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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 ≤105 M⊙ form in 20 Myr on average, and more massive clouds (∼106 − 7 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 ∼2 × 103 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 hydrocarbon (PAH) feature, a stellar continuum, and continuum emission from small hot dust grains (Draine & Li 2007; Whitcomb 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, revealing 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 specific star formation rate is key to driving differences in molecular mass distributions of GMCs across galaxies and galactic environments, 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 physical 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; Romanelli et al. 2025; Kim et al. 2025) have suggested that the lifetime of GMCs is rather short (5−30 Myr) and that clouds are dispersed 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 modest 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 rotation) 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 surrounding 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 function 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 multiple expanding H II 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 enhanced 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 collisional 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 assembly through cloud–cloud collisions over long timescales of several 102 Myr, with the mass distribution shaped by the balance between collisional accretion and cloud destruction associated with star formation (Kwan 1979; Scoville & Hersh 1979). Extensions of this framework employed numerical cloud–cloud collision models in a spiral gravitational potential to follow the coagulation 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 (∼102 Myr) produce 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 molecular clouds in a single event; instead, several such compressions are required, setting an effective formation timescale that depends on the frequency of shocks and on their orientation relative 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 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 dominant environmental factors that accelerate or hinder cloud formation, 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) ≳10−11 yr−1, stellar masses M★ ≳ 109.5 M⊙, moderate 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 × 103 M⊙. The final catalog contains 108 466 clouds with associated physical properties such as molecular mass surface density (Σmol), molecular mass (Mmol), effective radius (Req), and corresponding uncertainties.
The 7.7 μm 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 physical resolution of ∼20 pc (16 − 84th percentile: 15 − 25 pc), enabling the identification of cloud-scale structures across all targets. 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). Specifically, for Cycle 2 galaxies (Chown et al. 2025), we corrected the F770W emission by subtracting the stellar continuum contribution (F770W★) = 0.22 × F300M, while for Cycle 1 galaxies (Lee et al. 2023), we applied a correction of F770W★ = 0.12 × F200W. In addition, the F770W band contains a dust continuum contribution. 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 contributions in regions strongly affected by feedback (e.g., H II regions and galactic centers), where the PAH fraction can drop to ∼20% or below.
We identified GMCs from these stellar-continuum-corrected F770W intensity ([image: Mathematical equation: $ {I^{\mathrm{PAH}}_{\mathrm{F770W}}} $]) maps using the SCIMES framework (Colombo et al. 2015), as described in detail in B26. The algorithm combines dendrogram segmentation performed with Astrodendro1 and spectral clustering (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 H II 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 [image: Mathematical equation: $ {I^{\mathrm{PAH}}_{\mathrm{F770W}}} > 1 $] MJy sr−1 or Σmol > 4 M⊙ pc−2, 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 central regions, since we wished to quantify GMC formation and destruction timescales across all galactic environments. However, GMCs 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) provided data for 19 galaxies from PHANGS-JWST Cycle 1 with a coverage up to 2 effective radii (Re) for all targets. This is generally 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 H II regions from each other and minimize contribution from the surrounding 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 (Hα and Hβ). The formalism is SFR[M⊙ yr−1] = CHαLHα, corr[erg s−1]=CHαLHα100.4 kHα E(B − V), where LHα, corr is the attenuation-corrected Hα luminosity (LHα), kHα is the value of the reddening curve at the Hα 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 density (ΣSFR) maps and then calculated the SFR in each cloud (SFRcloud). We only considered GMCs that are at least comparable to the MUSE beam size. However, SFR estimates based on extinction-corrected Hα emission on cloud scales are subject to several limitations. The Hβ line is often not detected at a sufficient 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 underestimation of the SFR in embedded GMCs. In addition, Hα-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 interpreting 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 properties we used to compute the cloud timescale. A detailed explanation of other GMC quantities is given in B26.
Following Equation (2) in B26, we converted [image: Mathematical equation: $ {I^{\mathrm{PAH}}_{\mathrm{F770W}}} $] into ICO. The molecular mass of the cloud was then estimated as
[image: Mathematical equation: $$ \begin{aligned} {M_{\rm mol}}\,[\mathrm{M_{\odot }}] = \alpha _{\rm CO}\,[\mathrm{M_{\odot } (\mathrm{K\,km\,s^{-1}\,pc^{2}})^{-1}}] \times L_{\rm CO}\,[\mathrm{K\,km\,s^{-1}\,pc^{2}}], \end{aligned} $$](1)
where
[image: Mathematical equation: $$ \begin{aligned}&\alpha _{\rm CO(2{-}1)} \approx 4.35 \times f(Z) \times g(\Sigma _{\star }) \times R_{21}(\Sigma _{\rm SFR})^{-1}, \\&R_{21}(\Sigma _{\rm SFR}) = 0.65 \left(\frac{\Sigma _{\rm SFR}}{0.018}\right)^{0.125}, \nonumber \end{aligned} $$](2)
and
[image: Mathematical equation: $$ \begin{aligned} L_{\rm CO} = A_{\rm pix} \sum _{i = 1}^{N} F_{i}. \end{aligned} $$](3)
Here, Fi denotes the flux of the ith pixel within a cloud, expressed in units of K km s−1, and the total cloud flux was obtained by summing over all pixels belonging to the cloud. Apix is the area of a pixel in pc2. αCO is the CO-to-H2 conversion factor following Schinnerer & Leroy (2024) (see Appendix D for the impact of using another αCO prescription), and LCO is the CO luminosity of the cloud in units of K km s−1 pc2. f(Z) = (Z/Z⊙)−1.5 is the CO-dark factor that depends on the metallicity (Z) for 0.2 < Z/Z⊙ < 2 (see Schinnerer & Leroy 2024 for further information), where Z⊙ is the solar metallicity (12 + log(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, interstellar 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 Mmol estimation (see Schinnerer & Leroy 2024). The starburst emissivity factor is g(Σ★) = max(Σ★/100, 1)−0.25, where Σ★ is the stellar mass surface density in units of M⊙ pc−2. Additionally, R21(ΣSFR) is the line ratio of CO(2 − 1) and CO(1 − 0) (see Leroy et al. 2022; Schinnerer & Leroy 2024 for more information). The metallicity was approximated as a function of galactocentric radius based on the global mass-metallicity relation of Sánchez et al. (2019), adopting the PP04 O3N2 calibration (Pettini & Pagel 2004) and extrapolating the predictions to the whole PHANGS-ALMA footprint using a metallicity gradient as per Sánchez 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 magnetized ISM (driven by expanding H II regions and supernova shells) while being dispersed by stellar feedback. This picture leads to a continuity equation for the GMC mass function (GMCMF) when neglecting cloud-cloud collisions, as those collisions do not significantly modify the GMCMF evolution, especially in the lower mass range ([image: Mathematical equation: $ M_{\mathrm{mol}} < 10^{5.5}\,\mathrm{M}_{\odot} $]; see Kobayashi et al. 2017),
[image: Mathematical equation: $$ \begin{aligned} \frac{\partial n_{\rm cl}}{\partial t} + \frac{\partial }{\partial m} \Bigg (n_{\rm cl}\bigg (\frac{dm}{dt}\bigg )\Bigg ) \approx -\frac{n_{\rm cl}}{T_{d}}, \end{aligned} $$](4)
where ncl(m)≃Ncl/(A × h)/m is the specific volumetric number density of GMCs, Ncl is the number of GMCs within an area (A) of a specific region of the galaxy, h is the molecular scale height of the galactic disk, m is the mass of the GMC, dt is the differential time, and Td is the characteristic self-dispersal timescale (average onset of star formation plus destruction of cloud timescale). The typical star formation-onset timescale (T★) 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 H II regions. Since only a small fraction of these shocks leads to successful GMC formation (∼3%; see Kobayashi et al. 2017), the characteristic timescale for assembling molecular clouds from the warm neutral medium is Texp/0.03 ∼ 10 Myr. During this successful cloud assembly, these shocks also trigger filamentary structures in clouds, which form massive stars (Inoue et al. 2018; Kumar et al. 2020; Abe et al. 2022; Maity et al. 2024). We therefore adopted T★ = 10 Myr. Additionally, Inutsuka et al. (2015) showed that when running a line-radiation magnetohydrodynamical simulation and including magnetic fields, once a massive star with a mass higher than 30 M⊙ forms, the majority of the mass (> 105 M⊙) of the GMC is destroyed within 4 Myr (see also Hosokawa & Inutsuka 2006; Bonne et al. 2023). Thus, we adopted Td = T★ + 4 = 14 Myr (see Sect. 5.6 for a discussion of how different Td affect the self-growth timescale Tf).
Following Kobayashi et al. (2017), we modeled the mass growth of a GMC as
[image: Mathematical equation: $$ \begin{aligned} \frac{dm}{dt} = \frac{m}{T_{\rm f}(m)}, \end{aligned} $$](5)
where Tf(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 introduced Tf(m) = Tf [ (1 + m/mtrunc)β], with mtrunc the truncation scale (∼7.7 × 106 M⊙ for a typical Milky Way disk; see the expanding shell argument in Kobayashi et al. 2017) and β = 10 a steepness parameter (see Appendix C for more details). However, for most of the mass range, Tf(m) is nearly constant and equal to a fiducial value Tf. In our analysis, we therefore assumed a constant Tf(m) = Tf 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 mmin is then
[image: Mathematical equation: $$ \begin{aligned} {T_{\rm age}(m)} = \int _{m_{\min }}^{m} \frac{T_{\rm f}}{m\prime }\,dm\prime \end{aligned} $$](6)
that is, exponential mass growth, m(t)∼mminexp(t/Tf).
Following Inutsuka et al. (2015) and Kobayashi et al. (2017), when we combine Eqs. (4) and (5), we obtain
[image: Mathematical equation: $$ \begin{aligned} \frac{\partial n_{\rm cl}}{\partial t} + \frac{\partial }{\partial m} \Bigg (n_{\rm cl}\bigg (\frac{m}{T_{\rm f}}\bigg )\Bigg ) \approx -\frac{n_{\rm cl}}{T_{d}}\cdot \end{aligned} $$](7)
Solving this form of the GMCMF with a steady-state assumption (∂ncl/∂t = 0) yields a steady-state solution
[image: Mathematical equation: $$ \begin{aligned} n_{\rm cl}(m) = n_{0}\bigg (\frac{m}{\mathrm{M_{\odot }}}\bigg )^{\gamma }, \end{aligned} $$](8)
where
[image: Mathematical equation: $$ \begin{aligned}&\gamma = -1 -\frac{T_{\rm f}}{T_{d}}, \end{aligned} $$](9)
[image: Mathematical equation: $$ \begin{aligned}&T_{\rm f} = -T_{d}(\gamma + 1). \end{aligned} $$](10)
Here, γ is the power-law index, and n0 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 GMCs (see Sect. 5.1). We adopted Td = 14 Myr, as previously explained, and we estimated Tf from γ.
The γ index can be measured from the GMC mass spectra given by the following equation:
[image: Mathematical equation: $$ \begin{aligned} \frac{dN}{dM} \propto M^{\gamma } \implies N(M\prime > M) = N_{0} \bigg [\bigg (\frac{M}{M_{0}}\bigg )^{\gamma +1} - 1\bigg ]. \end{aligned} $$](11)
Equation (11) refers to the solution of the integral of the GMCMF, which yields the cumulative mass spectrum. The slope of the mass spectra can be used to infer the γ 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 M0, and N0 refers to the number of clouds with masses higher than 21/(γ + 1)M0 (i.e., the truncation mass where the distribution deviates from a single power law).
As a practical choice, we adopted mmin = 104 M⊙ for the minimum GMC mass or completeness limit and estimatde Tf following Eq. (10) globally in each galaxy and per galactic environment (see Appendix B for the effect of changing the completeness 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 104 M⊙ to star formation) and have less self-destruction by feedback from these stars. Then, we estimated the individual cloud formation timescale following Eq. (6). In Appendix D, we show the effect of changing the αCO 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.

	
Free-fall timescale (Tff):

[image: Mathematical equation: $$ \begin{aligned} T_{\mathrm{ff} } = \sqrt{\frac{\pi ^{2} R_{\rm 3D}^{3}}{8 G M_{\rm mol}}}\cdot \end{aligned} $$](12)

This timescale describes the time required for a cloud to collapse in free fall due to the gravity of the cloud, provided that no pressure supports the system. Here, R3D is the three-dimensional radius of the cloud, estimated as [image: Mathematical equation: $ R_{\mathrm{3D}} = \min{\bigg[R_{\mathrm{eq}}, \bigg(R_{\mathrm{eq}}^{2} \sqrt{\frac{h}{2\cos{i}}}\bigg)^{1/3}\bigg]} $], and Req is the equivalent radius of the cloud calculated from the number of pixels within the cloud ([image: Mathematical equation: $ R_{\mathrm{eq}} = \sqrt{A_{\mathrm{cloud}}/\pi} $], where Acloud is the area of the cloud, and it was directly estimated from the number of pixels within the cloud multiplied by the area of the pixel in pc2). The molecular gas disk scale height h was assumed to be 100 pc (Heyer & Dame 2015), and [image: Mathematical equation: $ \frac{h}{2\cos{i}} $] would be the inclination-corrected molecular disk scale height.



	
Orbital time (Torb):

[image: Mathematical equation: $$ \begin{aligned} T_{\mathrm{orb} } = \frac{2\pi }{\Omega _{\mathrm{circ} }}\cdot \end{aligned} $$](13)

This is the period of the orbital revolution around the center of a galaxy. To approximate the angular velocity Ωcirc, we used rotation curve measurements from Sun et al. (2022) that were derived from CO line kinematics to find Ωcirc. 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 rotation curves. Based on these best-fit analytical models of the co-rotation curves and the estimated uncertainties on the model parameters, the circular velocity (Vcirc), Ωcirc, and the logarithmic derivative of the rotation curve [image: Mathematical equation: $ \frac{d\, \ln \, V_{\mathrm{circ}}}{d \, \ln \,R_{\mathrm{gal}}} $] (where Rgal 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.



	
Shearing time (Tshear):

[image: Mathematical equation: $$ \begin{aligned} T_{\mathrm{shear} } = \frac{2}{\Omega _{\rm circ}(1-\beta )}\cdot \end{aligned} $$](14)

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 estimated for clouds in 60 galaxies for which the rotation curve was measured.



	
Depletion time (Tdep):

[image: Mathematical equation: $$ \begin{aligned} T_{\mathrm{dep} } = \frac{M_{\rm mol}}{\mathrm{SFR_{\rm cloud}}} = \frac{1}{\mathrm{SFE_{\rm cloud}}}\cdot \end{aligned} $$](15)

This timescale corresponds to the inverse of the star formation 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.




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 estimate methods. We used the PHANGS simple galactic environment 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 Tf 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. Specifically, the slope of the mass spectra would reflect which population 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 γ + 1 power-law index reflects the slope. The γ parameter is also the slope of the GMCMF, which means that the prominence of low- or high-mass clouds would give us information about the evolutionary 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 Mmol. The fit parameters are presented in Table 1. An example 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)2. The γ parameter varied by up to a factor of two across galaxies, environments, and within the same environment across galaxies. This is also reflected 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 Sects. 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 regions. 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. Additionally, individual galaxies might show variation in their trend (see Table A.1).
	[image: Thumbnail: Fig. 1. Refer to the following caption and surrounding text.]	Fig. 1. Example of the truncated power-law fit on NGC 0628. We present the fit on all clouds (global) and per galactic environment (center, S-arm, and I-arm). The vertical dashed line shows the completeness limit we set in our analysis. The dashed curve shows the truncated power-law fit. The fit parameters are presented in the box in the lower left region of each plot.



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

Table 2 shows the Spearman correlation between γ and global galactic properties and cloud properties. The strongest correlations are with cloud-scale molecular mass surface density (Σmol) and the star formation rate surface density (ΣSFR), 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 anticorrelations are with M★ and SFR. This suggests that global star formation 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 γ and Mmol implies that more molecular gas in galaxies leads to more massive GMCs.
Table 2. 
Spearman correlation coefficients (ρ) and p values between the GMC mass function slope γ and selected galactic/cloud properties across the 66 galaxies, ordered by decreasing |ρ|.

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 a role 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 Σmol, and within each galaxy, each bin had the same number of GMCs. We then computed γ and Tf from the mass spectra in each of the bins to test whether regions with high Σmol form clouds more quickly. The most notable difference is between the highest Σmol quantile and the lowest one, with a GMC formation quicker by 6.8 ± 2.2 Myr on average for the highest Σmol. The highest difference between Q5 and Q1 is measured for NGC 4321 (barred spiral galaxy) with ∼12.1 ± 2.8 Myr, followed 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 Σmol 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.
	[image: Thumbnail: Fig. 2. Refer to the following caption and surrounding text.]	Fig. 2. Violin plots showing the distribution of the GMC mass spectra slope γ and Tf in increasing (Q1 to Q5) cloud-scale Σmol (left) and ΣSFR (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 [image: Mathematical equation: $ ^{+(\mathrm{84th{-}50th})}_{-(\mathrm{50th{-}16th})} $] percentile range. The Spearman correlation coefficients (ρ) between γ and Σmol (left) and γ and ΣSFR (right) across the bins are presented in the lower right corner as median and quantiles corresponding to the [image: Mathematical equation: $ ^{+(\mathrm{84th{-}50th})}_{-(\mathrm{50th{-}16th})} $] percentile range across the galaxies. Clouds in the highest Σmol and ΣSFR bins (Q5) show ∼6.8 and ∼6.9 Myr on average, respectively, which means a quicker cloud formation than in the lowest bin (Q1).



We also binned the galaxies into five separate bins of increasing cloud-level ΣSFR 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 difference 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 Σmol and ΣSFR 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 Σmol regions, and additional supersonic compressions.
We estimated the exponential growth time Tage(m) of individual clouds assuming that clouds reach their mass m by secular growth from a seed mass mmin = 104 M⊙ 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 estimating the cloud lifetime using a CO- and Hα-based analysis using the prescription of Kruijssen & Longmore (2014). This increase is expected, since the correlation between the molecular mass of the cloud and Tage(m) 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.
	[image: Thumbnail: Fig. 3. Refer to the following caption and surrounding text.]	Fig. 3. Scatter plots with error bars showing the variation in the median Tage(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 (ρ) is presented in each figure with the p value. Galaxies tend to have a longer cloud formation time with increasing SFR and M★.



We further split galaxies into active (hosting an AGN) and inactive following Véron-Cetty & Véron (2010). Out of the galaxies 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 assumed 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.
	[image: Thumbnail: Fig. 4. Refer to the following caption and surrounding text.]	Fig. 4. Bar plot with outliers (in circles) showing the exponential growth timescale, Tage(m), of GMCs across the galactic environment in 66 galaxies. The upper x-axis shows the median cloud Mmol 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 Mmol ≤ 105 M⊙ form in ≲20 Myr, with more massive clouds (106 − 7 M⊙) taking up to 100 Myr. Also, central clouds form the quickest compared to other environments by ∼0.3 dex.



Table 3. 
Median GMC formation timescales and ages by galactic environment across the galaxies.

In general, the central regions exhibit the lowest Tage(m) compared to other galactic environments across the galaxies by ∼10 − 15 Myr on average. Their extreme environments, high Σmol, and high ΣSFR allow them to form clouds faster. Bars and inter-arm GMCs have ∼2 ± 1 Myr longer Tage(m) on average than spiral arm and disk GMCs. The low Tage(m) in bar GMCs is mainly driven by low Σmol and ΣSFR 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, NGC 2090, 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 Σmol, and ΣSFR in the arms (see Querejeta et al. 2024 and B26). As highlighted in Sect. 5.2, supersonic compressions and density waves within the spiral arms might play a role in quickening the cloud formation in arm regions.
5.4. Cloud formation across galactocentric radius
Examination of Tage(m) as a function of galactocentric radius (Rgal) provides insight into whether the average cloud formation timescale varies systematically across galaxy disks. Processes 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 arrangement and surface density of the molecular gas and driving radial gas redistribution over timescales longer than typical cloud lifetimes. 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 to the free-fall time (e.g., Meidt & van der Wel 2024). Trends with Rgal are therefore generally not intended to isolate the effect of specific dynamical structures such as bars or spiral arms, which are more appropriately probed through azimuthal variations or within the galactic environment, but rather to assess whether the average cloud formation timescale exhibits a systematic radial behavior.
Figure 5 shows the variation of Tage(m) as a function of Rgal for all 66 galaxies. The global trend across the galaxies shows ∼0.1 dex lower Tage(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 spirals or disk (lacking spiral features) galaxies following Querejeta et al. (2024), where galaxies were visually classified from near-infrared imaging following Buta et al. (2015) classification scheme for galaxies in the S4G survey. On average, Tage(m) shows no significant difference between the different galaxy groups at different Rgal, indicating that cloud formation is largely alike in spiral and disk galaxies with similar average cloud Σmol values (see B26).
	[image: Thumbnail: Fig. 5. Refer to the following caption and surrounding text.]	Fig. 5. Growth time of the clouds, Tage(m), as a function of galactocentric 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 = [image: Mathematical equation: $ 1.253 \times \sigma/\sqrt{N_{\mathrm{gals}}} $], where σ is the standard deviation, and Ngals 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.



Most galaxies also exhibit flat trends in Tage(m) across all Rgal. 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 toward their CMZs than in the outer regions, indicating an additional 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 Rgal. 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 fundamentally distinct formation mode. Clouds in the galactic disk environment appear to have similar timescales to those of spiral arms in the outer regions. However, toward the inner 0.3 Re, 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 Σmol is relatively lower than in other environments (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 Σ★, a 0.2 − 0.5 dex higher Σmol, and a 0.2 − 0.5 dex higher ΣSFR on average compared to inter-arm regions (see Querejeta et al. 2024 and B26).
	[image: Thumbnail: Fig. 6. Refer to the following caption and surrounding text.]	Fig. 6. Growth time of the clouds, Tage(m), as a function of galactocentric 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.



5.5. The different timescales of clouds
Figure 7 shows the distribution of Tage(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 (Tdep, and Tff) and to those that occur on larger scales up to the scale of the galaxy (Tshear and Torb). Tdep is ∼1 − 5 Gyr in our sample, 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). Tff operates 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 − 5 Myr to disperse from stellar feedback (e.g., Inutsuka et al. 2015; Kim et al. 2022; Bonne et al. 2023) and that the formation 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.
	[image: Thumbnail: Fig. 7. Refer to the following caption and surrounding text.]	Fig. 7. Growth timescale as a function of Tdep (Eq. 15), Tff (Eq. 12), Torb (Eq. 13), and Tshear (Eq. 14). The median trend is plotted across galactic environments for the galaxies in our sample. The shaded region represents the 84th–50th, and 50th–16th percentiles, and the error bar is the standard error on the median. The Spearman correlation coefficient ρ is written in black when the correlation is significant (p < 0.05). Otherwise, it is not significant.



The timescales that are associated with dynamical processes acting on kiloparsec scales (e.g., Tshear and Torb) take place over ∼60 − 200 Myr. The order-of-magnitude contrast between them and Tff implies that the effects of galactic-scale dynamics on individual molecular clouds are minimal. The shearing time being ∼0.6 dex higher than Tff indicates that shearing motions are generally small on cloud scales relative to motions generated by gravitational collapse (see also Sun et al. 2022), and Torb being ∼0.8 dex higher than Tage(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,b).
We also examined the correlation between Tage(m) and the other timescales using Spearman ρ (correlation) and p (probability) values. Among all comparisons, Tage(m) does not correlate with any of the timescales, as shown in Fig. 7. However, a typical offset of ∼0.1 dex between Tage(m) and Tff, with Tage(m) > Tff, 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 prolong 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 Td was set to be T* + 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 Tf when the prescription for Td is changed.
Figure E.1 shows that upon varying Td 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 γ. Steeper slopes imply longer Tf values. On the other hand, shallower slopes imply a faster cloud formation. However, when stellar feedback drives cloud destruction at longer timescales, the average formation time of clouds within galaxies would be affected by an additional ΔTf = −(γ + 1)×ΔTd according to the GMCMF prescription. Thus, the corrected difference of a varying Td from comparing different formation timescales across two different mass spectra, which is depicted as the shaded region in Fig. E.1, would be
[image: Mathematical equation: $$ \begin{aligned} \Delta T_{\rm f_{12, corr}}&= (T_{\rm f_{1}} + \Delta T_{\rm f_{1}}) - (T_{\rm f_{2}} + \Delta T_{\rm f_{2}}) \\&= \Delta T_{\rm f_{12}} - \gamma _{1}\Delta T_{d_{1}} + \gamma _{2}\Delta T_{d_{2}}\nonumber \\&\qquad \qquad \quad = \Delta T_{\rm f_{12}} + \epsilon . \nonumber \end{aligned} $$](16)
Here, both indices γ1 and γ2 are constants per galaxy. However, the variables are ΔTd1 and ΔTd2. If Td is universal, then ΔTf12, corr will be equal to ΔTf12. The power-law index γ might vary between −1.2 and −2.0, and Td might vary between 1 and 5 Myr. If Td is accurately calculated, with a variable SFE prescription, then the SFE-dependent factor (ϵ = −γ1ΔTd1 + γ2ΔTd2) would be introduced.
It is worth noting that if ϵ changes, it creates more contrast between the galactic environments. Multiple scenarios are envisioned if ϵ changes, some of which are that low Σmol clouds might be destroyed faster than high Σmol clouds, thus leading to similar Tf values between inter-arm and spiral arm regions. High Σmol clouds might be destroyed faster than low Σmol clouds, thus leading to more contrast in Tf between arms and inter-arms. However, our Tage(m) values, given a constant Td, are within the range of estimates from previous works (e.g., Chevance et al. 2020a; Kim et al. 2022, 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 multiple repeated stellar feedback compressions. This model links the GMC mass function slope to a characteristic self-growth timescale Tf and a mass-dependent secular age Tage(m) (Eq. 6). We also assumed a constant GMC self-dispersal timescale of 14 Myr in our analysis. Below, we summarize our main findings.

	
The slope γ of the GMC mass spectra varies across different environments: The values of γ 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 γ with Mmol indicate that massive clouds dominate the mass distribution in these environments compared to bars and inter-arms.



	
The average ages of clouds vary according to secular growth Tage(m): Clouds with masses ≤105 M⊙ form in ∼20 Myr, while more massive clouds (106 − 7 M⊙) take up to 100 Myr.



	
The cloud formation varies systematically across galaxies: Cloud growth proceeds fastest in systems with higher molecular gas surface densities and more massive GMC populations, indicating that dense gas-rich conditions favor an efficient secular cloud assembly.



	
High-Σmol and -ΣSFR regions accelerate cloud growth: Within individual galaxies, clouds in regions of high-Σmol or -ΣSFR display shorter Tf than those in low-Σmol or -ΣSFR environments. The contrast can reach several million years in barred actively star-forming systems. This suggests that the gas density, stellar feedback, dynamical compression, or all together might promote faster GMC growth.



	
The environmental dependence of Tage(m). Median cloud ages differ substantially between galactic environments: Central regions show the shortest Tage(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 Σmol within the disk and bar lanes.



	
The radial gradients reflect the effect of central molecular zones: Throughout the full sample, Tage(m) decreases toward small galactocentric radii, with a typical drop of ∼0.1 − 0.2 dex inside ∼0.3 Re. 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.



	
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.



	
Cloud growth and free-fall time: Tage(m) is higher by ∼0.1 dex on average than Tff (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.



	
Implications for GMC life cycles and star formation efficiency: When we combine Tage(m), Tff, and plausible dispersal 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 galaxies.




In summary, we found cloud lifetimes that are consistent on average with previous efforts that used cloud identification methods (Blitz et al. 2007; Fukui et al. 2008; Meidt et al. 2015; Corbelli et al. 2017), statistics of sight-line fractions with only CO or only Hα 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, 2022, 2025). Future work would include a more focused 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 Td that takes this into account would be beneficial for our understanding of the mass distribution in galaxies.
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Appendix A:  Timescale across galaxies
Table A.1. 
PHANGS-JWST Galaxy Sample


Appendix B:  The completeness limit
In this section, we test the impact of the completeness limit on Tf (see Fig. B.1). Generally, upon increasing the completness limit from 104 M⊙ to 2 × 105 M⊙, we find that Tf increases too. However, the number of clouds in the fit decreases, and the error on Tf also increases. While this variation could be purely due to statistics (e.g., sample size, incompleteness), it also highlights that the slope γ of the mass spectrum is not universal at all masses (see also Colombo et al. 2014).
	[image: Thumbnail: Fig. B.1. Refer to the following caption and surrounding text.]	Fig. B.1. Left: The variation of the Tf (solid line) and γ (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.




Appendix C:  The truncation limit
Our analysis follows that clouds follow a constant Tf 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 Tf(m) = Tf[(1 + m/mtrunc)β] as explained in Section 4. Upon Taylor expansion, Tf(m) = Tf[(1 + βm/mtrunc)], and mcrit = mtrunc/β, where mcrit 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 (Mmol ≳ 106 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.
	[image: Thumbnail: Fig. C.1. Refer to the following caption and surrounding text.]	Fig. C.1. Left: Individual GMC Mmol as a function of Tage(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 × 106 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.




Appendix D:  The CO-to-H2 conversion factor
Table D.1. 
Comparison of truncated power-law fit parameters between SL24 (variable αCO; Schinnerer & Leroy 2024) and cst (constant αCO), where the percentage differences are computed as (SL24–cst)/cst.

In our analysis, we used the Schinnerer & Leroy (2024) prescription of the αCO conversion factor (see Sect. 3). However, multiple prescriptions exist and might bias the timescale estimates through the change of the slope γ of the GMC mass spectra. Therefore, to test if our analysis holds with another definition, we use a the constant Galactic [image: Mathematical equation: $ \alpha_{\mathrm{CO(2-1)}} = \frac{4.35}{0.65} = 6.69\,\mathrm{M}_\odot\,\mathrm{pc}^{-2} $] (K km s−1)−1, where R21 = 0.65 is based on Leroy et al. (2013) and den Brok et al. (2020), measured at kpc scales, and αCO(1 − 0) = 4.35 M⊙ pc−2 (K km s−1)−1 is the standard Galactic value at solar metallicity (i.e., Bolatto et al. 2013). Generally, as depicted in Table D.1, we find that γ and Tf only vary by less than 10 %, on average, upon adopting a different αCO prescription. Therefore, the results presented in the analysis are robust to the choice of αCO.

Appendix E:  Additional Plots
	[image: Thumbnail: Fig. E.1. Refer to the following caption and surrounding text.]	Fig. E.1. Tf as a function of Td for different γ indexes. The vertical dashed black line is the adopted value of Td = 14 Myr in our analysis. We vary γ from −1.2 to −2.0, which are the typical values across the galaxies, and note that Tf varies according to Tf = −(γ + 1)×Td. Thus, higher values of Td lead to more variation between Tf across the galaxies as depicted by the blue shaded regions.
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	[image: Thumbnail: Fig. 1. Refer to the following caption and surrounding text.]	Fig. 1. Example of the truncated power-law fit on NGC 0628. We present the fit on all clouds (global) and per galactic environment (center, S-arm, and I-arm). The vertical dashed line shows the completeness limit we set in our analysis. The dashed curve shows the truncated power-law fit. The fit parameters are presented in the box in the lower left region of each plot.
In the text



	[image: Thumbnail: Fig. 2. Refer to the following caption and surrounding text.]	Fig. 2. Violin plots showing the distribution of the GMC mass spectra slope γ and Tf in increasing (Q1 to Q5) cloud-scale Σmol (left) and ΣSFR (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 [image: Mathematical equation: $ ^{+(\mathrm{84th{-}50th})}_{-(\mathrm{50th{-}16th})} $] percentile range. The Spearman correlation coefficients (ρ) between γ and Σmol (left) and γ and ΣSFR (right) across the bins are presented in the lower right corner as median and quantiles corresponding to the [image: Mathematical equation: $ ^{+(\mathrm{84th{-}50th})}_{-(\mathrm{50th{-}16th})} $] percentile range across the galaxies. Clouds in the highest Σmol and ΣSFR bins (Q5) show ∼6.8 and ∼6.9 Myr on average, respectively, which means a quicker cloud formation than in the lowest bin (Q1).
In the text



	[image: Thumbnail: Fig. 3. Refer to the following caption and surrounding text.]	Fig. 3. Scatter plots with error bars showing the variation in the median Tage(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 (ρ) is presented in each figure with the p value. Galaxies tend to have a longer cloud formation time with increasing SFR and M★.
In the text



	[image: Thumbnail: Fig. 4. Refer to the following caption and surrounding text.]	Fig. 4. Bar plot with outliers (in circles) showing the exponential growth timescale, Tage(m), of GMCs across the galactic environment in 66 galaxies. The upper x-axis shows the median cloud Mmol 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 Mmol ≤ 105 M⊙ form in ≲20 Myr, with more massive clouds (106 − 7 M⊙) taking up to 100 Myr. Also, central clouds form the quickest compared to other environments by ∼0.3 dex.
In the text



	[image: Thumbnail: Fig. 5. Refer to the following caption and surrounding text.]	Fig. 5. Growth time of the clouds, Tage(m), as a function of galactocentric 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 = [image: Mathematical equation: $ 1.253 \times \sigma/\sqrt{N_{\mathrm{gals}}} $], where σ is the standard deviation, and Ngals 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.
In the text



	[image: Thumbnail: Fig. 6. Refer to the following caption and surrounding text.]	Fig. 6. Growth time of the clouds, Tage(m), as a function of galactocentric 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.
In the text



	[image: Thumbnail: Fig. 7. Refer to the following caption and surrounding text.]	Fig. 7. Growth timescale as a function of Tdep (Eq. 15), Tff (Eq. 12), Torb (Eq. 13), and Tshear (Eq. 14). The median trend is plotted across galactic environments for the galaxies in our sample. The shaded region represents the 84th–50th, and 50th–16th percentiles, and the error bar is the standard error on the median. The Spearman correlation coefficient ρ is written in black when the correlation is significant (p < 0.05). Otherwise, it is not significant.
In the text



	[image: Thumbnail: Fig. B.1. Refer to the following caption and surrounding text.]	Fig. B.1. Left: The variation of the Tf (solid line) and γ (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.
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	[image: Thumbnail: Fig. C.1. Refer to the following caption and surrounding text.]	Fig. C.1. Left: Individual GMC Mmol as a function of Tage(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 × 106 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.
In the text



	[image: Thumbnail: Fig. E.1. Refer to the following caption and surrounding text.]	Fig. E.1. Tf as a function of Td for different γ indexes. The vertical dashed black line is the adopted value of Td = 14 Myr in our analysis. We vary γ from −1.2 to −2.0, which are the typical values across the galaxies, and note that Tf varies according to Tf = −(γ + 1)×Td. Thus, higher values of Td lead to more variation between Tf across the galaxies as depicted by the blue shaded regions.
In the text
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        Example of the truncated power-law fit on NGC 0628. We present the fit on all clouds (global) and per galactic environment (center, S-arm, and I-arm). The vertical dashed line shows the completeness limit we set in our analysis. The dashed curve shows the truncated power-law fit. The fit parameters are presented in the box in the lower left region of each plot.

      

    

  
    
      Table 1. 

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

      
        


	Env.
	Nclouds
	γ
	M0 [M⊙]
	N0





	Global
	83 990
	[image: Mathematical equation: $ -1.51^{+0.13}_{-0.18} $]
	[image: Mathematical equation: $ (2.25^{+2.20}_{-1.22})\times10^{6} $]
	[image: Mathematical equation: $ (1.25^{+0.99}_{-0.85})\times10^{2} $]



	Center
	796
	[image: Mathematical equation: $ -1.34^{+0.05}_{-0.12} $]
	[image: Mathematical equation: $ (5.01^{+33.45}_{-2.79})\times10^{6} $]
	[image: Mathematical equation: $ (7.02^{+7.71}_{-4.87})\times10^{0} $]



	Bar
	8003
	[image: Mathematical equation: $ -1.61^{+0.21}_{-0.14} $]
	[image: Mathematical equation: $ (2.04^{+2.82}_{-1.20})\times10^{6} $]
	[image: Mathematical equation: $ (7.81^{+32.89}_{-3.62})\times10^{0} $]



	S-Arm
	16 683
	[image: Mathematical equation: $ -1.48^{+0.09}_{-0.10} $]
	[image: Mathematical equation: $ (3.47^{+1.83}_{-1.63})\times10^{6} $]
	[image: Mathematical equation: $ (5.99^{+4.20}_{-2.61})\times10^{1} $]



	I-Arm
	27 132
	[image: Mathematical equation: $ -1.59^{+0.13}_{-0.07} $]
	[image: Mathematical equation: $ (1.80^{+0.85}_{-0.93})\times10^{6} $]
	[image: Mathematical equation: $ (9.25^{+6.54}_{-5.27})\times10^{1} $]



	Disk
	31 376
	[image: Mathematical equation: $ -1.49^{+0.13}_{-0.10} $]
	[image: Mathematical equation: $ (1.84^{+2.67}_{-1.21})\times10^{6} $]
	[image: Mathematical equation: $ (1.09^{+1.13}_{-0.86})\times10^{2} $]





      

      
Notes. Medians and quantiles were derived from 100 bootstrap resamples of γ within each environment across 66 galaxies with quantiles that represent the [image: Mathematical equation: $ ^{+(\mathrm{84th{-}50th})}_{-(\mathrm{50th{-}16th})} $] percentile distribution. The bootstrap considers the error on Mmol. Additionally, Nclouds denotes the total number of clouds per environment.



    

  
    
      Table 2. 

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

      
        


	Parameter
	ρ
	log10p





	log M★ [M⊙]
	−0.55
	−5.65



	log SFR [M⊙ yr−1]
	−0.47
	−4.22



	log MHI [M⊙]
	−0.19
	−0.86



	log Re [kpc]
	−0.05
	−0.14



	Nclouds
	−0.02
	−0.07



	




	Cloud-scale parameter
	ρ
	log10p



	




	log ΣSFR [M⊙ yr−1 pc−2]
	+0.90
	−1.52



	log Σmol [M⊙ pc−2]
	+0.85
	−1.31



	log Mmol,  med [M⊙]
	+0.55
	−5.78



	log Req,  med [pc]
	+0.22
	−1.07



	log SFEmed [1/yr]
	+0.11
	−0.43





      

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



    

  
    
      Fig. 2. 

      
        [image: Fig. 2. Refer to the following caption and surrounding text.]
      

      
        Violin plots showing the distribution of the GMC mass spectra slope γ and Tf in increasing (Q1 to Q5) cloud-scale Σmol (left) and ΣSFR (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 [image: Mathematical equation: $ ^{+(\mathrm{84th{-}50th})}_{-(\mathrm{50th{-}16th})} $] percentile range. The Spearman correlation coefficients (ρ) between γ and Σmol (left) and γ and ΣSFR (right) across the bins are presented in the lower right corner as median and quantiles corresponding to the [image: Mathematical equation: $ ^{+(\mathrm{84th{-}50th})}_{-(\mathrm{50th{-}16th})} $] percentile range across the galaxies. Clouds in the highest Σmol and ΣSFR bins (Q5) show ∼6.8 and ∼6.9 Myr on average, respectively, which means a quicker cloud formation than in the lowest bin (Q1).

      

    

  
    
      Fig. 3. 

      
        [image: Fig. 3. Refer to the following caption and surrounding text.]
      

      
        Scatter plots with error bars showing the variation in the median Tage(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 (ρ) is presented in each figure with the p value. Galaxies tend to have a longer cloud formation time with increasing SFR and M★.

      

    

  
    
      Fig. 4. 

      
        [image: Fig. 4. Refer to the following caption and surrounding text.]
      

      
        Bar plot with outliers (in circles) showing the exponential growth timescale, Tage(m), of GMCs across the galactic environment in 66 galaxies. The upper x-axis shows the median cloud Mmol 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 Mmol ≤ 105 M⊙ form in ≲20 Myr, with more massive clouds (106 − 7 M⊙) taking up to 100 Myr. Also, central clouds form the quickest compared to other environments by ∼0.3 dex.

      

    

  
    
      Table 3. 

      Median GMC formation timescales and ages by galactic environment across the galaxies.

      
        


	Env.
	N
	Tf (Myr)
	Tage(m) (Myr)





	Center
	796
	[image: Mathematical equation: $ 5.09^{+1.91}_{-1.79} $]
	[image: Mathematical equation: $ 16.25^{+9.53}_{-6.35} $]



	Bar
	8003
	[image: Mathematical equation: $ 8.44^{+2.59}_{-2.94} $]
	[image: Mathematical equation: $ 23.09^{+14.48}_{-9.66} $]



	S-Arm
	16 683
	[image: Mathematical equation: $ 6.79^{+1.37}_{-1.53} $]
	[image: Mathematical equation: $ 21.80^{+12.46}_{-8.29} $]



	I-Arm
	27 132
	[image: Mathematical equation: $ 8.06^{+1.37}_{-1.72} $]
	[image: Mathematical equation: $ 24.01^{+13.10}_{-9.61} $]



	Disk
	31 376
	[image: Mathematical equation: $ 6.68^{+1.92}_{-1.97} $]
	[image: Mathematical equation: $ 21.87^{+11.92}_{-8.96} $]





      

      
Notes. Tf values are medians of one unique formation timescale per galaxy and environment, with quantiles that represent the [image: Mathematical equation: $ ^{+(\mathrm{84th{-}50th})}_{-(\mathrm{50th{-}16th})} $] percentile distribution across 66 galaxies. The medians and quantiles were derived from 100 bootstrap resamples that considered the error. Tage(m) medians and IQRs were computed from the cloud-level age distributions. N denotes the number of clouds per environment.



    

  
    
      Fig. 5. 

      
        [image: Fig. 5. Refer to the following caption and surrounding text.]
      

      
        Growth time of the clouds, Tage(m), as a function of galactocentric 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 = [image: Mathematical equation: $ 1.253 \times \sigma/\sqrt{N_{\mathrm{gals}}} $], where σ is the standard deviation, and Ngals 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.

      

    

  
    
      Fig. 6. 

      
        [image: Fig. 6. Refer to the following caption and surrounding text.]
      

      
        Growth time of the clouds, Tage(m), as a function of galactocentric 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.

      

    

  
    
      Fig. 7. 

      
        [image: Fig. 7. Refer to the following caption and surrounding text.]
      

      
        Growth timescale as a function of Tdep (Eq. 15), Tff (Eq. 12), Torb (Eq. 13), and Tshear (Eq. 14). The median trend is plotted across galactic environments for the galaxies in our sample. The shaded region represents the 84th–50th, and 50th–16th percentiles, and the error bar is the standard error on the median. The Spearman correlation coefficient ρ is written in black when the correlation is significant (p < 0.05). Otherwise, it is not significant.

      

    

  
    
      Table A.1. 

      PHANGS-JWST Galaxy Sample

      
        


	Galaxy
	RA [deg]
	Dec [deg]
	γ
	N0
	log M0 [M⊙]
	Tdep [Gyr]
	Tff [Myr]
	Torb [Myr]
	Tshear [Myr]
	Tage(m) [Myr]





	 IC5273
	344.86
	-37.70
	[image: Mathematical equation: $ -1.31^{+0.05}_{-0.07} $]
	[image: Mathematical equation: $ 224.27^{+90.36}_{-76.07} $]
	[image: Mathematical equation: $ 6.52^{+0.05}_{-0.05} $]
	
	[image: Mathematical equation: $ 12.84^{+4.20}_{-3.36} $]
	[image: Mathematical equation: $ 137.43^{+39.66}_{-35.39} $]
	[image: Mathematical equation: $ 76.70^{+6.90}_{-3.12} $]
	[image: Mathematical equation: $ 12.98^{+7.10}_{-4.39} $]



	IC5332
	353.61
	-36.10
	[image: Mathematical equation: $ -1.33^{+0.08}_{-0.12} $]
	[image: Mathematical equation: $ 140.40^{+90.52}_{-56.96} $]
	[image: Mathematical equation: $ 5.58^{+0.04}_{-0.04} $]
	[image: Mathematical equation: $ 1.55^{+4.11}_{-1.02} $]
	[image: Mathematical equation: $ 29.87^{+3.98}_{-5.14} $]
	
	
	[image: Mathematical equation: $ 12.40^{+6.63}_{-4.94} $]



	NGC0628
	24.17
	15.78
	[image: Mathematical equation: $ -1.57^{+0.07}_{-0.07} $]
	[image: Mathematical equation: $ 72.47^{+31.15}_{-23.15} $]
	[image: Mathematical equation: $ 6.34^{+0.08}_{-0.08} $]
	[image: Mathematical equation: $ 2.28^{+4.06}_{-1.36} $]
	[image: Mathematical equation: $ 19.85^{+7.28}_{-5.40} $]
	[image: Mathematical equation: $ 149.02^{+56.51}_{-42.81} $]
	[image: Mathematical equation: $ 59.30^{+16.28}_{-12.93} $]
	[image: Mathematical equation: $ 19.19^{+13.50}_{-7.57} $]



	NGC1087
	41.60
	-0.50
	[image: Mathematical equation: $ -1.49^{+0.03}_{-0.05} $]
	[image: Mathematical equation: $ 167.09^{+29.16}_{-32.92} $]
	[image: Mathematical equation: $ 6.69^{+0.04}_{-0.03} $]
	[image: Mathematical equation: $ 3.85^{+10.27}_{-2.25} $]
	[image: Mathematical equation: $ 11.47^{+7.45}_{-3.70} $]
	[image: Mathematical equation: $ 129.72^{+48.47}_{-48.91} $]
	[image: Mathematical equation: $ 45.22^{+16.03}_{-15.17} $]
	[image: Mathematical equation: $ 26.29^{+10.88}_{-7.57} $]



	NGC1097
	41.58
	-30.28
	[image: Mathematical equation: $ -1.76^{+0.04}_{-0.03} $]
	[image: Mathematical equation: $ 32.94^{+11.04}_{-8.48} $]
	[image: Mathematical equation: $ 6.55^{+0.11}_{-0.10} $]
	
	[image: Mathematical equation: $ 24.60^{+8.54}_{-7.73} $]
	[image: Mathematical equation: $ 122.69^{+49.17}_{-48.07} $]
	[image: Mathematical equation: $ 39.58^{+15.47}_{-15.02} $]
	[image: Mathematical equation: $ 23.96^{+13.89}_{-8.90} $]



	NGC1300
	49.92
	-19.41
	[image: Mathematical equation: $ -1.74^{+0.03}_{-0.05} $]
	[image: Mathematical equation: $ 77.36^{+19.57}_{-22.49} $]
	[image: Mathematical equation: $ 6.43^{+0.07}_{-0.07} $]
	[image: Mathematical equation: $ 4.39^{+11.32}_{-2.96} $]
	[image: Mathematical equation: $ 22.91^{+8.39}_{-7.73} $]
	[image: Mathematical equation: $ 254.17^{+36.41}_{-34.09} $]
	[image: Mathematical equation: $ 108.79^{+7.59}_{-3.68} $]
	[image: Mathematical equation: $ 23.24^{+12.48}_{-9.08} $]



	NGC1365
	53.40
	-36.14
	[image: Mathematical equation: $ -1.83^{+0.03}_{-0.03} $]
	[image: Mathematical equation: $ 53.48^{+15.61}_{-8.58} $]
	[image: Mathematical equation: $ 6.24^{+0.05}_{-0.07} $]
	[image: Mathematical equation: $ 0.70^{+1.07}_{-0.41} $]
	[image: Mathematical equation: $ 30.11^{+11.22}_{-8.86} $]
	[image: Mathematical equation: $ 100.96^{+19.93}_{-19.62} $]
	[image: Mathematical equation: $ 50.91^{+3.20}_{-2.82} $]
	[image: Mathematical equation: $ 26.66^{+16.30}_{-10.92} $]



	NGC1385
	54.37
	-24.50
	[image: Mathematical equation: $ -1.60^{+0.05}_{-0.04} $]
	[image: Mathematical equation: $ 72.42^{+29.84}_{-20.24} $]
	[image: Mathematical equation: $ 6.78^{+0.13}_{-0.08} $]
	[image: Mathematical equation: $ 2.88^{+3.92}_{-1.66} $]
	[image: Mathematical equation: $ 12.07^{+7.04}_{-3.87} $]
	[image: Mathematical equation: $ 154.86^{+74.97}_{-55.38} $]
	[image: Mathematical equation: $ 45.76^{+19.01}_{-10.04} $]
	[image: Mathematical equation: $ 28.89^{+11.61}_{-7.87} $]



	NGC1433
	55.51
	-47.22
	[image: Mathematical equation: $ -1.67^{+0.03}_{-0.04} $]
	[image: Mathematical equation: $ 154.19^{+23.85}_{-23.59} $]
	[image: Mathematical equation: $ 6.04^{+0.05}_{-0.05} $]
	[image: Mathematical equation: $ 3.38^{+8.13}_{-2.19} $]
	[image: Mathematical equation: $ 27.51^{+5.72}_{-7.82} $]
	[image: Mathematical equation: $ 231.78^{+36.48}_{-51.69} $]
	[image: Mathematical equation: $ 77.55^{+6.30}_{-5.68} $]
	[image: Mathematical equation: $ 24.84^{+14.98}_{-10.67} $]



	NGC1511
	59.91
	-67.64
	[image: Mathematical equation: $ -1.75^{+0.08}_{-0.04} $]
	[image: Mathematical equation: $ 3.35^{+4.56}_{-0.98} $]
	[image: Mathematical equation: $ 7.39^{+0.15}_{-0.24} $]
	
	[image: Mathematical equation: $ 13.87^{+7.42}_{-4.51} $]
	[image: Mathematical equation: $ 125.27^{+19.48}_{-12.08} $]
	[image: Mathematical equation: $ 173.58^{+163.37}_{-59.81} $]
	[image: Mathematical equation: $ 32.37^{+10.68}_{-9.22} $]



	NGC1512
	60.98
	-43.35
	[image: Mathematical equation: $ -1.75^{+0.07}_{-0.05} $]
	[image: Mathematical equation: $ 64.51^{+39.39}_{-11.44} $]
	[image: Mathematical equation: $ 6.14^{+0.06}_{-0.09} $]
	[image: Mathematical equation: $ 2.72^{+6.07}_{-1.58} $]
	[image: Mathematical equation: $ 27.89^{+5.83}_{-7.83} $]
	[image: Mathematical equation: $ 225.69^{+32.10}_{-39.63} $]
	[image: Mathematical equation: $ 72.45^{+10.05}_{-12.35} $]
	[image: Mathematical equation: $ 21.56^{+11.60}_{-9.30} $]



	NGC1546
	63.65
	-56.06
	[image: Mathematical equation: $ -1.51^{+0.06}_{-0.08} $]
	[image: Mathematical equation: $ 41.41^{+17.57}_{-12.91} $]
	[image: Mathematical equation: $ 6.26^{+0.07}_{-0.09} $]
	
	[image: Mathematical equation: $ 22.20^{+9.51}_{-7.95} $]
	[image: Mathematical equation: $ 99.80^{+50.90}_{-41.42} $]
	[image: Mathematical equation: $ 26.41^{+1.82}_{-0.53} $]
	[image: Mathematical equation: $ 17.90^{+9.31}_{-6.93} $]



	NGC1559
	64.40
	-62.78
	[image: Mathematical equation: $ -1.56^{+0.05}_{-0.05} $]
	[image: Mathematical equation: $ 153.92^{+48.85}_{-40.99} $]
	[image: Mathematical equation: $ 6.73^{+0.06}_{-0.06} $]
	
	[image: Mathematical equation: $ 11.82^{+6.44}_{-3.42} $]
	[image: Mathematical equation: $ 196.75^{+52.00}_{-45.54} $]
	[image: Mathematical equation: $ 128.37^{+5.07}_{-13.13} $]
	[image: Mathematical equation: $ 26.66^{+10.81}_{-7.29} $]



	NGC1566
	65.00
	-54.94
	[image: Mathematical equation: $ -1.66^{+0.02}_{-0.03} $]
	[image: Mathematical equation: $ 158.58^{+22.39}_{-21.71} $]
	[image: Mathematical equation: $ 6.56^{+0.04}_{-0.03} $]
	[image: Mathematical equation: $ 3.37^{+7.35}_{-2.12} $]
	[image: Mathematical equation: $ 18.85^{+7.46}_{-6.24} $]
	[image: Mathematical equation: $ 161.44^{+76.99}_{-71.22} $]
	[image: Mathematical equation: $ 44.42^{+22.72}_{-17.39} $]
	[image: Mathematical equation: $ 25.09^{+14.18}_{-9.32} $]



	NGC1637
	70.37
	-2.86
	[image: Mathematical equation: $ -1.36^{+0.03}_{-0.05} $]
	[image: Mathematical equation: $ 193.75^{+47.71}_{-47.67} $]
	[image: Mathematical equation: $ 6.24^{+0.06}_{-0.03} $]
	
	[image: Mathematical equation: $ 18.37^{+6.16}_{-4.72} $]
	
	
	[image: Mathematical equation: $ 14.82^{+8.40}_{-5.91} $]



	NGC1672
	71.43
	-59.25
	[image: Mathematical equation: $ -1.63^{+0.02}_{-0.03} $]
	[image: Mathematical equation: $ 166.92^{+21.44}_{-19.79} $]
	[image: Mathematical equation: $ 6.60^{+0.03}_{-0.03} $]
	[image: Mathematical equation: $ 3.96^{+7.91}_{-2.39} $]
	[image: Mathematical equation: $ 15.67^{+5.52}_{-4.54} $]
	[image: Mathematical equation: $ 251.00^{+85.82}_{-93.50} $]
	[image: Mathematical equation: $ 83.25^{+26.77}_{-28.28} $]
	[image: Mathematical equation: $ 26.28^{+12.75}_{-8.56} $]



	NGC1792
	76.31
	-37.98
	[image: Mathematical equation: $ -1.53^{+0.03}_{-0.02} $]
	[image: Mathematical equation: $ 156.15^{+29.76}_{-19.39} $]
	[image: Mathematical equation: $ 6.79^{+0.05}_{-0.04} $]
	
	[image: Mathematical equation: $ 12.79^{+6.95}_{-4.09} $]
	[image: Mathematical equation: $ 190.82^{+70.61}_{-55.78} $]
	[image: Mathematical equation: $ 75.17^{+19.89}_{-15.09} $]
	[image: Mathematical equation: $ 23.53^{+9.64}_{-6.93} $]



	NGC1809
	75.52
	-69.57
	[image: Mathematical equation: $ -1.44^{+0.04}_{-0.04} $]
	[image: Mathematical equation: $ 98.21^{+24.01}_{-20.26} $]
	[image: Mathematical equation: $ 6.30^{+0.05}_{-0.05} $]
	
	[image: Mathematical equation: $ 17.57^{+9.33}_{-5.20} $]
	[image: Mathematical equation: $ 141.72^{+37.06}_{-37.36} $]
	[image: Mathematical equation: $ 67.45^{+2.04}_{-1.29} $]
	[image: Mathematical equation: $ 17.17^{+9.95}_{-5.74} $]



	NGC2090
	86.76
	-34.25
	[image: Mathematical equation: $ -1.59^{+0.11}_{-0.07} $]
	[image: Mathematical equation: $ 39.22^{+21.93}_{-9.87} $]
	[image: Mathematical equation: $ 5.97^{+0.02}_{-0.03} $]
	
	[image: Mathematical equation: $ 23.44^{+7.91}_{-5.96} $]
	[image: Mathematical equation: $ 64.75^{+31.28}_{-22.83} $]
	[image: Mathematical equation: $ 26.72^{+5.97}_{-1.31} $]
	[image: Mathematical equation: $ 12.49^{+9.47}_{-5.49} $]



	NGC2283
	101.47
	-18.21
	[image: Mathematical equation: $ -1.43^{+0.02}_{-0.06} $]
	[image: Mathematical equation: $ 164.18^{+27.09}_{-44.01} $]
	[image: Mathematical equation: $ 6.46^{+0.05}_{-0.05} $]
	
	[image: Mathematical equation: $ 15.66^{+7.33}_{-5.42} $]
	[image: Mathematical equation: $ 151.89^{+64.71}_{-61.12} $]
	[image: Mathematical equation: $ 51.78^{+19.50}_{-12.92} $]
	[image: Mathematical equation: $ 19.14^{+9.08}_{-7.65} $]



	NGC2566
	124.69
	-25.50
	[image: Mathematical equation: $ -1.70^{+0.03}_{-0.03} $]
	[image: Mathematical equation: $ 90.57^{+26.17}_{-20.49} $]
	[image: Mathematical equation: $ 6.44^{+0.08}_{-0.07} $]
	
	[image: Mathematical equation: $ 23.02^{+9.61}_{-8.22} $]
	[image: Mathematical equation: $ 165.13^{+37.92}_{-59.76} $]
	[image: Mathematical equation: $ 50.86^{+12.37}_{-17.51} $]
	[image: Mathematical equation: $ 23.85^{+11.67}_{-8.92} $]



	NGC2775
	137.58
	7.04
	[image: Mathematical equation: $ -1.39^{+0.05}_{-0.05} $]
	[image: Mathematical equation: $ 640.21^{+148.45}_{-117.49} $]
	[image: Mathematical equation: $ 5.71^{+0.01}_{-0.02} $]
	
	[image: Mathematical equation: $ 29.65^{+5.28}_{-5.90} $]
	[image: Mathematical equation: $ 97.65^{+16.31}_{-12.34} $]
	[image: Mathematical equation: $ 49.80^{+2.01}_{-1.57} $]
	[image: Mathematical equation: $ 13.89^{+8.34}_{-5.88} $]



	NGC2835
	139.47
	-22.35
	[image: Mathematical equation: $ -1.54^{+0.04}_{-0.07} $]
	[image: Mathematical equation: $ 82.23^{+14.77}_{-26.11} $]
	[image: Mathematical equation: $ 6.35^{+0.06}_{-0.03} $]
	[image: Mathematical equation: $ 2.36^{+2.81}_{-1.38} $]
	[image: Mathematical equation: $ 20.10^{+7.11}_{-5.76} $]
	[image: Mathematical equation: $ 119.69^{+29.47}_{-39.14} $]
	[image: Mathematical equation: $ 44.80^{+9.32}_{-8.71} $]
	[image: Mathematical equation: $ 20.72^{+12.85}_{-7.84} $]



	NGC2903
	143.04
	21.50
	[image: Mathematical equation: $ -1.39^{+0.03}_{-0.05} $]
	[image: Mathematical equation: $ 279.53^{+61.80}_{-87.03} $]
	[image: Mathematical equation: $ 6.31^{+0.05}_{-0.06} $]
	
	[image: Mathematical equation: $ 18.88^{+8.84}_{-5.73} $]
	[image: Mathematical equation: $ 133.45^{+27.81}_{-33.79} $]
	[image: Mathematical equation: $ 85.45^{+2.51}_{-7.90} $]
	[image: Mathematical equation: $ 15.29^{+8.02}_{-5.78} $]



	NGC2997
	146.41
	-31.19
	[image: Mathematical equation: $ -1.54^{+0.02}_{-0.03} $]
	[image: Mathematical equation: $ 328.38^{+44.85}_{-54.21} $]
	[image: Mathematical equation: $ 6.55^{+0.04}_{-0.03} $]
	
	[image: Mathematical equation: $ 17.23^{+7.32}_{-5.78} $]
	[image: Mathematical equation: $ 201.25^{+61.56}_{-79.05} $]
	[image: Mathematical equation: $ 65.20^{+19.19}_{-24.44} $]
	[image: Mathematical equation: $ 23.92^{+11.76}_{-7.73} $]



	NGC3059
	147.53
	-73.92
	[image: Mathematical equation: $ -1.55^{+0.03}_{-0.03} $]
	[image: Mathematical equation: $ 222.25^{+36.66}_{-34.42} $]
	[image: Mathematical equation: $ 6.56^{+0.03}_{-0.03} $]
	
	[image: Mathematical equation: $ 15.32^{+7.35}_{-4.61} $]
	[image: Mathematical equation: $ 220.37^{+60.64}_{-71.05} $]
	[image: Mathematical equation: $ 81.53^{+16.90}_{-12.36} $]
	[image: Mathematical equation: $ 23.98^{+12.04}_{-8.32} $]



	NGC3137
	152.28
	-29.06
	[image: Mathematical equation: $ -1.27^{+0.05}_{-0.09} $]
	[image: Mathematical equation: $ 218.14^{+92.77}_{-86.56} $]
	[image: Mathematical equation: $ 5.88^{+0.05}_{-0.02} $]
	
	[image: Mathematical equation: $ 26.18^{+11.83}_{-7.25} $]
	[image: Mathematical equation: $ 150.92^{+90.96}_{-47.13} $]
	[image: Mathematical equation: $ 82.49^{+1.99}_{-7.19} $]
	[image: Mathematical equation: $ 11.71^{+5.57}_{-4.62} $]



	NGC3239
	156.27
	17.16
	[image: Mathematical equation: $ -1.32^{+0.13}_{-0.09} $]
	[image: Mathematical equation: $ 38.11^{+52.89}_{-19.98} $]
	[image: Mathematical equation: $ 6.07^{+0.16}_{-0.12} $]
	
	[image: Mathematical equation: $ 22.96^{+9.17}_{-7.36} $]
	
	
	[image: Mathematical equation: $ 17.48^{+8.10}_{-7.42} $]



	NGC3351
	160.99
	11.70
	[image: Mathematical equation: $ -1.49^{+0.09}_{-0.08} $]
	[image: Mathematical equation: $ 127.19^{+67.17}_{-47.31} $]
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Notes. Global properties of the galaxies: Right Ascension (RA), Declination (Dec). Truncated power law fit parameters:γ, N0, and M0. Cloud timescales: Median cloud Tdep, Tff, Torb, Tshear, and Tage(m). The 84th - 50th and 50th - 16th percentiles are shown in superscript and subscript, respectively. Square brackets refer to upper limit estimates.



    

  
    
      Fig. B.1. 

      
        [image: Fig. B.1. Refer to the following caption and surrounding text.]
      

      
        Left: The variation of the Tf (solid line) and γ (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.

      

    

  
    
      Fig. C.1. 

      
        [image: Fig. C.1. Refer to the following caption and surrounding text.]
      

      
        Left: Individual GMC Mmol as a function of Tage(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 × 106 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.

      

    

  
    
      Table D.1. 

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

      
        


	Env.
	γSL24
	γcst
	Δγ [%]
	Tf,  SL24 [Myr]
	Tf,  cst [Myr]
	ΔTf [%]





	 Global
	[image: Mathematical equation: $ -1.51^{+0.13}_{-0.18} $]
	[image: Mathematical equation: $ -1.59^{+0.15}_{-0.30} $]
	[image: Mathematical equation: $ -3.0^{+9.2}_{-10.9} $]
	[image: Mathematical equation: $ 7.34^{+2.23}_{-2.11} $]
	[image: Mathematical equation: $ 7.78^{+3.43}_{-2.14} $]
	[image: Mathematical equation: $ -8.8^{+27.8}_{-26.4} $]



	Center
	[image: Mathematical equation: $ -1.34^{+0.05}_{-0.12} $]
	[image: Mathematical equation: $ -1.40^{+0.12}_{-0.11} $]
	[image: Mathematical equation: $ -1.4^{+4.8}_{-11.7} $]
	[image: Mathematical equation: $ 5.09^{+1.91}_{-1.79} $]
	[image: Mathematical equation: $ 6.18^{+1.86}_{-2.15} $]
	[image: Mathematical equation: $ -5.2^{+16.4}_{-32.0} $]



	Bar
	[image: Mathematical equation: $ -1.61^{+0.21}_{-0.14} $]
	[image: Mathematical equation: $ -1.60^{+0.23}_{-0.13} $]
	[image: Mathematical equation: $ -0.7^{+7.5}_{-10.4} $]
	[image: Mathematical equation: $ 8.44^{+2.59}_{-2.94} $]
	[image: Mathematical equation: $ 8.59^{+2.82}_{-2.53} $]
	[image: Mathematical equation: $ -1.8^{+18.8}_{-27.2} $]



	S-Arm
	[image: Mathematical equation: $ -1.48^{+0.09}_{-0.10} $]
	[image: Mathematical equation: $ -1.50^{+0.11}_{-0.15} $]
	[image: Mathematical equation: $ -2.5^{+4.8}_{-6.3} $]
	[image: Mathematical equation: $ 6.79^{+1.37}_{-1.53} $]
	[image: Mathematical equation: $ 7.74^{+2.19}_{-2.55} $]
	[image: Mathematical equation: $ -7.7^{+15.4}_{-15.9} $]



	I-Arm
	[image: Mathematical equation: $ -1.59^{+0.13}_{-0.07} $]
	[image: Mathematical equation: $ -1.63^{+0.08}_{-0.11} $]
	[image: Mathematical equation: $ -1.6^{+11.3}_{-7.7} $]
	[image: Mathematical equation: $ 8.06^{+1.37}_{-1.72} $]
	[image: Mathematical equation: $ 8.08^{+2.48}_{-1.80} $]
	[image: Mathematical equation: $ -3.8^{+35.2}_{-19.6} $]



	Disk
	[image: Mathematical equation: $ -1.49^{+0.13}_{-0.10} $]
	[image: Mathematical equation: $ -1.52^{+0.15}_{-0.13} $]
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Notes. Tf and γ values are medians of one unique formation timescale per galaxy and environment, with uncertainties derived from 100 bootstrap resamples.



    

  
    
      Fig. E.1. 

      
        [image: Fig. E.1. Refer to the following caption and surrounding text.]
      

      
        Tf as a function of Td for different γ indexes. The vertical dashed black line is the adopted value of Td = 14 Myr in our analysis. We vary γ from −1.2 to −2.0, which are the typical values across the galaxies, and note that Tf varies according to Tf = −(γ + 1)×Td. Thus, higher values of Td lead to more variation between Tf across the galaxies as depicted by the blue shaded regions.
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