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Abstract
We present a detailed multiwavelength study of the star formation (SF) in the spiral galaxy NGC 628, from observations of the Hα emission line, ultraviolet (UV), infrared (IR), and spectroscopic
data in the optical range. We have studied and characterised the emission and SF in different bands and have developed a method to precisely measure the equivalent widths (EWs)
of a catalogue of Hii regions and analyse their distribution across the galaxy disc. Photometric properties of the Hii regions are also compared with their spectroscopic properties, studying the
electronic density and the filling factor in a subsample of some tens of Hii regions and find that the mean density or rms follows a clear tendency with respect to the radius of the
region, being smaller for the larger regions.

Objectives

Data

I Design a method in order to measure
accurately the EW of Hii regions.
I Use our photometric measurements together
with published spectroscopic data on Hii
regions to explore dependences of physical
Hii region properties among them and with
location across the disc.
I Multi-frequency study characterizing the
star formation.

NGC 628
The NGC 628 galaxy (M 74) is a SA(s)c spiral,
located at 7.2 Mpc and seen almost face-on (inclination = 5◦). It is a well suited object to study
the interplay between Hii regions and the more
diffuse interstellar medium.
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Compact and diffuse Hα emissions
Figure 1: Compact emission from Hii regions in the Hα image.

Results
I We measured the total SF rates (SFR)
within 16 kpc for NGC 628 from various
tracers and obtained:
SFR(Hα) [M yr−1] = 0.89 ± 0.08
SFR(FUV) [M yr−1] = 0.95 ± 0.05
SFR(24) [M yr−1] = 0.76 ± 0.21
SFR(mix) [M yr−1] = 0.89 ± 0.15
These results show that NGC 628 formed
stars at an almost constant rate during
the last 100 Myr.
I We developed a reliable method to precisely
measure the EWs of catalogued Hii regions,
which takes into account the contribution of
the underlying stellar population (∼83 % of
the continuum emission). We find a mean
value of log EW = (2.97 ± 0.37) (EW in
Å).
I There is a correlation between the
photometric and spectroscopic EWs,
although the photometric EWs are higher,
possibly due to stellar continuum
contamination in the spectroscopic data.
I We calculated the mean electronic density
or rms, < ne >, for the Hii regions of our
catalogue which show a clear tendency of
minor electronic densities for larger
regions. A linear fit lead to a slope of
-0.52 ± 0.09, in good agreement with
similar studies for other galaxies (Hunt &
Hirashita 2009, A&A, 507, 1327 and
Gutiérrez & Beckman 2010, ApJ, 710, L44).
I For the 62 Hii regions also observed by
CHAOS (Berg et al. 2015, ApJ, 806, 16),
we calculated the filling factor and, although
with a large scatter, find an
anti-correlation between the filling
factor and the size of the Hii regions.
This agrees with the result found by Cedrés
et al. 2013 (ApJ, 765, 24) for 58 Hii
regions in NGC 6946.

Figure 2: Diffuse emission in the Hα image.

We divided the Hα emission of the galaxy into two components, compact (see Fig. 1) and diffuse (Fig. 2). We find that most of the Hα
emission (63%) comes from the Hii regions although they only represent 29% of the area of the galaxy. Similarly, the majority (68%)
of the hot dust emission at 24 µm comes from the Hii regions, while the UV emission is almost equally split between the compact and diffuse
emission components.

Star Formation Rates
Figure 3: Schematic map of the Hii regions.

Figure 4: SFR surface density in units of 10−5 M yr−1.

Conclusion
The Hα emission from the galaxy NGC 628 has
an important contribution from the diffuse component (∼37% of the total Hα). Its total Hα
emission, together with estimates from different
photometric bands show that it has been forming stars at an almost constant pace of around
0.9 M yr−1 during the last 100 Myr. A catalogue of 593 Hii regions shows that both the mean
electronic density and the filling factor display an
anti-correlation with respect to the size of the
Hii regions.
The Laws of Star Formation:

We use SExtractor (Bertin & Arnouts 1996) to extract 593 Hii regions from the Hα image.
I In Fig. 3, we show a representation of the extracted Hii regions where the size of the circles is proportional to the size of the region
and the color to the logarithm of its SFR. This shows that the regions with higher SFR are located along the spiral arms, in
the inner part of the galaxy.
I In Fig. 4, we show the SFR surface density derived from the Hα line intensity, after correcting for dust attenuation. We obtain values
comparable to Sánchez et al. 2011 (MNRAS, 410, 313) who studied the same galaxy, taking into account the different pixel sizes.
The SFR surface density spans two orders of magnitude, where the highest values are coincident with the Hii regions with high
SFR in the inner part of the galaxy and the smallest values are tracing the outer parts of the Hii regions within the whole disc, along
with smaller Hii regions in the outer part of the galaxy.
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