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ABSTRACT

Multiple mechanisms are proposed for the formation of giant molecular clouds (GMCs) — from gravitational free-fall caused by self-gravity,
to stellar feedback-driven gas compression. Both the galactic environment and galaxy conditions could play an additional role in enhancing the
formation via their gas surface density and star formation activity. In this paper, we make use of a catalog of 108,466 GMCs identified by F770W
PHANGS-JWST imaging across 66 galaxies at a homogenized resolution of 30 pc. We measure the mass spectra in various galactic regions,
whose power-law slopes vary from -1.2 to -2.0. We then estimate the formation time of each cloud using a model in which GMCs form by multiple
feedback compression, and find that clouds with masses < 10° M, form in 20 Myr on average, and more massive clouds (~ 107 M) take up to
100 Myr. We also find that cloud formation proceeds most rapidly in the central regions of galaxies, with formation timescales that are typically
shorter by ~ 5 — 10 Myr compared to galactic disks. This effect is most pronounced in central molecular zones with enhanced star formation. This
highlights the role of intense massive star formation, high molecular gas surface densities, and strong supersonic compressions in accelerating
cloud formation. However, star formation is generally inefficient as the cloud lifetime is ~ 1 % of the molecular depletion time. The formation
time of clouds is ~ 0.1 dex longer than the free-fall time. This hints that magnetic fields, stellar feedback, or other mechanisms may prolong their
formation instead of immediate free-fall collapse. This indicates a longevity of massive GMCs. The GMC ages also show only limited variation

with galactocentric radius in both spiral and disk galaxies, suggesting that cloud formation proceeds similarly in these galaxy types.
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1. Introduction

The interstellar medium (ISM) and the physical conditions of
galaxies primarily drive their evolution (McKee & Ostriker
2007; Somerville & Davé 2015; Klessen & Glover 2016). Gas
exists in multiple phases within the ISM (Field et al. 1969;
Wolfire et al. 1995, 2003): atomic gas condenses into molecular
gas (Hollenbach & Tielens 1999; Krumholz et al. 2009), which
then forms the massive giant molecular cloud (GMC) structures
within galaxies (McKee & Ostriker 2007; Heyer & Dame 2015).
During their gravitational collapse, stars form (Shu et al. 1987)
and subsequently ionize, destroy, or compress their surrounding
gas through stellar feedback mechanisms (Krumholz 2014; Dale
2015; Chevance et al. 2020b).

Understanding the molecular properties and lifetimes of
GMCs is therefore important to determine how galaxies evolve
from being rich in molecules and forming stars to quiescent and
dominated by old stars. In Bazzi et al. (2026) (hereafter B26), we
traced the molecular phase of the ISM by using the James Webb
Space Telescope (JWST) F770W band for 66 Physics at High
Angular resolution in Nearby GalaxieS (PHANGS) galaxies at
unprecedented sensitivity (completeness limit ~ 2x 10° M) and
resolution (30 pc), and we built the largest extragalactic GMC
catalog, which is composed of 108,466 clouds. The F770W band
is mainly known for capturing a strong polycyclic aromatic hy-
drocarbon (PAH) feature, a stellar continuum, and continuum
emission from small hot dust grains (Draine & Li 2007; Whit-
comb et al. 2023). The advantage of using PAHs is that they can
trace regions where typical molecular gas tracers, such as carbon

monoxide (CO), are dark (e.g., Wolfire et al. 2010) and do not
trace the whole molecular gas content (e.g., Leroy et al. 2023a;
Sandstrom et al. 2023). The emission from PAHs is also closely
linked with CO emission on kiloparsec and parsec scales, reveal-
ing a strong correlation between both emissions over three orders
of magnitude in intensity (Regan et al. 2004; Gao et al. 2019;
Chown et al. 2020; Leroy et al. 2023a,b; Whitcomb et al. 2023;
Chown et al. 2025). Additionally, in B26, we found that the spe-
cific star formation rate is key to driving differences in molecular
mass distributions of GMCs across galaxies and galactic envi-
ronments, suggesting that star formation, galactic environment,
and the physical conditions of the galaxy are crucial in shaping
the GMC evolution.

To further understand the factors that affect the GMC life
cycle, the lifetime of GMCs and the timescales of various physi-
cal processes (e.g., self-gravity, galactic dynamics, and magnetic
fields) need to be constrained. Multiple efforts (e.g., Kawamura
et al. 2009; Fukui & Kawamura 2010; Kruijssen et al. 2019;
Chevance et al. 2020a; Kim et al. 2022; Bonne et al. 2023; Ro-
manelli et al. 2025; Kim et al. 2025) have suggested that the life-
time of GMCs is rather short (5-30 Myr) and that clouds are dis-
persed by stellar feedback on even shorter timescales (1-5 Myr;
e.g., Kim et al. 2022; Ramambason et al. 2026). On the other
hand, the molecular depletion time at galactic scales is much
longer (1-4 Gyr) than the cloud lifetime (e.g., Bigiel et al. 2008),
and the shearing (and orbital time) operates on timescales greater
than the lifetime of GMCs (e.g., Sun et al. 2022). This suggests
that clouds cannot convert their molecular gas content fully into
stars in their lifetime, and large-scale processes only play a mod-
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est role as clouds evolve. However, a more in-depth investigation
of the formation of individual GMCs in different environments
is required to understand the kiloparsec-scale (e.g., shear and ro-
tation) and sub-cloud-scale (stellar feedback) factors that may
affect their evolution (e.g., Walch et al. 2015; Kim & Ostriker
2017).

Stellar feedback mechanisms, such as the momentum caused
by stellar winds and supernovae or the coupling to the intense
radiation field of massive stars (e.g., Rahner et al. 2017, 2019),
play a crucial role in the GMC formation and destruction (e.g.,
Inutsuka et al. 2015). The recent PHANGS-JWST images of
nearby galaxies (Lee et al. 2023; Chown et al. 2025) provide
a fascinating picture of high column densities in regions sur-
rounding bubbles that might be driven by feedback (see Watkins
et al. 2023; Barnes et al. 2023). The GMCs will eventually form
new stars, which leads to their ionization and destruction (e.g.,
Hosokawa & Inutsuka 2006; Geen et al. 2017; Kim et al. 2017;
Ali et al. 2018; Fukushima & Yajima 2021).

In this paper, we use the giant molecular cloud mass func-
tion model (GMCMF; Inutsuka et al. 2015; Kobayashi et al.
2017, 2018) to estimate the formation time of individual clouds
across different galactic environments. This model suggests that
the formation and evolution of GMCs are mainly driven by mul-
tiple expanding Hu regions, supernovae, and radiative feedback.
The GMCMF is particularly powerful because its slope directly
reflects the balance between GMC formation and destruction,
providing a framework to connect the cloud population to the
physics that shape GMC evolution. Observations have revealed
strong environmental variations: spiral arms and central regions
exhibit shallower mass functions, which is indicative of an en-
hanced formation of massive clouds, whereas inter-arm regions
display steeper slopes, suggesting a slower formation of massive
clouds (e.g., Rosolowsky et al. 2003; Koda et al. 2009; Colombo
et al. 2014; see also Mok et al. 2020). These trends imply that
GMC assembly and dispersal operate differently depending on
the local dynamical and feedback conditions.

Alternative models for molecular cloud growth employ col-
lisional coagulation frameworks and also make use of the cloud
mass distribution (e.g., Kwan 1979; Scoville & Hersh 1979;
Tomisaka 1986). Early analytic models described GMC assem-
bly through cloud—cloud collisions over long timescales of sev-
eral 10> Myr, with the mass distribution shaped by the balance
between collisional accretion and cloud destruction associated
with star formation (Kwan 1979; Scoville & Hersh 1979). Exten-
sions of this framework employed numerical cloud—cloud colli-
sion models in a spiral gravitational potential to follow the co-
agulation and destruction of an ensemble of molecular clouds,
showing that GMC lifetimes of ~ 40 Myr lead to a strong spiral-
arm concentration, whereas longer lifetimes (~ 10> Myr) pro-
duce a more uniform GMC distribution (Tomisaka 1986).

Theoretical work suggests that GMCs assemble primarily
through repeated episodes of supersonic compression in the
warm neutral medium driven by convergent turbulent flows (e.g.,
Federrath & Klessen 2012; Brucy et al. 2025), with large-scale
gravitational instabilities providing an additional mechanism for
gas accumulation and cloud growth (e.g., Parker instability; see
Parker 1966). In a magnetized ISM, shocks rarely form molec-
ular clouds in a single event; instead, several such compressions
are required, setting an effective formation timescale that de-
pends on the frequency of shocks and on their orientation rel-
ative to the magnetic field (e.g., Inoue & Inutsuka 2008, 2009,
2012; Iwasaki et al. 2019; see also Tahani et al. 2022a,b for the
importance of shock-cloud interaction). This is complemented
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by cloud dispersal through feedback from newly formed stars on
short (1 — 5 Myr) scales (e.g., Kim et al. 2022).

We apply the GMCMF model to the PHANGS-JWST
cloud catalogs from B26 to quantify the variation in formation
timescales across galactic environments and across galaxies with
different physical conditions. Our goal is to identify the domi-
nant environmental factors that accelerate or hinder cloud forma-
tion, and in turn, affect the lifetime and evolution of GMCs. The
layout of the paper is as follows. In Sect. 2 we describe the data
and catalog we used. In Sect. 3 we introduce the molecular cloud
properties we used. In Sect. 4 we describe the GMCMF model
and the different timescales that we calculated for the GMCs.
In Sect. 5 we present our results and discuss them. Finally, in
Sect. 6, we summarize our results and present our conclusions.

2. Data and catalog

We analyzed 66 nearby star-forming PHANGS galaxies for
which high-resolution F770W JWST imaging (Lee et al. 2023;
Chown et al. 2025) sensitive to PAH emission are available.
The sample spans galaxies with specific star formation rates
(SFR/M,, where SFR is the star formation rate and M, is the
stellar mass) > 107! yr~!, stellar masses M, 2 10°° Mg, mod-
erate inclinations (i < 70°), and distances D < 20 Mpc (Leroy
et al. 2021).

2.1. JWST F770W GMC catalog

In B26, we adopted the JWST F770W band as our primary
tracer of PAHs to construct a uniform GMC catalog across 66
PHANGS-JWST galaxies (Lee et al. 2023; Williams et al. 2024,
Chown et al. 2025) at a homogenized resolution of 30 pc and
a completeness limit of 2 x 10> My. The final catalog con-
tains 108,466 clouds with associated physical properties such as
molecular mass surface density (X,0), molecular mass (Mp),
effective radius (Req), and corresponding uncertainties.

The 7.7 um band encompasses the prominent PAH complex
dominated by C—C stretching modes from largely ionized PAHs
spanning a range of sizes. The observations reach a median phys-
ical resolution of ~ 20 pc (16 — 84th percentile: 15 — 25 pc), en-
abling the identification of cloud-scale structures across all tar-
gets. To account for the non-negligible contribution of the stellar
continuum to the F770W band via the Rayleigh—Jeans tail, we
subtracted this component following Sutter et al. (2024). Specif-
ically, for Cycle 2 galaxies (Chown et al. 2025), we corrected the
F770W emission by subtracting the stellar continuum contribu-
tion (F770W,) = 0.22 X F300M, while for Cycle 1 galaxies (Lee
etal. 2023), we applied a correction of F770W,, = 0.12xF200W.
In addition, the F770W band contains a dust continuum contribu-
tion. Spectral decomposition work based on Spitzer mid-infrared
spectra and synthetic JWST photometry (Whitcomb et al. 2023;
Dale et al. 2025) showed that the continuum-free PAH fraction
is typically ~ 80-85 %. Applying this method in B26, we found
similar fractions across our sample, with lower PAH contribu-
tions in regions strongly affected by feedback (e.g., Hu regions
and galactic centers), where the PAH fraction can drop to ~ 20 %
or below.

We identified GMCs from these stellar-continuum-
corrected F770W intensity (IZ7i.) maps using the SCIMES
framework (Colombo et al. 2015), as described in detail
in B26. The algorithm combines dendrogram segmenta-
tion performed with Astrodendro' and spectral clustering

! https://dendrograms.readthedocs.io/en/stable/
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(SpectralCloudstering class in SCIMES) to isolate coherent
cloud structures. The stellar-continuum—subtracted F770W
maps were subsequently converted into CO intensity (Ico)
using Equation 2 from B26 (see also Chown et al. 2025).
This relation was calibrated directly on galaxy intensity maps
without an explicit dust—continuum correction, even though
dust emission can become increasingly important toward galaxy
centers. Because our analysis employs the same observational
framework for which the calibration was derived, we did not
distinguish whether the underlying signal originated from
PAHs or from small hot dust grains. We therefore applied
no additional continuum corrections and simply note that in
particular in central regions and Hu regions, the emission traced
by F770W reflects a mix of PAH features and dust continuum.

For the present analysis, we selected the subset of 83,990
clouds that satisfied the GMC selection criteria defined in B26.

Specifically, we required either IE2 > 1MJysr™" or Zpo >

4 Mg pc2, as emission below these thresholds might trace the
atomic gas phase and not the molecular material (Leroy et al.
2023a; Chown et al. 2025). We also included clouds in the cen-
tral regions, since we wished to quantify GMC formation and de-
struction timescales across all galactic environments. However,
GMC:s in these regions tend to overlap in velocity space, and the
dust and stellar continua might dominate the emission.

2.2. MUSE optical IFU data

The PHANGS-MUSE large program (Emsellem et al. 2022) pro-
vided data for 19 galaxies from PHANGS-JWST Cycle 1 with a
coverage up to 2 effective radii (R.) for all targets. This is gener-
ally consistent with the footprint of JWST observations.

The typical angular resolution of the MUSE data in this
study is ~0.7”, which is sufficient to isolate individual Hu re-
gions from each other and minimize contribution from the sur-
rounding diffuse ionized gas (Congiu et al. 2023). We relied on
SFR measurements provided by Belfiore et al. (2023) using dust-
attenuation-corrected measurements of the hydrogen Balmer
decrement (Ha and HB). The formalism is SFR[Mg yr‘l] =
CroLlao corrlerg s_l] = CI—IarLI-IalO(l4 ktta E(B—V)’ where Ly corr 18
the attenuation-corrected Ha luminosity (Ly,), kg, is the value
of the reddening curve at the He wavelength, and E(B-V) is the
attenuation correction factor (for more details of the calculation
and assumptions, see Belfiore et al. 2023).

For our analysis, we projected our GMC assignment maps
to the same grid as the MUSE star formation rate surface den-
sity (Xspr) maps and then calculated the SFR in each cloud
(SFR(jouq).- We only considered GMCs that are at least compa-
rable to the MUSE beam size. However, SFR estimates based on
extinction-corrected He emission on cloud scales are subject to
several limitations. The HB line is often not detected at a suf-
ficient signal-to-noise ratio in low surface brightness or highly
obscured regions (e.g., Emsellem et al. 2022), which can bias or
limit Balmer-decrement corrections and lead to an underestima-
tion of the SFR in embedded GMC:s. In addition, Ha-based SFRs
implicitly assume continuous star formation and a fully sampled
IMF over the relevant timescale. These assumptions may not be
strictly valid for individual clouds and should be noted when in-
terpreting cloud-scale SFRs. For our analysis, we only calculated
the SFR for clouds within the 19 PHANGS Cycle 1 galaxies.

3. Molecular cloud properties

In this section, we present the relevant GMC and galaxy proper-
ties we used to compute the cloud timescale. A detailed expla-
nation of other GMC quantities is given in B26.
Following Equation 2 in B26, we converted If2
The molecular mass of the cloud was then estimated as

Moot [Mo] = aco [Mo(Kkms™ pc?)™] x Lo [Kkms™ pe?],

into Ico.

(D

where
acoe-1) ® 4.35 X f(Z) X g(Z4) X Ry (Zsrr) s 2)

Sorg 12
Ro1(Zspr) = 0.65 (m) ,
and
N

Lco = Apix Z F;. 3)

i=1
Here, F; denotes the flux of the ith pixel within a cloud, ex-
pressed in units of Kkm s~!, and the total cloud flux was ob-
tained by summing over all pixels belonging to the cloud. Apy is
the area of a pixel in pc2. aco is the CO-to-H, conversion factor
following Schinnerer & Leroy (2024) (see Appendix D for the
impact of using another aco prescription), and Lcg is the CO lu-
minosity of the cloud in units of Kkms™! pc?. f(Z) = (Z/Zo)™"?
is the CO-dark factor that depends on the metallicity (Z) for
0.2 < Z/Z; < 2 (see Schinnerer & Leroy 2024 for further infor-
mation), where Z, is the solar metallicity (12 +1og(O/H) = 8.69
as per Asplund et al. 2009). It is worth noting that f(Z) does not
take additional factors such as the dust-to-metals ratio, interstel-
lar radiation field, cosmic-ray ionization rate, and the structure
of the clouds themselves into consideration, which all play an
important role and further add to the uncertainty of the My,
estimation (see Schinnerer & Leroy 2024). The starburst emis-
sivity factor is g(Z4) = max(Z,/100, 1)"%2, where X, is the
stellar mass surface density in units of Mg pc=2. Additionally,
R, (Zspr) is the line ratio of CO(2 — 1) and CO(1 — 0) (see
Leroy et al. 2022 and Schinnerer & Leroy 2024 for more in-
formation). The metallicity was approximated as a function of
galactocentric radius based on the global mass-metallicity rela-
tion of Sanchez et al. (2019), adopting the PP0O4 O3N2 calibra-
tion (Pettini & Pagel 2004) and extrapolating the predictions to
the whole PHANGS-ALMA footprint using a metallicity gradi-
ent as per Sdnchez et al. (2014) (see Sun et al. 2025).

4. GMC timescales
4.1. The GMC mass function

In the bubble framework of Inutsuka et al. (2015), GMCs form
and grow through repeated large-scale compressions of the mag-
netized ISM (driven by expanding Hn regions and supernova
shells) while being dispersed by stellar feedback. This picture
leads to a continuity equation for the GMC mass function (GM-
CMF) when neglecting cloud-cloud collisions, as those colli-
sions do not significantly modify the GMCMF evolution, espe-
cially in the lower mass range (Mo < 107 My; see Kobayashi
et al. 2017),

ong; 0 dm Ney
=y 2 n =)~ -2, 4
a am(” ’( dr )) T, @
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where n,(m) =~ N /(A X h)/m is the specific volumetric num-
ber density of GMCs, N,; is the number of GMCs within an
area (A) of a specific region of the galaxy, & is the molec-
ular scale height of the galactic disk, m is the mass of the
GMC, dt is the differential time, and 7, is the characteristic
self-dispersal timescale (average onset of star formation plus de-
struction of cloud timescale). The typical star formation-onset
timescale (7'y) within GMCs was assumed to be ~ 10 Myr, as
gas in the ISM typically experiences supersonic shocks from
supernovae on timescales of ~1 Myr (e.g., McKee & Ostriker
1977), with the effective interval between shocks (Texp) being
shorter due to additional contributions from Hu regions. Since
only a small fraction of these shocks leads to successful GMC
formation (~ 3 %; see Kobayashi et al. 2017), the characteris-
tic timescale for assembling molecular clouds from the warm
neutral medium is Texp/0.03 ~ 10 Myr. During this success-
ful cloud assembly, these shocks also trigger filamentary struc-
tures in clouds, which form massive stars (Inoue et al. 2018; Ku-
mar et al. 2020; Abe et al. 2022; Maity et al. 2024). We there-
fore adopted 7, = 10 Myr. Additionally, Inutsuka et al. (2015)
showed that when running a line-radiation magnetohydrodynam-
ical simulation and including magnetic fields, once a massive
star with a mass higher than 30 M forms, the majority of the
mass (> 10° M) of the GMC is destroyed within 4 Myr (see
also Hosokawa & Inutsuka 2006; Bonne et al. 2023). Thus, we
adopted Ty = T, +4 = 14 Myr (see Sect. 5.6 for a discussion of
how different T, affect the self-growth timescale T¥).

Following Kobayashi et al. (2017), we modeled the mass
growth of a GMC as

&2 )
t Tt(m)

where Ti(m) is the characteristic self-growth (or formation)
timescale for a cloud of mass m. When the mass of the GMC
becomes greater than the typical mass of the swept-up shell, the
growth of the GMC saturates because the dense gas that can be
used to form a cloud becomes limited by the amount of total
mass in the expanding shell. A truncation was therefore intro-

duced Ty(m) = T; [ 1+ m/mmmc)ﬂ], with My the truncation

scale (~ 7.7 x 10° M, for a typical Milky Way disk; see the ex-
panding shell argument in Kobayashi et al. 2017) and § = 10
a steepness parameter (see Appendix C for more details). How-
ever, for most of the mass range, T¢(m) is nearly constant and
equal to a fiducial value T%. In our analysis, we therefore as-
sumed a constant T¢(m) = Ty and inferred this value from the
mass distributions of GMCs (see below). The age to reach mass
m by secular growth from a seed mass my;, is then

1 T
Toge(m) = f — am’

Mimin

(6)

that is, exponential mass growth, m(¢) ~ Py, exp(t/T%).
Following Inutsuka et al. (2015) and Kobayashi et al. (2017),
when we combine Eq. 4 and 5, we obtain

ona 0 ( (ﬁ) o el
ot om o T - Td.

Solving this form of the GMCMEF with a steady-state assumption
(On /0t = 0) yields a steady-state solution

)

natm) = o2

M. ®)
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where
Ty
= —l - —,
y 7 ©)
Ty = —Ta(y + 1). (10)

Here, 7y is the power-law index, and ny is the differential number
density normalized at m = 1 M. Equation 10 implies that the
slope of the GMCMF provides information about the timescale
of GMC:s (see Sect. 5.1). We adopted T; = 14 Myr, as previously
explained, and we estimated 7% from 7.

The y index can be measured from the GMC mass spectra
given by the following equation:

FITi an

dN M\
WM = NM > M) = No[(—) - 1].
My

Equation 11 refers to the solution of the integral of the GMCME,
which yields the cumulative mass spectrum. The slope of the
mass spectra can be used to infer the y parameter. We followed a
truncated power law for our functional form (see also Williams
& McKee 1997; Colombo et al. 2014). The maximum mass of
the distribution is presented by My, and Ny refers to the number
of clouds with masses higher than 2'/+D M, (i.e., the truncation
mass where the distribution deviates from a single power law).

As a practical choice, we adopted mp;, = 10* M,, for the
minimum GMC mass or completeness limit and estimatde 7%
following Eq. 10 globally in each galaxy and per galactic envi-
ronment (see Appendix B for the effect of changing the com-
pleteness limit). The completeness limit set here refers to a
limit where less massive clouds may not host massive stars as
frequently as more massive clouds (see B26 on the minimum
contribution of clouds less massive than 10* My, to star forma-
tion) and have less self-destruction by feedback from these stars.
Then, we estimated the individual cloud formation timescale fol-
lowing Eq. 6. In Appendix D, we show the effect of changing the
aco factor on our analysis.

4.2. Other timescales

In addition to the basic framework introduced above, this section
provides all the different time estimates we calculated for each
cloud. The measurements are compiled in Table A.1 for each
galaxy.

1. Free-fall timescale (T):

m°R3,
T = \|—=.
8GM, 01

This timescale describes the time required for a cloud to
collapse in free fall due to the gravity of the cloud, pro-
vided that no pressure supports the system. Here, Rsp is the
three-dimensional radius of the cloud, estimated as R3zp =

min [Req, (qu h

(12)

1/3
2Cosi) ], and Req is the equivalent radius
of the cloud calculated from the number of pixels within
the cloud (Req = VAcioud/m, Where Aciouq is the area of the
cloud, and it was directly estimated from the number of pix-
els within the cloud multiplied by the area of the pixel in
pc?). The molecular gas disk scale height & was assumed to
be 100 pc (Heyer & Dame 2015), and ﬁ would be the

inclination-corrected molecular disk scale height.
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2. Orbital time (To):

2r
Qcirc ’

This is the period of the orbital revolution around the cen-
ter of a galaxy. To approximate the angular velocity i,
we used rotation curve measurements from Sun et al. (2022)
that were derived from CO line kinematics to find Q.. The
measurements were based on the PHANGS-ALMA dataset
(Leroy et al. 2021) and were performed in radial bin sizes of
150 pc. We specifically adopted the universal rotation curve
functional form suggested by Persic et al. (1996) for the ro-
tation curves. Based on these best-fit analytical models of
the co-rotation curves and the estimated uncertainties on the
model parameters, the circular velocity (Vire), Qcire, and the

logarithmic derivative of the rotation curve % (where
gal

R is the galactocentric distance) was extrapolated at each
radius (see Sun et al. 2022 for more information). Orbital
timescales for the clouds were estimated for 60 galaxies for
which the rotation curve was measured.

3. Shearing time (Tshear):

2
gzcirc(1 _ﬂ) '

Following Sun et al. (2022), this is the timescale for two
objects to move closer/farther by a unit length azimuthally,
given that they are on two circular orbits separated radially
by the same unit length. The shearing timescale was esti-
mated for clouds in 60 galaxies for which the rotation curve
was measured.

4. Depletion time (Tgep):

anl _ 1
SFRcloud SFEcloud '

This timescale corresponds to the inverse of the star forma-
tion efficiency (SFE). It indicates how long it would take
a cloud to deplete its molecular gas reservoir at its current
SFR. The depletion time was calculated for clouds in the 19
PHANGS-JWST Cycle 1 galaxies.

Torn = (13)

Tshear = (1 4)

Tdep = (15)

5. Results and discussion

In this section, we present the parameters of the truncated power-
law fit. We then compare the GMC timescale estimates per
galaxy and galactic environment, and to other timescale esti-
mate methods. We used the PHANGS simple galactic environ-
ment masks (Querejeta et al. 2021), which classify regions into
center (bulge or nucleus), bar (including bar ends), spiral arm,
inter-arm, and disk (outside the bar) in galaxies lacking spiral
arms (for more details, see B26). We also investigated whether
there was a dependence of T; and galactocentric radius, which
might indicate large-scale processes that affect the evolution of
GMCs (e.g., shear or gravity). Additionally, Table A.1 presents
the timescale measurements in each galaxy.

5.1. The power-law index

The mass spectra of GMCs provide a straightforward way to
understand the relative differences between regions within and
across galaxies, as well as an intuitive understanding of whether
most of the mass resides in low- or high-mass clouds. Specifi-
cally, the slope of the mass spectra would reflect which popula-
tion of clouds dominates the mass distribution, with shallower

slopes indicating the prominence of more massive clouds (e.g.,
Colombo et al. 2014; Faustino Vieira et al. 2024). A traditional
way of fitting the mass spectra is by either a single power or
a truncated power law (e.g., Williams & McKee 1997), since
the mass spectrum generally steepens at high cloud masses (e.g.,
Fukui et al. 2001; Rosolowsky 2007). The functional form of
this truncated power law is presented in Eq. 11, where the y + 1
power-law index reflects the slope. The y parameter is also the
slope of the GMCME, which means that the prominence of low-
or high-mass clouds would give us information about the evolu-
tionary track of GMCs within a galaxy, and it might be used to
trace the lifetime of GMCs (e.g., Inutsuka et al. 2015; Kobayashi
et al. 2017).

We therefore fit a truncated power law on the mass spectra
across 66 galaxies and their different galactic environments. For
the fits, we applied 100 bootstrap resamples while including the
error on My,o;. The fit parameters are presented in Table 1. An ex-
ample of the truncated power-law fit on NGC 0628 is displayed
in Fig 1. We used a Python-based fitting procedure similar to
the approach used in Rosolowsky (2005)>. The y parameter var-
ied by up to a factor of two across galaxies, environments, and
within the same environment across galaxies. This is also re-
flected in the log-normal distribution fit in B26, which indicates
that the galactic environment and the galactic conditions both
play a role in driving different mass distributions (the different
factors are discussed in Sect. 5.2, 5.3, and 5.4). Generally, the
shallowest slope is found for clouds within the central regions of
the galaxies, followed by disks and spiral arms. This implies that
those environments host more contribution from massive clouds
to their mass spectrum compared to the inter-arm and bar re-
gions. However, a caveat applies to the central regions, where
overlapping GMCs cannot be distinguished in two-dimensional
images, which might lead to artificially shallower slopes. Addi-
tionally, individual galaxies might show variation in their trend
(see Table A.1).

Table 2 shows the Spearman correlation between y and
global galactic properties and cloud properties. The strongest
correlations are with cloud-scale molecular mass surface den-
sity (Zmo1) and the star formation rate surface density (Zggr),
highlighting the role of localized processes, such as shocks from
massive stars and supernovae, in enhancing cloud formation (see
Sect. 5.2 for more information). The most notable anticorrela-
tions are with M, and SFR. This suggests that global star forma-
tion activity and galactic potential within galaxies drive steeper
slopes in the mass spectrum, possibly due to the destruction of
massive GMCs by feedback processes. On the other hand, the
correlation between y and My, implies that more molecular gas
in galaxies leads to more massive GMCs.

5.2. Cloud formation drivers within galaxies

In this section, we examine the factors that may affect the various
cloud formation timescales within galaxies. To do this, we tested
whether star formation and the gas surface densities might play
arole in enhancing their formation.

In the left panel of Fig. 2, we binned GMCs in each galaxy
into five separate bins (quantiles; Q1 — Q5) of increasing cloud-
level X0, and within each galaxy, each bin had the same num-
ber of GMCs. We then computed y and Ty from the mass spec-
tra in each of the bins to test whether regions with high X,
form clouds more quickly. The most notable difference is be-

2 https://github.com/low-sky/idl-low-sky/blob/master/
eroslib/mspecfit.pro
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Fig. 2. Violin plots showing the distribution of the GMC mass spectra slope y and T; in increasing (Q1 to Q5) cloud-scale X, (left) and Zsgg
(right) bins within 66 (PHANGS Cycle 1 and 2) and 19 (PHANGS Cycle 1) galaxies, respectively. The upper x-axis shows the property median of

each bin across the galaxies, with quantiles corresponding to the

and X, (left) and y and Zgpr (right) across the bins are presented in the lower right corner as median and quantiles corresponding to the

fgg:ﬁjg:ﬁ; percentile range. The Spearman correlation coefficients (o) between y

+(84th—50th)
—(50th—16th)

percentile range across the galaxies. Clouds in the highest Z,,,; and Zgpr bins (Q5) show ~ 6.8 and ~ 6.9 Myr on average, respectively, which

means a quicker cloud formation than in the lowest bin (Q1).

Table 1. Parameters of the truncated power-law fit of the GMC mass
spectrum across the galaxies.

Env.  Noiouds Y Mo [Mo] No

Global 83990 —1.51*013 (225220 x 10° (1.25*0%%) x 10?
Center 796 —1347095 (5.017335) x 10° (7.02*771) x 10°
Bar 8,003 —1.611021 (2.04*282)x 106 (7.81*328%) x 10°
S-Arm 16,683 —1.4870% (3.47+183) x 106 (5.99*420) x 10!
I-Arm 27,132 —1.597013 (1.807089) % 106 (9.25%63%) x 10!
Disk 31,376 —1.49*013 (1.84*267) x 106 (1.09*113) x 10

Notes. Medians and quantiles were derived from 100 bootstrap resam-

ples of y within each environment across 66 galaxies with quantiles
tl.lat represent the fggr:jgt:; p.er.centile distribution. The bootstrap con-
siders the error on M,o. Additionally, Ny denotes the total number

of clouds per environment.

tween the highest Z,,,; quantile and the lowest one, with a GMC
formation quicker by 6.8 + 2.2 Myr on average for the highest
Xmol- The highest difference between Q5 and QI is measured
for NGC 4321 (barred spiral galaxy) with ~ 12.1 + 2.8 Myr, fol-
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lowed by NGC 1566 (barred spiral galaxy) with 9.4 + 2.4 Myr,
and NGC 4254 (spiral galaxy) with ~ 9.1 + 2.4 Myr. Generally,
in ~ 73 % of the barred galaxies, the formation in the highest
Zmol quantile is significantly faster than in the lowest quantile.
This might also indicate that a bar might play an additional role
in accelerating cloud formation through large-scale gas inflows,
for instance.

We also binned the galaxies into five separate bins of increas-
ing cloud-level Zgpg in the right panel of Fig. 2. This helped us
to assess whether local star formation activity, which regulates
the frequency of shocks from massive stars and supernovae, has
a measurable effect on the cloud lifetimes. The most notable dif-
ference between the quantiles is Q5 and Q1 (~ 6.9 +£ 1.9 Myr) on
average, specifically, in NGC 4321 (barred spiral) with ~ 12.0 +
1.9 Myr, in NGC 0628 (spiral galaxy) with ~ 11.3+2.2 Myr, and
in NGC 1087 (barred disk) with ~ 8.1 + 2.1 Myr. This indicates
that star formation might drive a faster cloud formation through
supersonic compression of the surrounding gas (Kobayashi et al.
2017). Moreover, the highest contrast between the X,,; and Xspr
bins is within spiral galaxies (~ 77 % of spirals), which indicates
that spiral arms might play an additional role in enhancing cloud
formation through spiral density waves, high X, regions, and
additional supersonic compressions.
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Fig. 3. Scatter plots with error bars showing the variation in the median T,,.(m) with log SFR (left) and log M, (right) for the 66 galaxies in our
sample. The black line shows the running median with the same number of galaxies in each bin, and the error is the standard error on the median.
The Spearman correlation coefficient (p) is presented in each figure with the p value. Galaxies tend to have a longer cloud formation time with

increasing SFR and M.

Table 2. Spearman correlation coefficients (p) and p values between
the GMC mass function slope y and selected galactic/cloud properties
across the 66 galaxies, ordered by decreasing |o|.

Parameter p log,yp
log M, [M] -0.55 -5.65
log SFR [M, yr™'] -0.47 -4.22
log My, [Ms] -0.19 -0.86
log R, [kpc] -0.05 -0.14
Neiouds -0.02 -0.07
Cloud-Scale Parameter p  log,, p
log Zspr (Mo yr‘lpc‘z] +0.90 -1.52
log o1 [Me pc’z] +0.85 -1.31
1og Mimol, med [Mo] +0.55 -5.78
log Reg, mea [pPC] +0.22 -1.07
log SFE eq [1/y1] +0.11 -0.43

Notes. Spearman rank correlations computed across N = 66 galaxies
(one global y value per galaxy). The median properties are represented
by the subscript med of the fit-eligible cloud sample per galaxy. The
correlation between y and both Xgrr and X, was estimated in increas-
ing property bins following Fig. 2.

We estimated the exponential growth time Tage(m) of indi-
vidual clouds assuming that clouds reach their mass m by sec-
ular growth from a seed mass my;, = 10* Mg using Eq. 6. In
Fig. 3, the average age of individual clouds increases with SFR
and M,. Kim et al. (2022) (see also Pan et al. 2022) reported
similar trends, although they excluded galactic centers when es-
timating the cloud lifetime using a CO- and Ha-based analysis
using the prescription of Kruijssen & Longmore (2014). This in-
crease is expected, since the correlation between the molecular
mass of the cloud and T (1) is exponential, according to Eq. 6.
This implies that more massive clouds take longer to form than
smaller clouds. Because SFR and M, are also correlated since

more star-forming galaxies tend to be more massive, an increase
of Tage(m) with SFR is expected.

We further split galaxies into active (hosting an AGN) and in-
active following Véron-Cetty & Véron (2010). Out of the galax-
ies in the sample, 15 are classified as active. The formation
timescale is similar across galactic environments between the
groups. Therefore, the effect of instantaneous AGN feedback in
our sample may be minimal and does not significantly reflect or
affect the formation of GMCs.

5.3. Cloud formation across galactic environments

As mentioned before, the dispersal time for each cloud was as-
sumed to be mainly driven by stellar radiative feedback and was
assumed to be constant (see Sect. 5.6 for further discussion). We
estimated the exponential growth time of individual clouds using
Eq. 6. In Fig. 4 and Table 3, we provide median measurements
for the 66 galaxies in our sample. However, it is worth noting
that the central regions contain reasonably higher star and dust
continuum than the other environments. So there exists a caveat
toward central regions, and the timescale values might be slightly
higher when we subtract these contaminants.

In general, the central regions exhibit the lowest Ty (1)
compared to other galactic environments across the galaxies by
~ 10 — 15 Myr on average. Their extreme environments, high
Ymol> and high ¥gpg allow them to form clouds faster. Bars and
inter-arm GMCs have ~ 2 + 1 Myr longer Tye(m) on average
than spiral arm and disk GMCs. The low T (1) in bar GMCs
is mainly driven by low X, and Xgpg regions in dusty lanes,
where the population of GMCs tends to be dominated by lower
masses compared to other environments (see also B26).

Generally, in ~ 58 % of the spiral galaxies, spiral arms
form GMC faster than inter-arm regions. Notably, NGC 3627,
NGC2090, and NGC 1672 show a cloud formation that is
quicker by 9.7+ 2.1, 7.5+ 1.4, and 6.6 + 1.6 Myr, respectively, in
their spiral arms compared to inter-arm regions, which is mainly
driven by higher X, and Zspg in the arms (see Querejeta et al.
2024 and B26). As highlighted in Sect. 5.2, supersonic compres-
sions and density waves within the spiral arms might play a role
in quickening the cloud formation in arm regions.
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Table 3. Median GMC formation timescales and ages by galactic envi-
ronment across the galaxies.

Env. N Ty (Myr)  Tage(m) (Myr)
Center 796  5.09°19)  16.25%93

Bar 8003 844723 2309448
S-Arm 16,683  6.79713  21.80%/34
IFArm 27,132 8.06*137  24.01*13:10

Disk 31,376 6.68%192  21.877\L%

Notes. Ty values are medians of one unique formation timescale per
galaxy and environment, with quantiles that represent the tgg:g:?g:g;
centile distribution across 66 galaxies. The medians and quantiles were
derived from 100 bootstrap resamples that considered the error. Ty (1)
medians and IQRs were computed from the cloud-level age distribu-

tions. N denotes the number of clouds per environment.
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Fig. 4. Bar plot with outliers (in circles) showing the exponential
growth timescale, T.e(m), of GMCs across the galactic environment
in 66 galaxies. The upper x-axis shows the median cloud M,,, with
a 84th — 50th and 50th — 16th percentile distribution as upper and
lower limits, respectively. The dashed black line represents the median
timescale for all the clouds. On average, clouds with My, < 10° Mg
form in < 20 Myr, with more massive clouds (107 M) taking up to
100 Myr. Also, central clouds form the quickest compared to other en-
vironments by ~ 0.3 dex.

5.4. Cloud formation across galactocentric radius

Examination of Tye(m) as a function of galactocentric radius
(Rgar) provides insight into whether the average cloud forma-
tion timescale varies systematically across galaxy disks. Pro-
cesses such as gravitational torques, spiral density waves, and
hydrodynamic shocks (e.g., Lin & Shu 1964; Roberts et al.
1979; Sormani & Barnes 2019; Yu et al. 2022) primarily act on
scales larger than individual clouds, shaping the spatial arrange-
ment and surface density of the molecular gas and driving radial
gas redistribution over timescales longer than typical cloud life-
times. By contrast, cloud formation itself may proceed through
local and transient instabilities, such as the Parker instability
(e.g., Parker 1966) and swing amplification (e.g., Goldreich &
Lynden-Bell 1965; Julian & Toomre 1966; Toomre 1981; Fuchs
2001; Binney 2020). The latter drives density waves, which then
rapidly compress gas and form clouds on timescales comparable
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to the free-fall time (e.g., Meidt & van der Wel 2024). Trends
with Rg, are therefore generally not intended to isolate the ef-
fect of specific dynamical structures such as bars or spiral arms,
which are more appropriately probed through azimuthal vari-
ations or within the galactic environment, but rather to assess
whether the average cloud formation timescale exhibits a sys-
tematic radial behavior.

Figure 5 shows the variation of T,g.(m) as a function of Rgy
for all 66 galaxies. The global trend across the galaxies shows
~ 0.1 dex lower Tag(m) on average in the central 0.3 stellar
effective radius than in the outer regions. We then split grand-
design spirals, and the rest were multi-armed, flocculent spi-
rals or disk (lacking spiral features) galaxies following Quere-
jeta et al. (2024), where galaxies were visually classified from
near-infrared imaging following Buta et al. (2015) classifica-
tion scheme for galaxies in the S*G survey. On average, Tage(m)
shows no significant difference between the different galaxy
groups at different R, indicating that cloud formation is largely
alike in spiral and disk galaxies with similar average cloud X,
values (see B26).

Most galaxies also exhibit flat trends in T, () across all
Rga. Some exceptions are galaxies hosting central molecular
zones (CMZs), such as NGC 1365, NGC 1433, and NGC 3627.
These galaxies have timescales that are shorter by 0.2-1 dex to-
ward their CMZs than in the outer regions, indicating an addi-
tional role of the extreme environment in the CMZ in driving a
quicker cloud formation.

Figure 6 shows that cloud formation timescales in spiral arm
regions are slightly shorter on average than in inter-arm regions,
with typical offsets of ~ 0.1 dex. However, these differences are
modest and comparable to the intrinsic scatter at fixed Rg,;. The
small systematic offset suggests that spiral arms may provide
enhancement to cloud formation, potentially through increased
gas surface density and orbit crowding, and do not drive a fun-
damentally distinct formation mode. Clouds in the galactic disk
environment appear to have similar timescales to those of spi-
ral arms in the outer regions. However, toward the inner 0.3 R,
spiral arms show a could formation that is quicker by ~ 0.2 dex
than in disks. This might highlight the role of large-scale inflows
via arms and bars. Within bars, however, and specifically, in bar
lanes, the cloud X, is relatively lower than in other environ-
ments (see B26), which might prevent the formation of massive
GMCs. It is also worth noting that within PHANGS galaxies,
spiral arms have a 0.1 — 0.2 dex higher Z,, a 0.2 — 0.5 dex higher
Zmol> and a 0.2 — 0.5 dex higher Xspr on average compared to
inter-arm regions (see Querejeta et al. 2024 and B26).

5.5. The different timescales of clouds

Figure 7 shows the distribution of T,g.(m) with respect to all
other timescales for the galaxies in our sample. The timescales
we present refer to those that take place within the cloud (7'gep,
and T) and to those that occur on larger scales up to the scale of
the galaxy (Tspear and To). Taep is ~ 1 — 5 Gyr in our sam-
ple, which is consistent with other studies on molecular-gas-
dominated regions in nearby massive star-forming galaxies (e.g.,
Bigiel et al. 2008; Ellison et al. 2021; Sun et al. 2022). T op-
erates on timescales of ~ 5 — 20 Myr. These two timescales
mean that the efficiency of the star formation per free-fall time is
~ 0.1% — 2%. This reaffirms that star formation is inefficient in
nearby star-forming galaxies (see also Evans et al. 2014; Utomo
et al. 2017; Sun et al. 2022). When we assume that clouds take
~ 1-5Mpyr to disperse from stellar feedback (e.g., Inutsuka et al.
2015; Kim et al. 2022; Bonne et al. 2023) and that the formation
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Fig. 5. Growth time of the clouds, T, (m), as a function of galactocen-
tric radius for the sample of 66 galaxies split into grand-design spirals
(prominent spiral features), non-grand-design spirals, and disk galaxies
(no spiral features). The binned median per galaxy group is shown as
solid lines, with error bars representing the standard error on the median
(SE = 1.253 X 07/ 4/Ngais, where o is the standard deviation, and N, is
the number of galaxies in each bin). The solid black line represents the
median trend for all the clouds regardless of galaxy group. All trends
seem to be consistent with each other.
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Fig. 6. Growth time of the clouds, T,.(m), as a function of galacto-
centric radius for the sample of 66 galaxies split according to galactic
environment. The binned median per galaxy group is shown as solid
lines, with error bars representing the standard error on the median. The
solid black line represents the median trend for all the clouds regardless
of galaxy group. All trends seem to be consistent with each other, with a
~ 0.2 dex drop in the central regions. The scatterplot is a 2D histogram
for the whole sample.

of individual clouds operates on timescales of tens of million
years (as depicted in Table 3), the depletion per cloud lifetime is
~ 1%, which is consistent with previous studies (e.g., Kruijssen
et al. 2019; Chevance et al. 2020a; Kim et al. 2021). This further
highlights the inefficiency of the star formation.

The timescales that are associated with dynamical processes
acting on kiloparsec scales (e.g., Tsnear and Torp) take place over
~ 60 — 200 Myr. The order-of-magnitude contrast between them
and T implies that the effects of galactic-scale dynamics on in-
dividual molecular clouds are minimal. The shearing time being

~ 0.6 dex higher than Ty indicates that shearing motions are
generally small on cloud scales relative to motions generated by
gravitational collapse (see also Sun et al. 2022), and Ty, being
~ 0.8 dex higher than T,e(m) indicates that molecular clouds
can only last a small fraction of a complete orbital revolution
around the galaxy center (e.g., Chevance et al. 2020a; Chevance
et al. 2020Db).

We also examined the correlation between T,g.(m) and the
other timescales using Spearman p (correlation) and p (probabil-
ity) values. Among all comparisons, T,g(m) does not correlate
with any of the timescales, as shown in Fig. 7. However, a typical
offset of ~ 0.1 dex between Ty (m) and T, with Tyee(m) > T,
indicates that the cloud lifetimes exceed the timescale required
for gravitational collapse. This implies that additional physical
processes, such as stellar feedback, act to slow collapse and pro-
long cloud evolution beyond a single free-fall time.

5.6. Cloud destruction across galaxies

In the previous sections, we assumed a star-formation-onset
timescale within GMCs of 10 Myr (T, = 10 Myr; see Sect. 4)
and a destruction time of 4 Myr after the onset. Therefore, the
self-dispersal timescale T4 was set to be 7. + 4 = 14 Myr.
The underlying oversimplified assumption of a constant cloud-
destruction time is that the SFE is universal for the population-
average cloud properties across a mass spectrum (see Inutsuka
et al. 2015). However, cloud destruction might not be universal
(e.g., Federrath & Klessen 2012; Wainer et al. 2026), and recent
studies showed that the feedback time within clouds can vary
from 1 — 5 Myr, with an average of ~ 4 Myr (see Chevance
et al. 2020b; Kim et al. 2021, 2022; Ramambason et al. 2026).
Therefore, in this section, we test the variation in 7; when the
prescription for T, is changed.

Figure E.1 shows that upon varying T,; between 10 + 1 Myr
and 10 + 5 Myr (the destruction timescale varies between 1 — 5
Myr across galaxies; see Kim et al. 2022), the formation time
increases by a factor of y. Steeper slopes imply longer T values.
On the other hand, shallower slopes imply a faster cloud forma-
tion. However, when stellar feedback drives cloud destruction at
longer timescales, the average formation time of clouds within
galaxies would be affected by an additional ATy = —(y+1)XAT,
according to the GMCMEF prescription. Thus, the corrected dif-
ference of a varying T, from comparing different formation
timescales across two different mass spectra, which is depicted
as the shaded region in Fig. E.1, would be

ATle,curr = (Tf] + ATfI) - (sz + Asz)

= ATf]Z - YIAle + ‘YZAsz
= ATf]2 + €.

(16)

Here, both indices y; and y, are constants per galaxy. However,
the variables are AT, and ATy,. If T, is universal, then ATy,
will be equal to ATy,. The power-law index y might vary be-
tween —1.2 and —2.0, and T; might vary between 1 and 5 Myr.
If T, is accurately calculated, with a variable SFE prescription,
then the SFE-dependent factor (¢ = —y1AT,, + y2AT,,) would
be introduced.

It is worth noting that if € changes, it creates more contrast
between the galactic environments. Multiple scenarios are en-
visioned if € changes, some of which are that low X, clouds
might be destroyed faster than high X, clouds, thus leading
to similar 7y values between inter-arm and spiral arm regions.
High X, clouds might be destroyed faster than low X, clouds,
thus leading to more contrast in 7T between arms and inter-arms.
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Fig. 7. Growth timescale as a function of Ty, (Eq. 15), Ty (Eq. 12), Ton, (Eq. 13), and Tgpear (Eq. 14). The median trend is plotted across galactic
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standard error on the median. The Spearman correlation coefficient p is written in black when the correlation is significant (p < 0.05). Otherwise,

it is not significant.

However, our Ty (m) values, given a constant T, are within the
range of estimates from previous works (e.g., Chevance et al.
2020a; Kim et al. 2022; Kim et al. 2025).

6. Summary and conclusions

We used PAH-based GMCs identified from stellar-continuum-
subtracted JWST/F770W maps, combined with PHANGS-
ALMA CO(2-1) measurements and ancillary galaxy properties,
to characterize the secular growth and evolutionary timescales of
molecular clouds in 66 nearby star-forming galaxies. The cloud
formation was interpreted within the steady-state cloud mass
function framework of Inutsuka et al. (2015) and Kobayashi et al.
(2017), who considered that GMCs form and grow through mul-
tiple repeated stellar feedback compressions. This model links
the GMC mass function slope to a characteristic self-growth
timescale Ty and a mass-dependent secular age T,g.(m) (Eq. 6).
We also assumed a constant GMC self-dispersal timescale of
14 Myr in our analysis. Below, we summarize our main findings.

1. The slope y of the GMC mass spectra varies across different
environments: The values of y are generally between —1.2
and —2.0. The centers have the shallowest slopes and the
highest maximum masses, followed by spiral arms and disks.
This and the positive correlation of y with My,,o indicate that
massive clouds dominate the mass distribution in these envi-
ronments compared to bars and inter-arms.

2. The average ages of clouds vary according to secular growth
Tage(m): Clouds with masses < 10° Mg, form in ~ 20 My,
while more massive clouds (107 M) take up to 100 Myr.

3. The cloud formation varies systematically across galaxies:
Cloud growth proceeds fastest in systems with higher molec-
ular gas surface densities and more massive GMC popula-
tions, indicating that dense gas-rich conditions favor an effi-
cient secular cloud assembly.

4. High-X,, and -Zgpg regions accelerate cloud growth: Within
individual galaxies, clouds in regions of high-X,o or -Xgpr
display shorter Tt than those in low-Z,, or -Xgpg environ-
ments. The contrast can reach several million years in barred
actively star-forming systems. This suggests that the gas den-
sity, stellar feedback, dynamical compression, or all together
might promote faster GMC growth.

5. The environmental dependence of T,ee(m). Median cloud
ages differ substantially between galactic environments:
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Central regions show the shortest T...(m) (typically ~
16 Myr), ~ 5 — 10 Myr lower than in spiral arms, inter-arms,
or disks. Inter-arm and bar environments show the longest
Tage(m), which is mainly driven by low X, within the disk
and bar lanes.

6. The radial gradients reflect the effect of central molecular
zones: Throughout the full sample, T, (m) decreases to-
ward small galactocentric radii, with a typical drop of ~
0.1-0.2dex inside ~ 0.3 R.. Galaxies hosting a bright dense
central molecular zone exhibit the strongest gradients, with
central clouds forming up to ~ 0.2 — 1.0 dex faster than those
in their outer disks. In contrast, galaxies lacking prominent
non-axisymmetric structure show nearly flat radial trends.

7. The hierarchy of internal and galactic dynamical timescales:
The GMC depletion time operates at scales of billions of
years, while the free-fall times are ~ 5 — 20 Myr. The shear
and orbital times are much longer (~ 60 — 200 Myr). The
strong contrast between these quantities demonstrates that
GMC evolution unfolds on timescales much shorter than
those associated with galactic rotation or shear. However,
shearing processes such as swing-amplification might still
play a role in cloud formation.

8. Cloud growth and free-fall time: Tag.(m) is higher by ~ 0.1
dex on average than Ty (see Fig. 7), which indicates that
clouds might persist for several free-fall times, requiring
the presence of non-gravitational support such as turbulence,
magnetic fields, or stellar feedback.

9. Implications for GMC life cycles and star formation effi-
ciency: When we combine T,g(m), T, and plausible dis-
persal times due to feedback (a few million years), GMCs
are expected to convert only ~ 1% of their gas into stars over
their lifetime. This is consistent with a picture in which cloud
assembly, collapse, and destruction are jointly regulated by
self-gravity, feedback, and large-scale galactic flows, leading
to inherently inefficient star formation in nearby disk galax-
ies.

In summary, we found cloud lifetimes that are consistent on
average with previous efforts that used cloud identification meth-
ods (Blitz et al. 2007; Fukui et al. 2008; Meidt et al. 2015; Cor-
belli et al. 2017), statistics of sight-line fractions with only CO
or only He or both types of emission (Schinnerer et al. 2019;
Pan et al. 2022), and those that used the tuning-fork analysis
(Kruijssen et al. 2019; Chevance et al. 2020b; Kim et al. 2021,
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2022; Kim et al. 2025). Future work would include a more fo-
cused analysis to determine the destruction timescale of clouds.
Because this timescale varies per galaxy (e.g., Kim et al. 2022)
and might also vary within each galaxy, a prescription of T; that
takes this into account would be beneficial for our understanding
of the mass distribution in galaxies.

Acknowledgements. This work has been carried out as part of the PHANGS col-
laboration. This work is based on observations made with the NASA/ESA/CSA
JWST. The data were obtained from the Mikulski Archive for Space Telescopes
at the Space Telescope Science Institute, which is operated by the Association
of Universities for Research in Astronomy, Inc., under NASA contract NAS 5-
03127 for JWST. These observations are associated with programs 2107 and
3707.ZB, DC, and FB gratefully acknowledge the Collaborative Research Cen-
ter 1601 (SFB 1601 sub-project B3) funded by the Deutsche Forschungsgemein-
schaft (DFG, German Research Foundation) — 500700252. M.I.N.K is supported
by Grants-in-Aid from the Ministry of Education, Culture, Sports, Science, and
Technology of Japan (JP22K14080). S.K.S is supported by an International Re-
search Fellowship of the Japan Society for the Promotion of Science (JSPS). MB
acknowledges support from the ANID BASAL project FB210003. This work
was supported by the French government through the France 2030 investment
plan managed by the National Research Agency (ANR), as part of the Initia-
tive of Excellence of Université Cote d’ Azur under reference number ANR-15-
IDEX-01. HAP acknowledges support from the National Science and Technol-
ogy Council of Taiwan under grant 113-2112-M-032-014-MY3. LECR is sup-
ported by the Deutsche Forschungsgemeinschaft (DFG, German Research Foun-
dation) under Germany s Excellence Strategy — EXC 2094/2 — 390783311. MQ
and MJJID acknowledge support from the Spanish grant PID2022-138560NB-
100, funded by MCIN/AEI/10.13039/501100011033/FEDER, EU. RSK ac-
knowledges financial support from the ERC via Synergy Grant “ECOGAL”
(project ID 855130) and from the German Excellence Strategy via the Heidelberg
Cluster “STRUCTURES” (EXC 2181 - 390900948). In addition RSK is grateful
for funding from the German Ministry for Economic Affairs and Climate Ac-
tion in project “MAINN” (funding ID 50002206), and from DFG and ANR for
project “STARCLUSTERS” (funding ID KL 1358/22-1). AR and LR gratefully
acknowledge funding from the DFG through an Emmy Noether Research Group
(grant number CH2137/1-1).

References

Abe, D., Inoue, T., Enokiya, R., & Fukui, Y. 2022, ApJ, 940, 106

Ali, A., Harries, T. J., & Douglas, T. A. 2018, MNRAS, 477, 5422

Asplund, M., Grevesse, N., Sauval, A. J., & Scott, P. 2009, ARA&A, 47, 481

Barnes, A. T., Watkins, E. J., Meidt, S. E., et al. 2023, ApJ, 944, L22

Bazzi, Z., Colombo, D., Bigiel, F,, et al. 2026, A&A, 706, A40

Belfiore, F., Leroy, A. K., Sun, J., et al. 2023, A&A, 670, A67

Bigiel, F, Leroy, A., Walter, F,, et al. 2008, AJ, 136, 2846

Binney, J. 2020, MNRAS, 496, 767

Blitz, L., Fukui, Y., Kawamura, A., et al. 2007, in Protostars and Planets V, ed.
B. Reipurth, D. Jewitt, & K. Keil, 81

Bolatto, A. D., Wolfire, M., & Leroy, A. K. 2013, ARA&A, 51, 207

Bonne, L., Kabanovic, S., Schneider, N., et al. 2023, A&A, 679, L5

Brucy, N., Vazquez-Semadeni, E., Colman, T., Fensch, J., & Klessen, R. S. 2025,
The Open Journal of Astrophysics, 8, 54637

Buta, R. J., Sheth, K., Athanassoula, E., et al. 2015, ApJS, 217, 32

Chevance, M., Kruijssen, J. M. D., Hygate, A. P. S., et al. 2020a, MNRAS, 493,
2872

Chevance, M., Kruijssen, J. M. D., Vazquez-Semadeni, E., et al. 2020b,
Space Sci. Rev., 216

Chown, R., Leroy, A. K., Sandstrom, K., et al. 2025, ApJ, 983, 64

Chown, R, Li, C., Parker, L., et al. 2020, MNRAS, 500, 1261

Colombo, D., Hughes, A., Schinnerer, E., et al. 2014, ApJ, 784, 3

Colombo, D., Rosolowsky, E., Ginsburg, A., Duarte-Cabral, A., & Hughes, A.
2015, MNRAS, 454, 2067

Congiu, E., Blanc, G. A, Belfiore, F., et al. 2023, A&A, 672, A148

Corbelli, E., Braine, J., Bandiera, R., et al. 2017, A&A, 601, A146

Dale, D. A., Graham, G. B., Barnes, A. T., et al. 2025, AJ, 169, 133

Dale, J. E. 2015, New A Rev., 68, 1

den Brok, J. S., Cantalupo, S., Mackenzie, R., et al. 2020, MNRAS, 495, 1874

Draine, B. T. & Li, A. 2007, ApJ, 657, 810

Ellison, S. L., Lin, L., Thorp, M. D., et al. 2021, MNRAS, 501, 4777

Emsellem, E., Schinnerer, E., Santoro, F., et al. 2022, A&A, 659, A191

Evans, II, N. J., Heiderman, A., & Vutisalchavakul, N. 2014, ApJ, 782, 114

Faustino Vieira, H., Duarte-Cabral, A., Davis, T. A., et al. 2024, MNRAS, 527,
3639

Federrath, C. & Klessen, R. S. 2012, ApJ, 761, 156

Field, G. B., Goldsmith, D. W., & Habing, H. J. 1969, ApJ, 155, L149

Fuchs, B. 2001, A&A, 368, 107

Fukui, Y. & Kawamura, A. 2010, ARA&A, 48, 547

Fukui, Y., Kawamura, A., Minamidani, T., et al. 2008, ApJS, 178, 56

Fukui, Y., Mizuno, N., Yamaguchi, R., Mizuno, A., & Onishi, T. 2001, PASJ, 53,
L41

Fukushima, H. & Yajima, H. 2021, MNRAS, 506, 5512

Gao, Y., Xiao, T., Li, C., et al. 2019, ApJ, 887, 172

Geen, S., Soler, J. D., & Hennebelle, P. 2017, MNRAS, 471, 4844

Goldreich, P. & Lynden-Bell, D. 1965, MNRAS, 130, 125

Heyer, M. & Dame, T. M. 2015, ARA&A, 53, 583

Hollenbach, D. J. & Tielens, A. G. G. M. 1999, Reviews of Modern Physics, 71,
173

Hosokawa, T. & Inutsuka, S.-i. 2006, ApJ, 646, 240

Inoue, T., Hennebelle, P., Fukui, Y., et al. 2018, PASJ, 70, S53

Inoue, T. & Inutsuka, S.-i. 2008, ApJ, 687, 303

Inoue, T. & Inutsuka, S.-i. 2009, ApJ, 704, 161

Inoue, T. & Inutsuka, S.-i. 2012, ApJ, 759, 35

Inutsuka, S.-i., Inoue, T., Iwasaki, K., & Hosokawa, T. 2015, A&A, 580, A49

Iwasaki, K., Tomida, K., Inoue, T., & Inutsuka, S.-i. 2019, ApJ, 873, 6

Julian, W. H. & Toomre, A. 1966, ApJ, 146, 810

Kawamura, A., Mizuno, Y., Minamidani, T., et al. 2009, ApJS, 184, 1

Kim, C.-G. & Ostriker, E. C. 2017, ApJ, 846, 133

Kim, J., Chevance, M., Kruijssen, J. M. D., et al. 2022, MNRAS, 516, 3006

Kim, J., Chevance, M., Kruijssen, J. M. D., et al. 2021, MNRAS, 504, 487

Kim, J., Chevance, M., Ramambason, L., et al. 2025, Ap]J, 988, 215

Kim, J.-G., Kim, W.-T., Ostriker, E. C., & Skinner, M. A. 2017, ApJ, 851, 93

Klessen, R. S. & Glover, S. C. O. 2016, Saas-Fee Advanced Course, 43, 85

Kobayashi, M. I. N., Inutsuka, S.-i., Kobayashi, H., & Hasegawa, K. 2017, ApJ,
836, 175

Kobayashi, M. I. N., Kobayashi, H., Inutsuka, S.-i., & Fukui, Y. 2018, PASJ, 70,
S59

Koda, J., Scoville, N., Sawada, T., et al. 2009, ApJ, 700, L132

Kruijssen, J. M. D. & Longmore, S. N. 2014, MNRAS, 439, 3239

Kruijssen, J. M. D., Schruba, A., Chevance, M., et al. 2019, Nature, 569, 519

Krumholz, M. R. 2014, Phys. Rep., 539, 49

Krumholz, M. R., McKee, C. F., & Tumlinson, J. 2009, ApJ, 699, 850

Kumar, M. S. N., Palmeirim, P., Arzoumanian, D., & Inutsuka, S. I. 2020, A&A,
642, A87

Kwan, J. 1979, AplJ, 229, 567

Lee, J. C., Sandstrom, K. M., Leroy, A. K., et al. 2023, ApJ, 944, L17

Leroy, A. K., Bolatto, A. D., Sandstrom, K., et al. 2023a, ApJ, 944, L10

Leroy, A. K., Rosolowsky, E., Usero, A., et al. 2022, ApJ, 927, 149

Leroy, A. K., Sandstrom, K., Rosolowsky, E., et al. 2023b, ApJ, 944, L9

Leroy, A. K., Schinnerer, E., Hughes, A., et al. 2021, ApJS, 257, 43

Leroy, A. K., Walter, F., Sandstrom, K., et al. 2013, AJ, 146, 19

Lin, C. C. & Shu, F. H. 1964, ApJ, 140, 646

Maity, A. K., Inoue, T., Fukui, Y., et al. 2024, ApJ, 974, 229

McKee, C. F. & Ostriker, E. C. 2007, ARA&A, 45, 565

McKee, C. F. & Ostriker, J. P. 1977, ApJ, 218, 148

Meidt, S. E., Hughes, A., Dobbs, C. L., et al. 2015, ApJ, 806, 72

Meidt, S. E. & van der Wel, A. 2024, ApJ, 966, 62

Mok, A., Chandar, R., & Fall, S. M. 2020, ApJ, 893, 135

Pan, H.-A., , Schinnerer, E., et al. 2022, ApJ, 927, 9

Parker, E. N. 1966, ApJ, 145, 811

Persic, M., Salucci, P., & Stel, F. 1996, MNRAS, 281, 27

Pettini, M. & Pagel, B. E. J. 2004, MNRAS, 348, L59

Querejeta, M., Leroy, A. K., Meidt, S. E., et al. 2024, A&A, 687, A293

Querejeta, M., Schinnerer, E., Meidt, S, et al. 2021, A&A, 656, A133

Rahner, D., Pellegrini, E. W., Glover, S. C. O., & Klessen, R. S. 2017, MNRAS,
470, 4453

Rahner, D., Pellegrini, E. W., Glover, S. C. O., & Klessen, R. S. 2019, MNRAS,
483, 2547

Ramambason, L., Chevance, M., Kim, J., et al. 2026, A&A, 706, A186

Regan, M. W., Thornley, M. D., Bendo, G. J., et al. 2004, ApJS, 154, 204

Roberts, Jr., W. W., Huntley, J. M., & van Albada, G. D. 1979, ApJ, 233, 67

Romanelli, A., Chevance, M., Kruijssen, J. M. D., et al. 2025, A&A, 698, A296

Rosolowsky, E. 2005, PASP, 117, 1403

Rosolowsky, E. 2007, ApJ, 654, 240

Rosolowsky, E., Engargiola, G., Plambeck, R., & Blitz, L. 2003, ApJ, 599, 258

Sandstrom, K. M., Koch, E. W., Leroy, A. K., et al. 2023, ApJ, 944, L8

Schinnerer, E., Hughes, A., Leroy, A., et al. 2019, ApJ, 887, 49

Schinnerer, E. & Leroy, A. 2024, ARA&A, 62, 369

Scoville, N. Z. & Hersh, K. 1979, ApJ, 229, 578

Shu, F. H., Adams, F. C., & Lizano, S. 1987, ARA&A, 25, 23

Somerville, R. S. & Davé, R. 2015, ARA&A, 53, 51

Sormani, M. C. & Barnes, A. T. 2019, MNRAS, 484, 1213

Sun, J., Leroy, A. K., Rosolowsky, E., et al. 2022, AJ, 164, 43

Sun, J., Teng, Y.-H., Chiang, I.-D., et al. 2025, ApJ, 994, 263

Article number, page 11 of 16



A&A proofs: manuscript no. output

Sutter, J., Sandstrom, K., Chastenet, J., et al. 2024, ApJ, 971, 178

Sanchez, S. F., Barrera-Ballesteros, J. K., Lépez-Cobd, C., et al. 2019, MNRAS,
484, 3042

Sanchez, S. F., Rosales-Ortega, F. F., Iglesias-Paramo, J., et al. 2014, A&A, 563,
A49

Tahani, M., Glover, J., Lupypciw, W., et al. 2022a, A&A, 660, L7

Tahani, M., Lupypciw, W., Glover, J., et al. 2022b, A&A, 660, A97

Tomisaka, K. 1986, PASJ, 38, 95

Toomre, A. 1981, in Structure and Evolution of Normal Galaxies, ed. S. M. Fall
& D. Lynden-Bell, 111-136

Utomo, D., Bolatto, A. D., Wong, T., et al. 2017, ApJ, 849, 26

Véron-Cetty, M. P. & Véron, P. 2010, A&A, 518, A10

Wainer, T. M., Dalcanton, J. J., Grudi¢, M. Y., et al. 2026, ApJ, 998, 215

Walch, S., Girichidis, P., Naab, T., et al. 2015, MNRAS, 454, 238

Watkins, E. J., Barnes, A. T., Henny, K., et al. 2023, ApJ, 944, L.24

Whitcomb, C. M., Sandstrom, K., Leroy, A., & Smith, J.-D. T. 2023, ApJ, 948,
88

Whitcomb, C. M., Sandstrom, K., & Smith, J.-D. T. 2023, Research Notes of the
AAS, 7, 38

Williams, J. P. & McKee, C. F. 1997, ApJ, 476, 166

Williams, T. G., Lee, J. C., Larson, K. L., et al. 2024, ApJS, 273, 13

Wolfire, M. G., Hollenbach, D., & McKee, C. F. 2010, ApJ, 716, 1191

Wolfire, M. G., Hollenbach, D., McKee, C. F., Tielens, A. G. G. M., & Bakes,
E. L. O. 1995, ApJ, 443, 152

Wolfire, M. G., McKee, C. F., Hollenbach, D., & Tielens, A. G. G. M. 2003, ApJ,
587,278

Yu, S.-Y., Kalinova, V., Colombo, D., et al. 2022, A&A, 666, A175

Argelander-Institut fiir Astronomie, University of Bonn, Auf dem
Hiigel 71, 53121 Bonn, Germany
2 National Institute for Fusion Science, 322-6 Oroshi-cho, Toki, Gifu,
509-5292, Japan
3L Physikalisches Institut, Universitit zu Koln, Zilpicher Str 77, D-
50937 Koln, Germany
4 Department of Astronomy, Ohio State University, 180 W. 18th Ave,
Columbus, Ohio 43210
Center for Cosmology and Astroparticle Physics, 191 West
Woodruff Avenue, Columbus, OH 43210, USA
Sterrenkundig Observatorium, Universiteit Gent, Krijgslaan 281 S9,
B-9000 Gent, Belgium
Universitit Heidelberg, Zentrum fiir Astronomie, Institut fiir Theo-
retische Astrophysik, Albert-Ueberle-Str. 2, 69120 Heidelberg, Ger-
many
Universitdt Heidelberg, Interdisziplindres Zentrum fiir Wis-
senschaftliches Rechnen, Im Neuenheimer Feld 205, D-69120 Hei-
delberg, Germany
° Dept. of Physics, 4-183 CCIS, University of Alberta, Edmonton, AB,
T6G 2E1, Canada
Department of Physics, Tamkang University, No.151, Yingzhuan
Road, Tamsui District, New Taipei City 251301, Taiwan
Department of Astronomy, University of Cape Town, Rondebosch
7701, South Africa
Faculty of Computer Science & Technology, Algoma University,
Sault Ste. Marie, ON, P6A 2G4, Canada
Department of Physics & Astronomy, University of Wyoming,
Laramie, WY 82071, USA
National Astronomical Observatory of Japan, 2-21-1 Osawa, Mitaka,
Tokyo 181-8588, Japan
15 Max Planck Institute for Radio Astronomy, Auf dem Hiigel 69,
53121 Bonn, Germany
16 Université Cote d’Azur, Observatoire de la Cote d’Azur, CNRS,
Laboratoire Lagrange, F-06000 Nice, France
7 UK ALMA Regional Centre Node, Jodrell Bank Centre for Astro-
physics, Department of Physics and Astronomy, The University of
Manchester, Oxford Road, Manchester M13 9PL, UK
18 Observatorio Astronémico Nacional (IGN), C/ Alfonso XII 3, E-
28014 Madrid, Spain
Faculty of Global Interdisciplinary Science and Innovation,
Shizuoka University, 836 Ohya, Suruga-ku, Shizuoka 422-8529,
Japan
Universitits-Sternwarte, Fakultét fiir Physik, Ludwig-Maximilians-
Universitdt Miinchen, Scheinerstr. 1, D-81679 Miinchen, Germany

20

Article number, page 12 of 16

21

22

23

24

25

26
27

28

European Southern Observatory (ESO), Karl-Schwarzschild-Stra3e
2, 85748 Garching, Germany

Excellence Cluster ORIGINS II, Boltzmannstr. 2, D-85748 Garch-
ing, Germany

AURA for the European Space Agency (ESA), ESA Office, Space
Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD
21218, USA

Gemini Observatory/NSFs NOIRLab, 950 N. Cherry Avenue, Tuc-
son, AZ 85726, USA

Department of Astronomy and Astrophysics, University of Califor-
nia, San Diego, CA 92093, USA

Whitman College, 345 Boyer Avenue, Walla Walla, WA 99362, USA
Space Telescope Science Institute, 3700 San Martin Drive, Balti-
more, MD 21218, USA

Université Cote d’ Azur, Observatoire de la Cote d’ Azur, CNRS Lab-
oratoire Lagrange, 06000, Nice, France



Z. Bazzi et al.: Formation and destruction of 100,000 molecular clouds in the Nearby Universe

Appendix A: Timescale across galaxies

Table A.1. PHANGS-JWST Galaxy Sample

Galaxy RA [deg] Dec [deg] Y No log Mo [Mo] Taep [Gyr] Ty [Myr]  Tom [Myr]  Thear [Myr]  Tage(m) [Myr]
1C5273 344.86 3770 —1317095 22427703 6524008 12,8442 1374305 7670790 12.98°719
1C5332 353.61 3610 —1.33'0% 1404072052 5.58%0%  1.55+41 29.87+3% 12407683
NGC0628  24.17 1578 —1.57%007 724753415 634:008  2028+4% 19,8573 149027331 59.30%162  19.1971%°
NGCI087  41.60  -0.50 —1.4970% 167.09°%1  6.69*0%%  3.85°1027 11.47°7% 1297244847 452241993 26.29+1088
NGC1097 4158  -3028 —1.7670%% 3294/l  655%011 24,6078 122.69%917  39.58+1347 23961389
NGCI300  49.92  -1941 —1.74%09 7736193 6.43*007  430+1L32 2201839 254.17°3641 1087973  23.24+248
NGC1365 5340  -36.14 —1.83%003 534871561 6.24*00  0.70*197 30.1171k2 100.96°19% 509132  26.667143
NGCI385 5437 2450 —1.60%00) 72.42*28% 678003 2887392 1207719 154.86*14%7 4576700, 28.8911L8
NGCI433 5551  -4722 —1.6770%3 154.19°3% 6047090 338513 27.51%372 231.78*3048  77.55+630  24.84+1498
NGCI511 5991  -67.64 —1.75:0% 335:4% 73901 13.87778 1252771988 173.5871637  32.37+108%
NGCI512 6098  -4335 —1.75%007 6451°%% 614700  2.72+607  27.897383 22560+3210  72.45+1005  2].567)160
NGCI546  63.65  -56.06 ~—1.5170% 41.41*1757 626709 22207931 99.80730%% 26417182 17.9073
NGCI559 6440  -6278 —1.5670%5 153.92+488  6.73+00 118264 19675729 1283757, 26.66193!
NGCI566 6500  -54.94 —1.66°0% 15858223  6.56'0%  3.37°13 18.8574¢ 161447769 44.42+272 250071418
NGC1637 7037  -2.86 —1.36:90 19375771  6.24+0% 18.37+61¢ 14.82+830
NGCI672 7143 -5925 —1.6370%2 1669224  6.6070%  3.9677% 15.67'3%2 25100838 8325287  26.28*137°
NGC1792 7631  -37.98 —1.5370% 156.15%975  6.79%00% 12797695 190.82°1961  75.177198 235378
NGCI809 7552  -69.57 —1.447004 98212401 63000 17579233 141727379 6745729 171795
NGC2090 8676  -3425 ~—1.597011 392272l 597+02 23447790 647530 267279 1249704
NGC2283 10147  -1821 —1.4370% 164.1877% 64600 156673 151.89*6470  51.78+1950  19,14+99%
NGC2566 12469 2550 —1.70*9% 9057217 6.44*0% 23.02498) 16513992 50.86*127  23.85+1L7
NGC2775 13758  7.04  —1.39%003 640.21#14845  571+001 2065728 97.65%163  49.8020)  13.89*83
NGC2835 13947  -2235 —1.5470%% 8223+1471 6354006 236:281  20.10°71! 119.69'247  44.80702 20721138
NGC2903  143.04 2150 —1.397003 279536180 631+005 18887888 133.45°778] 8545231 15.29+8%2
NGC2997 14641  -31.19 —1.54*002 3283848  6.55:004 17237732 201.25%6}3%  65.20*1019  23.92¢1L76
NGC3059 14753  -73.92  —1.55%003 22225736 656003 1532735 220376064 81.53+19%0  23.98+/2%¢
NGC3137 15228  -29.06 —12770%5 218.14*277  5.88+0% 26,1875 150.927%0%  82.49°1% 117153
NGC3239 15627  17.16 —1.327013 38.11*328  6.07019 2296917 17.48%810
NGC3351 16099 1170  —1.49%0% 127.19*717  504+008  176*320 28.08°370 97.82714% 35532 16,0793
NGC3507  165.86  18.14  —1.5970%2 204.92+32%  631+004 2276680 181.02+3616  68.29%98)  20.10713)?
NGC3511 16585  -23.09 —1.3370% 17729712 6.47+00 16,5453 180.39*83%4  68.95+243¢ 174672
NGC3521 16645  -0.03  —1.4079% 424027223  6.56°0% 13.08835  124.00°24 4770706 22.23*013
NGC3596 16878 1479 —1.417005 61207279 634701} 1770769 719172413 29.84+7%¢  21.38*LT3
NGC3621  169.57  -32.81 —1.4870%% 82682681 67400 1142458 131287402 65.897912  24.70%1082
NGC3626 17002 1836 —1.6970% 42075 648702 2523712 2694772 97129 117718
NGC3627  170.06 1299 —1.86*9%  6.02731  7.34%02  1.59%437 1512793 109.59°32  40.807788  29.06*1493
NGC4254 18471 1442  —15070% 221.58°3820 680700 436758 10.65733 163.06779) 57.82+2413 25013
NGC4298 18539  14.61 —1517007 84.75+418  623+00 2044767 143487331 62101120 20.031101
NGC4303 18548 447  —1.5870% 246.10239 66700 24530 1421779 13535:%71 43741146 2499+120
NGC4321 18573 1582 —1.57°0%3 1929033 64300 1.99%277 19.95%¢%3 18056778  65.78*113%0  19.69*133
NGC4424 18680 942  —1.847000  1.54%2% 6,677} 21.47+748 25.34+1023
NGC4457 18725 357  —2.097014 3284% 612907 2022193 39.60°19% 978738 20.06*34
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Table A.1. continued.
Galaxy RA [deg] Dec [deg] y No log My [Mo] Tyep [Gyr] Ty [Myr]  Tow [Myr]l  Tipear [Myr]  Type(m) [Myr]
NGC4496A 18791 394 13909 14377+3118  6.32+006 207978 2404435 312.8979L7 189274
NGC4535 18858 820  —1.69%0% 48707163  6.52:01  3.6873% 22.92:810 171.00747%% 56.52714%  21.08*13%
NGC4536  188.61 219  —1.5170% 128807314 636707 23337090 178.637137  56.92722 24757413
NGC4540 18871 1555 —1.51007 41.92°231 6297010 194879 122727364 66357497 18.457/33
NGC4548  188.86 1450 —1.497007 26173711938 5957005 2832738 169.037380 4644798, 14.07788
NGC4569 18921  13.16 —1.567% 4337'%% 61077 28.89742 19820377 150.648%8,  17.3671L0
NGC4571 18923 1422 —143%007 27140712805 582+003 28227377 144957673 57.5471803 15607793
NGC4579 18943 11.82  —1.69°0% 124.52+31% 6,050 27.98%6% 150217240 47.17+102  20.73713%
NGC4654 19099  13.13  —1.5790% 213.0331%  6.54°0% 19.34%861 252,6277766 112.867 1501 24.57+11¢0
NGC4689 19194 1376  —1370% 27006748 5997003 23.86°082  147.8738%5  60.667104  13.60713
NGC4694 19206 1098 —1.41°013 315506 576717 22387105 16.847979
NGC4731 19276 639 —13791 67.39°77%  630°0% 16.78*1%¢ 16.367 145
NGC4781  193.60  -10.54 —1.4770% 792072115 6.69+00 10.65'38  117.007578  49.07+142  23.37+99%
NGC4826 19418  21.68 —151%2 64371440 63804 16907163 27.58*7)7  9.042% 160717
NGC4941 19605  -555  -1.14 87337 5.59 3200778 12621923 6216744 3.77+13
NGC4951 19628  -6.49 128097 124.75%3  6.08712 18.78%93  87.19°12 3750951 133573
NGC5042  198.88  -23.98 —1.4070%3 18220738  6.16%0% 2336847 161238020 67.12532 162673
NGC5068 19973 -21.04 —1.64702% 1309541 662709 1967319 18317648 219.4276G7  107.49%04  23.74+1763
NGC5134 20133 2113 150097 105.89%312  6.167%) 22,6974 141277477 7530%8% 15487118
NGC5248 20438 889  —1.630% 68.66721%%  6.547008 17.887770  136.847208  57.65787 234371138
NGC5643  218.17 4417 —146%% 236.0274%  6.537003 16.047082 136.1473% 46787134 18217101
NGC6300 25925  -62.82 —1.5800 6540782  6.447010 19.437833 102.7973628 3236115 22097124
NGC7456 34554  -39.57 132001 11245016 579700 287671014 197.80745%5 132447328 14.9070%
NGC7496 34745 4343  —15590 1250972777 6.56°007  7.25724% 16380 207.10°9040  72.74'0% 259311

Notes. Global properties of the galaxies: Right Ascension (RA), Declination (Dec). Truncated power law fit parameters: vy, Ny, and My. Cloud
timescales: Median cloud Taep, T, Torbs Tshears and Tyge(m). The 84th - 50th and 50th - 16th percentiles are shown in superscript and subscript,
respectively. Square brackets refer to upper limit estimates.
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Appendix B: The completeness limit
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Fig. B.1. Left: The variation of the T (solid line) and y (dashed line) as a function of the completeness limit in NGC4321. Error bars represent the
fit scatter from running 100 random sampling bootstrap iterations on each completeness limit value. Right: Number of clouds (N) as a function of
the completeness limit.

In this section, we test the impact of the completeness limit on T; (see Fig. B.1). Generally, upon increasing the completness limit from 10* M,
to 2 x 10° Mg, we find that T¢ increases too. However, the number of clouds in the fit decreases, and the error on T} also increases. While this
variation could be purely due to statistics (e.g., sample size, incompleteness), it also highlights that the slope y of the mass spectrum is not universal
at all masses (see also Colombo et al. 2014).

Appendix C: The truncation limit
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Fig. C.1. Left: Individual GMC My, as a function of T, (m) following Eq. 6, where the black dashed line shows cloud exponential growth without
a truncation, and the blue curve shows the cloud growth with a truncation mass of 7.7 x 10® M, (calculated for a shell of 100 pc radius and HI
density of 10 cm™3; see expanding shell argument in Kobayashi et al. 2017). The truncation mass is shown with the dashed red line.

Our analysis follows that clouds follow a constant T per galaxy or environment for all clouds. However, as explained in Kobayashi et al.
(2017), the mass-independent formulations overestimate the growth rate of very massive GMCs whose mass is comparable to the mass of a shell
swept up by an expanding bubble. Thus, a truncation can be introduced in the form of T¢(m) = T¢[(1 + m/myunc’] as explained in Section 4. Upon
Taylor expansion, T¢(m) = T¢[(1 + Bm/Mgune)], and Mgy = Mygune /B, Where meg is the typical maximum GMC mass that can be created in the
Inutsuka et al. (2015) evolution scenario. In Fig. C.1, we show how the age of a GMC varies when we add a truncation, where deviations start
to occur at the more massive end of the mass spectrum (M,o; 2 10° M), and thus we opt to fit without this truncation in our presented analysis.
However, it is worth noting that the deviation is solely connected to the maximum GMC mass that can be swept up from a supernova remnant.
Assuming multiple supernovae occur, or that the radius of the swept-up shell is greater than 100 pc, the truncation fit becomes closer to the GMC
exponential growth fit that we used.
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Appendix D: The CO-to-H, conversion factor

Table D.1. Comparison of truncated power-law fit parameters between SL24 (variable aco; Schinnerer & Leroy 2024) and cst (constant aco),
where the percentage differences are computed as (SL24 — cst)/cst.

Env.  ysio4 Yest Ay [P] Tt s124 [Myr] Tt s [Myr] ATy [%]

0.13 0.15 92 223 3.43 278

Global —1.51%013 _1 50*0.15 _30:92 734723 77834 _g g+
Center —1.34709 —1.40*013 —1.4*18 5.09*]9¢ 6.187)8¢  —52+104
021 023 75 2.59 2.82 18.8

Bar -1.6177, —1.6073 —0.775, 8.441'2.94 8.59755; —1.87755

0.09 0.11 48 1.37 2.19 154

S-Arm —1.48%009 _| 50+011 _p 5H8 79+l g 44210 g 74154
0.13 0.08 113 1.37 2.48 352

Arm —1.50%013 _1 631008 _1 6+113  g06l37 g 08248 _3g+is2
Disk —1.49703 —1.527013 -1.5'%¢  6.68*197 6987375 —4.47713

Notes. T} and y values are medians of one unique formation timescale per galaxy and environment, with uncertainties derived from 100 bootstrap
resamples.

In our analysis, we used the Schinnerer & Leroy (2024) prescription of the a@co conversion factor (see Sect. 3). However, multiple prescriptions
exist and might bias the timescale estimates through the change of the slope y of the GMC mass spectra. Therefore, to test if our analysis holds with
another definition, we use a the constant Galactic acop-1) = % = 6.69 M, pc’z(K kms™")~!, where R,; = 0.65 is based on Leroy et al. (2013)
and den Brok et al. (2020), measured at kpc scales, and @co1-0) = 4.35 Mo pc2(Kkm s™)! is the standard Galactic value at solar metallicity (i.e.,
Bolatto et al. 2013). Generally, as depicted in Table D.1, we find that y and T} only vary by less than 10 %, on average, upon adopting a different
aco prescription. Therefore, the results presented in the analysis are robust to the choice of aco.

Appendix E: Additional Plots

11.0 11.5 12.0 12.5 13.0 13.5 14.0 14.5 15.0
T; [Myr]

Fig. E.1. T} as a function of T, for different y indexes. The vertical dashed black line is the adopted value of T, = 14 Myr in our analysis. We vary
v from —1.2 to —2.0, which are the typical values across the galaxies, and note that T¢ varies according to 7t = —(y + 1) X T,;. Thus, higher values
of T, lead to more variation between T across the galaxies as depicted by the blue shaded regions.

Article number, page 16 of 16



	Introduction
	Data and catalog
	JWST F770W GMC catalog
	MUSE optical IFU data

	Molecular cloud properties
	GMC timescales
	The GMC mass function
	Other timescales

	Results and discussion
	The power-law index
	Cloud formation drivers within galaxies
	Cloud formation across galactic environments
	Cloud formation across galactocentric radius
	The different timescales of clouds
	Cloud destruction across galaxies

	Summary and conclusions
	Timescale across galaxies
	The completeness limit
	The truncation limit
	The CO-to-H2 conversion factor
	Additional Plots

