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Gas Accretion from a Neighbouring Galaxy Fuels the Low-luminosity AGN in NGC 4278
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ABSTRACT

How a seemingly ‘dead’ host galaxy provides fuel for its active galactic nuclei (AGN) remains an
unresolved problem. Using the Five-hundred-meter Aperture Spherical radio Telescope (FAST), we
present a new high-sensitivity atomic-hydrogen (HT) observation toward the nearby elliptical galaxy
NGC 4278 and its adjacent region. From the observation, we found that external gas accretion from
a neighbouring galaxy fuels the low-luminosity AGN in NGC 4278 through tidal interactions. The
accreted gas entering NGC 4278 exhibits a rotating gas disk. And the accreted galaxy has been gas-
poor and has an HI to stellar mass ratio of about 0.02. Due to the process of gas accretion, it is likely
that relativistic jets are generated in the AGN of NGC 4278. The emission of TeV gamma rays in
NGC 4278 is likely to be associated with the newly accreted H1 gas.
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1. INTRODUCTION

Almost all massive galaxies (with total stellar masses
M, > 109M®) contain a supermassive black hole
(SMBH) at their center (L. C. Ho 2008). These SMBHs
evolve alongside their host galaxies, growing by accu-
mulating gas from the interstellar medium (ISM) while
also influencing or regulating star formation by affect-
ing the cold gas content of the galaxies (J. Kormendy &
L. C. Ho 2013). It is now widely accepted that active
galactic nucleis (AGNs) are powered by the accretion
of gas onto SMBHs (E. E. Salpeter 1964; D. Lynden-
Bell 1969; M. J. Rees 1984). Elliptical galaxies were
considered gas-poor systems dominated by older stellar
populations. However, they are now known to occasion-
ally host low-luminosity AGNs (LLAGNs) (A. C. Fabian
& M. J. Rees 1995; L. C. Ho 2008). A key question re-
mains: how does a seemingly “dead” host galaxy fuel an
AGN?

Fuel for the AGN can be provided in both internal and
external forms. In later-type and gas-rich galaxies, the
secular processes (disk instabilities and associated in-
flows) dominate for the AGNs, while the major mergers,
minor mergers as well as accretion of intergalactic gas
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may play an important role in the ANGs triggering and
feeding in early-type and gas-poor galaxies (T. Storchi-
Bergmann & A. Schnorr-Miiller 2019). For early-type
elliptical galaxies, fueling AGN through external means
may be the most important approach. While the ac-
cretion of cold gas can feed the AGNs mainly in galaxy
clusters (G. R. Tremblay et al. 2016). The major merg-
ers may be the most important process for luminous
AGN since it require large amounts of gas to be trans-
ported to the vicinity of the SMBH in a short period
of time. At lower luminous AGNs, the minor mergers
may be the main approach (T. Storchi-Bergmann & A.
Schnorr-Miiller 2019). Hence, identifying the source of
the fuel gas in the gas-poor elliptical galaxies plays an
important role in how the AGN is excited within them.

NGC 4278 is an early-type elliptical galaxy, classified
as E1-2 and located at distance of 16.440.2 Mpc (J. L.
Tonry et al. 2001). It harbors an SMBH with a mass of
about 3.1 x 108 Mg, (T. G. Wang & X. G. Zhang 2003;
M. Chiaberge et al. 2005) and hosts a low-luminosity
AGN (L. C. Ho et al. 1997; G. Younes et al. 2010; S.
Pellegrini et al. 2012). The two-sided symmetric radio
jets on a subparsec scale has been resolved from its core
region (M. Giroletti et al. 2005). Furthermore, the TeV
gamma rays from 1LHAASO J121942915 is found to
be spatially coincident with NGC 4278 (Z. Cao et al.
2024). Recently, A. Shoji et al. (2025) show that NGC
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4278 has a massive molecular cloud surrounding its nu-
cleus from CO observation. More notably, NGC 4278
was known to have an extended regular disc of H1 gas,
with a total mass of 6.9 x 108 Mg (E. Raimond et al.
1981; R. Morganti et al. 2006; P. Serra et al. 2012, 2014).
Some faint H1 tails and clouds are detected around the
H1 disk of NGC 4278 (R. Morganti et al. 2006; P. Serra
et al. 2012, 2014), indicating that it likely to be ongoing
interactions with the surrounding environment. There-
fore, NGC 4278 provides an excellent opportunity to
study the origin of the AGN fueling gas.

In this paper, based on the high-sensitivity H1 obser-
vations using the FAST, we first show that the external
gas accretion from a neighbouring galaxy fuels the low-
luminosity AGN in the nearby elliptical galaxy NGC
4278 by analyzing data.

2. OBSERVATION AND DATA PROCESSING
2.1. Observations and data processing of FAST

To detect the diffuse cold gas around the periphery
of NGC 4278, we have performed the H1 (1420.4058
MHz) observations towards it using the Five-hundred-
meter Aperture Spherical radio Telescope (FAST) (P.
Jiang et al. 2019, 2020) during the May 2024. The new
H1 observations used the Multi-beam on-the-fly (Multi-
beamOTF) mode. This mode is designed to map the
sky with 19 beams simultaneously. It formally works in
the frequency range from 1050 MHz to 1450 MHz. The
half-power beam width (HPBW) is ~2.9" at 1.4 GHz for
each beam. The scan velocity and an integration time
for per spectrum are set as 15” s~! and 1 second, respec-
tively. We used the digital Spec (W) backend, which has
a bandwidth of 500 MHz and 64k channels, resulting in
a velocity resolution of about 1.6 kms~!. For intensity
calibration to antenna temperature (T), noise signal
with amplitude of 10 K was injected in a period of 64
seconds. The system temperature was around 22 K for
the H1 survey. The pointing accuracy of the telescope
was better than 10”.

The data reduction was performed with the PYTHON
packages. Finally, we made the calibrated data into the
standard cube data, with a pixel of 1.0’ x 1.0’. The de-
tailed data reduction is similar to J. L. Xu et al. (2021).
A gain T /S, has been measured to be about 16 K Jy 1.
While a measured relevant main beam gain Tg/S, is
about 21 K Jy~! at 1.4 GHz for each beam, where Tg
is the brightness temperature. To creat a highly sen-
sitivity H1 image, the velocity resolution of the FAST
data is smoothed to 6.4 kms~!. In the observed region,
we measured that the root-mean-square (RMS) noise is
0.45 mJy beam™!.
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Figure 1. Large-scale overview of NGC 4278. H1 column—
density map of NGC 4278 from the FAST observation shown
in cyan contours overlaid on the DESI-RGB (g, z) image
in color scale. The cyan contours begin at 5.4x10*7 cm™?
(30) in steps of 3.8x10'® cm™2. The red circle represents
TeV source 1ILHAASO J12194-2915, while the purple con-
tours indicate the X-ray emission. The radio jets of NGC
4278 are shown in the upper-right corner. The green arrow
indicates a cuting direction and position of the position-ve-
locity diagram shown in Fig. 4. The FAST beam in a white
circle is shown in the bottom-left corner.

2.2. Other archive data

To verify some key gas components, we also use high-
resolution data from the Westerbork Synthesis Radio
Telescope (WSRT) observations (R. Morganti et al.
2006). The H1 cube data has an angular resolution of
~ 43" x 33" and a velocity resolution of ~12.4 kms™?.
The optical image of the Dark Energy Spectroscopic In-
strument (DESTI) is derived from the Legacy Surveys Sky
Viewer websites®.

3. RESULTS

Figure 1 shows the large-scale overview of NGC 4278
from the different bands. The three-dimensional source
finder SoFiA2 was applied to the FAST data cube to
identify the emission regions of NGC 4278 (T. West-
meier et al. 2021). During this process, we set a pri-
mary threshold to identify emission peaks at 30 RMS.
The column density N(z,y) in each pixel of the image
can be estimated as N(z,y) = 1.82x 10'® [ Tpdv, where
dv is the velocity width in kms™'. In Fig. 1, the H1
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column-density map from the FAST data in cyan con-
tours is overlaid on the DESI-RGB image in colorscale.
Using an RMS noise of 0.45 mJy beam ™!, it corresponds
toa lo HI column density of 1.8 x 1017 cm ™2 per 20 km
s~1. With this high detection sensitivity, we can see that
there is a large H1 gas complex, which overlaps with the
optical emission from galaxies NGC 4278, NGC 4283,
and NGC 4286 projected on the sky. The basic param-
eters of the three galaxies are available at NASA /TPAC
Extragalactic Database* and listed in Table 1. The main
structure is associated with NGC 4278, but its peaks
seem to deviate from its optical center, which is associ-
ated with previous HT observations (R. Morganti et al.
2006; P. Serra et al. 2012, 2014). It’s very interesting
that one of the peaks is very close to the TeV gamma
rays from 1ILHAASO J121942915 (Z. Cao et al. 2024),
which is shown in a red circle. Moreover, the northeast
structure associated with SA0/a NGC 4286 appears to
connect the H1 structure of NGC 4278 projected on the
sky, while the southwest gas show a tail structure, which
is associated with that from the WSRT observations (R.
Morganti et al. 2006; P. Serra et al. 2012, 2014). Pre-
viously, some clouds are detected around the HT1 disk of
NGC 4278. Here we did not detect them. There are two
possibilities, one is that these clouds are some noise, and
the other is that our used telescopes cannot distinguish
them because these clouds are relatively small. Fur-
thermore, NGC 4283 is also an elliptical galaxy, whose
system velocity is 1056.0 kms~!. On the one hand, we
did not detect any corresponding H 1 gas emission at the
system velocty. On the other hand, it was significantly
higher than the overall velocity range of this H1 com-
plex. Hence, it suggests that NGC 4283 is a gas-poor
background galaxy.

Both NGC 4278 and NGC 4286 contain the Hr1 gas.
In Fig. 2, we show the global H1 profile of NGC 4278
and NGC 4286. Both the H1 profiles seem to exhibit
a double-peak shape, which is generally thought to be
caused by the flat rotation curve of a disk galaxy. NGC
4286 is a SAO/a galaxy. It is normal for it to contain
a rotating gas structure. We performed a BusyFit fit-
ting to the profile to determine the total flux (Stot), line
widths at 50% of the peak flux (Wso) and at 20% of
the peak flux (Wsg). The busy function is an analytic
function for describing the integrated H1 spectral profile
of galaxies (T. Westmeier et al. 2014). The parameters
obtained by the fitting are listed in Table 1.

In order to further explore the dynamic structure of
NGC 4278, we made the position-velocity (PV) dia-
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Table 1. Measured and derived properties of the known
galaxies. We listed: equatorial coordinates (RA, Dec.); sys-
tem velocity (Viys); line widths at 20% of the peak flux (Wao)
and at 50% of the peak flux (Wso); total H1 flux (Siot); ap-
parent magnitude (mg, m,), which has been corrected for
extinction; H1 gas mass (Mmur); steller mass (M. );

Name NGC 4278 NGC 4283  NGC 4286
Type E1-2 EO SA0/a
RA 12P20™m06.85 12h20™20.8% 12h20m42.18
Dec. 20°16/50.7"  29°18’39.4"”  29°20/45.2"
Vays[kms™!] 629.7745  1056.0730  637.075%
Wio [kms™!] 3605712 — 109.6723
Wao [kms~1] 422.8714 — 123.1729
Stot [Jy kms™1]  11.5754 — 0.7151
mg[mag] 10.45 12.36 13.23
m.[mag] 9.72 11.65 12.68
log(Mur)[Mo)] 8.970 7 — 76707
log(M..)[ M) 10.755 9.9701 9.3101

grams, as shown in Fig. 3. The extracted PV diagrams
pass through the center of NGC 4278 with a length of
24.0" along its major axis (PA = 65°) and minor axis
(PA = 140°). The position angle (PA) is obtained from
the WSRT observation (E. Raimond et al. 1981). We use
different letters to indicate the corresponding gas com-
ponents. From the PV diagrams along the major axis in
Figures. 3a and 3c from the FAST and WRST data, we
see that NGC 4278 seems to have two velocity compo-
nents. Components A and B form an S-shaped rotating
structure, which is just associated with the double-peak
shape in its global H1 profile. The S-like structure is
a typical characteristics of disk galaxies (M. Neeleman
et al. 2020). In the PV diagram along the minor axis
(Fig. 3b), we see that there seem to be four components
here, designed as C, D, E, and F, which exactly form
a ring, as indicated by a red dashed circle. These com-
ponents are also shown in the Fig. 3d from the WRST
high-resolution data. For a disk galaxy (F. Rizzo et al.
2020), we usually see components C and D in the PV
diagram along the minor axis of its disk, without compo-
nents E and F. In comparing components A and B with
components E and F, as shown in Figures 3a and 3b, we
found that their velocities are consistent with the sys-
tem velocity of NGC 4278. In the PV disgrams, based
on a S-like rotation structure along the main axis and a
ring structure along the minor axis, we suggest that the
H1 gas surrounding NGC 4278 is a weird rotating gas
disk.

Gas content of galaxies can be used to explore their
evolutionary history. The gas in galaxies mainly consists
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Figure 2. Global H1 profiles of NGC 4278 and NGC 4286
shown in a black lines. The green lines indicate the BusyF'it

fitting result. The values of the errorbars are 0.4 Jy for NGC
4286, while 1.0 Jy for NGC 4278.

of H1 and helium. Assuming the same helium-to-H1 ra-
tio as that derived from the Big Bang nucleosynthesis,
a factor of 1.33 is included to account for the contribu-
tion of helium. The total gas mass is determined with
Mygas = 1.33 x Myy. Here the H1 gas mass of galaxies
can be estimated as My = 2.36 X 1O5D2vadv, where
[S,dv is the integrated H1 flux in Jy km s™!, and D is
the adopted distance in Mpc to each galaxy. The total
flux Sior of NGC 4278 and NGC 4286 are 11.5+0.4 Jy
km s~! 0.740.1 Jy km s~! obtained from their global
H1 profile, respectively. The distance to NGC 4278 is
16.44+0.2 Mpc (J. L. Tonry et al. 2001). Since NGC
4278 and NGC 4286 are spatially connected, we assume
that their distances are the same. Finally, the obtained
Mygas are 9.7x108 M, and 5.8 x 107 M, for NGC 4278 and
NGC 4286, respectively. In Table 1, the uncertainties of
Wso, Wag, and St are from the Busy-Function fitting.
For My, the errors are considered taking into account
distance errors and Sio; errors. Moreover, in order to
calculate the stellar masses (M,.) in NGC 4278 and NGC
4286, we use the DESI r-band and g-band archive im-
ages. The stellar masses are estimated using the mass-
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to-light ratio equation log(M.,/Lg)=-0.601+1.294(g—r),
where L, is the g band luminosity derived from the ab-
solute magnitude (K. A. Herrmann et al. 2016). We
derived that M, are 5.0x10°Mg and 1.9x10°M,, for
NGC 4278 and NGC 4286, respectively. Here the errors
of M, is only considering the error caused by distance.
We found that their H1 gas masses are nearly two orders
of magnitude less than the stellar mass, implying that
these are two galaxies that are extremely gas poor.

4. DISCUSSION AND CONCLUSION

For early-type elliptical galaxies, fueling of AGN is
mainly achieved through the major mergers, minor
mergers, and accretion of intergalactic gas. The accre-
tion of cold gas can feed the AGNs mainly from the hot
intergalactic medium in galaxy clusters (G. R. Tremblay
et al. 2016; T. Storchi-Bergmann & A. Schnorr-Miiller
2019). The X-ray emission is only detected in the cen-
ter of NGC 4278 (D. W. Kim et al. 2019), as shown in
Fig 1. Therefore, the relatively isolated elliptical galaxy
NGC 4278 cannot have formed by the accretion of inter-
galactic gas. Furthermore, the AGNs feeding through
the major mergers are generally luminous AGN, and
the merged gas is almost gas-poor and no regular shape
around the host galaxies (G. R. Tremblay et al. 2016).
NGC 4278 has a low-luminosity AGN (L. C. Ho et al.
1997; G. Younes et al. 2010; S. Pellegrini et al. 2012) and
a rotating gas disk. Therefore, NGC 4278 likely did not
originate through a major merger. Additionally, given
the regular optical shape of NGC 4278 and the absence
of detected stripped stellar streams in its vicinity, we
conclude that minor mergers are also not a source of its
relatively low-luminosity AGN. Therefore, there may be
alternative mechanisms at play that contribute to the
feeding of the AGN in NGC 4278.

Both WSRT and FAST observations detected a faint
Hr tail around the H1 disk of NGC 4278 (R. Morganti
et al. 2006; P. Serra et al. 2012, 2014), implying that it
likely to be ongoing interactions with the surrounding
environment. From the H1 observations conducted us-
ing the FAST, NGC 4278 and NGC 4286 are found to
be connected on the sky, as illustrated in Fig. 1. To
analyze the kinematics of these two galaxies in velocity
space, we created a PV diagram through their centers
with a length of 21’. The cutting direction is indicated
by a green dashed arrow in Fig. 1. The PV diagram in
Fig. 4a shows that NGC 4278 and NGC 4286 are not
only connected spatially but also in terms of velocity.
This connection implies the presence of an H1 gaseous
bridge between the two galaxies. The velocity range
of the connecting bridge is between 620 kms~'and 695
kms~!. Using this velocity range, we created a column-
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Figure 3. Position-velocity diagrams of NGC 4278 in color scale overlaid with the black contours. a, the direction of cutting
for the slice from the FAST data is through the center of the galaxy along the major axis (PA=65°). The black contours begin
at 30 (1.4 mJy beam™") in steps of 30. b, the direction of cutting for the slice from the FAST data is through the center of
the galaxy along the minor axis (PA=140°). c, the slice from the WRST data along the major axis. The black contours begin
at 30 (0.3 mJy beam™!) in steps of 40. d, the slice from the WRST data along the major axis. The large white pluses in panels
a and ¢ mark the centre and systemic velocity of NGC 4278, while the red circles in panels b and d indicates a fitting shell.

density map from the FAST data, as shown in Fig. 4b,
and obtained a 10 H1 column density of 3.6 x 10'7 cm 2.
The column-density map in the cyan contours shows a
curved bridge, not directly connecting two galaxies to-
gether, which is larger than the size of two FAST beams.
In addition, we convolved the WSRT cube data to the
same beam and pixel as the FAST data, and created
a column-density map, as shown in Figure 5. The HI
image in Fig. 5 was made integrating over the same ve-
locity range used to make Fig. 4b. We see that these are
two small gas clouds between NGC 4278 and NGC 4286,

whose positions are consistent with the curved bridge de-
tected by FAST. From the above signs, we conclude that
this bridge detected by FAST is a true gas bridge con-
nected NGC 4278 with NGC 4286, not caused by FAST
beam smearing. The detected bridge suggests that NGC
4278 and NGC 4286 are interacting, which is considered
a mechanism for massive galaxies to replenish their gas
reserves (R. Sancisi et al. 2008). Additionally, the peak
position of this part H1 gas aligns with the TeV gamma
rays observed from 1LHAASO J1219+2915 within the
uncertain range of the rays position detection, as shown
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slice is along the direction of the accretion, as shown in Fig 1. The black contours begin at 30 (1.4 mJy beam™') in steps
of 30. b, H1 column-density map in cyan and blue contours overlaid on the DESI-RGB image in color scale. The cyan solid
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-30. The integrated velocity for the cyan contours ranges from 620.0 kms™' to 695.0 kms™'. The red circle represent Tev
source 1ILHAASO J1219+2915, whose size represents the positional error of this source. The FAST beam in a white circle is

shown in the bottom-left corner.
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Figure 5. The WRST H1 column-density map in cyan con-
tours overlaid on the DESI-RGB image in color scale. The
WRST cube data is convolved to the same beam as FAST.
The cyan contours begin at 3.0x10® em™2 (3¢) in steps of
6.0x10'® cm~2, while the cyan dashed contours begin -30.
The integrated velocity for the cyan contours ranges from
620.0 kms™! to 695.0 kms™*. The FAST beam in a white
circle is shown in the bottom-left corner.

in a red circle in Fig. 4b. The TeV emissions is likely to
be associated with the newly accreted H1 gas.
Adjacent to NGC 4278 on the sky, there is an elliptical
galaxy NGC 4283, whose system velocity is larger than
426.3 kms~! that of NGC 4278. Assuming the same
distance as NGC 4278, we obtain a minimum stellar
mass of 7.9x10% M, for NGC 4283. In these two massive
elliptical galaxies with similar environments and stellar
mass, they should also have similar formation and evo-
lution pathways. We did not detect any corresponding
H1 gas emission in NGC 4283, whereas NGC 4278 cur-
rently possesses an abundant gas supply. This suggests
that the gas in NGC 4278 is not merely residual gas
following its formation and evolution. Moreover, the
H1 profile of NGC 4286 displays a double-peak shape
typical of disk galaxies. Previous studies characterized
the morphology of NGC 4286 as belonging to the SAQ/a
classification, indicating it is a transitional type between
a lenticular galaxy (SAO) and a spiral galaxy (Sa) (H.
B. Ann et al. 2015), and has already started to grad-
ually lose gas before. NGC 4286 has a stellar mass of
1.9x10° M. The H1 to stellar mass ratio for this galaxy
is only about 2%, which suggests a significant deficiency
in H1 gas. This deficient H1 indicates that a large por-
tion of gas has been stripped from NGC 4286 and is
being accreted by NGC 4278 through tidal interactions.



The bipolar symmetric radio jets have been resolved
from the AGN of NGC 4278 (M. Giroletti et al. 2005).
They found low apparent velocities (<0.2¢) for the jet
components and estimate the epoch of their ejection as
10-100 yr prior to their observations. Previous studies
suggested that AGNs are powered by the accretion of
gas onto SMBHs (E. E. Salpeter 1964; D. Lynden-Bell
1969; M. J. Rees 1984). It suggests that recent gas
accretion has provided fuel for the AGN of NGC 4278.
While we found that NGC 4278 is accreting gas from
NGC 4286 through tidal interactions. Due to the res-
olution limitations of our data (FAST and WRST), we
are currently unable to decipher how the accreted gas
is transported from the outer disk to the inner disk and
smaller scale nuclear region. However, for NGC 4278,
the present observations indicate a position angle of 65°
for the kinematic major axis of its outer gas, 45° away
from the optical major axis (E. Raimond et al. 1981).
Numerical simulations have suggested that misaligned
structures between gas disk and stellar disk may pro-
mote the inflow of gas to the nucleus of the galaxy and
the accretion of gas by the central supermassive black
hole (S. I. Raimundo et al. 2023). In addition, on galac-

7

tic scales, numerical simulations also have shown that
tidal torques can lead to rapid gas inflow into the cen-
tral kpe (J. E. Barnes & L. E. Hernquist 1991, 1996).
Hence, we propose that the accreted gas from NGC 4286
is flowing toward the nucleus region of NGC 4278, which
fuels the low-luminosity AGN and triggers the bipolar
jet of the AGN.
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