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NGC 7793

• d = 3.4 Mpc


• MUSE: λ = 4600 - 9350 Å, seeing ~ 0.7’’ (10 pc)
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Data reduction
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Data reduction

• Stellar continuum subtraction with pPXF [Cappellari and 
Emsellem 2004]:

• eMILES  SSPs (Z = -2.32 — 0.22, age = 60 Myr — 18 Gyr).
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• Emission lines fitting:

• gaussian templates

• tessellation to weakest line of interest.
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Data reduction

• Stellar continuum subtraction with pPXF [Cappellari and 
Emsellem 2004]:

• eMILES  SSPs (Z = -2.32 — 0.22, age = 60 Myr — 18 Gyr).

• Emission lines fitting:

• gaussian templates

• tessellation to weakest line of interest.

• Reddening correction with Pyneb [Luridiana et al. 2014].
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Halpha line- and velocity map
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HII regions selection

• ASTRODENDRO—> tree 
representing the hierarchy of 
structures in the data

 7
http:// dendrograms.org

leaves

branch



!8

104 leaves



!9

67 leaves



HII regions selection
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Properties of the HII regions: 
ionisation parameter mapping
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Properties of the HII regions: 
ionisation parameter mapping
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L(Hα) = 2.3 x 1038 erg/s
— SII/OIII = 0.5
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L(Hα) = 1.0 x 1038 erg/s
— SII/OIII = 0.5
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L(Hα) = 2.2 x 1038 erg/s
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L(Hα) = 2.2 x 1038 erg/s

— SII/OIII = 0.5
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L(Hα) = 2.2 x 1038 erg/s

— SII/OIII = 0.5
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DIG fraction

• fDIG = F(Hα)HII / F(Hα)outside


• fDIG ~ 0.61 (Hα/SII-selected HII regions) 
fDIG ~ 0.53 (Hα-selected HII regions)


• Distribution of DIG spaxels:
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Conclusion and future work

• We select a sample of HII regions and investigate their ionisation structure 
using IPM, finding evidence for LyC leaking in at least 2 of the regions


• Next:


• qualitative estimate of the total fesc


• More quantitatively: YSCs as source of DIG ionization?

!18

16 Pellegrini et al.

FIG. 19.— The large-scale radial profiles of [S II]/[O III] and N(HI), av-
eraged in annuli centered on R136a in 30 Dor (top) and NGC 346 in N66
(bottom). Nearby H II regions falling within the annuli were masked.

FIG. 20.— The complex region east of R136a seen in [SII]/[OIII]. R136a
is marked in the upper right corner of the image. Marked by arrows are
ionized filaments which exhibit ionization stratification over nearly 500 pc in
length. The orientation of the stratification is evidence of a centrally located
illuminating source at a location consistent with 30 Doradus.

et al. (1995).
Figure 19 shows that the peak N(HI) associated with op-

tically thin objects can occur at radial distances that are well
within the radial limits of the photoionized region. This sug-
gests that the neutral and molecular ISM is highly inhomo-
geneous and clumpy, with large holes or clear areas that al-
low the escape of ionizing radiation. This situation is similar
to the ionization cone detected in NGC 5253 (Zastrow et al.

2011b). In particular, the radial bins used to produce Fig-
ure 19 mask important features in the [SII]/[OIII] and N(HI)
distributions around 30 Doradus. These include narrow, radial
projections containing continuous regions of highly ionized
gas extending 1 kpc in various directions from 30 Doradus.
There is no evidence for additional ionizing sources that can
explain the extended ionization, so we argue that the varia-
tion in path length is due to variations in ISM density. East
of the ionizing source, R136a, we see a complex of edge-
on filaments (Figure 20), associated with the giant HI shell
LMC 2 (Meaburn 1980). These filaments form a continuous
arc over 500 pc in length, at a distance ranging from 0.6 and
0.8 kpc from R136a, with strong [OIII] facing the ionizing
cluster, and strong [SII] facing away from it, as shown by the
arrows in the Figure. This ionic stratification confirms that the
ionizing photons striking these filaments or sheets originate
from R136a. Similar filaments are detected west of N66 (Fig-
ure 14(b)), opposite the bulk of the SMC. Unfortunately, our
data do not extend far enough to look for filaments beyond
DEM S167 in the direction away from the SMC. However,
we see that both the location and luminosity of these giant
HII regions strongly influence the likelihood of LyC radiation
escaping from the host galaxies.

5.3. Integrated HII region escape fractions
To understand the Lyman-continuum radiation transfer

within galaxies, it is of central interest to evaluate the
luminosity-weighted, mean LyC escape fraction hfesci of all
the nebulae within each galaxy. We first calculate the total
HII region “escape luminosity” Lesc in terms of individual,
observed HII region luminosities using

Lesc =
X

i

✓
Li ⇥

fesc,i
1� fesc,i

◆
(4)

where i represents the ith object in the given galaxy. Note that
L is the observed luminosity, as before, which is related to the
total ionizing luminosity Ltot by L = Ltot

�
1 � fesc

�
. We

again adopt fesc = 0.6 for optically thin nebulae and 0.3 for
blister regions. Optically thick nebulae contribute no escaping
radiation, but add to the total observed H↵ luminosity. The
total escape luminosities for the individual object classes are
listed in Table 4. The total Lesc from all HII regions in the
galaxies are log Lesc= 40.1 in the LMC, and log Lesc= 39.2
in the SMC.

Next, we calculate the luminosity-weighted HII region es-
cape fraction in each galaxy according to,

hfesci =

P
i Lesc,iP

i(Lesc,i + Li)
. (5)

We find the lower limit on hfesci in the LMC and SMC to be
0.42�0.51 and 0.40, respectively. The lower LMC value cor-
responds to a scenario where indeterminate, class 0 objects
are optically thick, while the upper limit assumes they are op-
tically thin. In the LMC these objects account for < 14% of
the total HII region luminosity, while they do not make any
significant contribution in the SMC. We have not included the
uncertainty due to photometry, which is 20% for individual
objects, and introduces an error of 22% to our fesc calcula-
tions. Therefore, our final lower limits on hfesci in the LMC
and SMC are 0.42±0.09 and 0.40±0.09 respectively.

Because we are using only two line ratios to constrain fesc,
we again note that these estimates for hfesci are lower limits,
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FIG. 21.— The cumulative fractional Lesc as a function of log L for the
LMC (solid line) and SMC (dashed line).

although as discussed above, they are not strong lower limits.
We can compare our results to the estimated hfesci for the
Magellanic Clouds by Kennicutt et al. (1995), who adopted
the DIG luminosity for Lesc. They found hfesci = 0.35 and
0.41 in the LMC and SMC, respectively, which agree well
with our estimates. Table 4 gives the total L, Lesc, and hfesci
for the HII region populations listed in column 1, with LMC
and SMC values shown on the left and right side of the Table,
respectively.

The similarities in hfesci between the two galaxies are
not due to HI distributions, which, as we saw above, differ
strongly. Instead, they apparently result from the brightest
optically thin nebulae. In the LMC, 30 Dor contributes nearly
60% of the total LMC escape luminosity. There is a simi-
lar situation in the SMC, where N66, ionized by the cluster
NGC 346, contributes an estimated 50% of the total escape
luminosity in that galaxy. Looking at Figure 21, the cumula-
tive fractional Lesc as a function of observed L, we find that in
the SMC, only 30% of the escaping ionizing radiation comes
from objects with log L < 38.0. In the LMC, the contribu-
tion is near 10% for the same range of L. Thus the dominant
contribution to the escape luminosity is from objects more lu-
minous than log L > 38.0. Therefore, it is not surprising that
the derived luminosity-weighted hfesci is similar between the
two galaxies, when both 1) the total escaping luminosity is
dominated by the bright objects and 2) a single fesc is as-
sumed to describe all optically thin nebulae.

5.4. Ionizing the WIM
Now, we confront an important question: Can ionizing ra-

diation escaping from optically thin star-forming regions ex-
plain the luminosity of the WIM? Previous studies estimated
that ⇠40% of the WIM (or DIG) ionization is due to iso-
lated field stars, and optically thin HII regions powered by
clusters contribute the remaining 60% (e.g. Oey et al. 2004;
Hoopes & Walterbos 2000; Oey & Kennicutt 1997; Miller &
Cox 1993). From Table 4, we find that hfesci and Lesc from
the HII regions alone is enough to balance the observed LMC
DIG recombination rate observed by Kennicutt et al. (1995),
and that HII regions account for 84% of the DIG luminosity
in the SMC. Including photometric errors, the DIG of both
galaxies can be powered by optically thin radiation from HII
regions alone. This is not at odds with the previous results
when we consider that not all field stars are sitting naked in
the DIG. Many are ionizing discrete nebulae, so that simply

adding the ionizing luminosities of all field stars to Lesc will
overestimate its value.

We have a unique opportunity to examine this quantitatively
in the SMC: the RIOTS4 survey of Oey & Lamb (2011) is the
only complete survey to target field massive stars in an ex-
ternal galaxy, and it includes 115 spectroscopically confirmed
field O stars from the Oey et al. (2004) sample of field OB
stars. Of these SMC field O stars, 60 show no associated neb-
ular emission. Using Q(H0) from Martins et al. (2005) to con-
vert the stellar spectral types from Oey & Lamb (2011), the
total ionizing flux from these is equivalent to 12% of the DIG
ionization rate. There are an additional 27 stars whose loca-
tion inside nebulae is ambiguous. If we assume their ionizing
luminosity also streams into the DIG, field O stars produce
a total ionization rate equivalent to 23% of the DIG. If we
further assume no ionizing radiation escapes the galaxy, then
the DIG emission measured by Kennicutt et al. (1995) reflects
the combined ionizing radiation from field stars and from op-
tically thin HII regions, with 77–88% of the ionizing radiation
originating from HII regions. Using equation 4, an SMC ag-
gregate hfesci ⇠ 0.38�0.41, instead of 0.40 (Table 4), would
result in HII regions producing 77–88% of the DIG luminos-
ity in Table 4, which is within our fesc uncertainty caused by
photometry.

5.5. Galactic escape fractions from the Magellanic Clouds
With ample evidence of the great distances that ionizing

radiation travels from massive star forming regions, we can
make an initial quantitative estimate of fesc,gal, the galactic
escape fraction, by comparing the aggregate escape luminosi-
ties from equation 4 to the DIG luminosity LDIG, where

fesc,gal = (Lesc � LDIG)/Ltot . (6)

The quantities needed to calculate fesc,gal are listed in Ta-
ble 4, where Ltot is the sum of observed L and Lesc, as before.
We see that in the SMC, fesc,gal= 0. However, as discussed
above, this neglects the contribution from a known population
of massive field stars. As calculated in §5.4, the ionizing ra-
diation from truly isolated stars in the SMC is 12% – 23% of
the DIG luminosity since about half of these field stars reside
in HII regions. In the SMC, this yields a lower limit to fesc,gal
of 4% – 9%. For the LMC, Table 4 shows that the ionizing
luminosity escaping HII regions is also about the same as the
value needed to explain the LMC DIG, without accounting
for an unknown population of field O-stars. It is reasonable to
assume that the field star ionizing luminosity relative to HII
region Ltot is similar (Oey et al. 2004) in the LMC and SMC
(0.05 – 0.11). From Table 4 and equation 4 we find a lower
limit to fesc,gal in the LMC is 11–17%.

It is important to bear in mind that our constraints on neb-
ular hfesci technically are lower limits, as stressed in §2. The
ranges in galactic escape fraction quoted above only reflect
the uncertainties in the field star population. Thus it is possi-
ble that fesc,gal may be underestimated in one or both of the
galaxies; the crude estimates in Table 4 preclude any conclu-
sive results. Future work is needed to quantitatively improve
these constraints. Further efforts may be directed at obtain-
ing more definitive ionization-parameter mapping by adding
imaging in more ions, or modeling diagnostic emission lines
in filaments ionized by distant sources like those for 30 Do-
radus and N66, which can constrain the ionizing photon flux
and SED of these dominant objects.

6. CONCLUSIONS

total HII regions 
“escape luminosity”

Ltot = L + Lesc

… + contribution from massive field stars



HII regions selection

• Parameters:


• tree constructed down to 
3.7 σbkg


• two structures merged 
when their peak values are 
< 0.6 σbkg apart.
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