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WORK SUMMARY
●
Introduction: what is the Diffuse Ionised Gas (DIG)?
●
Sample and physical constraints from observations
●
Assumptions and build-up of 1-D photoionisation models
(geometry of the problem)
●
Results and discussion
●
Conclusions
INTRODUCTION
(Reynolds 1991, 2003)
Properties in our Galaxy:
●
Diffuse medium (<ne > ~ 0.1 cm-3)
●
Te ~ 6000 – 15 000 K (no direct estimate)
●
H+ scale height ~ 1 kpc (WHAM observations)
●
Accounts for 90% of ionised gas in the solar vicinity
●
Power input requirements < disc massive stars
In external edge-on spiral galaxies, the H+ layer
extends up to several kpc over the midplane (NGC
891, NGC 5775) Dettmar 1990, Rand, Kulkarni & Hester 1990
SAMPLE OBJECTS
●
●
●
NGC 891 (9.6 Mpc). Data from Rand(1997,1998) and Otte et al. (2001) both
for the same slit position
NGC 5775 (24.8 Mpc). Data from Collins and Rand (2001) for 2 slit
positions
UGC 10288 (31.5 Mpc). Data from Collins and Rand (2001) for 2 slit
positions
PHYSICAL CONSTRAINTS
●
Halfa surface brightness profiles
Exponential least-squares fits
to the data in both slit positions
in NGC 5775. Left: Hem = 2300
pc on each side. Right: Hem =
2500 pc on the northeast side
and 1800 pc on the southwest
side. (Collins and Rand 2001)
Given that I(Ha) is proportional
to <nenp>, H = 2 Hem
Constraint on the density scale height of the DIG in all the selected sample.
Exponential density profiles
PHYSICAL CONSTRAINTS
●
Emission line intensity ratios
- In all cases, emission line intensities from low ionisation species of N+, S+, O+ and O0
([NII]6584, [SII]6717, [OII]3727 and [OI]6300), relative to Halfa, increase with
distance z from the midplane. At the same time, [SII]/[NII] remains nearly constant
with z, except for one slit position in UGC 10288 (Collins and Rand 2001). The
observed values are much higher than those in HII regions.
Plots of [NII]/Ha(left)
, [SII]/Ha (center) and
[SII]/[NII] (right) vs. z
for NGC 891. The Ha
surface brightness is
also shown as a solid
line in arbitrary units
PHYSICAL CONSTRAINTS
- Moreover, [OIII]5007 increase with distance z from the midplane except
for one slit position in UGC 10288 and the east side of slit 1 in NGC
5775 shown below (Collins and Rand 2001).
Plots of [OIII]/Ha
for NGC 891 (left) and
NGC 5775 (right). Notice
the huge increase at high z
from the mid plane of each
galaxy
ASSUMPTIONS and BUILD-UP OF MODELS
●
The behaviour of emission lines in the DIG can be understood from other highspatial resolution observations in HII regions.
Halfa image of LMC HII region DEM L323
(Oey et al. 2000). Table shows the main emission line
intensities (Hbeta = 100) from the center to the outer limits
of the region in two sides of slit positions C1 and C2.
A very similar behaviour is found to that observed
in the DIG, except for [OIII] 5007, which shows the opposite trend.
Aperture/Line
D323.C1
Ap9
Ap10
Ap11
Ap12
[NII]6584
[SII]6717
[OII]3727
[OI]6300
[OIII]5007
14.1
22.4
27.5
31.6
13.9
21.6
26.8
33.2
241.4
327.2
393.8
458.9
0.2
0.2
0.7
1.8
288.5
188.7
145.2
111.9
D323.C2
Ap10
Ap9
Ap8
Ap7
Ap6
Ap5
15.7
18
18.4
17.7
37.1
50.6
15.7
18.3
18.4
16.7
30.5
57.7
239.4
261.7
270.1
271.9
495.4
584.6
0.1
0.7
0.6
0.3
0
5.4
328.5
272.2
228.5
209.5
104.2
48.3
ASSUMPTIONS and BUILD-UP OF MODELS
●
Therefore, it can be assumed that the DIG behaves like a huge Stromgren sphere.
The 1D photoionisation code Cloudy (Ferland 1978) is adapted to predict integrated
quantities from the ionised gas. In our case line of sight quantities need to be
predicted in order to compare with observations. Geometry
Novel approach
Light paths
Line of sight
The code divides the structure into very
small concentric shells (see figure) to ensure
that physical conditions are nearly constant
within. Cloudy provides averaged volume
line emissivities (radial symmetry), constant
within each zone. Line intensities are
computed by integrating NeNpE dr between
the first and last zones. But in order to take
into account the correct light path, we have
developed an algorythm to calculate the
longitude of the chord
s=r sinA. Then the integration is performed
by integrating NeNpE ds in the line of sight.
ASSUMPTIONS and BUILD-UP OF MODELS
●
●
●
●
●
Ionising source: star cluster of 106 solar masses (Starburst 99 update) placed at
the center of the structure. Five hardness of the ionising radiation Q(He)/Q(H)
= 0.10 to 0.24 (equivalent temperatures between 35,000 K and 49,000 K).
Number of ionising photons per second: 1049 to 1051 (typical of HII regions)
Exponential density scales for the particle density. Typical densities starting
between 10-1 to 10-4 cm-3 .
Gas oxygen abundance constant through the structure and set to 0.4 solar
Underlying all these assumptions ... Ionising photons are supposed to escape
from the HII regions in the thin disk (matter bounded HII regions) and power
the DIG (Miller and Cox 1993; Mathis 1986; Thuan 1975).
ASSUMPTIONS and BUILD-UP OF MODELS
●
●
All previous attempts to model the DIG structure were based on
analythical solutions to resolve the ionisation structure (e.g. Rand,
Collins and Rand, Reynolds et al., Otte et al., 1990-2002). Others were based on
unpublished photoionisation models (e.g. Sokolowsky 1993). In all of
them, photoionization cannot explain the observed trends,
[SII]/[NII] constancy and [OIII] rise-up at high z. No attempt to
model the Halfa profiles.
Shock excitation diagrams have also been used. They can explain
the [OIII] increase but not the observed trends for [NII], [SII],
[OII]. Conceptual problems are also found to explain and
maintain the mechanism at high z (high pre-shock velocity)
RESULTS AND DISCUSSION
•
Our grid of models are able to
reproduce the observed Halfa
surface brightness profile (NGC
5775 on the right, DIG scale height
of 4740 pc), the runs of [NII], [SII]
relative to Halfa, but [OIII] is not
reproduced.
•
Hardness (49,000 K) and number of
ionising photons (1049 s-1). The O++ zone
dominates in the innermost ionisation
structure. N+ and S+ zones dominate the
intermediate and outer structure due to
the importance of the diffuse ionising
radiation field from He+ to He0
recombinations (mainly 19.8 eV
photons).
RESULTS AND DISCUSSION
•
However, in the plots on the right, all
the observables are reproduced, but at a
lower DIG scale height (2500 pc), for
Q=1049.70 s-1 and same hardness
(obviously the Halfa profile is not
reproduced).
It seems that the electron density
variation is the key parameter in the
problem. [OIII] is enhanced due to a
combination of both a higher number of
ionising photons and a lower electron
density that allows hard ionising
photons to penetrate further in the
ionisation structure.
At the same time, [NII] and [SII] are
kept equal relative to the previous plot,
given the compensation of a lower
diffuse ionising radiation field (because
of the lower particle density) with a
higher number of stellar ionising
photons.
Is it possible to reproduce this ionisation
structure on the left for the observed DIG
scale height of 4740 pc?
The answer is YES (work ongoing now). Let
be H1 = 2500 pc and H= 4740 pc. The
observed profile can be written,
n(z) = n0 exp(-z/H)
Taking into account that the intensity of
Halfa, in a clumpy medium is prop. to ne2 f,
then the modelled profile can be written as
n(z) = n0 exp(-z/H1) / f0.5
where f is a function of radius into the
structure. Then, it is possible to know how f
varies with height in order to recover the
observed scale height (Berkhuijsen 2004
shows the dependence is a power law with
index -1 for the DIG in M31)
Once the profile is recovered, the ionisation
structure will be changed. Stasinska 1978
shows that, in average, two ionisation
structures can be considered analogous if the
relation Q n f2 is kept constant. Hence, in
theory, a solution has to be found for a given
number of ionising photons Q.
CONCLUSIONS
• The DIG ionisation structure can be understood from the analysis
of high spatial resolution observations in nearby HII regions.
• 1D photoionisation models, that take correctly into account the
geometry of the problem, have been built up in order to predict
consistently all the observables.
• For the first time, all the observed emission line intensity ratios can
be reproduced, but a further constraint is in progress to match the
Halfa profiles.
•Therefore, our work suggests that photoionization is the dominant
role in powering the DIG, and, the accepted dichotomy between
classical HII regions and the DIG should be no longer applicable
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