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ABSTRACT

New observations performed at the IRAM Plateau de Bure reveal the absence of molecular gas next to the black hole of the Andromeda
galaxy. We derived a 3σ upper limit on the molecular gas mass of 4300 M� for a line width of 1000 km s−1. This is compatible with
infra-red observations, which reveal a hole in the dust emission next to the black hole. Some gas from stellar feedback is expected from
the old eccentric stellar disc population, but it is not accreted close to the black hole. This absence of gas explains the absence of stellar
formation observed in this region, contrary to what is observed next to Sgr A* in the Milky Way. Either the gas has been swallowed
by the black hole, or a feedback mechanism has pushed the gas outside the central 1 pc. Nevertheless, we detect a small clump of gas
with a very low velocity dispersion at 2.4′′ from the black hole. It is probable that this clumpy gas is seen in projection, as it does
not follow the rotation of the disc surrounding the black hole, its velocity dispersion is ten times lower than the expected velocity
gradient, and the tidal shear from the black hole requires a gas density for this clump that is not compatible with our observations.
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1. Introduction

Andromeda is a galaxy that lies in the green valley (Mutch et al.
2011; Tempel et al. 2011; Jin et al. 2014). According to
Belfiore et al. (2016), it is typically a low-ionisation emission-
line region (LIER), as first observed by Rubin & Ford (1971) and
discussed by Heckman (1996). González-Martín et al. (2015)
discussed that the torus is disappearing in LIER: there is in-
deed little gas in the inner part of M31 (Melchior et al. 2000;
Melchior & Combes 2011, 2013). It is the closest external large
galaxy in which we can explore the mechanisms that quenched
the star formation activity. Optical ionised gas has been observed
by Menezes et al. (2013) next to the black hole in a field of view1

of 5′′ × 3.5′′, but this emission is weak. Jacoby et al. (1985) es-
timated the ionised gas mass in the bulge (10′ × 10′) to be of the
order of 1500 M�. It also hosts a very massive black hole of 1.4×
108M� (Bender et al. 2005), but as studied by Li et al. (2011a),
it is non-active and only murmurs at a level of 10−10 LEdd. It
hosts very little star formation of the order of 0.25−0.3 M� yr−1,
mainly located in the 10 kpc ring of the disc (e.g. Ford et al.
2013; Rahmani et al. 2016). Inside the central region (10′ × 10′),
no obvious sign of star formation is detected (e.g. Kang et al.
2012; Azimlu et al. 2011; Amiri & Darling 2016), except for a
central cluster of A stars formed 200 Myr ago that is located
next to the black hole (within 1′′) (Lauer et al. 2012), designated
by P3 by Bender et al. (2005). Viaene et al. (2014) estimated the
star formation rate (SFR) on a pixel basis with panchromatic
spectral energy distribution modelling. This infrared-based SFR
estimated in the central pixel (36′′ × 36′′) is 4 × 10−5 M� yr−1,
while an integration over the central region with a radius of
1 kpc corresponds to 1.25 × 10−3 M� yr−1. This negligible SFR
is much lower than the value predicted by Rimoldi et al. (2016),

1 For compatibility reasons, we assume a distance to M31 of 780 kpc
throughout, that is, 1 arcsec ∼3.8 pc, following Melchior et al. (2000).

considering supernovae remnants expected within the sphere
of influence of quiescent supermassive black holes. For M31,
an SFR of 0.13 M� yr−1 is expected in the sphere of influence
(RSOI = 14 pc = 3.7”) of its supermassive black hole. A past
AGN activity is also expected, and the associated molecular
torus, if it survives, should have a radius RMT = 25 pc = 6.7′′.
In parallel, Chang et al. (2007) expected next to the black hole
an accumulation of molecular gas (about 104 M�) originating
from stellar feed-back. Melchior & Combes (2013) estimated a
minimum molecular mass of 4.2 × 104 M� within 30′′ from the
centre, while about 106 M� of gas is expected from stellar feed-
back (e.g. Gallagher & Hunter 1981).

In this Letter, we present new observations of molecular gas
with the IRAM Plateau de Bure interferometer (PdBI). We dis-
cuss the implications of the non-detection of gas next to the black
hole.

2. Observations
The 3 mm observations were carried out at IRAM PdBI with the
five-antenna configuration between 3 September and 24 Decem-
ber 2012 in C-array and D-array. The receivers were tuned to a
frequency of 115.386 GHz, to account for the systemic velocity
of M31 (−300 km s−1). We used the WideX correlator, which
provides a broad frequency range of 3.6 GHz and 2 MHz spec-
tral resolution. We thus probe a velocity range of 9000 km s−1.
The integration time is about six hours per field, but for the
field at the offset (−16.8′′, −21.5′′), which has been integrated,
34% lower: as shown in Fig. 1, the level of noise is higher in
the south-western part of the data cube. After calibration within
the GILDAS reduction package, the visibility set was processed
with the MAPPING software. A one-iteration CLEAN decon-
volution was applied to recover a primary-beam-corrected data
cube close to the signal. The beam size of the final data was
3.37′′ × 2.44′′ (corresponding to 12.8 pc× 9.3 pc) with a posi-
tion angle PA = 70 deg, while the data are sampled with a pixel
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Fig. 1. IRAM-PdB CO(1−0) rms map. The colour-coding corresponds
to the noise level (σrms), corrected for the primary beam, of the map ob-
tained at the IRAM-PdB. The blue cross indicates the (optical) centre of
Andromeda (Crane et al. 1992). The red crosses correspond to the cen-
tre of the four fields observed at PdB with a half-power primary beam
of 43.7′′ represented by red circles. The half-power beam is presented
in the bottom left corner of the CO(1−0) observations.

size of 0.61′′. At the black hole position, we reach a sensitivity of
3.2 mJy/beam at 1σ with ∆v = 5.1 km s−1, and 0.6 mJy/beam at
1σ with ∆v = 304 km s−1, as displayed in Fig. 2. The extremities
of the band are more noisy, and hence, a more optimistic value
is found using the radiometer formula with 0.4 mJy/beam at 1σ
with ∆v = 304 km s−1. We subsequently restrict our analysis to
the velocity range (−300, +300) km s−1. Figure 1 displays the
rms map obtained for each channel, where the signal has been
removed.

3. Analysis

3.1. No accumulation of gas next to the black hole

If there were a gaseous disc/ring surrounding the black hole,
as observed in the Milky Way (e.g. Dahmen et al. 1998;
Kauffmann et al. 2017) and in external galaxies (Ricci et al.
2015), given the black hole mass and the stellar velocity disper-
sion, one would expect a molecular gas signal of 2 mJy with
a line width of about 1000 km s−1 according to Chang et al.
(2007). This corresponds to a 104 M� accumulation of molec-
ular gas next to the black hole due to stellar feedback from the
eccentric inner stellar disc.

Following Solomon & Vanden Bout (2005), we can derive
the molecular hydrogen mass MH2 = αCO × L′CO with
αCO = 4.36 M� (K km s−1 pc2)−1, and the line luminosity, in
K km s−1 pc2:

L′CO = 3.25 × 107S CO∆V ×
DL

2

νrest
2

1
(1 + z)

, (1)

with S CO∆V in Jy km s−1, DL in Mpc and νrest in GHz. Rely-
ing on the level of noise we have reached, we estimate an (3σ)
upper limit of the molecular gas mass in the beam of 4300 M�
(2400 M�) for a line width of 1000 km s−1 (300 km s−1 ). As
discussed above, these values can be increased by 40% (30%)
with a direct smoothing of the large band data.

3.2. Small gas clumps: residuals of a past molecular torus?

We investigated the possibility that the gas might be present in
the form of small clumps. Given the good velocity resolution

Fig. 2. Spectra of the central pixel smoothed at 304 km s−1. The dashed
(dotted) lines correspond to the 1σ (3σ) interval, with σ = 0.6 mJy. The
systemic velocity of M31 (−300 km s−1) has been removed.
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Fig. 3. Position of CO excess superimposed on 100 µm Herschel/PACS
map. The contours (1.5, 2.6, 3.7, 4.9, and 6 MJy/sr) correspond to the
Spitzer 8 µm map where the stellar continuum has been substracted by
the adjustment of elliptical annuli using the standard surface photometry
algorithm developed for IRAF (Jedrzejewski 1987). The projected field
of view is 230 pc× 230 pc. Following Rimoldi et al. (2016), the white
circle plotted with the dashed line corresponds to the expected extent of
a molecular torus (RMT = 25 pc ∼ 6.7′′), while the white circle plotted
with the full line corresponds to the radius of the sphere of influence of
the black hole (RSOI = 14 pc ∼ 3.7′′), as displayed in Fig. 1.

and the quality of the interferometric data, we looked for statisti-
cally significant weak signals, higher than 3σ over a beam area,
with the procedure described in Dassa-Terrier et al. (in prep.).
The cores of the detected clumps are plotted in Fig. 3 as blue
crosses, while the beam associated with each detected pixel is
represented in grey.

We can note that there is an overall correlation with the
dust emission detected at 100 µm detected with Herschel/PACS,
while CO exhibits a better correlation with the 8 µm dust emis-
sion map from Spitzer, displayed as contours in Fig. 3. Next to
the centre, the region of interest in this Letter, there is no dust
emission at 100 µm. Within 12′′, there is only one clump with a
peak flux above 6σ, which we discussed here. The other detec-
tions and their reliabilities will be discussed elsewhere (Dassa-
Terrier et al., in prep.).

We extracted the spectrum of the remaining clump in GO
VIEW in MAPPING/Gildas. We then analysed this spectrum
with CLASS in Gildas. The results are provided in Table 1. We
estimate a velocity dispersion σV < 5.9 ± 1.3 km s−1, which
corresponds to an estimated mass of the clump of 2000 M�.
We checked that the signal is not resolved spatially as the in-
tegrated line in a single pixel or in the region of interest is about
the same within the error bars. We thus assume that they have a
typical projected size of Rapp < 5.2 pc (FWHM/2) corresponding
to the beam size or a root-mean-squared (RMS) spatial size of
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Table 1. Detection of one small clump.

RA Dec ∆α ∆δ VLSR ∆V S max S CO∆v L′CO MH2

(J2000) (J2000) (′′) (′′) (km s−1) (km s−1) (mJy) (Jy km s−1) (K km s−1 pc2) (M�)
00 42 44.52 +41 16 10.1 1.7 1.7 −176.± 1. 14.± 3. 22.2 0.32± 0.05 480± 70 2000± 300

Notes. We provide the J2000 coordinates, offsets, the number of detected pixels, the central velocity VLSR, the FWHM ∆V , the peak intensity S max,
the integrated line S CO∆v, the line luminosity L′CO, and the molecular mass derived for the clump detected close to the centre (in projection).
The offsets here and throughout this Letter are computed with respect to the optical nucleus (J2000: 00h 42m 44.37s +41◦ 16′ 8.34′′) defined by
de Vaucouleurs & Corwin (1985, see Fig. 6).

σr < 4.6 pc. Fig. 4 displays the channel map corresponding to
this signal, while Fig. 5 displays its spectra. In the following, we
consider these upper values to discuss qualitative properties of
this clump.

According to the Galactic velocity dispersion-size relation of
Solomon et al. (1987), this clump lies above the σ/(1 km s−1) =(
R/(1 pc)

)0.5 relation. It has an apparent mass surface bright-
ness 21 M�/pc2 (computed within the FWHM area). It also lies
well above the correlation between σv/R1/2 and Σ discussed by
Heyer et al. (2009). With these characteristics, one can ques-
tion if a 2000 M� clump is gravitationally bound at a distance
D = 9.1 pc from the black hole. It should have a density
ntide = MBH

4/3πD3mp
> 4.2×106 cm−3 to resist the tidal force from the

supermassive black hole (Chen et al. 2016). This is much higher
than the apparent mean density napp ∼ (MH2/mP)/[4/3πRapp

3] ∼
150 cm−3. This would correspond to a volume filling factor
smaller than 3.5 × 10−5, which is well below the volume filling
factor (∼1%) estimated in Melchior & Combes (2016) in the gas
present along the minor axis in the inner bulge. This suggests
that the gas is clumped at a smaller scale, as observed in the
Galaxy (e.g. Combes 2001; Heyer & Dame 2015). This would
correspond to a clump size smaller than R′app = 0.24 pc. In addi-
tion, one can note that the CO luminosity and derived mass are
significantly lower than the main clumps observed in the Central
Molecular Zone (e.g. Oka et al. 2001).

Last, one can consider constraints from the kinematics. A
cloud in the gravitational field of the black hole would have a
circular velocity of 360 km s−1: if one considers an inclination
of 55 deg (Bacon et al. 2001), one would expect a velocity of
200 km s−1. If there are non-circular motions, this is compati-
ble with the amplitude of our value of −176 km s−1. However,
we would expect a velocity gradient within the beam of about
120 km s−1, while we detect a velocity dispersion of 13 km s−1.
Figure 6 shows the location of the clump discussed here super-
imposed on an HST colour image (336−275 nm) with respect to
the position of the so-called P1, P2, and P3 components.

These are convincing signs that this clump is probably not
exactly in the mid-plane: if it were at 100 pc along the line of
sight, this gas clump would have the CO critical density and a
filling factor of 1%. Then, it would not be in the sphere of influ-
ence of the black hole, and its real size and velocity dispersion
are probably below our spectral and spatial resolutions.

Rosolowsky & Leroy (2006) discussed that diffuse emission
can be missed as a result of interferometric filtering, but here
we expect clumpy gas in this region with little filtering. In addi-
tion, these authors discussed that stable recovery of cloud prop-
erties can be achieved with a signal-to-noise ratio of at least 10,
while we reach 6.6. It is thus difficult to push this type of analysis
further.

3.3. Comparison with properties derived from infrared data

Figure 3 shows that there is a deficit of 100 µm emission next
to the centre, in the region surrounding the black hole. Given
the lack of resolution of infrared data, dust emission, which
seems present in some maps in the near- and mid-infrared
(Smith et al. 2012; Planck Collaboration Int. XXV 2015), cor-
responds to the emission in the central region, as displayed in
Fig. 3. Viaene et al. (2014) estimated a dust mass of 475 M�
in a 36′′ × 36′′ pixel, which is 157 times higher than the PdB
beam. The stellar continuum is also very strong next to the cen-
tre: Viaene et al. (2014) computed a stellar mass of 3.71×108 M�
in the same region. This central stellar component accounts for
the central dust heating, as discussed by Groves et al. (2012).
This stellar mass corresponds to old stars and should pro-
duce some supernova Ia (SNIa) every 100 yr (Li et al. 2011b).
Sjouwerman & Dickel (2001) have detected four supernovae
remnants. These supernovae might maintain supersonic turbu-
lence (Mac Low & Klessen 2004) and have contributed to expel
the gas from the central region.

4. Discussion

We have detected one molecular gas clump with an estimated
mass of 2000 M� within 2.4′′ (9 pc) from the centre. Figure 6
displays a superposition of the central CO clump intensity on
the 336−275 nm PHAT/HST image of the central region. While
our molecular gas is at the position angle of the P1-P2 disc, it
is blueshifted, while the stellar disc is redshifted. As discussed
in Melchior & Combes (2011), it could be rotating in a different
orbit, while it could also be not exactly in the mid-plane and
belong to a more distant component like the inner disc or inner
ring. In addition, as argued in Sect. 3.2, the detected velocity
dispersion is incompatible with the velocity gradient expected in
the gravitation field of a large black hole. We conclude that this
clump is outside the sphere of influence of the black hole.

The upper limit we place on the mass of the molecular gas
next to the black hole is not compatible with the expectations
from stellar mass loss that is due to the inner eccentric stel-
lar disc. Chang et al. (2007) predicted a gas mass of 104 M�
as a result of stellar mass loss and a CO(1−0) signal of 2 mJy
and a line width of 1000 km s−1 within 1 pc of the black hole.
Our observations exclude it at the level of 8.8σ. Given the
simultaneous absence of dust emission (Viaene et al. 2014) and
of molecular gas (this work), we can argue that the stellar feed-
back produced by the inner eccentric stellar disc population does
not accumulate next to the black hole. Their model expects a
compact source, which should have been detected by our inter-
ferometric observations. We can then question whether their pro-
posed mechanism to produce the P3 star cluster is valid. Our re-
sult confirms that the current absence of star formation next to
the black hole (e.g. Rosenfield et al. 2012; Groves et al. 2012)
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Fig. 4. Adjacent channel maps of the clump detected at 2.4′′
(9.1 pc) from the centre. The contours are represented with a step of
3.2 mJy/beam, namely 3.2, 6.4 9.6, 12.8, and 16 mJy/beam. The cross
indicates the position of the optical centre. If it is not an outlier, seen
close to the centre only in projection, it lies inside the sphere of influ-
ence of the black hole.

Fig. 5. Spectrum of the possible detection at 9.1 pc, potentially within
the sphere of influence of the black hole. The systemic velocity of M31
(−300 km s−1) has been removed.

is due to the lack of gas. As discussed in Melchior & Combes
(2011), the scenario of a frontal collision with M32 as proposed
by Block et al. (2006) could account for the two-ring morphol-
ogy as well as for the absence of gas in the centre. In addition,
the presence of a bipolar outflow of soft X-ray emission, detected
along the minor axis by Li & Wang (2007), Bogdán & Gilfanov
(2008) and possibly triggered by supernova explosions, could
account for part of the missing gas.
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