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ABSTRACT

We analyse the near-infrared colour—magnitude diagram of a field including the giant molecular cloud G0.2534-0.016 (a.k.a. The
Brick) observed at high spatial resolution, with HAWK-I@VLT. The distribution of red clump stars in a line of sight crossing
the cloud, compared with that in a direction just beside it, and not crossing it, allow us to measure the distance of the cloud
from the Sun to be 7.20, with a statistical uncertainty of £0.16 and a systematic error of +0.20 kpc. This is significantly closer
than what is generally assumed, i.e. that the cloud belongs to the near side of the central molecular zone, at 60 pc from the
Galactic centre. This assumption was based on dynamical models of the central molecular zone, observationally constrained
uniquely by the radial velocity of this and other clouds. Determining the true position of the Brick cloud is relevant because this
is the densest cloud of the Galaxy not showing any ongoing star formation. This puts the cloud off by one order of magnitude
from the Kennicutt—Schmidt relation between the density of the dense gas and the star formation rate. Several explanations
have been proposed for this absence of star formation, most of them based on the dynamical evolution of this and other clouds,
within the Galactic centre region. Our result emphasizes the need to include constraints coming from stellar observations in the

interpretation of our Galaxy’s central molecular zone.
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1 INTRODUCTION

The central molecular zone (CMZ) is one of the most extreme
environments in the Milky Way. It includes about 3-5 x 107 Mg
of molecular gas (Dahmen et al. 1998; Pierce-Price et al. 2000),
representing a relatively large (5 per cent) fraction of the total
molecular gas of the Galaxy (Heyer & Dame 2015; Nakanishi &
Sofue 2016; Roman-Duval etal. 2016), concentrated in a small region
of about 400 pc in the plane, and <100 pc in height perpendicular
to it. The conditions of this gas, however, are pretty different from
those of the rest of the disc. The temperature is on average hotter
(50-400K), the density is larger, reaching peaks of n = 10°-10’
cm™3, turbulence is higher, there is a large variety of molecules
and a stronger magnetic field (Battersby et al. 2020, and references
therein).

Given the conditions of the gas in the CMZ, it is legitimate
to compare this region with star-forming discs at high redshift
(Kruijssen & Longmore 2013; Barnes et al. 2017), with the great
advantage that the CMZ can be resolved and studied in much
greater detail. In this respect, according to the Kennicutt—Schmidt
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law (Kennicutt 1989, 1998), above a critical density, the cold and
dense gas should form stars with an efficiency proportional to the
gas surface density. The relation has been found to hold, with the
same slope, from star-forming regions in the Milky Way (e.g. Wu
et al. 2005; Heiderman et al. 2010; Lada, Lombardi & Alves 2010;
Ladaetal. 2012; Evans, Heiderman & Vutisalchavakul 2014) to parts
of external galaxies (e.g. Bigiel et al. 2015, 2016; Usero et al. 2015;
Gallagher et al. 2018; Querejeta et al. 2019; Morselli et al. 2020)
out to unresolved galaxies (e.g. Gao & Solomon 2004a, b; Krips
et al. 2008). The CMZ, however, is a notable exception. Although
some ongoing star formation is observed in this region, its rate (0.05—
0.1 Mg yr~!) is about an order of magnitude below what is expected
given the amount of dense gas contained in the CMZ (Immer et al.
2012; Lada et al. 2012; Longmore et al. 2013; Barnes et al. 2017;
Kauffmann et al. 2017). Not surprisingly, there is something about
the reason why some clouds form stars, and some others do not,
that we do not completely understand. The CMZ might provide the
opportunity to clarify it, and make the link between our Galaxy and
high-z ones.

The 3D structure of the CMZ is still a matter of debate. Given
the impossibility to directly derive distances to gas structures, their
location has been inferred through dynamical models of the whole
CMZ, assuming a state of the art Galactic potential and required to
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reproduce the observed radial velocities of the gas at different lines
of sight, as traced by molecules such as CO, CS, NH3, and HNCO.
The simplest and most widely adopted model proposes that most of
the dense molecular clouds are arranged in a twisted (co-shaped)
elliptical ring with semimajor axis of 100 pc and semiminor one of
60 pc (Molinari et al. 2011). Notable, giant molecular clouds (GMC)
composing the ring are Sgr B2 (n = 107 cm™3), the most massive
molecular cloud in the CMZ and also an active site of star formation,
GMC—-0.02-0.07 (the 50 km s~! cloud), GMC—0.13-0.08 (the
20 km s~! cloud), and GMCO0.25+0.01 (a.k.a. G0.253+0.016, or the
‘Brick’). Alternative, but not too different, interpretations propose
that the ring is in fact composed by two spiral arms (Sofue 1995;
Sawada et al. 2004; Ridley et al. 2017), or it is an open stream instead
(Kruijssen & Longmore 2013). Aside from these few models, all the
other investigations about the physical conditions of the gas, assume
that all the clouds are located at the distance of the Galactic centre. It
is important to establish where are the clouds, and what is their orbit,
in order to understand the shocks they were submitted to, and try to
understand why some of them are forming stars while others do not.

In addition to the CMZ, within a radius of ~300 pc from the
Galactic centre, there is a large concentration of stars usually called
the Nuclear bulge. This component appears distinct from the Galactic
bulge because it has a much higher surface density of stars with a
clear break, and because it hosts a population of massive — and
therefore young — stars (Dong, Wang & Morris 2012), three massive
young (2-6 Myr) clusters, namely: the Nuclear cluster, Arches, and
Quintuplet. In the same region, and roughly coincident with the
CMZ, there is also the Nuclear Stellar Disc: a flat component that
shows a larger and coherent rotation in the Galactic plane (Launhardt,
Zylka & Mezger 2002; Schonrich, Aumer & Sale 2015). Most of the
mass in this component (3 x 10° My; Valenti et al. 2016, their fig.
5) is in old stars (Nogueras-Lara et al. 2019). While in the CMZ,
the interstellar medium has been studied systematically for decades,
its stellar component counterpart is still poorly explored because it
requires the spatial resolution that only the Hubble Space Telescope
or Adaptive Optics systems can provide. Therefore, so far the study
of the stellar population in the CMZ has been limited to very small
regions, either centred on the massive clusters (Stolte et al. 2005;
Clarkson et al. 2012; HuBmann et al. 2012; Liermann, Hamann &
Oskinova 2012; Habibi, Stolte & Harfst 2014; Hosek et al. 2015;
Fritz et al. 2016; Shin & Kim 2016) or mapping a small area very
close to the Galactic centre (e.g. Nogueras-Lara et al. 2018, 2019).
A systematic high spatial resolution study of the stellar counterpart
of the entire CMZ is currently still lacking.

In an attempt to fill the gap between the sparse, small fields studied
at high spatial resolution and the wide area surveys covering the
whole bulge but not properly resolving the region within R<300 pc,
we started a project aimed at mapping the Nuclear bulge with HAWK-
Iat VLT. Unfortunately, only a small fraction of the programme orig-
inally approved [0103.B-0262(A)] was completed, providing data
only for the five highest priority innermost pointings. In this paper, we
analyse the field containing one of the most prominent clouds in the
CMZ, known as G0.253+0.016, or ‘The Brick’, at coordinates (I, b)
=(0.253°,0.016°). In a reanalysis of far-IR and mm data, Longmore
etal. (2012) concluded that the Brick is a high-mass (1.3 x 10° M),
low-temperature (7T ~20 K), high-volume, and column density
(n ~ 8 x 10*cm™>; Ny ~ 4 x 10 cm~?) molecular clump close
to virial equilibrium. As such, it should be on the verge of forming
stars, potentially a massive cluster like Arches. Instead, the Brick is
the densest cloud in the Milky Way that is not actively forming stars.
In the attempt of understanding the reason why this cloud departs
from the Kennicutt—Schmidt law, Henshaw et al. (2019) analysed the
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line-of-sight velocity distribution of the gas in this cloud, concluding
that it is not really a ‘Brick’, i.e. not very concentrated along the line
of sight but rather a complex and structured cloud whose distance
spread is comparable to its physical size in the plane of the sky.

Although the conditions of the gas in this particular cloud have
been studied by different authors, its position within the Galaxy has
been inferred only once, based on the assumption that it belongs to
the so-called 100 pc elliptical ring, whose rotation has been modelled
by Molinari et al. (2011) and its axes thereby constrained. According
to that model, the Brick should lie on the front side of the elliptical
ring, at a distance of 60 pc (the ring semiminor axis) from the Galactic
centre. If we assume that the Galactic centre is at 8.2 kpc from the Sun
(Gravity Collaboration 2019), then the Brick is at 8.14 kpc from us.
A slightly different model has been proposed by Ridley et al. (2017),
where the ring is made up by two arms of a nuclear spiral following
very closely the x; orbits of the Galactic main bar. Within this model,
the radial velocity of a cloud at the position of the Brick is consistent
with the observed velocity of the latter, although that would also be
true for a cloud located at the same distance from the Galactic centre,
but symmetrically behind it. The same degeneracy holds, in general,
for every cloud in the CMZ. Longmore et al. (2012) attempted to
put an independent constraint on the distance of the Brick, using the
stars in front and around it. Using the distribution of the stars along
the line of sight, they found that the cloud should be at 7.4 £ 1 kpc
from us. However, because the stellar photometry used in that work
was rather shallow, with large errors and few stars, they considered
this measurement less reliable than that by Molinari et al. (2011)
(though still compatible with it, within the errors) and throughout
their analysis they assumed the cloud to be located at the Galactic
centre distance.

In this paper, we propose a re-determination of the Brick distance
by using deep and accurate photometry of the stars in front and
around it, following an approach very similar to that by Longmore
et al. (2012). We anticipate that our results confirm that the Brick is
significantly closer to us than the Galactic centre, hence in contrast
with the idea that it should belong to the 100-pc elliptical ring.

2 OBSERVATION AND DATA REDUCTION

In this work, we use H and K band observations of the infrared (IR)
dark cloud G0.253+0.016 collected with HAWK-I on the Yepun
(VLT-UT4) telescope at the ESO Paranal Observatory. HAWK-I
is a wide field (7.5 arcmin x 7.5 arcmin) near-IR imager with a
pixel scale of 0.106 arcsecpx~' and equipped with the GRound
layer Adaptive optics system Assisted by Laser (GRAAL), which
provides image quality improvement (i.e. it is a seeing enhancement
system). A set of 16 and 8 exposures, each 30s and 20s long,
was obtained through the H and K, pass-band filters, respectively.
The exposures were taken following a dithering pattern specifically
designed: (i) to homogeneously cover the small cross-shape gap
of ~15 arcsec between the four detectors mosaic; and (ii) for
background subtraction. The observations were taken in service
mode in July 2019 (ESO period 103) under an average optical seeing
of 0.7 arcsec that combined with the GRAAL correction led to a final
image quality of 0.4 arcsec and 0.3 arcsec in H and K, respectively.

The raw data have been processed by using the ESO HAWK-I
pipeline within the Reflex workflow,! which produces final tiled (see
Fig. 1) and stacked pawprint images for each filter. The total exposure
time of the stacked images is therefore 480 and 160s in the H and

Uftp://ftp.eso.org/pub/dfs/pipelines/instruments/hawki
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Figure 1. Final HAWK-I K-band tiled image where the brick clearly stands
out as a region of low stellar density due to its excess extinction. Solid yellow
lines refer to the Hi-GAL column density map contours from Longmore et al.
(2012, see their fig. 3).

K, band, respectively. The Brick is clearly visible in this image as
a dark cloud, almost devoid of stars, in the middle. Yellow contours
are taken from the column density maps of Longmore et al. (2012),
obtained within the HIGAL survey (Molinari et al. 2010).

We carried out standard photometry, including Point Spread
Function (PSF) modelling on each single detector from the pawprint
images by using DAOPHOT (Stetson 1987) and ALLFRAME (Stetson
1994).For each filter, the four single-detector catalogues have been
first cross-matched with VVV photometry (Contreras Ramos et al.
2017) to perform the absolute calibration to the 2MASS photometric
system and the VVV astrometric system. For the stars falling in the
overlapping region, the magnitude is the result of the error weighted
means of the two measurements in the two adjacent detectors. An
overall uncertainty of £ 0.05 mag in the zero-point calibration has
been estimated in both filters, while the derived astrometric solution
led to rms residuals of <0.1 arcsec in both RA and DEC. The final
photometric catalogue listing the H and K magnitudes for all 203 388
detected stars was obtained through the cross-correlation between
the two single band catalogues. The distribution of all detected stars
brighter than K; = 15 as a function of the Galactic coordinates
is shown in Fig.2 (black symbols). Bright stars within a selected
region centred on the brick are marked in red, while those within a
comparison control field nearby the Brick are highlighted in blue.

3 THE COLOUR-MAGNITUDE DIAGRAM

The colour—magnitude diagram (CMD) of all the stars in the region
of the red clump (RC) and red giant branch (RGB), as detected in the
HAWK-I 8 arcmin x 8 arcmin mosaic field, is shown in the left-hand
panel of Fig. 3. The RC is the prominent star overdensity roughly
centred at K; = 15, and it extends in diagonal, with the brightest
stars being also bluer as they are both closer to us and affected by a
lower interstellar extinction. The faintest RC stars, instead, are redder
because they are further away and also more extincted. The slope of
the RC in the CMD has been often used to constrain the reddening
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Figure 2. Spatial distribution in Galactic coordinates of all bright (i.e.
K < 15) stars (black symbols) detected within the observed field. Stars
selected within the brick (see text) are highlighted in red, while stars within
a comparison control field are shown in blue.

vector (e.g. Alonso-Garcia et al. 2017, Nogueras-Lara+20), i.e. the
ratio between the absolute and the relative extinction, in this case
AxJ/E(H — K;). That approach, however, works only under the
hypothesis that the stars are approximately all at the same distance,
and therefore the only effect altering their RC magnitude is the
interstellar extinction. In this case, the field is located at latitude b ~
0° where the line of sight crosses the whole foreground disc before
reaching the bulge. As a consequence, the distance spread is not
negligible and therefore the slope of the RC in Fig. 3 is the result
of a combination of extinction and distance. In order to estimate the
effect of reddening in the CMD, we rely on the recent determination
of the absolute-to-relative extinction ratio by Minniti et al. (2020),
which is based on Classical Cepheids detected behind the bulge
(at b = 0°). These authors derived a slope of Axs = 1.308 x E(H
— K,), represented by the purple line in Fig. 3. The zero-point of
the purple line was constrained by using the position of the RC
observed in Baade’s Window, depicted as a blue point in the upper
left region of the diagram. The mean colour and magnitude of the RC
in Baade’s Window was derived from VVV PSF photometry, and it
is (H — K, K) = (0.22, 13.2). If the stellar population sampled in the
present data is similar to that of Baade’s Window, and it is located at
the same mean distance, being only affected by a larger interstellar
extinction, we should see RC stars spread along the purple line. Note
that differential reddening due to the interstellar cloud density being
highly non-uniform across the field, in addition to along the line of
sight, also spreads stars along this reddening vector, and therefore it
will not be addressed in any specific way, in what follows.

In order to double check this approach, in Fig. 3 we also show the
location of the unreddened RC as predicted by an isochrone from
the BaSTI library (Hidalgo et al. 2018) for metallicity close to solar
(IM/H] = 0.06), an age of 12 Gyr and a distance of 8.2 kpc. This
point, at (H — K)o, Ks,0) = (0.08, 13.07) is shown as a black cross
and it is extremely close to the line. Because the RC magnitude
depends very weakly on age, for ages in excess of ~1 Gyr, the
precise age adopted here does not affect the result. In other words,
the cross is where the bulge RC would be expected to be, was it not
reddened at all. The blue point is where the bulge RC should be,

202 udy 60 U0 1sanb Aq Z£52019/9%Z1/1/20G/2101He/seluw/wod dno-dlwapese//:sdyy woly papeojumod



A new distance to the Brick 1249

18 : MULAT o

0 05 10 15 20 25 30 35

H-Ks

Figure 3. Left: The RC region of the CMD for all the stars detected in the HAWK-I field. Middle: CMD of the stars in front of the Brick cloud, marked in red
in Fig. 2. Right: CMD of a field of the same size of the Brick, but outside of it, marked in blue in Fig. 2. In all the panels, the blue point is the location of the
observed RC in Baade’s Window, while the black cross is the position of the RC in an isochrone for a 12 Gyr population, with [M/H] = 0.062, at a distance of
8.2 kpc. The error bar for the RC in Baade’s Window, on the x-axis, is smaller than the size of the point. The purple line is the reddening vector with the slope
derived by Minniti et al. (2020) and zero-point such that it passes through the RC in Baade’s Window. This vector was extended to a reference high extinction
typical of the Galactic centre region, i.e. Ax = 3, E(H — K) = 2.3, corresponding to (H — K) = 2.4.

was it affected by the same reddening as Baade’s Window. For more
and more reddening along the line of sight, the bulge RC should be
displaced to redder and fainter magnitudes, along this line, as long
as its mean distance is 8.2 kpc. In fact, for colours (H — K) > 2,
and K > 15, RC stars are observed, with some spread, around the
line. The spread is to be expected given the non-negligible spread in
distance, around the Galactic centre. For bluer colour, however, the
observed RC is significantly brighter than the purple line, especially
at the blue end. Given the above mentioned low sensitivity of RC
stars to age, the most plausible explanation is that the bluest RC stars
are significantly closer to us, than 8.2 kpc.

The middle and right-hand panels of Fig. 3 show the same region
of the CMD, but for stars within two sub-fields with the same shape
and area, one centred on the brick (middle) and another one to the
side of it, therefore in the region marked in red and blue in Fig. 2,
respectively. As already evident by visual inspection of the image,
in the sub-field centred on the Brick we detect fewer stars than in
any sub-field of the same area not crossing the Brick. Were the
Brick completely opaque, and located in the CMZ, i.e. very close
to the Galactic centre, we would expect to see in front of it (middle
panel) approximately half of the stars we would see to the side of
it (right-hand panel), i.e. only those in the near side of the Bulge,
plus the foreground disc. Were the Brick not completely opaque,
we should see even more stars than that. Instead, the middle panel
contains much less than half of the stars of the right-hand panel:
between 25 and 30 per cent, depending on the selection box. This
fact alone already tells us that the Brick must be much closer than
the CMZ. Converting these percentages into a distance, however, is
rather complicated because it requires not only a rough modelling of
the distribution of stars in front and behind the Galactic centre, but
also a modelling of the 3D interstellar extinction that prevents us to
see all the stars right to the opposite edge of the disc.

In the absence of such a model, we decided to adopt a simpler
approach, and use the magnitude difference between the observed RC

in front of the Brick (middle panel) and the purple line representing
stars at 8.2 kpc, affected by different amounts of reddening. This
difference is AK; = 0.28 magnitudes, implying that most of the RC
stars that we see in front of the Brick are located at a distance d =
7.2 kpc from us, obtained by resolving:

51log(8.2) — 5log(d) = 0.28

with respect to d.

We emphasize again that the magnitude difference of a given star
from the reddening vector is a ‘reddening free’ quantity, therefore
insensitive to both absolute (along the line of sight) and differential
reddening (across the field of view).

The approach we used relies on the assumption that the HAWK-I
photometry in the Brick field and the VVV photometry in Baade’s
Window are directly comparable. In order to verify this, we recal-
culated the photometric calibration of VVV on the 2MASS system,
both in Baade’s Window and in the Brick field, and estimated the
lo error associated with it. In Baade’s Window, there are a lot of
RC stars (~98 000 in one tile) in common between the VVV PSF
photometry used here (in turn anchored on the CASU DR4?) and
2MASS. The mean offset VVV-2MASS for these stars is zero, with
a negligible error as it is measured from a huge number of stars.
On the contrary, in the Brick field, VVV and 2MASS have a lower
number of stars in common (as the field is smaller), and they are
obviously much brighter than the RC, since 2MASS only samples
the upper RGB in such a crowded field. However, we did found, and
correct, some offsets between the two photometric catalogues, with
small differences between one VVV chip and the next (see Hajdu
et al. 2020 for a discussion of this problem). The statistical error on
this correction was + 0.03 mag. Finally, the statistical error on the
calibration between the HAWK-I instrumental photometry and the

Zhttps://www.eso.org/rm/api/v1/public/releaseDescriptions/80
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VVV one is £ 0.04 mag. In total therefore the statistical uncertainty
on the distance modulus derived here is £ 0.05 mag, which, at a
distance of 7.2 kpc, correspond to = 160 pc. Possible systematics
will be discussed in the next section.

The reddening vector in Fig. 3 was extended to (H — K) = 2.4, as
a reference for the highest extinction one could expect close to the
Galactic centre, i.e. Ax = 3. Indeed, Schodel et al. (2020) quote Ag
=2.62 for the Nuclear Star Cluster, while Minniti et al. (2020) quote
Ak >3.00 for the most extincted Cepheids on the disc far side. If
we redden the theoretical RC by these E(H — K) values, their colour
would reach (H — K) = 2.1 — 2.4. This means that, most likely, the
RC stars at colours (H — K) > 2.4 lie on the far side of the bulge, or
even in the disc, at distances >8.2 kpc. It is not surprising, then, that
they lie below the purple line in Fig. 3.

4 DISCUSSION AND CONCLUSIONS

The stellar population of the Nuclear bulge is very poorly studied,
due to a deadly combination of crowding, interstellar extinction and
foreground disc contamination. On the contrary, the gas in the CMZ
is the subject of a fairly vast literature, especially regarding the long
standing problem of its low star formation rate. The latter is hard to
explain, in the context of a Kennicutt—Schmidt law, given the large
amount of dense molecular gas clouds that should be forming stars.
Several models have been proposed to explain the observed low
star formation rate. Longmore et al. (2013) and Kruijssen, Dale &
Longmore (2015) proposed that star formation might occur in bursts,
triggered from the cloud passage to the pericentre of their orbit,
i.e. when they come closer to the Galactic centre. More recently,
Armillotta et al. (2019) proposed a similar scenario, where the star
formation rate has a characteristic oscillation cycle with a period
of about 50 Myr, driven by feedback instabilities. The current low
activity therefore would correspond to a temporary minimum of this
cycle. By studying circumnuclear star formation rings in five nearby
spiral galaxies, Boker et al. (2008) suggested that star formation
would occur closer to the apocentre of the cloud orbits, where the
ring crosses the dust lanes. This latter scenario is supported by the
simulations presented in Sormani et al. (2020). All these works
assume that the dense clouds whose star formation rate is observed
to be an order of magnitude lower than expected, sit at the edge of
the CMZ, at a distance between 60 and 100 pc from the Galactic
centre.

In this paper, we discuss observational evidence that one of these
clouds, G0.2534-0.016, a.k.a. the ‘Brick’, is located at 7.2 kpc from
the Sun, i.e. 1 kpc closer than the Galactic centre. This result is based
on the fact that RC stars seen in front of this cloud are about ~0.4
mag brighter than expected if they would lie at 8.2 kpc. They are
also brighter than most of their siblings in a contiguous line of sight
not crossing the cloud, and we conclude that in front of the cloud
we are seeing only the stars in the foreground, thus they are brighter
because they are closer to us.

An alternative interpretation could be that RC stars in front of
the Brick are brighter because they are younger. The magnitude of
RC stars, however, is almost completely insensitive to age, at least
for ages in excess of 1 Gyr. This is the reason why they are widely
used as distance indicators (Girardi 2016). According to the latest
BaSTI models (Hidalgo et al. 2018), a population of stars with solar
metallicity would have an RC brighter by 0.40 mag, compared to the
RC of old stars, if it is as young as 480 Myr. Because the RC stars
seen in front of the Brick are all this much brighter, if we want to
keep the Brick in the CMZ, then we should conclude that, between
the Sun and the Galactic centre there are no stars older than 480 Myr.

MNRAS 502, 1246-1252 (2021)
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Figure 4. Same CMDs as in the left-hand and middle panels of Fig. 3,
with two alternative reddening vectors corresponding to the Nishiyama et al.
(2009) extinction law (black) and to an ad hoc vector allowing the Brick to
be at the Galactic centre (purple).

This is obviously much less plausible than a shorter distance to the
Brick.

Another alternative might be a metallicity effect. Stars in the
Galactic bulge have a wide metallicity distribution approximately
centred on a solar metallicity (e.g. Rojas-Arriagada et al. 2020, and
references therein). For this reason, a solar metallicity isochrone was
used to fix the zero-point of the reddening line. The BaSTI models
predict that more metal poor stars have fainter RC in K, because
they are bluer. Therefore, if the stars in front of the Brick are more
metal poor than the average (hypothesis that would not be justified
by any other evidence), then their RC would be fainter and therefore
the Brick would be even closer to us. On the contrary, if the stars in
front of the Brick have a mean metallicity twice the solar one (i.e.
[Fe/H] = +0.3), then their RC magnitude would be brighter by 0.03
mag in K;. This goes in the right direction, of making the Brick closer
to the Galactic centre, but only by ~100 pc. This is not enough to
solve the discrepancy, but it will be counted in the systematic error
budget.

Finally, it might be that the reddening line drawn in Fig. 3 is
not the correct one, for this line of sight. Let us recall that we
adopted this one because it was determined using classical Cepheids
observed at latitude b = 0°. Cepheid variables strictly follow a period
luminosity relation well studied and calibrated in several photometric
bands. From the observed pulsational period, one can derive their
absolute magnitudes, and therefore colours, and by comparison with
the observed colours, derive the reddenings and extinction in different
bands (Minniti et al. 2020). Several other studies found that, when
moving from |b| = 4° to lower Galactic latitudes, the most appropriate
extinction law is the one derived by Nishiyama et al. (2009). None
of these studies, however, including Nishiyama et al. (2009), reaches
a projected distance from the Galactic centre smaller than 1°. In
the filters used here, the Nishiyama extinction law would have a
slope of Ags = 1.48 x E(H — Kj), corresponding to the black line
in Fig. 4, when normalized to Baade’s Window. Obviously, this is
a much worse fit to the observed RC, and it would imply that the
whole bulge, not only the Brick, is much closer than 8.2 kpc. We
can make the exercise to draw a reddening line that would allow the
Brick to be in the CMZ, i.e. one that passes just at the lower envelope
of the RC stars observed in front of the Brick. That is the purple line
in Fig. 4, with a slope of Axs = 1.158 x E(H — Kj). Unfortunately,
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such a reddening vector would badly miss most of the other RC stars
in this field, and it would lead us to conclude that the great majority
of the stars in this direction is behind the Galactic centre.

Because the slope of the reddening line is obviously a source of
systematics in our measurement, we propagate the error on the slope
(0.05) quoted by Minniti et al. (2020) in an error on the distance
modulus, calculated by fixing the slope at the two extremes of this
error bar, and re-anchoring on Baade’s Window. The resulting mean
distance modulus of the RC stars in front of the Brick would change
by £ 0.05 mag. By adding the squares of the possible metallicity
systematics (0.03 mag) and the error on the reddening law, we
estimate a total systematic error of + 0.06 mag, corresponding to
=+ 200 pc at a distance of 7.2 kpc.

It would seem that the most plausible interpretation of the observed
CMDs is that the Brick cloud lies 1 kpc closer to us than the Galactic
centre. Is it plausible to have such a dense gas cloud in this position? It
would seem that it might be not so unexpected, as models of gas flows
in a barred potential predict waves of densities all around the bar,
that might produce peaks at ~1 kpc from the centre. Furthermore,
according to Henshaw et al. (2019), the Brick is ‘not a Brick’, as
its extension along the line of sight is similar to that in the plane
of the sky, and therefore its density might be lower than previously
thought. Additional independent observational evidence supporting
the foreground origin of the Brick is the lack of observed bright X-
ray emission, observed in other molecular clouds in the CMZ, and
interpreted as the reflection of past flares from Sgr A* (Ponti et al.
2013).

If our interpretation is correct, then not only the position but also
the orbit derived for this cloud have to be significantly revised, and
with it the proposed scenarios for its absent star formation. This
result highlights the need for the stellar and interstellar community
to talk to each other, and make sure that the proposed scenarios for
the structure, origin, and evolution of the Nuclear bulge/CMZ are
compatible with all the available observations.

A forthcoming, dedicated paper will be devoted to the study of
the distribution of RC stars, both in magnitude and in colour, in five
fields observed with HAWK-I under the same observing program:
one centred on the Galactic centre, and two of them on each side,
all at the same latitude. There is important information regarding the
distance and reddening distribution of the stars in the Galactic plane
and inner bulge that is engraved in the distribution of RC stars, and
it is currently unexplored at these latitudes.
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