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ABSTRACT

Aims. We use the Herschel Hi-GAL survey data to study the spatial distribution in Galactic longitude and latitude of the interstellar
medium (ISM) and of dense, star-forming clumps in the inner Galaxy.
Methods. We assemble a complete mosaic of the inner Galaxy between l = −70◦ and +68◦ in the far-infrared continuum from
Hi-GAL. The peak position and width of the latitude distribution of the dust column density is analysed by fitting a polynomial
function to the diffuse IR surface brightness in 1◦ longitude bins, and the result is compared to MIPSGAL 24-µm data. The latitude
distribution of the number density of compact sources from the band-merged Hi-GAL photometric catalogues is also analysed as a
function of longitude.
Results. The width of the diffuse dust column density traced by the Hi-GAL 500-µm emission varies across the inner Galaxy with a
mean value of 1.◦2−1.◦3, similar to the distribution of MIPSGAL 24-µm sources and of Hi-GAL sources with a 250-µm counterpart.
Hi-GAL sources with a 70-µm counterpart define a much thinner disk with a mean FWHM ∼ 0.◦75, which is in excess of the result
obtained by the ATLASGAL submillimetre survey. The discrepancy with the 250-µm source distribution can be explained by relatively
higher confusion in the Herschel data in the midplane region. The peak of the average latitude distribution of Hi-GAL sources is at
b ∼ −0.◦06, coincident with the results from ATLASGAL. The detailed latitude distribution as a function of longitude shows clear
modulations both for the diffuse emission and for the compact sources. The displacements are mostly towards negative latitudes
with excursions of ∼0.◦2 below the midplane at l ∼ +40◦, +12◦, −25◦, and −40◦. The only positive bend peaks at l ∼ −5◦. No such
modulations can be found in the MIPSGAL 24 µm or WISE 22 µm data when the entire source samples are considered. Modulations
that are in part similar to the ones exhibited by the Herschel sources appear when the mid-infrared catalogues are filtered according
to criteria that primarily select Young Stellar Objects (YSOs).
Conclusions. The distortions of the Galactic inner disk revealed by Herschel confirm previous findings from CO surveys and HII/OB
source counts but with much greater statistical significance and are interpreted as large-scale bending modes of the plane. The lack
of similar distortions in tracers of more evolved YSOs or stars rules out gravitational instabilities or satellite-induced perturbations,
because they should act on both the diffuse and stellar disk components. We propose that the observed bends are caused by incoming
flows of extra-planar gas from the Galactic fountain or the Galactic halo interacting with the gaseous disk. With a much lower cross-
section, stars decouple from the gaseous ISM and relax into the stellar disk potential. The timescale required for the disappearance of
the distortions from the diffuse ISM to the relatively evolved YSO stages are compatible with star formation timescales.

Key words. stars: formation – ISM: structure – dust, extinction – Galaxy: disk – Galaxy: structure – infrared: ISM

1. Introduction

The detection of low-amplitude “corrugations” in the disk of the
Milky Way, within the radius where the full HI warp starts to
develop, dates back at least to Gum et al. (1960), who found that
the inner Galactic disk, while very flat, contains localised ex-
cursions of around 20 pc from the principal plane of the Galaxy.
Quiroga (1974) reported large-scale latitude modulations in the
distribution of the HI emission and OB associations as a function

of longitude. This result was confirmed by Lockman (1977) and,
specifically for the Milky Way central molecular zone (CMZ),
by Liszt & Burton (1980). Such corrugations have also been re-
ported for the disks of other spiral galaxies, e.g., by Matthews
& Uson (2008) for IC 2233, with a more pronounced ampli-
tude for H regions and the star-forming component in general,
and they are basically undetectable in the older stellar com-
ponent traced by mid-IR continuum radiation. More recently,
McClure-Griffiths et al. (2012) have used higher quality radio
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data to confirm the scenario proposed by Liszt & Burton (1980)
of an HI distribution in the CMZ organised in a tilted elliptical
disk with an inclination ∼24◦.

It has been suggested that macroscopic disk distortions, such
as the HI warps commonly seen in both spiral galaxies and the
Milky Way, may be caused by the gravitational action of orbiting
dwarf satellites, such as the Magellanic Clouds in the local sys-
tem. Close passages or minor mergers of the dominant galaxy
with such minor systems may well have produced warps (e.g.,
Sagittarius A in the case of the Milky Way). Although HI warps
generally occur in the external regions of spiral galaxies beyond
the radius of the stellar disk, N-body modelling by Edelsohn
& Elmegreen (1997) predicted that a satellite the size of the
LMC can also generate height and perpendicular velocity per-
turbations in the inner disk. On the other hand, Weinberg (1991)
concluded that only long-wavelength modes such as the Galactic
warp would be excited by such interactions. In addition, Pranav
& Jog (2010) show that the Galactic potential in the inner re-
gions of the disk is intense enough to suppress the development
of perturbations induced by dwarf satellites, while the perturba-
tion would be free to fully develop into the observed large-scale
warps only at larger radii where the stellar density drops.

The observed structures may, however, be more than just in-
teresting details of the mechanics of spiral galaxies and may in
fact be related to the star-formation process. Alfaro et al. (1992)
have suggested that corrugations seen in the Sagittarius-Carina
arm are related to spatially correlated enhancements in star-
formation activity, with a causal connection via 3D waves and
the growth of gravitational and magnetic instabilities. Franco
et al. (1988) investigated the possibility that impacts on the
Galactic plane by high-velocity clouds (HVCs) may explain
the high latitude of the Orion and Monoceros star-forming re-
gions. The effect of magnetic fields was added by Santillán et al.
(1999), the conclusion of which was that the HVC gas does not
penetrate the inner disk but can induce oscillations and trigger
Parker instabilities. Such interactions may result in significantly
enhanced gas densities in previously magnetically subcritical
clouds (Vaidya et al. 2013). The Parker instability itself may give
rise to undulations in spiral arms in both the azimuthal and verti-
cal directions and in the z-component of the velocity, while also
producing very large gas clouds with masses similar to those of
HI super clouds in the Galaxy (Franco et al. 2002).

What is generally termed “Galactic fountain” gas is Galactic
interstellar medium (ISM) material pushed out of the plane with
sufficient momentum by supernova explosions in OB associa-
tions, which then falls back onto the plane after cooling (Spitzer
1990), perhaps in the form of HVCs, as suggested by Bregman
(1980) and Kwak et al. (2009). In addition, Marinacci et al.
(2010) modelled the effect of the passage of fountain gas through
hot coronal gas and find that this can cause the latter to con-
dense and cool locally to provide an adequate gas supply rate.
Accretion onto galaxies from halo gas, either from gas stripped
from orbiting dwarf galaxies or accretion from a diffuse halo, is
commonly invoked to solve the gas depletion problem in star-
forming galaxies (e.g., Sancisi et al. 2008).

While the effects of these phenomena are clearly fundamen-
tal to the maintenance of star formation in the Galaxy, the direct
detection of this inflowing gas is still elusive. The high-latitude
clouds revealed in HI (Wakker & van Woerden 1991) and in
the infrared continuum and CO line emission (Blitz et al. 1984;
Weiland et al. 1986) may be participating in this, but it is not at
all clear to what extent they provide a reliable estimate of the en-
tire budget of diffuse outer gas currently accreting onto the Milky
Way. One possibility would be to reveal these accreting gas flows

indirectly through their dynamical effects on the Galactic disk.
Given the cross sections involved, the effects should be more
detectable on the diffuse component of the disk. The latest gen-
eration Galactic plane surveys in the infrared and submillimetre
provide ideal datasets for analysing the large-scale morphologi-
cal properties of the disk in its diffuse and cold ISM phase.

The numerical magnitude of the Hi-GAL source catalogues
with respect to previous submillimetre surveys, such as the
Bolocam Galactic Plane Survey (BGPS Rosolowsky et al. 2010)
or ATLASGAL (Contreras et al. 2013; Csengeri et al. 2014),
allows us to analyse the latitude distribution of sources with un-
precedented detail and statistical significance as a function of
longitude. Furthermore, the sensitivity of the Herschel PACS and
SPIRE cameras coupled with optimal map-making image recon-
struction developed for Hi-GAL (Traficante et al. 2011; Piazzo
et al. 2012) allows us to also characterise the latitude distribution
of the diffuse emission from the Galactic ISM in great detail. The
analysis below is based on the first release of Hi-GAL maps and
photometric catalogues of compact sources in which the large
majority have sizes from point-like to twice the instrumental
beam (Molinari et al. 2016). Additional processing done here is
the production of multi-tile mosaics for the SPIRE 500-µm band
to allow precise quantitative measurement of the latitude distri-
bution of the ISM thermal dust emission. This step was carried
out using the new Unimap (Piazzo et al. 2015) software and rep-
resents an upgrade of the Hi-GAL pipeline that will be used for
further data releases.

2. The panoramic view of the inner Galaxy

2.1. The latitude distribution of the diffuse ISM

In Figs. 1a–c, we present the panoramic mosaics of the
Hi-GAL 500-µm emission, together covering most of the inner
Galaxy surveyed by Herschel. These panoramic views are ex-
tremely useful for getting a qualitative impression of the lati-
tude distribution of the dust thermal emission and identifying
systematic patterns. These 500-µm panoramic mosaics can also
be used in a quantitatively more rigorous way by estimating the
latitude of the centroid emission as a function of longitude. Since
bright source complexes (large star-forming regions) that could
be offset with respect to the overall emission distribution (see,
e.g., M16/M17 in Fig. 1b) would bias the estimate of an overall
Galactic plane centroid of emission, the first step is to clip away
these complexes. We first subdivide the image in bins of 1◦ am-
plitude in longitude and, using a 7th-order polynomial, fit the
brightness values of all pixels in each longitude bin as a function
of latitude (thick red line in Fig. 2, where we illustrate the par-
ticular case of the 1◦ bin centred at l = 15◦ that contains M16).

We then compute the rms of the residual distribution and
clip away all pixels whose brightness exceeds this rms by more
than a factor of three (the red points in the same figure). Based
on trial and error on several locations in the plane, the polyno-
mial order seven was found to be a satisfactory compromise for
representing the large and medium-scale components of the dif-
fuse emission (qualitatively δ ≥ 10′) but not the brightest and
small-scale source clusters. The remaining pixels are again fit-
ted as a function of latitude, this time with a fifth-order polyno-
mial, and the maximum of the fit was assumed as the centroid
of the emission. To characterise the latitude width of the emis-
sion band we derived the latitude values where the fit reaches
the 50% value relative to its maximum. Again, the choice of this
functional form was made after experimenting in detail over sev-
eral locations in the Galactic plane. The latitude distribution of
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Fig. 2. 500-µm brightness values (all the points) as a function of
Galactic latitude in the longitude interval 14.◦5 ≤ l ≤ 15.◦5 from the
map in Fig. 1b. (This longitude range contains M16, which is clearly
visible as the large bump at b ∼ −0.◦7.) The red thick line is the 7th-
order polynomial fit to all points, and the red points are those that are
clipped away because they lie above 3 times the rms of the residuals
(after subtracting the fit). The green thick line is the 5th-order polyno-
mial fit to all points that survived this clipping (all the black points). The
thick crosses indicate the positions of the maxima of each respective fit.

Fig. 3. Distribution in Galactic longitude of the latitude values for the
centroid (black histogram) and the upper and lower 50%-level values
(grey histograms) of the 500-µm emission (see text for a detailed ex-
planation). The thick lines represent the smoothing of the distributions
with a 5◦-wide running boxcar.

the observed 500-µm flux appears heavily skewed, which dis-
suaded us from using a Gaussian fit; the fifth-order polynomial
appeared to be the best compromise between obtaining a reli-
able indication of the overall distribution peak, without being
too sensitive to small-scale structures. Figure 2 shows that this
simple method is effective in estimating the latitude centroid of
the diffuse emission (green cross). The longitude distribution of
the emission latitude centroid, as well as of the latitudes of its
50% levels (above/below), are reported in Fig. 3.

2.2. The latitude distribution of Hi-GAL sources

As an additional tool for characterising the vertical distribution
of the cold dust in the Galactic plane as a function of Galactic
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Fig. 4. Histograms representing the dis-
tribution of the median Galactic lati-
tude of the Hi-GAL sources detected at
70 µm (blue line) and at 250 µm (green
line), each with counterparts in at least
two adjacent bands. The histograms
are computed in 1◦ longitude bins, to-
gether with the analogous distribution
of entire sample of MIPSGAL 24-µm
sources (black line). The distribution
of the subsample of MIPSGAL 24 µm
sources selected by Robitaille et al.
(2008) using colour criteria targeted to-
wards Young Stellar Objects (YSOs)
is shown with the red line. The thick
coloured lines show the result of a 5◦-
wide running boxcar smooth. The hori-
zontal dashed black line reports the me-
dian latitude of all MIPSGAL 24-µm
sources that essentially coincides with
the nominal b = 0◦ midplane.

longitude, we determine the overall latitude distribution of the
compact sources found in Hi-GAL. For this, we compute the
median value of the Galactic latitudes of all Hi-GAL sources
in longitude bins of 1◦, limited to those sources that have a
counterpart in at least three adjacent Herschel bands. This cri-
terion is adopted to select sources with a relatively high de-
gree of reliability (see Elia et al. 2016) in the Hi-GAL photo-
metric catalogues of Molinari et al. (2016), resulting in nearly
100 000 sources in the longitude range considered in the present
paper. In Fig. 4 we plot these median latitude values as a function
of longitude for sources with a 70-µm and a 250-µm counterpart
as the blue and green histograms, respectively. By construction,
all considered sources have a counterpart at 250 µm (the cen-
tral Hi-GAL band). Sources with a 70-µm counterpart therefore
form a subset (nearly 23%) of the entire sample. To emphasise
large-scale trends, we also show the same distributions smoothed
with a five-bin wide boxcar (thick lines with the same respective
colour).

It can be seen that the latitude distribution of the two classes
of sources traced by Herschel is very similar over the entire
longitude range plotted in Fig. 4, implying that the 70-µm-
counterpart subsample does not depart from the overall be-
haviour, with three exceptions. The first discrepancy is visible
in the first quadrant at 50◦ ≤ l ≤ 40◦, where the negative bend
shown by the 250-µm-counterpart sources is not followed by
the 70-µm sources. Looking at Fig. 1a, we note that, in this
longitude range, the overall diffuse emission is clearly bend-
ing towards negative latitudes, but there are discrete, large, star-
forming complexes like those at l ∼ 46.◦5 and l ∼ 43◦ at latitudes
close to b = 0◦. Billot et al. (2011) carried out a detailed study
of the clustering properties of Hi-GAL compact sources detected
towards the l = 59◦ and l = 30◦ Galactic plane fields, showing
that the 70-µm sources have a higher degree of clustering in H-
region complexes than sources detected at 250 µm. It is therefore
not surprising that the latitude distribution of 70-µm sources may
be heavily biased by the presence of star-forming complexes.

The second discrepancy between the median latitude of
70-µm and 250-µm sources is found at −5◦ ≤ l ≤ −10◦ in

Fig. 4, where the smoothed 70-µm distribution peaks at much
higher latitudes. Again, the presence of prominent star-forming
regions biases the 70-µm source distribution: in this case it is
the NGC 6334/6357 complexes, as can be easily verified in
Fig. 1b. The third discrepancy is found at −23◦ ≤ l ≤ −30◦ in
Fig. 4, where the 70-µm source median latitude suddenly drops
to b ∼ −0.◦3 in about five histogram bins, while the 250-µm me-
dian stays closer to b ∼ 0◦. This discrepancy is again due to the
peculiar distribution of the 70-µm sources in the two giant star-
formation complexes visible in this longitude range, RCW 106
(Mookerjea et al. 2004) and the complex of HII regions around
G330.986-00.433 (Anderson et al. 2014), both of which are con-
centrated towards the lower boundary of the main Galactic plane
emission band. Again, the rest of the plane in that longitude
range contributes much more in 250-µm sources than it does at
70 µm.

The reliability of Herschel source counts may be influenced
by incompleteness due to confusion from extended dust emis-
sion of molecular clouds and diffuse cirrus piling up along the
line of sight (Molinari et al. 2016). This prevents fainter sources
from being detected on top of relatively stronger backgrounds so
that source counts at latitudes closer to the midplane, where the
more intense background conditions are found, are depressed to
an extent that is difficult to quantify. Had we estimated and ap-
plied such a correction to source counts, however, this would be
higher in regions with relatively higher backgrounds, and this
would amplify the results of Fig. 4 because the latitude distri-
bution of the detected sources before the hypothetical correction
already follows the trend exhibited by the diffuse emission.

The black histogram and line in Fig. 4 report the sources
distribution for the MIPSGAL 24-µm point-source catalogue
(Shenoy et al., priv. comm.), computed in the same way as for
the Hi-GAL sources. Sources from the MIPSGAL 24-µm survey
represent a mix between Young Stellar Objects (YSOs) and star-
forming clumps (relatively more evolved, on average, compared
to similar objects traced by the Hi-GAL source catalogues),
and more evolved MS objects like post-AGB stars (Carey et al.
2009). As a whole, the 24-µm MIPSGAL catalogue traces more
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Fig. 5. Full-line histograms representing as a function of longitude the
absolute value of the smoothed median source latitude (the thick lines of
Fig. 4), and the running standard deviation (dashed lines) of the resid-
uals between the median latitude and its smoothed function (i.e., the
difference between the thin and thick lines in Fig. 4), computed us-
ing a boxcar of 10 deg. The upper panel shows the result for the 70-µm
sources in blue, and the lower panel shows the 250-µm sources in green.
We only used those Hi-GAL sources with a counterpart in at least 3 ad-
jacent bands.

evolved objects compared to Hi-GAL; the trend shown in Fig. 4
shows a flatter and relatively less structured behaviour than do
Hi-GAL compact sources, with no indication of latitude modula-
tions similar to those exhibited by the Hi-GAL compact sources.
If, however, we use the sources from MIPSGAL that were se-
lected by Robitaille et al. (2008) according to criteria that should
result in a sample dominated by YSOs, we obtain (red line in
Fig. 4) a distribution that more closely resemble the ones from
Herschel. In particular, we mention the downward bends at 25◦
<∼ l <∼ 0◦, at l ∼ −20◦ and l ∼ −40◦.

The statistical significance of the median latitude distribu-
tions of the Hi-GAL sources is characterised in Fig. 5 for the
sources with counterparts in the two Hi-GAL bands of Fig. 4 in
the two panels. The plots show with a full line the absolute value
of the smoothed median latitude of the Hi-GAL sources, i.e., the
absolute value of the thick lines in Fig. 4. The dashed line in
Fig. 5 reports the running standard deviation of the difference as
a function of the longitude between the median source latitude
and its smoothed function. In essence we computed the standard
deviation of the difference between the thin and the thick lines
(blue and green) in Fig. 4 in a running boxcar ten degrees wide.
The latitude distortions can be assumed to be significant (at least
at the 1σ level) for the longitude ranges where the dashed line
is close or above the full line. In addition, we regard as a valid
significance indicator that the amplitude of the distortion keeps
close to or above its running rms for several degrees.

3. Results

3.1. The width of the Galactic disk

The amplitude of the latitude distribution of the quantities de-
scribed above as a function of longitude is reported in Fig. 6. The

Fig. 6. Distribution as a function of longitude of the full width at half
maximum of the latitude distribution of various quantities described in
the text, averaged in 1◦ longitude bins. The Hi-GAL 70-µm and 250-µm
compact sources belonging to the band-merged source list are indicated
with a full line blue and green histograms, where the FWHMs have
been determined by a Gaussian fit to the source latitude distribution in
each longitude bin. The black histogram represents the distribution of
the MIPSGAL 24-µm sources, computed in the same way as for the
Hi-GAL sources. The orange histogram represents the FWHM of the
Hi-GAL 500-µm diffuse emission obtained simply as the amplitude of
the latitude band encompassed by the 50% levels in Fig. 3. For each
histogram, the thick lines of the same respective colour show the distri-
butions after smoothing with a 5◦-wide boxcar.

full width at half maximum (FWHM) of the latitude distribution
of the 70-µm and 250-µm Hi-GAL sources (blue and green lines)
and the MIPSGAL 24-µm sources (black) are determined by fit-
ting a Gaussian to the source latitude distribution in 1◦ longitude
bins. The amplitude of the 50%-level of the Hi-GAL 500-µm
diffuse emission (orange) is taken from Fig. 3, and it is not the
result of a Gaussian fit to the latitude distribution.

The latitude FWHM of the 250-µm sources and of the
500-µm diffuse emission range between 1◦ and 1.◦5, on average,
with the latter also showing peaks close to 2◦. The width of the
plane in these two tracers varies in a similar way to Galactic
longitude. The FWHM of the MIPSGAL 24-µm sources fol-
lows a similar trend with a noticeable departure towards the
CMZ, which is possibly also due to the Galactic bulge; however,
Herschel/SPIRE data were taken in “bright mode” in the cen-
tral 6◦ around the Galactic centre, to mitigate saturation at the
expense of sensitivity, and this may be the origin of the dip in
the FWHM of the latitude distributions of both Hi-GAL 250-µm
sources and 500-µm diffuse emission. A similar FWHM of the
plane is also reported by Beuther et al. (2012) for the GLIMPSE
red sources in the Robitaille et al. (2008) sample.

The distribution of the Hi-GAL 70-µm sources traces a much
thinner plane, with the FWHM showing large variations be-
tween ∼0.◦3 and 1.◦3 with a mean value of 0.◦75 for −60◦ ≤ l ≤
+60◦. This is slightly larger than the 0.◦6 value reported for the
ATLASGAL 870-µm sources by Beuther et al. (2012). The am-
plitude of the variations in width for the 70-µm sources is larger
than for the 250-µm sources and can be explained by the fact
that sources with a 70-µm counterpart trace the prominent star-
forming and H-region complexes more closely (Billot et al.
2011) and therefore can generate strong local departure from
larger-scale longitude trends.
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Fig. 7. Median values over the whole longitude range of the FWHM of
the latitude distribution in bins of 1◦ of the 250-µm Hi-GAL sources
with integrated flux above a certain limit as a function of said limit.

It may seem puzzling that the Hi-GAL 250-µm sources do
not show the same latitude distribution as the ATLASGAL 870-
µm sources (Beuther et al. 2012), while the Hi-GAL 70-µm
sources do. APEX/LABOCA at 870 µm has the same spatial res-
olution as Herschel/SPIRE at 250 µm, and the wavelengths are
both in the Rayleigh-Jeans section of the SED of cold dust, so
that one would naively expect the two samples to exhibit sim-
ilar behaviour in their statistical distributions. The discrepancy
is due to the significantly different sensitivities of the two in-
struments, coupled with the different completeness limits that
can be reached on and off the midplane at 250 µm. In the most
recent version of the ATLASGAL source catalogue, Csengeri
et al. (2014) report the peak of the 870-µm integrated flux dis-
tribution at ∼0.6 Jy. Extrapolating to 250 µm assuming β = 1.5,
this would correspond to a flux of ∼47 Jy. On the other hand,
the peak of the 250-µm source-integrated flux distribution is at
∼3 Jy (Molinari et al. 2016), showing that Herschel is, as ex-
pected, at least ten times more sensitive than current top-notch
ground-based submillimetre surveys. The ATLASGAL sources
therefore represent the highest-flux portion of the Hi-GAL com-
pact sources, suggesting that the different latitude distributions
of the two samples is due to a bias from the different ranges of
fluxes sampled. To verify this, we analysed the latitude distri-
bution of the Hi-GAL 250-µm sources again, using only those
above a certain minimum integrated flux. For each choice of this
minimum flux, we fitted the latitude distribution of the sources
in 1◦ longitude bins with a Gaussian and computed the median
of the FWHMs between −60◦ and +60◦. Figure 7 reports the re-
sulting median FWHM of the 250-µm sources as a function of
the 250-µm minimum flux adopted and proves that the smaller
FWHM of the ATLASGAL source latitudes, with respect to Hi-
GAL 250-µm sources, is likely to be a sensitivity effect.

The reason for the different latitude distribution of SPIRE
250-µm sources compared to ATLASGAL sources has then to
be sought in the population of relatively faint Hi-GAL sources.
Cirrus noise changes considerably as a function of latitude for
any given longitude in the inner Galaxy. As a consequence,
the flux completeness limits for extracted sources vary, too. As
shown in Fig. 8, the distribution of 250-µm fluxes for sources
with |b| ≤ 0◦.375 (half the mean FWHM of the 70-µm source
latitude distribution as determined from Fig. 6) peaks at about

Fig. 8. Flux distribution for Hi-GAL sources at 250 µm (green lines)
and at 70 µm (blue lines), for sources with latitudes |b| ≤ 0.◦375 (full
lines) and |b| > 0.◦375 (dashed lines). The value of 0.◦375 corresponds to
half the mean (over longitude) FWHM of the latitude distribution of the
70 µm sources.

∼7 Jy (full green line), while sources at higher latitudes peak at
∼4 Jy (dashed green line); the distributions show a clear shift.
This means that in the brightest cirrus regions closer to the
Galactic midplane we are less efficient (due to confusion noise)
at picking up relatively fainter sources. This causes a deficit in
the 250-µm source counts in the central latitudes, leading to an
artificially shallower distribution. No such effect is present at
70 µm (the blue lines in Fig. 8).

3.2. Large-scale latitude distortions of the dusty Galactic disk

In this section we analyse the latitude distribution of compact
sources and diffuse emission from Hi-GAL in detail. We make
extensive use of Figs. 1–5.

3.2.1. The first quadrant

Figure 1a shows the emission map at 500 µm in the first quad-
rant starting from l ∼ 67◦, where the Hi-GAL coverage starts
to climb up in latitude to follow the Galactic warp. In a popu-
lar representation of the four-arm Milky Way Galaxy, the region
60◦ ≤ l ≤ 50◦ is dominated by the Local Arm; many noticeable
star-forming complexes in this region are located at heliocen-
tric distances of a few kpc at most (e.g., the Vul OB1 complex,
see Billot et al. 2010). As soon as we see the distribution of the
bulk of the emission coming down from the warped disk onto
the b = 0◦ midplane, at around l = 60◦, the latitude distribu-
tion of the emission appears to generally be centred on the mid-
plane. As we move to lower longitudes we see that, starting from
l ∼ 50◦, approximately corresponding to the tangent point of the
Sagittarius Arm, the overall distribution of the 500-µm emission,
neglecting local oscillations on the sub-degree scale, begins to be
shifted more and more towards lower latitudes.

On a purely visual level, it is immediately apparent that the
majority of the emission at 50◦ ≥ l ≥ 36◦ in Fig. 1a is concen-
trated below b = 0◦. The curved shaded area superimposed on
the map is meant to guide the eye along this downward bend
in the overall emission that, after reaching a minimum around
l ∼ 40◦, comes up to rejoin the b = 0◦ midplane at around
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l ∼ 36◦. The distribution remains centred on b ∼ 0◦ as we pro-
ceed to smaller longitudes, where the Scutum-Centaurus Arm
starts to dominate, through the W43-G29.9 complex and towards
the l ∼ 25◦ region. The negative bend in the latitude distribu-
tion of the emission therefore seems confined to the portion of
plane that is dominated by the Sagittarius Arm. This behaviour
for 50◦ ≤ l ≤ 36◦ is quantitatively confirmed in Fig. 3, where
the 500-µm emission centroid does indeed stay consistently be-
low b = 0◦ for 50◦ ≤ l ≤ 36◦, reaching a minimum value of
b ∼ −0.◦25. This displacement appears to be significant judging
by the dispersion of the centroid histogram (thin histogram) with
respect to its boxcar running average (thick black line) in Fig. 3.

The same can be seen in the latitude distribution of the com-
pact sources in Fig. 4. Here, the amplitude of the latitude dip is
relatively smaller (less than 0.◦2), but it is visible for both the 70-
and the 250-µm sources. Figure 5 shows that this bend is signif-
icant to about the 2σ level. (The blue and green dashed lines are
close or well above the full lines.) We again note that although
the effect is strictly speaking marginal, we are looking at degree-
wide longitude sections where the dashed line stays above the
full line. It is interesting to note here that the latitude distribu-
tion of the 24-µm compact sources from MIPSGAL does not
follow the dip but stays remarkably flat and close to b = 0◦, even
if the Robitaille et al. (2008) YSO-dominated 24 µm sample is
considered (red line in Fig. 4).

3.2.2. The Galactic bar

The two subpanels of Fig. 1b show a much larger longitude
range from l ∼ 27◦, through the Galactic centre, to l ∼ 328◦.
It is dominated by the Scutum-Centaurus arm from its tangent
point in the first quadrant, the entire Galactic Bar and CMZ, and
the Norma Arm and its tangent point in the fourth quadrant. At
around l ∼ 25◦, the emission distribution that has remained cen-
tred on b ∼ 0◦ since l ∼ 36◦ (see previous section) again starts
to slowly bend downwards. For longitudes smaller than 20◦, the
emission is consistently found at negative latitudes; again, the
shaded area on the figure is useful to guide the eye along this
bend. This is the near side of the Galactic Bar. The emission
band starts to climb up again below l ∼ 5◦, goes across the mid-
plane at the Galactic centre, and up to positive latitudes in the
fourth quadrant. The lower panel of Fig. 1b clearly shows that
the barycenter of the emission appears consistently above b ∼ 0◦
for longitudes 358◦ ≥ l ≥ 345◦ ( −2◦ ≥ l ≥ −15◦), correspond-
ing to the far side of the Galactic Bar, approaching again b ∼ 0◦
roughly at the location of the far tip of the Bar. Beyond this loca-
tion we again see that the emission barycentre heads to negative
values until the tangent point of the Norma Arm is reached at
around l ∼ 330◦ (or l ∼ −30◦.).

As in the previous section, the visual impression from the
panoramic images is quantitatively verified using the latitude
distribution of the 500-µm emission barycentre in Fig. 3, as well
as the distribution of the median latitude of the compact sources
in Fig. 4. The figures confirm that, as traced by both the diffuse
500-µm emission and by the 70- and 250-µm compact sources,
the plane stays around b ∼ 0◦ for 35◦ ≤ l ≤ 25◦, making a
negative latitude bend all the way across the Galactic centre,
coming up to positive latitudes after that until l ∼ −15◦. We
believe the evidence is robust because the above trend is also
consistently shown by the distribution of the 50% levels of the
500-µm emission (the grey lines in Fig. 3), as well as confirmed,
with similar shape and magnitude, by the 70-µm and the 250-
µm compact-source distributions. The only two locations where
the distributions of the 70-µm and 250-µm sources differ is at

l ∼ 18◦, where the 70-µm distribution is well above the 250-µm
one and goes back to b ∼ 0◦), and at l ∼ −6◦, where the up-
ward climb of the 70-µm sources is much more marked. These
two occurrences are due to the local bias in the median esti-
mate of the 70-µm source latitude induced by the large M17 and
NGC 6334/6357 star-forming complexes. These distortions are
significant over the range +25◦ ≥ l ≥ −10◦ at the 7σ level for
the 250-µm sources and at 4–5σ for the 70-µm sources (from
Fig. 5). For the latter, the rms of the latitude distribution is larger
than the amplitude of the distortion between 20◦ and 15◦, owing
to the peculiar latitudes of the M16/M17 complexes with respect
to the local median. Again, the significance should be judged not
only by pure σ levels over the rms, but also by the persistence of
the significance over an area a few degrees wide.

There is an additional downward bend that can be visually
identified at 345◦ ≥ l ≥ 330◦ in Fig. 1b and that is visible in
Fig. 3 at −15◦ ≥ l ≥ −30◦ although with a lower magnitude
compared to the region of the Galactic Bar. The distribution of
the 70 µm sources shows the same trend, but the 250-µm one
does not and remains centred on b ∼ 0◦. We regard the plane
distortion in this region as less certain. Again, we note how the
latitude distribution of the 24-µm compact sources from the en-
tire MIPSGAL sample does not follow any of the patterns exhib-
ited by the diffuse emission or the compact-source distribution in
Hi-GAL. The situation is different for the YSO-dominated sam-
ple of Robitaille et al. (2008) that instead exhibits the downward
bend between 20◦ and 0◦ (red line in Fig. 4).

3.2.3. The fourth quadrant

The appearance of the plane in the diffuse 500-µm emission in
the rest of the fourth quadrant is shown in Fig. 1c, where the
band of emission is mostly centred on b ∼ 0◦. There is a down-
ward bend at 325◦ ≥ l ≥ 315◦ (−35◦ ≥ l ≥ −45◦) that is visible
in Fig. 3 and in the compact-source distribution in Fig. 4. The
overall emission along the plane in this region is more inhomo-
geneous with respect to the Bar and the first quadrant, with gaps
of relatively faint emission. The significance of the distortion
patterns, however, seems reliable. Moving farther away from the
inner Galaxy, at l ≤ 310◦ (or l ≤ −50◦) the 500-µm plane emis-
sion appears much more widely spread in the vertical direction,
which explains the relatively higher level of channel-to-channel
noise in Figs. 3 and 4.

3.3. Characterising biases for the large-scale distortions

3.3.1. Distance effects

The position of the Sun ∼27 pc above the nominal b = 0◦ plane
has to be considered as one of the possible reasons that the lat-
itude distribution of Galactic sources retrieved in Hi-GAL or in
ATLASGAL is generally peaked to slightly negative latitudes
(Molinari et al. 2016; Beuther et al. 2012). This effect would,
however, also generate distance-dependent distortions, in that
closer objects would appear at more negative latitudes than more
distant objects. To check that this may be the cause of the ob-
served distortions, we made a preliminary investigation using
the subset of Hi-GAL sources for which a heliocentric distance
estimate is available (Elia et al. 2016).

The longitude range of the Galactic plane covered in the re-
lease of Molinari et al. (2016) was divided into bins of 1◦, and
for each bin we computed the distance distribution of the objects
along the line-of-sight in bins of 1 kpc. The distance at which
the distribution peaks is likely to provide the major contribution,
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in terms of source numbers, to the determination of the median
source Galactic latitude reported in Fig. 4. We find a location at
d ∼ 7−10 kpc for the majority of the sources in the 35◦ ≤ l ≤ 50◦
longitude range, d ∼ 10−13 kpc for the 12◦ ≤ l ≤ 20◦ range
(we do not have distance determinations for sources closer to
the Galactic centre at the moment), and d ∼ 1.5−3 kpc for
the 340◦ ≤ l ≤ 350◦ range. None of these preliminary findings
agrees with the expectations for a latitude distortion induced by
distance effects.

We therefore conclude that the apparent distortions are real.
A more thorough analysis will be needed (Elia et al. 2016) to
verify in detail to what extent the distortions are an overall prop-
erty of the Galactic disk or are confined to specific arm sections.

3.3.2. Source completeness biases in 24 µm catalogues

We investigate here the possibility that the shape of the source
latitude distributions as a function of longitude, as reported in
Fig. 4 for the entire sample of MIPSGAL 24 µm sources (the
black line), may be biased by incompleteness in source cata-
logues due to extinction by dust. In this case the effect should
be higher where the dust column is higher along the plane, as
traced by the 500 µm emission (see Figs. 1 and 3). That, con-
trary to what happens for the Hi-GAL 70 and 250 µm sources,
the distribution of the 24 µm sources does not show the same
oscillations in latitude centroid as a function of longitude exhib-
ited by the 500 µm diffuse emission (the black line in Fig. 3)
could then be due to dust extinction that depresses the 24 µm
source counts on the peaks of the 500 µm emission. A way to
mitigate this bias effect is to only compute the distribution of
24 µm sources for objects with fluxes above the completeness
limit, so that each latitude bin is equally treated, thus providing
a less biased median latitude estimate. There is currently no flux
completeness limit for the yet unpublished Shenoy et al. cata-
logue; however, a simple histogram of the fluxes shows a peak
around ∼3 mJy. Since the turn-down of fluxes histograms from
photometric catalogues is typically very close to the complete-
ness limit (e.g., Molinari et al. 2016 for the Hi-GAL catalogues),
we tentatively assume 3 mJy as an average value for 24 µm com-
pleteness in the Shenoy et al. catalogues. Carrying out the same
analysis of Fig. 4 only for sources with flux above 3 mJy re-
sults in the orange line in Fig. 9; this differs somewhat from
the black line, but again shows very limited latitude variations
around its respective midplane (the orange dashed line), and cer-
tainly does not resemble the distribution of the Hi-GAL 70 and
250 µm sources. The same conclusion is reached if we use the
WISE 22 µm source catalogue; this time we use only sources
with flux above ∼6 mJy, roughly corresponding to the peak of
the flux distribution of WISE sources between −60◦ ≤ l ≤ 60◦
and |b| ≤ 1. Using the same processing as above, we obtain the
cyan line in Fig. 9. Again the distribution is much flatter around
its respective midplane (cyan dashed line) than that of the Hi-
GAL sources.

As an additional check, we also used the very recent 24 µm
MIPSGAL catalogue of Gutermuth & Heyer (2015), which
contains high-reliability objects and for each source very con-
veniently includes an estimate of the local 90% flux com-
pleteness value. We carried out the same analysis again for
the Gutermuth & Heyer (2015) catalogue only using sources
above the completeness, and the result is shown in Fig. 9.
The latitude variations in the magenta line with respect to its
median-determined midplane (the magenta dashed horizontal
line) are still substantially limited, and again completely dif-
fer from the Hi-GAL sources. There are differences between the

Fig. 9. Same as Fig. 4 for the distribution of MIPSGAL 24 µm sources
alone. The black line is reported straight from Fig. 4 for comparison.
The orange line represents the distribution again from the Shenoy et al.
(in prep.) catalogue but for sources with fluxes above 3.5 mJy. The cyan
line represents the distribution from the WISE 22 µm source catalogue
with flux above 6 mJy. The magenta line instead represents the distri-
bution of the 24 µm sources from the catalogue in Gutermuth & Heyer
(2015) that are above the respective 90% completeness limit.

latitude distribution of 24 µm sources between Shenoy et al. and
Gutermuth & Heyer (2015), but this is beyond the scope of the
present paper, which is focused on Herschel data.

We conclude that completeness or extinction biases over
the entire sample of detected 24 µm sources cannot explain
the intrinsically different shapes of the longitude distribution of
sources’ latitude when the entire 24 µm catalogues are consid-
ered. It is only when the 24 µm catalogues are filtered with cri-
teria that tend to select YSOs that the 24 µm sources distribution
approaches the distribution of the Herschel sources more closely
(red line in Fig. 4).

4. Tracer-dependent disk distortions: evidence
for an external agent

Our results confirm the findings of the studies mentioned ear-
lier (see Sect. 1) with much higher reliability and statistical sig-
nificance, but it is noteworthy that those previous investigations
were basically successful at identifying the large-scale latitude
modulations in the distribution of gas and star-forming tracers
using relatively small or limited data sets.

One fact to recall at this point is the different appearance
in the latitude distribution of the Galactic disk as a function of
the tracer. For instance, the HI elliptical disk distribution in the
CMZ is tilted by ∼24◦ (McClure-Griffiths et al. 2012), i.e. sig-
nificantly more than the inclination angle of ∼1.◦27 that we infer
from the median longitude distribution of the latitude centroid of
the Herschel 500-µm emission via a simple linear fit to the black
line in Fig. 3 in the range 17.◦5 & l & −10◦.

The different morphology in the latitude distribution of the
Galactic disk as a function of the tracer can provide clues to the
possible agents responsible for driving the perturbations. Alfaro
et al. (1992) report modulations along the Sagittarius-Carina
arm, not only in the star-formation and gas tracers but also in
the young stellar populations traced by young clusters. These
deviations have a maximum semi-amplitude of about 50 pc, as-
suming that the clusters are indeed distributed along the Sag-
Car arm between l = 20◦ and l = 280◦ (going through the
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Galactic centre). At the heliocentric distance of the Sag-Car arm
towards the l = 300◦ line of sight, 50 pc correspond to an an-
gular amplitude of more than 1.◦8. Such large amplitude mod-
ulations are not measured in the latitude distribution of objects
in recent near/mid-IR Galactic plane surveys. Benjamin et al.
(2005) does not report any distortion of the stellar component
traced by the Spitzer/GLIMPSE survey, showing a mean latitude
source distribution close to b = 0◦. The mean latitude distri-
bution of the sources detected in the Spitzer/MIPSGAL 24-µm
survey (black histogram and full thick line in Fig. 4) tends to
depart from a perfect flat distribution, showing some distortions
that seem uncorrelated and have much lower amplitude than in
the Herschel 70-µm and 250-µm sources; certainly, nothing sim-
ilar to what was proposed by Alfaro et al. (1992) is revealed. We
argue that the limited number of clusters (28) used in Alfaro
et al. (1992) is not representative of the stellar component of
the disk in the Sag-Car arm. To summarise, we are presented
with a complex scenario where the latitude distribution of the
Galactic disk behaves differently depending on the tracer con-
sidered. Latitude modulations as a function of longitude are ob-
served in the atomic and relatively less dense phase of the ISM
traced by the HI 21-cm line. The same modulations, with a lower
amplitude, are revealed in the denser ISM phase traced both by
the large-scale diffuse cold dust emission, and by the distribu-
tion of the star-forming clumps revealed at λ ≥ 70 µm in the
Herschel Hi-GAL survey. No evidence of such modulations are
found in the point sources detected by the Spitzer MIPSGAL
and, to the best of our knowledge, GLIMPSE surveys, when the
entire source samples are considered. If instead we consider the
subsample selected by colour criteria targeted towards YSOs as
in Robitaille et al. (2008), the distribution exhibits some of the
characteristics of the Herschel sources distributions.

It is difficult to interpret this picture by invoking gravita-
tional perturbations induced by the Milky Way satellites, be-
cause gravity would act indifferently both on gas and stars, while
the distortion here is only seen in diffuse gas and dust and the
star-forming component of the Galaxy (but see Carlin et al.
2013). Likewise, any dynamical perturbation induced by non-
axisymmetric agents like the Galactic Bar should act on all disk
components as well. A plausible driving agent has to dynami-
cally interact with the diffuse gas and dust content of the disk
but have a negligible cross-section with the stellar component.
We propose that such an agent may be constituted of incoming
flows of relatively low-density diffuse material from the Galactic
halo accreting onto the Galactic disk and/or by Galactic fountain
gas.

4.1. Interaction between gas flows and the Galactic disk

While a detailed model of the interaction between the Galactic
disk and incident extraplanar gas flows is beyond the scope of
this paper, it is instructive to verify the plausibility of this inter-
pretation. To approximate the Galaxy as a thin disk of uniform
surface density σ0, the vertical gravitational field at a height z
above (or below) the plane can be written as

g ≈ −2πGσ0

1 − z/R0√
1 + (z/R0)2

 · (1)

In our specific case we take 0.◦2 as a representative distortion am-
plitude from Fig. 4. The linear vertical amplitude z will of course
depend on where in the inner Galaxy the distortion is located, but
even at the location of the CMZ, this would correspond to about
30 pc; this is negligible with respect to whatever choice we make

for the Galaxy radius R0. In other words, z/R0 � 1, so that the
term in square brackets in Eq. (1) is ∼1. A fraction of the disk of
unit area undergoing a vertical distortion above the plane, with
amplitude z much smaller than the Galaxy radius, will then ex-
perience a downward force:

Fz ≈ −2πGσ2
0. (2)

In the above we neglect that the field in Eq. (1) includes the con-
tribution from the unit area undergoing the distortion. Assuming
that the distortion is a stationary feature, this force will have to
equal the force exerted by an incoming flow of gaseous material
at velocity vf , which we can write as

Ff = ṁfvf (3)

which for a unit area flow column, can be rewritten as

Ff = ρfv
2
f . (4)

At equilibrium Fz = Ff , so that the required volume density of
the incoming flow is

ρf =
2πGσ2

0

v2
f

· (5)

For a typical average velocity of HVCs of vf ∼ 200 km s−1 and
a mean Galaxy surface density of σ0 ∼ 0.015 g cm−2 (Bovy
& Rix 2013), we obtain ρf ∼ 0.077 cm−3. These volume den-
sities, as approximate as they are in this very simplified treat-
ment, are compatible with measurements of extraplanar gas in
intermediate- and high-velocity clouds (e.g., Putman et al. 2012;
or Shapiro & Benjamin 1991, see below next paragraph).

Such flows would provide important large-scale momentum
input for ordered flows in the disk or for driving turbulence,
two of the main mechanisms invoked for the origin of dense
ISM clouds and filaments where supercritical conditions for star
formation exist (Molinari et al. 2014, and references therein).

4.2. Galactic fountain or accretion from halo flows?
The large-scale ordered appearance of the distortions revealed
by Herschel would suggest that these features are stable over
fractions of the orbital period. One can ask how this time scale
compares with that of such dynamical processes as produced
by “Galactic fountains”. To drive a Galactic fountain, a series
of massive stars from OB associations have to generate super-
novae to guarantee that enough momentum is available to create
a large-scale fountain. Assuming a Salpeter initial mass func-
tion, McCray & Kafatos (1987) estimated that this phase lasts
5 × 107 yr, on average. When the expelled gas falls back, it will
impact the Galactic disk that is locally rotating with a tangential
velocity of ∼220 km s−1 basically everywhere in the inner disk.

Direct evidence of this gas mainly comes from UV spec-
troscopy that Shapiro & Benjamin (1991) modelled with a nH ∼

10−2 cm−3 medium accreting onto the Galactic disk over linear
extents exceeding a kiloparsec. Assuming that the infalling foun-
tain lasts the same amount of time as the series of supernova
explosions, the spatial extent of the interface among the two
flows will be in excess of 10 kpc, comparable to the linear ex-
tent that we can reasonably project from the angular extent of
the observed disk bending (see, e.g., Fraternali et al. 2015). The
Galactic fountain hypothesis is therefore compatible with the ex-
tent of the observed features from a timescale viewpoint.

Accretion onto galaxies from halo gas that is intergalactic in
origin is commonly invoked to solve the gas depletion problem
in star-forming galaxies. At an average Galactic star-formation
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rate of ∼1 M� yr−1, the Milky Way would exhaust its current
reservoir of molecular gas in about 2 × 109 yr, clearly requiring
replenishment of fresh ISM material from the surrounding halo;
we refer the reader to the recent reviews of Sancisi et al. (2008)
and Putman et al. (2012). Fraternali & Tomassetti (2012) suggest
that the very existence of a star-formation Schmidt-Kennicutt
law requires continuous fuelling of gas, either from gas strip-
ping from orbiting dwarf galaxies or accretion from a diffuse
halo. Peek (2009) simulates gas accretion from different sources
in the Galactic potential and concludes that accretion from a
diffuse halo is able to channel fresh ISM onto the most cur-
rently active star-forming Galactocentric radii, while accretion
from dwarf satellites gas stripping would be dominant outside
of the solar circle, therefore requiring efficient inward gas radial
transport. While the latter is possible in principle, the need to
transfer angular momentum outwards would seem to make the
process very inefficient even in the presence of well-developed
spiral arms (e.g., Peek 2009).

These flows could also correspond to the high-velocity or
intermediate-velocity clouds observed in the HI 21-cm data
(Putman et al. 2012) with densities of the order of 0.1 cm−3 and
line-of-sight-velocities of hundreds of km s−1, again compatible
with the values required to cause and maintain local disk dis-
tortions (Eq. (5)). Since the disk distortions are mostly seen as
bendings towards negative latitudes, the proposed mechanism
would require that most of the incoming gas comes from north-
ern Galactic latitudes. Such asymmetry is indeed observed in ex-
traplanar gas in the major intermediate-velocity clouds (Marasco
et al. 2012) that are believed to be a manifestation of the foun-
tain gas, as well as in the major HVC that in part could be due to
halo gas flows.

4.3. Evolution of the distortions

As soon as stars are formed out of the cold and dense clouds
their cross-section is reduced, such that they can dynamically de-
couple from their gaseous environment and rapidly settle down
onto the b = 0◦ midplane. The representative maximum dis-
placement of the barycentre of the diffuse 500-µm emission, as
well as of the latitude medians of the 70- and 250-µm com-
pact sources with respect to the b = 0◦ midplane, is ∼0.◦2. At
a distance of 5 kpc, this is a representative value for the portion
of Sagittarium Arm undergoing the downward bend in the first
Quadrant (Sect. 3.2.1) and corresponds to about 17 pc. With a
vertical velocity of 7 km s−1, comparable to the Sun’s vertical
speed with respect to the Local Standard of Rest (e.g., Binney
& Merrifield 1998), an object would cover this space in about
2.3 Myr. At the ∼8.4 kpc distance that we assume on average
for the Galactic Bar, where the spectacular 25◦ ≥ l ≥ −25◦
sinusoidal-like latitude modulation is seen (Sect. 3.2.2b), the
vertical displacement would be of the order of 30 pc, requir-
ing ∼4 Myr to reach the midplane at the same 7-km s−1 vertical
speed.

These timescales are compatible with the formation
timescale of the low- and intermediate-mass stars that consti-
tute the bulk of the stellar mass in the clusters that form in the
Hi-GAL clumps. It is then plausible that the observed distortions
in the cold and star-forming component of the Galactic disk can
settle down towards the flatter latitude distribution seen for the
mix of relatively more evolved YSOs and MS/post-MS objects
traced at by MIPSGAL 24 µm or WISE 22 µm sources and for
the stellar Galactic disk in general. This would be the first direct
proof of a steady star formation from accretion of fresh extrapla-
nar material.

5. Conclusions

The assembly of panoramic views of the inner Milky Way from
the Herschel Hi-GAL survey enables studies of the spatial dis-
tribution in Galactic longitude and latitude of the interstellar
medium and of dense star-forming clumps with unprecedented
detail and statistical significance. The width of the Galactic
plane, which is expressed as the FWHM of the latitude distri-
bution of high-reliability Hi-GAL compact sources with coun-
terparts in at least three adjacent Herschel photometric bands,
has a mean value of 0.◦75 over the +60◦ ≥ l ≥ −60◦ inner
Galaxy. The width of the plane measured by the FWHM of
the diffuse 500-µm emission from dust is about twice as large.
The peak of the overall latitude distribution of Hi-GAL sources
is at b ∼ −0.◦06, essentially coincident with the results from
ATLASGAL.

Large-scale latitude distortions of the Galactic plane are vis-
ible in the ∼130◦-long 500-µm mosaic presented in Fig. 1. A
quantitative determination of the peak and width of the latitude
distribution of the dust column density has been made via a
polynomial fit to the emission in bins of 1◦ in longitude. Strong
star-forming complexes are clipped out to obtain a more reliable
determination of the distribution peak in latitude. The width of
the distribution is determined by the half-power width of the fit.
The number density of compact sources from the band-merged
Hi-GAL photometric catalogues is analysed as a function of lat-
itude by computing the median latitude values for sources in 1◦-
wide longitude bins. The detailed latitude distribution as a func-
tion of longitude shows clear modulations that are visible, both
for the diffuse emission and for the compact sources, as large-
scale bending modes over the full considered longitude range.

Bends are mostly towards negative latitudes, with excursions
of ∼0.◦2 below the midplane in the smoothed distributions peak-
ing at l ∼ +40◦, +12◦, −25◦, and −40◦. The only positive bend
peaks at l ∼ −5◦. No comparable modulations can be found
in the distributions of the entire samples of MIPSGAL 24-µm
or the WISE 22 µm point source distribution analysed with
the same methodology, and none is reported for the GLIMPSE
point-source distribution. The analogous distribution using the
subsample of MIPSGAL/GLIMPSE sources, selected by colour
criteria targeted towards YSOs (Robitaille et al. 2008), exhibits
instead some of the features shown by the Herschel sources.

The distortions of the Galactic inner disk revealed by
Herschel confirm previous findings with much lower statisti-
cal significance from CO surveys and HII/OB source counts.
That no such distortions are visible with tracers of more evolved
YSOs or the stellar disk, in general, would rule out gravi-
tational instabilities or satellite-induced perturbations, because
they should act on both the diffuse and stellar disk components.
We propose that incoming flows of diffuse material from the
Galactic halo interact with the disk causing the bends seen in the
Herschel data. These effects are still visible in the distribution of
very young star-forming clumps. Stars have a much lower cross-
section with the supposed incoming flows, therefore decoupling
from them and relaxing onto the stellar disk. The timescale re-
quired for the disappearance of the distortions from the diffuse
ISM to the relatively evolved YSO stages are compatible with
star formation timescales, assuming a velocity equal to the Sun’s
vertical speed in the disk.
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