ H α], H β,
nd H δA as a function of the median values of Dn4000 in radial
ins (see Fig. 4 ), we can gain more insight into the host galaxy
volution by tracing how the different SF tracers vary over both
ime (i.e. in stellar population age/Dn4000) and space. We refer 
o these 2D profiles as ‘quenching tracks’ since they show the
r ogr ession of g alaxies fr om y oung and activ ely SF t o old and
assive. 
To construct these tracks, we use radial bins of size 0.3 R bar :

wice the bin size of the 1D radial profiles; additionally, we only
how four r epr esentativ e points of int er est on the 2D pr ofiles: (1)
he central g alaxy r egion ( R ∼ 0 . 15 R bar ), (2) the bar arms ( R ∼
 . 75 R bar ), (3) the region just beyond the bar-end ( R ∼ 1 . 35 R bar )
nd (4) the galaxy outskirts ( R ∼ 2 − 3 R bar ). Points ar e colour ed
y radius (from dark blue to light pink; see Fig. 4 legend) and
onnected by dotted–dashed lines. 
We do not have data for all barr ed g alaxies to 3.0 R bar (light
ink) – bars that are fast and/or strong are longer relative to the
alaxy’s overall R e , while MaNGA data ends at 1.5 or 2.5 R e . This
as the result that galaxies with longer bars have MaNGA data 
hat may tend to end shorter relative to the bar (around 2.0 R bar );
her efor e, the edges of the 2D profiles of different galaxies may
ary slightly in shade. 

.2.1 Bar impact on central SFH 

s was previously evident in Fig. 3 , we note that SF is enhanced
t the centres of barred SF galaxies and almost absent in barred
uenching galaxies. We additionally see in Fig. 4 (upper row) 
hat ongoing SF at the centre is enhanced in SF galaxies hosting
trong bars (both slow and fast; blue-filled circles and triangles 
espectively show high central EW[H α]), which have more re- 
ent/recently completed SF, and younger stellar populations than 
he centres of galaxies with weak bars (the blue-filled circles and
riangles respectively in the upper right panels Fig. 4 are not as
igh). We also observe that, in SF strongly barred galaxies, those
ith slow-strong bars have slightly higher EW[H α] than fast- 
trong counterparts. In quenching barred galaxies, we observe 
ow sSFRs and old stellar populations at the centres (see Fig. 4 ,
pper row, unfilled symbols), although those hosting fast-weak 
ars (rightmost column; blue-unfilled triangles) show signs of 
or e r ecently complet ed SF (higher H β) and y ounger st ellar
opulations (lower Dn4000). 

.2.2 SFH within the bar-arms and around the bar-ends 

e observe that the tracks of SF galaxies hosting all bars types
e x cept fast-weak) show an increase in Dn4000 and decrease
n EW[H α] towards the bar-arms, followed by an increase in
W[H α], H β, and H δA as well as a decrease in Dn4000 just be-
ond the bar-ends; this corresponds to the suppression of SF in
he arms and trigger ed SF ar ound the bar-ends that we also ob-
erved in the 1D radial profiles described in Section 3.1 . However,
 e observ e notable differ ences in SF activity for str ong bars with
ifferent bar speeds: 

(i) Slow-strong bars in SF hosts (leftmost column, filled cir- 
les) have the most enhanced and most recent SF near the bar-
nds (green markers, outlined in black), as well as the youngest
tellar populations. 
(ii) SF g alaxies with fast-str ong bars (middle-left column, 
lled triangles) show the most decline in SF activity and increase
n stellar age along the bar-arms (teal markers). Decreases in H β

nd H δA along the arms are only observed for these bars in SF
osts, indicating that this suppression in SF is long-lived . 
(iii) SF galaxies with weak bars (both fast and slow; 
iddle-right and rightmost columns, filled circles and triangles 
espectively) do not show a notable suppression within the bar- 
rms (teal markers); their tracks show a steady increase/only 
inimal decrease in SF from the centre (blue markers) to the bar-
nds (green markers, outlined in black). 

All barred quenching galaxies show moderate increases in 
F along the arms and towards the bar-ends (unfilled cir- 
les/triangles in Fig. 4 ). We see interesting differences in the
xtent of ongoing SF just beyond the bar-ends in quenching hosts
elativ e t o those in SF hosts for different bar types. 

(i) The ends of slow-strong bars in SF and quenching 
 alaxies (left column; gr een-filled and unfilled cir cles r espec-
ively) generally occupy opposite e xtr emes of the planes (upper
eft and lower right respectively). This suggests that slow-strong 
ars have a significant impact on SF properties , driving the
racks of SF host galaxies to the upper left corner (high SF activity,
 oung st ellar populations) and those of quenching host galaxies
o the lower right corner (passive SF, old stellar populations) of 
hese diagnostic planes. 
(ii) The extent of ongoing SF activity in quenching galax- 

es with fast bars (both strong and weak ; shown in the
iddle-right and right-most columns of Fig. 4 with unfilled 
MNRAS 548, 1–19 (2026) 
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Figure 4. Median values (circular/triangular coloured markers) of H α, H β, and H δA against those of Dn4000 in bins of size 0.3 R bar (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 . 35 R bar ) 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 cir cles. Light gr ey back gr ound points show the 2D distribution of measurements of each SF tracer (EW[H α], H β, and H δA ) within 1 R e against those 
of Dn4000 for all 10 0001 MaNG A g alaxies (obtained from the DAPAll 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. 
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riangles) are much closer in SF activity to that of these
ars in SF hosts, indicating that a substantial amount of re-
 ent/ong oing SF is occurring in quenching galaxies with fast
ars. 

.2.3 SFH in the outskirts of barred galaxies 

e observe that the outskirts of barred SF galaxies (indicated
y the orange/pink filled markers in Fig. 4 ), with the e x ception
f galaxies with slow - w eak bars, hav e low sSFRs (decrease in
W[H α]) and old stellar populations (increase in Dn4000). In
ost cases, the levels of ongoing (top panels showing EW[H α]in
ig. 4 ) and recently completed (middle and bottom panels show-
ng H β and H δA ) SF in the outskirts of quenching barred galaxies
re similar to those of SF galaxies. The implications of this are
wofold: (i) the impact of bars on their hosts’ evolution is found
nly in the r adial r ange containing the bar, and (ii) barred galaxies
re primarily quenched inside–out. We note that the outskirts
f quenching host galaxies and those of SF hosts are the most
iffer ent in g alaxies with slow bars (orange/pink circles in the
eftmost and middle-left columns). 
NRAS 548, 1–19 (2026) 

2

.2.4 Global versus local impact of a galactic bar 

t is an open question if a bar has a global or local impact on
he galaxy in which it resides. T. Géron et al. ( 2024 ) explored this
uestion for different bar-types in the TW sample by comparing
he radial trends of SF along the barred region to regions perpen-
icular to the bar; thereby showing the 1D local difference of the
istribution of SF tracers. 
In this w ork, w e probe the 2D local variation of SF tracers
y generating residual median quenching tracks for each of our
ubpopulations of barred galaxies, shown in Fig. 5 . Comparing
hese residual tracks allows us to further infer whether bars have
ocalized impacts on galaxy evolution (by analysing the SF trends
n both space and time/age). The pr ocedur e is as follows: 

(i) Following T. Géron et al. ( 2024 ), w e rotat e our bar aperture
o span the region perpendicular to the bar position angle (here-
fter r eferr ed to as ‘off-bar’; see upper right inset of Fig . 5 ). 
(ii) We create median radial profiles aligned with the bar po-
ition angle (hereafter referred to as ‘on-bar’) and the ‘off-bar’
lignment, with radial bins of size 0.3 R bar (the same as our other
D 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 ; how ev er, the av erage values within the central bin ( ∼0.15 R bar ) are omitted as the tracks overlap in the central r egion. Gr ey shaded 
r egions r epr esent the median Poisson err ors on the r adial distributions of each SF tr acers over all eight bar groups, applied to a r efer ence point around 
zero (so points within the grey shaded regions indicate no difference between the two alignments to 1 σ ). We see that, with the e x ception 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. 
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(iii) We take the difference of the on-bar and off-bar radial pro-
les of each tracer to generate the residual profiles in Fig. 5 – note
hat as the centres of both the ‘on-bar’ and ‘off-bar’ alignments
v erlap, w e omit the centr al r adial bin from the residual tracks
nd only show thr ee r epr esentative r egions of inter est: (1) the
iddle of the bar arms ( R bar ∼ 0.5 R bar ), (2) the bar-end ( R bar ∼
.0 R bar ), and (3) the galaxy outskirts ( R bar ∼ 2.5-3 R bar ). 
(iv) We pr ovide gr ey ‘err or r egions’ in each subplot in Fig. 5
where the measurements are consistent with being identical 
o 1 σ . 

We observe similar trends to those of T. Géron et al. ( 2024 ):
n barred SF galaxies, excesses in SF activity local to the bar
lignment occur only at the bar-end or the galaxy outskirts. 
hese e x cesses in SF vary significantly with bar-strength and bar-
peed. We add that some of these variations with bar-strength and 
ar-speed are observable on int ermediat e look-back time-scales 
through the H β and H δA tracers). 
(i) SF g alaxies with slow-str ong bars ha ve bar -ends (green-
lled circles in leftmost column of Fig. 5 , outlined in black) that
re consistently located in the upper left corner, revealing that 
hese galaxies have the most enhanced ongoing and recent SF 
traced by EW[H α], H β, and H δA ) and y oung st ellar populations
traced by Dn4000) at the bar-end relative to corresponding ‘off- 
ar’/perpendicular regions in the same galaxy. This indicates that 
he enhancement in SF at their bar-ends is a local effect and is sig-
ific antly differ ent (to 1 σ ) fr om r egions off the bar , as also observed
y T. Géron et al. ( 2024 ). 
(ii) SF galaxies with fast bars (both strong and weak) 
how e x cess in ongoing SF (higher EW[H α]) and y ounger st ellar
opulation at the bar-ends relative to off-bar regions, although 
his e x cess is gr eater for fast-str ong bars (see gr een-filled trian-
les in upper row, middle right and rightmost columns in Fig. 5 ,
utlined in black). How ev er, this local impact at the bar-ends is
ot significantly different over longer time-scales (in the planes of 
 β and H δA against Dn4000; middle and bottom rows of Fig. 5 ,
espectively). 
MNRAS 548, 1–19 (2026) 
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(iii) SF galaxies hosting slow - w eak bars hav e residual
racks that do not show differences in the SF activity of on-bar
nd off-bar regions (within 1 σ ). 
(iv) Quenching Galaxies with fast-strong bars have en-
anced ongoing SF at the bar-ends that is local to the bar region:
he residual ongoing SFR at the bar-end (green-unfilled triangle
n the upper row, middle-left column of Fig. 5 , outlined in black)
hows a > 1 σ difference between the on-bar and off-bar region.
e only see marginally local effect of mor e r ecently completed SF
through slightly enhanced H β) at these bar-ends (black-unfilled
riangle in middle row, middle column of Fig. 5 ). 

While many barred galaxies show significant differences in SF
ctivity at the galaxy outskirts (orange/pink circles and triangles),
hese differences vary sporadically between e x cesses and suppr es-
ion of SF and do not show consistent trends with bar-type; it
s ther efor e unclear what drives these differences in SF activity
etw een the out ermost r egions of the g alaxy aligned with the bar
nd those perpendicular. The outskirts of even barred galaxies
ay be asymmetric for a variety of reasons not relat ed t o the bar
tself. 

.3 Measur es of corr elation: Interaction with other 
hysical properties 

o further probe the ext ent of bar-driv en impacts on the SFH
f galaxies, in this section, we analyse correlations between the
hape of the radial profiles of SF indicators in barred galaxies
ith other bar and g alaxy pr operties. We define four r epr esen-
ative quantities to capture the shape of SF radial profiles: (1)
he value at the centre (average within the central 0.01 R bar ), (2)
he change between the central value to the middle of the bar
 �Arms −Centre , with the middle of the bar corresponding to the
ver age v alue between 0.4 and 0.6 R bar ), (3) the change between
he values at the bar-end and mid-bar (or ‘arms’ �End −Arms , with
he bar-end corresponding to the average value between 0.9 and
.1 R bar ), and (4) the change between the values in surrounding
utskirts beyond the bar-end to those at the ends ( �Beyond −End ,
ith the outskirts beyond the bar-end corresponding to the av-
r age v alue between 1.3 and 1.7 R bar ). We ev aluate correlations
etween these measurements and various physical properties of 
he bar and host galaxy. These are: (1) bar-speed (as measured
y the continuous variable R , recall galaxies with R > 1 . 4 are
slow’ and those with smaller R are ‘fast’), (2) bar-strength (quan-
ified by defining the difference of the GZ DESI strong bar and
eak bar vote fractions as p strength = p strong − p weak ), (3) specific
tar formation rate (sSFR) and (4) stellar mass, both obtained
r om MaNG A data via Pipe3D (S. F. Sánchez et al. 2016a ), (5)
 alaxy envir onment, as measur ed by the tidal str ength to the
rst nearest neighbour (from M. Argudo-Fernández et al. 2015 ),
nd (6) HI deficiency (from HI-MaNGA; K. L. Masters et al.
019 ). 
We examine all pairwise correlations between bar strength, bar
peed, other g alaxy pr operties and our measur es of the shape of 
he radial profile of SF indicators across the barred region for our
ample. These are illustrated in the Appendix (Fig. A1 ), which
hows all the correlation coefficients, samples sizes, and p-values
ith relationships having significant correlations indicated by the
reen hi-lighted boxes. 
The significant correlations that we observe (i.e. those for
hich the null hypothesis can be rejected, or which have p-
alues, i.e. probability of the null hypothesis, p < 0 . 03 ) include: 
NRAS 548, 1–19 (2026) 
(i) The central value of all SF tracers correlate (as would be
xpect ed) with ov erall sSFR of the galaxies, and are inversely
orrelated with the galaxy mass (Dn4000, being larger for older
tellar populations, is inverted - i.e. increased with stellar mass,
nd decreases with increasing sSFR). 
(ii) The magnitude of the change in recent SF (H β and H δA ) in

he outskirts is observ ed t o correlat e with sSFR and st ellar mass,
uch that larg er chang es in recent SF towards the bar-ends and
utskirts (i.e. �H δA End −Arms etc.) being associated with higher
asses and lower sSFRs. As seen in Fig. 3 , we note that the
radients of the profiles of recent SF tracers for quiescent galaxies
re larger than in star-forming hosts which is reflected in these
orrelations. 
(iii) � EW[H α] Arms −Centre is found to be more negative (and
Dn4000 Arms −Centre more positive in this region) when bars
r e str onger–r evealing how str ong bars suppr ess SF along their
ength. Additionally �Dn4000 Arms −Centre is positively correlated
ith sSFR–SF barred galaxies have low Dn4000 at all radii, while
here is a notable increase in the amplitude of the negative gradi-
nt of this tracer in quenching barred galaxies. 
(iv) The �End −Arms of tracers show a variety of correlations
ostly with bar properties; bars clearly having a significant im-
act on the SF of galaxies in the radial region from their mid-
oint to their end. For ongoing SF (EW[H α]), the only significant
orrelation is with bar speed, R suggesting a bigger difference
etween current SF in the arms and the ends of faster bars 1 <
 < 1 . 4 relativ e t o slow er ones R > 1 . 4 – showing that fast bars
ave less SF in the bar. The change in recently completed SF ( �
 βEnd −Arms ) shows similar correlations, with faster bars (lower
 ) and stronger bars having a bigger difference between recent SF
n the arms and the bar-ends, highlighting that fast-strong bars in
articular have suppressed SF in the arms. On the other hand, the
hange in Dn4000 (which is largely negative in this region, hence
 positive correlation means a smaller change with larger values
f the correlating variable) shows correlations with bar speed
nd strength – revealing a trend towards st eeper out er declines
i.e. more younger stellar populations for slow - weak bars, and
n lower-mass galaxies. 

We do not observe any significant correlations between the
urnovers in SF and our measure of environment ( Q ) and only
ne correlation between HI deficiency and stellar age beyond the
ar-end (older stellar populations beyond the bar associated with
ore H i deficient hosts). The overall shape of barr ed g alaxy SFH
rofiles is thus more dependent on their internal properties (stel-
ar mass and bar properties) than environment or gas content. 
Overall, the correlations provide quantitative evidence that SF

n the arms, or bar region of a barred galaxy depends largely on
ar-speed and strength, such that SF is especially suppressed in
he arms of bars that are both fast and strong, but can still occur
hroughout the barred region in slow-strong bars. 

.4 Connections to H α morphology 

revious authors (e.g. A. F r aser-McKelvie et al. 2020 ) have sug-
ested SF rings are linked to bars. The presence of rings could
ndeed explain our observations of enhanced SF just beyond the
ar-ends, particularly for cases where the enhancement in SF is
ot local to the bar-end (galaxies that have enhanced SF in the
ff-bar alignment as well as the bar-end, such as those with slow-
eak or fast-weak bars; see e.g. Fig. 5 ). 
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Figure 6. Examples of each H α morphological category defined in A. F r aser-McKelvie et al. ( 2020 ) and two additional categories introduced in this 
work ( In a ring and at bar-ends and Spir als ; see panels (d) and (h) r espectively) defined for g alaxies within the TW sample. Panels show the optical image 
for an example galaxy (left subpanel) along with the map of its Gaussian Emitted H α flux (central subpanel) and EW[H α] (right subpanel). 
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A. F r aser-McKelvie et al. ( 2020 ) identified v arious H α mor-
hologies in barred galaxies with MaNGA data. We extend this 
lassification to our entire sample, with two of the authors (PM,
LM) independently classifying all g alaxies, and r evisiting those 
here we disagreed until consensus was obtained. Examples of 
hese classifications are shown in Fig. 6 . We consider whether any
f the subtypes of barr ed g alaxies (str ong or weak; fast or slow; SF
r quenching) show any trends in these types of H α morphology. 
ur r esults ar e visualized in Fig . 7 . Ov erall, w e find that in the
ntire TW sample (see grey lines in Fig . 7 ; the gr ey line in each
anel is the same and r epr esents the morphology of the entire
W population): 11.9 per cent of barred galaxies show H α along 
he bar, 13 per cent are dominated by central H α, 41 per cent of 
arr ed g alaxies have a H α ring (24.3 per cent a symmetric ring,
nd 16.7 per cent a ring with H α nodes); H α nodes at the end of 
 bar are found in 39 per cent of barred galaxies (16.7 per cent with
 ring, and 22.3 per cent just have nodes), 21.9 per cent of barred
alaxies show a H α spiral, and about 8.6 per cent total have either
o H α or unclassifiable/irregular H α. 
g  
Some of the features (e.g. H α along the bar, no H α, or unclassi-
able H α morphology) show no significant differences between 
ifferent types of bars, although these are different between SF 
nd quenching bar host galaxies (see red and blue lines, respec-
iv ely, in low er row of Fig. 7 ), as it is more likely to see H α in
F galaxies: it is also much more likely to see H α along the bar
n barr ed g alaxies with active SF. Featur es that ar e found to be
otably different in different subsamples are as follows: 

(i) Smooth H α rings and spirals ar e mor e likely to be found
n galaxies with slow bars than fast bars (green and purple lines
 espectively in Fig . 7 , upper r ow), which is consistent with r ecent
vidence implying that slow bars are more commonly associated 
ith nuclear structures (Y. H. Lee et al. 2025 ). Galaxies with fast
ars have more H α rings with nodes at the end (noting that, av-
raged over both kinds of rings, the two types of bars are equally
ikely to have some kind of ring; about 40 per cent have rings in
oth cases). 
(ii) Strong bars (orange lines in Fig . 7 , middle r ow) ar e found in
alaxies with fewer H α rings and more H α in very bright central
MNRAS 548, 1–19 (2026) 
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Figure 7. Classifications of H α morphology (EW[H α] and H α flux) for 
the TW sample, shown for subsets split based on bar speed (fast versus 
slow), bar str ength (str ong v ersus w eak), and SFRs (SF v ersus 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 
relativ e t o fast bars. Centr al H α and concentr ations in H α nodes at the 
bar-ends are more likely to be found in strongly barred galaxies. 
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 egions (r elativ e t o the r est of the g alaxy) and in bar-end nodes
ompared to weak bars (blue lines in Fig. 7 , middle row). 
(iii) Quenching galaxies with bars (red lines in Fig. 7 , lower

 ow) ar e mor e lik ely to ha ve H α rings, and less lik ely to ha ve
 α along the bar, at bar-end nodes, or in a spiral than SF galaxies
ith a bar (blue lines in Fig. 7 , lower row). 

Tying this together, it is clear that galaxies that have slow
nd/or strong bars and are still SF have the most rings and spirals
n H α. This is revealing enhanced SF, including SF along the
ar, and nodes at the end. Barred ringed galaxies are observed
o be more quenched (lower gas fractions and redder colours J.
ernandez et al. 2025 ); hence, the H αmorphology of slow and/or
tr ong bars pr ovides further evidence of their heightened impact
n their hosts’ evolution. Due to the limited size of our sample, we
annot make statistical conclusions about the H α morphology of 
amples split based on combinations of bar speed, bar strength,
nd host SFR. How ev er, w e not e that, out of 26 slow-strong bars
n SF hosts, 11 have SF concentrated at the bar-ends only, and
3 have H α along the bar. These fractions are consistent with
he enhancements in SF along the bar and local impact of the
nds of slow-strong bars that we observe throughout this work.
n quenching galaxies, rings of ongoing SF outside the bar, espe-
ially in weak bars, are common in the H α morphology. These
NRAS 548, 1–19 (2026) 
ings appear symmetric in galaxies with slow bars, while in those
ith fast bars, they also contain enhancements (or nodes) lined
p with the bar ends, which is also consistent with the SF activity
bserved at the ends of fast bars in quenching galaxies. In future
 ork, it w ould be int eresting t o consider how these H α mor-
hologies correlate with deviation from the typical star-forming
equence of galaxies. 

 DISCUSSION  

e have shown that the distribution of radial pr ofiles of differ ent
F indicators for galaxies hosting different types of bars changes
ualitatively throughout the barred region and that turnovers in
F correlate significantly with bar strength and bar-speed in local-
zed r egions. Her e, we discuss the physical impacts that different
ypes of bars may have on their hosts. 

.1 Radial inflow and starbursts at the centre 

e clearly observe increased SF activity at the centres of star-
orming barred galaxies. While bar speed does not notably in-
uence the extent of this central SF, bar strength has clearly
bservable impacts: stronger bars drive the largest enhancements
n central SF in SF host g alaxies. SF g alaxies with fast-weak bars
lso show signs of increased ongoing SF at the centre (through
igher EW[H α]) but no long-lived traces of central starbursts,
uggesting the impact of these bars are very recent. In already
uenching barred galaxies, all bars–regardless of type–have low
entral sSFRs and evidence for both long-completed SF, and old
tellar populations at their centres, implying that they have been
entrally quenched (see Fig. 3 ). 
Our findings support the already substantial evidence in the

iterature that bars are linked to the elevated SFRs at the centre
f barr ed g alaxies. Central SFRs of barr ed g alaxies ar e typically
ound to be boosted (see e.g. S. L. Ellison et al. 2011 ; K. George
t al. 2019 , 2020 ; J. Wang et al. 2020 ; L. Newnham et al. 2020 ).
imilar trends are also seen in r adial gr adients of SF tr acers
n other IFU surveys: a high fraction of barred galaxies (88 ±
 per cent) in both the CALIFA (Calar Alto Intergral Field Area;
. F. Sánchez et al. 2016b ) and MaNGA surveys have radial gra-
ients of EW[H α], H δA , and Dn4000 that show central enhance-
ents in the sSFRs that can reach up to an order of magnitude
ncrease (L. Lin et al. 2017 , 2020 ; T. Géron et al. 2024 ). 
The most plausible process by which bars influence central SF

s the radial inflow of gas that occurs as the bar rotates through
ts host. This model is supported both by observations of gas
ow (see e.g. V. Casasola et al. 2011 ; F. Combes et al. 2013 ) and
imulations (E. Athanassoula 1992b ; J. Villa-Vargas et al. 2010 ;
. Spinoso et al. 2017 ). As gas is funnelled inw ards tow ards the
entre, this sparks central SF, and increases central mass con-
entrations (CMCs) for stronger bars (J. Villa-Vargas et al. 2010 ;
. Athanassoula et al. 2013 ). This relation between bar strength
nd radial inflow sparking central SF easily explains the trends
een in this work of larger central SF enhancements in galaxies
ith strong bars. In addition, interactions between bars and the
aseous component of the disc show that bar growth is favoured
n gas-poor discs; as bar growth is positiv ely correlat ed with bar
trength, this implies that stronger bars are more likely to exist in
uiescent galaxies (which are likely t o hav e less gas; also see K. L.
asters et al. 2012 ), and may ther efor e e xplain why we see more
trong bars among the quenching barred galaxies. 
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There is also considerable literature that shows not all barred 
alaxies have enhanced central SF (see e.g. L. Scaloni et al. 2024 ;
. Renu et al. 2025 ). This is consistent with the SFHs observed
or the quenching/quiescent population in this work. We demon- 
trate that globally SF barr ed g alaxies show central starbursts,
hile quenching barred galaxies have a lack of central SF (also
ee T. Géron et al. 2021 , 2024 ). This suggests that barred galaxies
ay generally follow an inside–out quenching process (see e.g. S. 
acchella et al. 2015 ; L. Lin et al. 2019 ). 

.2 Turbulence, shear, and suppression of star formation 

n the bar arms 

ithin the arms of the bar, we observe notable variations in
he SF properties of the host galaxies which correlate with bar
trength and bar speed. Barred SF galaxies with slow-strong bars 
av e consist ently higher lev els of SF in the arms and younger
tellar populations than other bar types in SF barred galaxies. 
onversely, SF galaxies with fast bars (both strong and weak) 
ave the most suppressed SF in their bar regions (see Fig. 3 ; with
ast-strong bars having the most suppressed SF). 
We observe that it is bar strength, even more than galaxy stellar
ass, which has the strongest correlation with steep declines in 
ngoing SF (EW[H α]) along the bar arms. Hence, we suggest that
ar strength drives the suppression of SF in the arms of a bar
hile bar speed influences the extent of the suppression: strong 
ars show the most suppressed SF along the bar, particularly 
hen these bars are also fast, whereas SF can still occur along
he arms of slow bars, even if they are strong. 
Simulations have shown that bar-arms can be left as a region
f lower SF activity in barr ed g alaxies (A. D. Tubbs 1982 ; K.
heth et al. 2000 ; R. Momose et al. 2010 ; Y. Watanabe et al. 2011 ;
. Gavazzi et al. 2015 ; P. A. James & S. M. Percival 2018 ). The
ominant mechanism is via increased velocity dispersion of gas 
olecules caused by shear motions driven by the bar potential 
S. Khoperskov et al. 2018 ; F. Maeda et al. 2023 ; T. Kim et al.
024 ). Shocks (caused by the motion of leading edges of the bar
elativ e t o the g as in the r est of the disc) ar e pr edict ed t o driv e
ngular momentum flux of the gaseous component in the disc, 
ncreasing turbulence and thereby maximizing shear along the 
rms (A. Zurita et al. 2004 ; W.-T. Kim et al. 2012 ; E. Emsellem
t al. 2015 ; T. Kim et al. 2024 ) which, in turn, inhibits cloud
ollapse for SF (B. G. Elmegreen & J. Scalo 2004 ; J. Sun et al.
020 ). There is even evidence for cloud collisions in some nearby
arr ed g alaxies and wher e the collisional velocities are high, SF
s suppressed (F. Maeda et al. 2025 ; T. Kolcu et al. 2025 ). The bar-
hock suppression of SF is predicted to increase with increasing 
ar strength and length (S. Khoperskov et al. 2018 ). Fast bars are
elatively longer than slow bars with respect to the corotation 
adius (i.e. fast bars reach out to corotation whereas slow bars
nd shorter than this radius), and strong bars are longer than
eak bars almost by definition. Hence, fast-strong bars are the 
ongest bars in the TW sample relative to the corotation radius;
he enhanced suppression in the arms we observe for galaxies 
ith fast-strong bars can be explained by these bars have the
ighest shear due to their increased length relative to corotation. 
. Athanassoula ( 1992b ) consider bar shocks in models with dif-
erent ‘Lagr angian r adii’ (which E. A thanassoula ( 1992a ) explain
s roughly comparable to the corotation radius even for strongly 
arr ed g alaxies). E. Athanassoula ( 1992b ) suggests bars which
re comparable in length to the Lagrangian radii (i.e. fast bars)
enerate the strongest shocks, which explains our observations if 
 e int erpr et the suppr ession of SF in fast bars as due to shocks
rom a bar reaching out to near its Lagrangian radius. 

.3 Gas cloud collisions and star formation at the bar-end 

e observe that all SF barred galaxies in our sample show on-
 oing/recently trigg ered SF at the bar-ends. Galaxies with fast-
trong bars have low levels of SF at the bar-ends whereas those
ith slow-strong bars have the highest SF activity in this region,
s observed by their radial profiles in Fig. 3 and their locations
lower and upper left respectively) in the evolutionary planes 
resented in Fig. 4 . We note that the enhanced SF at the ends of 
low-strong bars is localised to the bar-ends (see Fig. 5 ), indicating
hat the SF is particularly enhanced at these bar-ends relative to
 surrounding ring at this radius. The stellar populations and SF
ctivity of weak bars fall in between those of strong bars and show
it tle v ariation with bar speed. In quenching host galaxies, we
bserve that triggered SF at the bar-end persists for those hosting
ast bars (both strong and weak), although the extent of SF activ-
ty is greater at the ends of fast-weak bars. Quenching galaxies
osting slow bars have little to no SF activity and older stellar
opulations, which suggests that slow bars may be so efficient 
t triggering SF at the bar-end in their hosts when they are still
orming stars that these galaxies quench more completely. 
The enhancement of SF at bar-ends has been widely e xplor ed

e.g. F. Renaud et al. 2015 ; E. Emsellem et al. 2015 ; S. Ansar
t al. 2023 ). The rotation of bars results in turbulence and shocks
t bar-ends and edges; this turbulence is balanced by the shear
nduced in the ISM at the bar-end, which allows for the formation
f dense clouds and increases orbital crowding (F. Renaud et al.
015 ; E. Emsellem et al. 2015 ; S. Ansar et al. 2023 ; F. Maeda et al.
025 ). Consequently, the number of gas cloud–cloud collisions 
ncr ease, suppr essing SF in the bar-arms (see e.g. Y. Fujimoto
t al. 2020 ) and triggering SF activity at the bar ends (F. Renaud
t al. 2015 ). Signs of SF enhancements at the bar ends have been
bserved in the H αmorphology of massive barred galaxies, which 
how concentrations of H α at the bar-end (D. Reynaud & D.
ownes 1998 ; S. Verley et al. 2007 ; J. Neumann et al. 2019 ; A.
 r aser-McKelvie et al. 2020 ); these galaxies are more likely to host
onger and/or stronger bars (see e.g. P. B. Nair & R. G. Abraham
010b ; K. L. Masters et al. 2011 ; A. F r aser-McKelvie et al. 2020 ; K.
ukundan et al. 2025 ), which explains the increased occurrence 
f H α concentrated at bar-end nodes in galaxies with strong bars
hat we see in our sample (see Section 3.4 ). Our observations of 
ocal e x cesses in trigger ed SF at the ends of slow-str ong bars in SF
alaxies in the radial profiles and quenching tracks also provides 
urther evidence that the extent of triggered SF at the bar-ends
ncreases with bar strength. 

.4 The bar of the Milky Way 

t is remarkably challenging to place the bar of our own MW
nt o cont e xt with the fast-slow; str ong -weak continuum of bars
r esented her e. The MW bar is oft en described as w eak, and
ssumed to be fast (i.e. assuming R = 1 ), which suggests it should
av e limit ed impact on the SF in the MW, but as has been noted
y many previous authors (e.g. M. R. Merrifield 2004 ; J. Bland-
awthorn & O. Gerhard 2016 ; Gaia Collaboration et al. 2023 )
onstraining either the strength, length or the kinematics of the 
alactic bar based on observations of it from our vantage point
r ovides significant challenges; ther e has been at least one sug-
estion of evidence that the MW bar could be long (i.e. most likely
MNRAS 548, 1–19 (2026) 
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trong) and slow (J. A. S. Hunt & J. Bovy 2018 ). It is also chal-
enging to constraint the global SF properties of our own Galaxy,
lthough there is good evidence the MW is likely quenching (C. E.
ielder et al. 2021 ), and that that process began at a similar time
s the MW bar formed (M. Haywood et al. 2016 ). Even though our
antage point within the MW makes it challenging to comment
n how the picture we present ties into the ways that our own bar
as impacted (or continues to) the SFH of our own galaxy, it is
lear, even from a quick review of some of the most recent pub-
ished work in this area, that the bar of the MW is connected to
ignificant radial and/or non-axisymmetric flows (most recently
onstrained using Gaia data; Gaia Collaboration 2023 ), and may
e associated with over/underdensities in young stars (Q. Feng
t al. 2026 ) and molecular gas (N. J. Evans et al. 2026 ), suggesting
 clear impact on the Galactic SFH. 

 CONCLUSIONS  

sing the sample of 210 MaNG A g alaxies with bars and bar pat-
 ern speeds deriv ed by T. Géron et al. ( 2023 ), we gener ate r adial
rofiles along the direction of the bar for four tracers of SF in
earby galaxies, namely EW[H α] for recent SF, H δA , and H β

or recent post-starburst tracers, and Dn4000 to approximately
race stellar population age. T. Géron et al. ( 2024 ) e xplor ed the
ombined impact of bar strength and speed by generating radial
rofiles of two of these tracers (EW[H α] and Dn4000) for subsets
f SF galaxies with bars of different strengths and speeds. We
ontinue this work by further probing the combined impact of 
ar strength and speed. We compare the radial profiles of both
F and quenching galaxies hosting combinations of strong/weak
nd fast/slow bars, including two additional tracers of SF on
nt ermediat e time-scales to get more insight into the bar’s impact
cross the host’s history of SF evolution. Additionally, we trace
he evolution of all eight subsets of barred galaxies by examin-
ng the co-variance of tracers of ongoing/recently completed SF
EW[H α], H β, H δA ) with the pr o xy for stellar population age
Dn4000). 
Of these 210 barred galaxies, we note that 113 host strong bars
nd 97 host weak bars. All of these galaxies have TW measured
attern speeds; 70 are fast bars (reaching to near corotation in
heir hosts), and 140 are slow (significantly shorter than coro-
ation radius). Because the galaxy population is so bimodal in
F properties, even among disc galaxies (K. L. Masters et al.
010 ), w e also separat e the barr ed g alaxies into 91 that ar e star
orming (on or above the SF sequence of galaxies) and 119 that
re quenching (on the way to be quiescent and below the SF
equence). We create average SF property profiles in subsamples
f fast/str ong, slow/str ong, fast/weak, and slow/weak for both
uiescent and star-forming barred spirals. 
In the SF sample, we find the only statistically significant bar-
riven differences in the EW[H α] profiles, suggesting the impact
f a bar on galaxies actively forming stars is largest on the shortest
ime-scales of SF. Ov erall, w e see that these profiles show a peak
f SF in the centre, a dip in the bar region, and in many cases,
 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
otable ‘speed’ related differences: slow/strong barred galaxies
green line in Fig. 3 ) have the most SF in the bar arms, along with
 SF peak at the end of the bar (inside cor otation). Fast/str ong
arr ed g alaxies (purple line in Fig. 3 ) have significant suppres-
ion of SF in the arms, which is matched by an enhancement
NRAS 548, 1–19 (2026) 
n Dn4000 in this region, suggesting an older stellar population
ominates the light distribution. The SF profile in these galaxies
lso shows a steep increase towards the bar end at/near corota-
ion. 
Repeating this analysis for the quenching/quiescent sample
f barr ed g alaxies, we find almost no SF within any bar ra-
ius, which is indicative of inside–out quenching. Even in these
uenching galaxies, outside the bar radius, there remains some
F and it is in the galaxies with fast bars (both weak and strong,
ut particularly notable in the fast-weak bars) that there is the
ost ongoing recent SF and younger stellar populations beyond
he end of the bar. 
For the post-starburst tracers (H β and H δA ; but also EW[H α]),
e consider how the radial profile moves points around on 2D
lots often used to consider SF properties (e.g. G. Kauffmann et al.
004 ; R. J. Smethurst et al. 2019 ). Here, we can plot both SF and
uenching samples together, noticing that outskirts of these two
amples often – but not always – (e.g. the slow - w eak subset) hav e
imilar properties, while we see significant differences within the
ar radius between samples. As with the single radial profiles, in
he SF sample we often notice two peaks of recent, or recently
ompleted SF, with the mid-bar regions being suppressed/older.
n the quenching samples, the trend is typically a monotonic
although modest) increase in recent SF (and decrease in stellar
opulation age/Dn4000) with radius. 
Seeking t o inv estigat e how much of these impacts are global,

 ersus constrained t o the bar itself, w e compared the 2D radial
rofiles along the bar, with those in an aperture perpendicular to
he bar . W e find that, at the bar-ends in the slow/strong samples,
ll tracers (EW[H α], H β, H δA , and Dn4000) are different, sug-
esting the bar ends are notably more SF active and younger than
he non-bar disc region at the bar radius. Beyond the end of the
ar, we see this asymmetry persist in the SF subset only. In galax-
es with fast/strong bars, we see a difference in only EW[H α]
nd 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
hat slow/strong bars create the most bar-localized impacts to SF,
hile fast/strong bars impact the most recent SF, and weak bars
ave less local impact. 
We build on the findings of T. Géron et al. ( 2024 ), who showed

hat slow/strong bars among a ‘continuum of bar properties’ have
he most impact on their host galaxies, and add that this impact
s also the most bar-localized (as well as global) in slow/strong
ars on short and long time-scales. Galaxies with slow/strong
ars are both the most likely to be globally quenched among all
ypes of barred galaxies, and when SF is present, show the most
ignificant bar-related asymmetry in SF. 
This w ork demonstrat es the complexity of a bar’s impact on the
F properties of its host galaxy, which can depend on the global
F pr operties (pr esumably linked to g as content), bar str ength
nd bar speed (i.e. the length of the bar relative to the corotation
adius of the galaxy). The impact of bars as accelerators of disc
alaxy quenching is complex and fascinating right across the
ontinuum of bar properties. To fully quantify the role bars play
n galaxy evolution will require larger samples of barred galaxies
ith reliable pattern speed measurements than those to which we
urrently have access. 
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PPENDIX  A:  CORRELATIONS  WITH  OTHER  

ALAXY  PROPERTIES  

e present the pairwise correlations between bar -strength, bar -
peed, and other physical properties with measures of SF along
he barred region in Fig. A1 . Each cell shows the p-value, number
f g alaxies, and Pearson corr elation coefficient between mea-
ures of SF tracers (along columns) and bar/host galaxy physical
r operties (along r ows). Significant corr elations ( p < 0 . 03 ) ar e
utlined with green boxes. 
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Figur e A1. Corr elation matrices showing the correlation between changes in SF/stellar age acr oss four r epr esentative r egions 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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