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Figure 1. Top-down view of original galaxy model by Pettitt et al. (2020a) (far left). Regions are taken from the bar, inner spiral arm, outer arm, and inter-arm
- these are the zoom-ins which are re-simulated with main sequence feedback in this paper. The galaxy shows the location of initial conditions (the first region
enhancement; see section 2.1). Figures show column density with sinks in yellow. Snapshots are shown at 2.0 Myr (bar), 4.1 Myr (inner arm), 3.5 Myr (outer
arm), and 4.0 Myr (inter-arm) after the onset of feedback and have been rotated for this figure.

Table 1. Initial conditions of zoom-in regions, including galactocentric distance 'gal, total gas mass ", number of particles #part, mean mass per particle <part,
mean density hdi in units of the hydrogen mass <H, and size along each axis.

region 'gal (kpc) " (106 M�) #part <part (M�) hdi/<H (cm�3) - ⇥. ⇥ / (pc)
bar 0.76 1.8 4,134,592 0.44 476 122 ⇥ 117 ⇥ 149
inner arm 2.1 1.6 3,744,488 0.43 140 331 ⇥ 235 ⇥ 291
outer arm 8.4 1.6 3,923,532 0.41 96.8 248 ⇥ 271 ⇥ 327
inter-arm 9.2 2.1 4,861,061 0.43 47.6 468 ⇥ 310 ⇥ 348

in the list to the sink with the greatest non-stellar mass, provided it is
massive enough to accept the star. The fraction of the sink mass that
is available for star formation is 50 per cent – the rest is assumed to
be a gas reservoir. Stars are in bins according to spectral type with
representative masses and ionizing fluxes listed in table 2 of Bending
et al. (2020).

2.3 Stellar feedback

We use a ray-tracing method for calculating photoionization equi-
librium along lines of sight (LOS) between gas particles and sinks.
This is a similar method to Dale et al. (2007). A full description
is available in Bending et al. (2020). For each gas particle, we cal-
culate the ionizing flux it receives from all ionizing sources, tak-
ing into account the reduction along the LOS. All particles with a
smoothing length which overlaps with the LOS are included, with
quantities interpolated at the position on the LOS (rather than the
particle position, as Dale et al. do). The photoionization rate is bal-
anced with the recombination rate at the gas particle density. We use
the on-the-spot approximation with case B recombination coe�cient
UB = 2.7 ⇥ 10�13 cm3 s�1 and ionization temperature of 104 K. If
a gas particle receives ionizing radiation from multiple sources, the
column density contributions from all lines of sight are divided by
the number of sources contributing the flux. This is described in
Herrington et al. (submitted).

To reduce the computational time, we set the maximum LOS
distance to 100 pc. We also group ionizing sinks into nodes if they
are close together, which reduces the number of ionizing ‘sources’
that a gas particle needs to loop over. For the most ionizing sink, we
find the minimum radius at which the average ionization fraction of
enclosed gas drops below 90 per cent. Any other sink that sits within
half this radius is grouped with that sink. We repeat with the next
most ionizing sink that has not already been grouped, until all sinks
have been grouped or tested. The summed flux of each sink group

propagates from its centre of flux. We find that this reduces the total
number of ionizing sources in the latter stages of our simulations by a
factor of between 2 and 3. Testing with and without this optimisation
shows only a small e�ect on the total amount of ionized gas (<1 per
cent) and a negligible e�ect on H �� region morphology.

We also include supernovae (SNe) using the method by Dobbs et al.
(2011), which was updated for cluster-sink particles by Bending et al.
(2022). When a star above 18 M� becomes old enough to explode
as a SN, we insert energy around the host sink inside a radius which
encompasses its 80 nearest particles. This radius is used to calculate
the age, temperature, and velocity of a SN bubble in the snowplough
phase, assuming each SN contributes 1051 erg. This solution provides
the energy to be inserted inside the radius as a combination of thermal
and kinetic energy.

We do not include stellar winds in this paper, as their impact on
the gas is negligible compared with photoionization (Ali et al. 2022).
Their impact on cluster properties may be marginally more important
compared with gas properties, so this is planned for future models.

3 RESULTS

Fig. 2 shows, for each region, the time evolution of column density.
Four snapshots are presented between 0.5 Myr after the onset of feed-
back and the end of the simulation run time. The e�ect of rotation
around the galactic centre can be seen most clearly for the bar region,
where the gas structure starts almost vertical and rotates almost 90
degrees over the next 3.2 Myr. The inner arm also shows some ro-
tation, but this is marginal compared to the bar. The outer arm and
inter-arm regions do not show rotation over the time scales modelled
here. The bar has a burst of star formation in the first Myr and is dom-
inated by a large, dense cluster which forms from the densest gas.
Star formation in the two arm models occurs along the length of the
central arm structure, with clusters forming in a chain-like pattern.
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