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Abstract

We performed an all-sky survey searching for loop- and arc-like inten-
sity enhancements in the diffuse far-infrared emission using IRAS data.
We identified 477 of these objects, analysed their indivual FIR properties
and their distribution. Our objects trace out the spiral arm structure
of the Galaxy in the neighbourhood of the Sun and their distribution
clearly suggests that there is an efficient process that can generate loop-
like features at high Galactic latitudes. We derived distances for 80 loops
with the help of associated objects. Deviations in the celestial distribu-
tion of far-infrared loops clearly indicate, that violent events frequently
overwrite the structure of the interstellar matter in the inner Galaxy. We
obtained observational estimates of fin = 6.8% and fout = 4.8% for the hot
gas volume filling factor of the immediate inward and outward Galactic
neighbourhood of the Solar System.
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1. Introduction

The large scale strucure of the cold interstellar matter can be siginficantly af-
fected by violent events. This structure – which is diverse with the complex
distribution of shells, cavities, filanemts, arcs and loops – is often referred to as
the ”Cosmic Bubble Bath” (Brand & Zealey , 1975). Observations of the soft
X-ray background (Burstein et al. , 1977) and of O VI absorpsion lines (Jenkins
& Meloy , 1974) suggested the presence of hot gas in the Galactic disc. Study-
ing supernova (SN) explosions in a uniform medium, Cox and Smith (1974)
pointed out that if the Galactic SN rate is ”sufficient” it can produce the ”swiss
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cheese morphology” of the cold diffuse ISM with hot coronal gas inside the bub-
bles. This was built into the model by McKee and Ostriker (1977) where SN
explosions in the cloudy ISM produce a three-phase medium.

Shell- or arc-like intensity enhancements may be formed by various processes
and are reported in many tracers of the ISM (see Kiss et al., 2004 (KMT04),
and references therein, for an introduction).

Alhough these features can be detected by the X-ray and UV emission of the
coronal gas inside the cavities seen by e.g. the ROSAT and EUVE satellites,
most of them were detected at radio wavelengths, especiall in the HI 21 cm line
(Heiles, 1979, 1980, 1984; Hu, 1981; Koo & Heiles, 1991).

Thilker et al. (1998) and Moshenko et al. (1999) made efforts to detect HI
shells automatically, based on a model of the shell. Recently Ehlerová et al.
(2004) developed a model-independent algorithm which automatically searches
HI shells in data cubes and identified ∼1000 structures in the Leiden-Dwingeloo
Survey data. An artificial neural networks algorithm by Daigle et al. (2003) was
succesfully applied to the Canadian Galactic Plane Survey data. However, these
works intended to detect HI holes based on the velocity information of the 21 cm
line data rather than on morphology.

The structure of the cold ISM is also well-represented in the far-infrared,
mainly observed as the Galactic cirrus emission (Low et al. , 1984). Although
some studies reported loop features indentified in the far-infrared, these were
either restricted to the Galactic midplane (Schwartz , 1987), performed for a
special object type, e.g. Wolf-Rayer stars (Marston , 1996) or concentrated on
individual loops (Kun, 1998; Meyerdierks et al, 1991). Most of the prominent
HI loops are conspicious in the far-infrared, too.

In a recent work Kiss et al. (2004, hereafter KMT04) presented the results
of a quest for far-infrared loop features in the 2nd Galactic Quadrant. They
catalouged 145 loops and investigated their morphological and phyisical char-
acteristics. This was the first study which was not restricted to the Galactic
midplane, but reached even the vicinity of the Galactic poles and was able to
give a comprehensive view on the distribution of large scale intensity enhance-
ments.

In this present work – as a continuation of the KMT04 study – we extend
the quest to the 1st , 3rd and 4th Galactic Quadrants. These two works together
provide the Catalouge of Far-InfraRed Loops in the Galaxy.
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2. Input data and data analysis

The data reduction steps and derived parameters are the same as described
in KMT04. For the detailed description of the data reduction and derived
parameters we refer to that paper. We summarize the comprised data reduciton
steps below:

• indentification of the loop structure on ISSA 100µm maps

• ellipse fitting (central Galactic coordinates, Lc and Bc; semi-major and
semi-minor axis, a and b; position angle, PA)

• derivation of radial surface brightness profiles on ISSA 100 and 60µm,
Schlegel et al. (1998, hereafter SFD) 100µm and SFD reddening maps

• derivation of significances from ISSA 100 and 60µm, SFD 100µm and SFD
reddening intensity profiles (ΨI100, ΨI60, ΨS100 and ΨSEBV , respectively)

• Determination of the position of the inner (ain) and outer (aout) edge of
the loop wall, derivation of its relative width W =1 − ain/aout

• calculation of the colour index of the loop wall ∆I60/∆I100

3. Discussion of the main results

3.1. The catalogue

In our all-sky survey 477 FIR loops have been identified. The electronic version
of the catalogue with many entries and images of the loops can be found at:
”http://astro.elte.hu/CFIRLG”.

3.2. Celestial distribution: dominated by confusion?

The celestial distribution of the identified loops is rather complex showing struc-
tures with scales even larger than the average loop diameters (Fig. 1). E.g. two
remarkable features, forming ’chains’ of loops can be found around l∼ 125◦,
b∼ -15◦ and around l∼ 175◦, b∼+10◦. There are also some sky regions, which
are overpopulated by loops, e.g. at l∼ 135◦, b∼+55◦ and at l∼ 180◦, b∼+0◦.
These regions coincide well with molecular complexes (Ursa Maior- and Taurus
molecular clouds, respectively).

The Galactic longitude distribution of the GIRLs partly reflect the spiral
structure of the Galaxy (Figs 2 and 3). Looking into the directions of the
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Figure 1: Distribution of GIRLs in the sky (Mercator projection), represented by the fitted
ellipses. Note that Mercator projection causes a size distorsion around polar regions.

Local-, the inner Carina-Sagittarius- and the outer Perseus Arms, the increase
in the loop-counts can be explained by a higher formation probability.

The distribution of GIRLs on the sky is expected to reflect the exponen-
tial disc distribution of the ISM. The Galactic Disc contains most of the ISM
in the Galaxy, accordingly regions closed to the Galactic plane should be the
most populated parts of sky in loops and this number should decrease nearly
exponentially by the increasing Galactic latitude.

The distribution of loop centers in Galactic latitude (small panels in Fig. 3)
shows a relatively large count at high |b| values, especially for outward locations,
which cannot be explained by projection and distance effects only, in agreement
what was found for the 2nd Galactic Quadrant (KMT04). To explain the for-
mation of loops at high Galactic latitudes one needs an efficient process which
is not sticked to the Galactic plane. This excludes SN-explosions and the stellar
wind of massive stars as dominant effects. Although clouds infalling from the
Galactic halo could create loops above the midplane, their infall rate is insuffi-
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Figure 2: Distribution of loops
in Galactic longitude. The peaks
in loop-count are explained by
the higher formation possibili-
ties of loops in the Galactic arms
(OS: Orion Spur, PA: Perseus
Arm, C-S: Carina-Sagittarius
Arm).

ciently small (Ehlerová & Palouš, 1996). Supersonic turbulence and nonlinear
instabilities may be responsible for high latitude loops, however, further studies
are necessary to identify the dominant formation scenarios.

To independently study the immediate inner and outer surrounding of the
Solar System, we arbitrarily split the Galactic latitude space into two parts,
approximately along the direction of the Local Arm, i.e. the l =70◦–250◦ axis
(see Fig. 3). The loop counts in the inner and outer part show significant
differences: there are almost twice as many loops in the outer region than in the
inner one. One possibility to explain this fact is the existence of strong confusion
in the direction of central (inward) Galactic regions, as discussed below.

The possibility of a confusion-effected distribution for the 2nd Galactic Quad-
rant was already mentioned in KMT04. In this study – due to the extension to
the whole sky – this confusion effect is more expressed and manifests itself in
two main ways:

i) As presented in Fig. 3, we see more loops in the ’outer’ Galaxy than in the
’inner’ regions for |b| < 30◦, although probabilities of high-pressure events
(e.g. SN-rates) must be significantly higher in the inner Galaxy.

ii) The size distribution is different in the inner and outer Galaxy for |b| < 30◦,
whereas this discrepancy in not observable elsewhere (see Fig. 4).

These two facts together indicate that (a) either we miss large loops at low |b| in
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Figure 3: Galactic latitude distribution of loops in the inner- and outer Galaxy. The majority
of the loops are probably located in the Local Arm (see text). The basic figure presenting the
positions of OB associations around the Solar System is adapted from Humphreys (1970).

the inner Galaxy due to the strong IR background (small loops are still visible
since they are smaller than the characteristic scale of background fluctuations)
or (b) large loops are really distroyed by frequent violent events and are only
visible at their early evolutionary phases (i.e. at small size). Unfortunately our
present FIR data cannot distinguish between these possibilities.

3.3. Large scale distribution of ISM in the Milky Way

We made distance estimates for individual loops using associated objects pro-
jected to the loop walls and to the interior of loops as explained in KMT04.
With the application of the same criteria when selecting distance indicators we
were able to derive distances for 80 loops. Fig. 5a shows the distribution of
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Figure 4: Average effective
loop diameter vs. Galac-
tic longitude; solid black line:
|b|≤ 30◦; dashed gray line:
30◦ ≤ |b|≤ 60◦.

estimated distances and the distances projected to the Galactic plane. Loops
closer than ∼1kpc belong to the Local Arm and to the nearby interarm region.

Oey & Clarke (1997) and Kim et al. (2003) investigated the large-scale
structure of the interstellar medium in nearby galaxies. Using the transforma-
tion by Oey & Clarke (1997) we derived a power law index of β0 =1.37±0.33
from our sample for the interval 1.4≤ log(2Reff )≤ 2.6, which is similar to the
value of the 2nd Galactic Quadrant only (β=1.24±0.30, KMT04) and lower
than that of the other investigated galaxies (see Fig. 5c). The double-peaked
distribution observed in KMT04 is less expressed in this larger sample and is
closer to the expected power-law.

Figs 6 and 7 present the differences in distance distributions in the in-
ward and outword Galactic regions. In the inward region most of the loops
are squezzed into a small area around the Solar System, within a distance of
∼0.2kpc. In this region the distance and size are fully uncorrelated, i.e. this
region is not affected by this selection effect (see KMT04 for a more detailed
explanation). In the outward region (with a significant contribution of the 2nd

Galactic Quadrant) a close (d≤ 800pc) and a far (d> 800pc) group can be
identified, as in KMT04.
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Figure 5: (a) Distribution of esti-
mated distances for 80 loops. Dash-
dotted line represents the distribu-
tion of distances projected to the
Galactic plane.(b) Distribution of ef-
fective diameters in the same sam-
ple.(c) The same as b but displayed
and binned on a logarithmic scale.
The relation of log 2Reff -log N was
fitted for 1.4≤ 2Reff ≤ 2.6. The
points used for the fit are marked by
asterisks (see Sect. 3.3 for details).

Applying the appropriate average size and distance values and biased/unbiased
ratios (i.e. ratio of close/uncorrelated and far/correlated loop counts in the
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Figure 6: Correlation of distance and effective size in the ”inner” (left panel) and in the
”outer” Galaxy (rigth panel), based on the sample of 80 loops with known distances.

Figure 7: Distribution of distances
in the 80 loop sample (logarithmic
sampling). Gray dashed line: in-
ner Galactic environment; Black solid
line: outer Galactic environment.

distance-size relation) for the whole loop sample in the inward and outword
regions separetely we obtained fin =6.8% and fout =4.8%. This latter value
is very similar to the one presented in KMT04 for the 2nd Galactic Quadrant.
However, the size distribution in the inward region almost completely misses
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the large loops which might be due to confusion or they do not exist at all,
since large structures are regulary distroyed by violent events, as discussed in
Sect. 3.2. Therefore the fin value we found is a lower limit and in reality it may
be ∼20%, as predicted by Ferrière (1998) and Gazol-Patiño & Passot (1999).

4. Summary

We performed an all-sky survey of loop/arc-like intensity enhancements in the
diffuse far-infrared emission. We identified and catalogued 477 of these features.
The Catalogue of Far-Infrared Loops in the Galaxy contains the basic physical
properties and a list of associated objects as well. The electronic version of the
catalogue is available at: http://astro.elte.hu/CFIRLG/. We also gave distance
estimates for 80 loops. Our database provides a great opportunity to study the
large scale structure of the ISM in the Galactic neighbourhood of the Sun. As
a first step we determined observational estimates for the hot gas volume filling
factor of the the inner (fin) and outer (fout) Galactic environment of the Solar
System: fin =6.8% and fout =4.8%. The fin value is probably a lower limit
due to the strong IR background in the direction of central Galactic locations.
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