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WE have obtained high resolution radio observations of M 104, the Sombrero galaxy,
at various frequencies in order to study its variability and search for any hypo-

thetical extended emission associated with the compact radio core. We find that in all
the observations the core remains unresolved, with no sign of extended emission. Fur-
thermore, the high brightness temperature, slightly inverted spectral index and variability
characteristics of the radio core, together with its X-ray and ultraviolet properties, favor
the ADAF plus jet scenario for the low luminosity AGN in M 104.
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7.1 Introduction

M 104, also known as NGC 4594 and the Sombrero Galaxy, is a nearby (D=13.6 Mpc; H0

= 75 km s−1 Mpc−1 used throughout) emission-line galaxy, spectroscopically classified as
a Type 2 LINER by virtue of its strong, low ionization emission lines (Heckman 1980) and
the absence of any broad Hα emission (Ho, Filippenko & Sargent 1997a). The galaxy is an
early type, bulge-dominated Sa spiral type and is one of the brightest of its class with a blue
magnitude MB =−22.

The Digitized Sky Survey (DSS) and more recent Very Large Telescope (VLT) optical im-
ages show a nearly edge-on disk galaxy with a very large bulge component, partially obscured
by a central dust lane (Wainscoat, Hyland & Freeman 1990; Barthel, private communication,
2002). The dust is seen to be distributed in an annulus at a distance of about 170′′ from the
nucleus, with a thickness of ∼10′′ in the azimutal direction. The M 104 disk has a diameter
of about 7′ , which translates into 28 kpc.

Recent HST narrowband (Hα+[N II]) emission-line images (Pogge et al. 2000; Emsellem
& Ferruit 2000) reveal two nuclear ‘spiral’ structures to the East and West and one to the
South, originating in a disk-like Hα component. There is no evidence for an ionization cone
as seen in some Seyfert galaxies. The V − I image shows the nucleus behind the dust lane,
with the dust roughly coextensive with the Hα emission. H I was detected along the major
axis up to a 200′′ radius (Bajaja et al. 1984), with two peaks at 140′′ and 180′′ on either
side of the nucleus. The model corresponds to two H I rings at a distance of 9 and 12 kpc
(Bajaja et al. 1984). No CO has been detected in the nucleus, possibly due to the absence of
nuclear dust and a very luminous bulge whose radiation field dissociates any CO. However,
12CO(1–0) has been detected at 140′′, on either side of the nucleus, while 12CO(2–1) was
only detected on the West side. The detected points coincide well with known peaks of radio
continuum emission (Bajaja et al. 1988) and the H I.

The SIS Canada-France-Hawaii Telescope (CFHT) and FOS Hubble Space Telescope
(HST) spectral observations of Kormendy et al. (1996) indicate that the (nuclear) emission
is dominated by the bulge at a radius of 10 – 12′′, whereas the main disk dominates on scales
larger than 15′′. HST FOC observations by Crane et al. (1993) trace the disk component into
about 1′′ from the center. The disk shows some asymmetry, probably due to dust absorption.
However, kinematical indicators reveal the presence of a second inner disk, extending out to
about 5′′ (Burkhead 1986; Wainscoat, Hyland & Freeman 1990; Hes & Peletier 1993’ Kor-
mendy et al. 1996). The steep increase in the mass to light ratio and the jump in the velocity
dispersion near the core infer the presence of a ∼109 M� central condensation (Kormendy
1988; Kormendy et al. 1996). This is consistent with the results of FOC HST observations
(Crane et al. 1993), where a compact nuclear ultraviolet source was detected and the core
profile is compatible with a black-hole cusp model of similar mass.

The ultraviolet spectrum of M 104 is fairly inconspicuous. Ho, Filippenko & Sargent
(1997b) detect no broad Hα component and also no polarized Hα has been detected with
Keck (Barth, Filippenko & Moran 1999). Moderately broad Hα (FWZI 5200 km s−1) has
been detected in the recent, small-aperture HST spectra of Kormendy et al. (1996). The
measured continuum (Nicholson et al. 1998) is a factor of ten weaker than the International
Ultraviolet Explorer (IUE) flux measurement obtained by Reichert et al. (1993). This dis-
crepancy may be due to the large IUE aperture (10′′

× 20′′ ), but variability cannot be excluded.
The relative weakness of the continuum suggests that it is of insufficient strength to power the
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emission lines, although the main ionizing agent may emit primarily in the extreme ultraviolet
(Nicholson et al. 1998; Maoz et al. 1998).

M 104 is also an X-ray emitter. ASCA and PSPC ROSAT spectral data show that in the 2-
10 keV regime, the predominantly non-thermal continuum can be modelled by a power law of
spectral index α ∼ 0.63 and X-ray luminosity 5.1 × 1040 erg s−1 (Nicholson et al. 1998; Ho
1999b). Low resolution IPC Einstein observations (Giacconi et al. 1979) suggest extended
X-ray emission, as does more recent ASCA data (Terashima, Ho & Ptak 2000). 5′′ resolution
ROSAT HRI observations resolve out the extended emission into clumpy emission associated
with the disk and diffuse emission from the bulge which may be hot ISM or unresolved point
sources like X-ray binaries (Fabbiano & Juda 1997). The same high resolution data show
that the nucleus of M 104 is dominated by a compact (<15′′) source with an X-ray luminosity
of LX=2.0 × 1040 erg s−1 in the 0.1 – 2.4 keV regime (Fabbiano & Juda 1997). Recent
Chandra observations (Pellegrini et al. 2002; Jones, private communication 2003) clearly
show the presence of a hard X-ray, compact nucleus.

As will be discussed in detail below, there is substantial evidence that the nucleus of
M 104 harbours a massive black hole sustaining a low luminosity active galactic nucleus
(LLAGN). This picture is also supported by radio observations of the galaxy. M 104 is one
of the few known spirals with a prominent radio core, of which the properties are consistent
with a non-thermal, accretion driven origin (de Bruyn et al. 1976; Hummel et al. 1984). As
such, M 104 presents us with a LLAGN case study; its proximity permits subparsec-scale
angular resolution (5 milliarcsecond=0.3 pc for D=13.6 Mpc).

7.1.1 The Radio Spectrum

Table 7.1 and Fig 7.1 present a compilation of published radio observations dating back to
1966. The symbols are subdivided by angular resolution into low ( >

∼0.5′ ), moderate, and high
resolution ( <

∼5′′) radio observations. Numbers refer to the observing epoch. The circled num-
bers refer to our own Multi-Element Radio-Linked Interferometer Network (MERLIN) and
European Very Long Baseline Interferometer Network (EVN) flux density measurements,
reported in Section 7.2. The solid line is the average radio spectrum obtained by averaging
observations over a small epoch range, with matched resolution. The mean values and the
standard deviation from the mean are listed in Table 7.2, where values with an asterisk refer
to one-epoch data.

It is readily clear that the radio source in M 104 is variable, complicating the interpretation
of its radio spectrum. Furthermore, it can be seen that low-resolution data generally yield
higher flux densities, so M 104 must contain a component of extended radio emission. The
overall spectrum, however, shows mildly steep spectrum, low frequency emission, which then
rises, peaking somewhere beyond 5 GHz.

Flux densities at 2.7, 5 and 8.1 GHz show a ∼20% change in the spring of 1975 (de Bruyn
et al. 1976), with some evidence that variability at higher frequencies preceeds that of lower
frequencies. 1.4 – 1.5 GHz observations in the 1984 epoch show a ∼70% increase in the flux
(Condon 1987). The flux then decreases by ∼25% in 1986 (Bajaja et al. 1988; Condon et al.
1998b). The variability of the source limits the source size to <0 ′′. 01 (Hummel, van der Hulst
& Dickey 1984; Bajaja et al. 1988), consistent with limits obtained from early Very Long
Baseline Interferometer (VLBI) observations (Graham, Weiler & Wielebinski 1981; Preston
et al. 1985).
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TABLE 7.1— Radio data. Col. 1: Observing frequency. Col. 2: Radio flux den-
sity. Col. 3: Error in radio flux density. Col. 4: Observing epoch. Col. 5: Instru-
ment/Array. Col. 6: Resolution. Col. 7: Reference.

ν Ftot Error Observing
(MHz) (mJy) (mJy) Epoch Instr/.Array. Res.a Ref.

(1) (2) (3) (4) (5) (6) (7)
325 59 2 1995 December 21 WRST 1′ 1
408 107 16 1978 MRT 2 ′. 9 2
610 56 5 1975 March WSRT 56′′ 3
1400 94 3 1996 Jan. 15 VLA/D 45′′ 4
1413 79 5 1980 November 7–8 VLA/A 2′′ 5
1415 73 3 1971 April 15 WSRT 23′′ 6

75 3 1975 June 5 WSRT 24′′ 3
1420 76 3 1972 July-Sept. WSRT 24′′ 3
1490 134 1984 July 13 – 1986 Jan. 30 VLA/D 45′′ 7

101 1 1986 November 29 VLA/C 16′′ 8
1667 120 20 1978 January 29–31 VLBI 12 mas 9
2290 88 9 1978 June 20–29 VLBI 4 mas 10
2300 96 1989 November Parkes-Tid. 0 ′′. 1 11
2695 80 25 1966 July–Aug. NRAO 43m 11′ 12

100 20 1967 NRAO 3 9′′ 13
90 20 1971–1972 NRAO 3 12′′ 14

106 5 1973 March 29 NRAO 3 15′′ 3
98 3 1975 February NRAO 3 15′′ 3

102 2 1975 March 30 NRAO 3 15′′ 3
102 2 1975 April 17 NRAO 3 15′′ 3
102 3 1975 April 30 NRAO 3 15′′ 3
100 6 . . . NRAO 3 11′′ 15

4850 156 13 1990 June–Nov. Parkes 64m 4 ′. 2 16
4885 123 3 1981 March VLA/A 0 ′′. 5 17
4995 99 10 1974 May 23 WSRT 6 ′′. 8 3

117 9 1974 December 31 WSRT 6 ′′. 8 3
136 10 1975 February 6 WSRT 6 ′′. 8 3
119 9 1975 April 14 WSRT 6 ′′. 8 3
140 20 1978 Nov./1979 March VLBI 0 ′′. 1 18

8085 90 20 1971–1972 NRAO 3 4′′ 14
123 10 1973 March 29 NRAO 3 0 ′′. 7 3
125 5 1975 February 6 NRAO 3 0 ′′. 7 3
106 7 1975 March 30 NRAO 3 0 ′′. 7 3

98 7 1975 April 17 NRAO 3 0 ′′. 7 3
113 9 1975 April 30 NRAO 3 0 ′′. 7 3
137 14 . . . NRAO 3 3 ′′. 5 15

8400 150 1989 May Parkes-Tid. 30 mas 11
15040 100 10 1981 March VLA/A 0 ′′. 15 17

a For WRST data, we consider only the resolution in RA.

REFERENCES – (1) Sloot, de Bruyn & Barthel (private communication 1997); (2) Harnett 1982;
(3) de Bruyn et al. 1976; (4) Condon et al. 1998b; (5) Condon et al. 1982; (6) van der Kruit
1973b; (7) Condon 1987; (8) Bajaja et al. 1988; (9) Shaffer & Marscher 1979; (10) Preston et al.
1985; (11) Sadler et al. 1995; (12) de Jong 1967; (13) Wade 1968; (14) Haynes & Sramek 1975;
(15) Condon & Dressel 1978; (16) Griffith et al. 1994; (17) Hummel, van der Hulst & Dickey
1984; (18) Graham, Weiler & Wielebinski 1981.
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FIGURE 7.1— Multi-frequency and multi-epoch flux densities for M 104, where the numbers refer to
the observing epoch. Circled numbers are our own MERLIN and EVN observations (Section 7.2). The
solid line is the mean spectra obtained by averaging observations in a small epoch range (Table 7.2).

TABLE 7.2— Integrated radio
spectrum of M 104. Col. 1: Ra-
dio frequency. Col. 2: Mean ra-
dio flux. Col. 3: Standard devia-
tion from the mean.

Frequency Mean Flux σ

MHz mJy mJy
(1) (2) (3)

325* 59 2
610* 56 5
1417 75 1
2695 98 3
4995 122 7
8085 113 6

15040* 100 10

There is evidence for large scale extended emission from the low resolution, low fre-
quency observations of Harnett (1982). This is consistent with the results of long wavelength
observations (Sloot, de Bruyn & Barthel, private communication, 1997) using the Westerbork
Radio Synthesis Telescope (WRST), which indicate a radio spectrum decreasing shortward
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of 385 MHz (α=0.3 in the 305 – 385 MHz band; Fν ∝ ν−α) – M 104 has a mildly steep
spectrum in the low frequency regime. The 1.4 GHz, 0 ′. 9 resolution map of Condon (1987)
indeed shows asymmmetric emission to the West of the nucleus, as does the NVSS map (Con-
don et al. 1998a), indicating faint extended (arcmin-scale) emission straddling the dominant
radio core in the East-West direction. On smaller scales (15′′), M 104 shows a strong cen-
tral source and some 13.4 mJy symmetrical East-West extended emission at 1.4 GHz (Bajaja
et al. 1988). This extended emission is probbably associated with star-formation processes
in the disk of the galaxy with an additional spheroidal component that Bajaja et al. (1988)
hypothesize could be fed by non-thermal emission from the core itself.

In order to search for extended nuclear emission, we have observed M 104 with the MER-
LIN and EVN instruments. These observations allow us to fill in the resolution space for
M 104 from arcsec to mas-scales and pinpoint the origin of any extended emission. We have
also obtained WSRT simultaneous multi-wavelength observations of M 104 in order to in-
vestigate the nature of the radio and X-ray emission in this source. These observations are
presented in the next Section.

7.2 Observations and Data Reduction

MERLIN observations at 1.7 and 5 GHz were obtained on 1999 May 23 and 2000 May 26,
respectively, using a 15 MHz bandwidth. The Defford, Cambridge, Knockin, Darnhall and
Tabley telescopes were used, yielding a resolution of about 0 ′′. 2 at 1.7 and 0 ′′. 1 at 5 GHz.
3.5 minute scans of M 104 were interspersed with 1.5 minute scans of the phase calibra-
tor 1237−101, for a total integration time of about 5 hours for M 104 for both frequencies.
3C286, the primary flux calibrator was observed during 25 minutes at the beginning or end of
the runs. Reduction of the MERLIN data was performed using the AIPS pipeline at Jodrell
Bank; radio images were subsequently produced using DIFMAP routines.

EVN observations were made at 5 GHz on 1996 October 24, using a 28 MHz bandwidth
MkIII configuration. The Effelsberg, Jodrell Bank Mark 2, Noto and Onsala telescopes were
used, yielding a resolution of about 0 ′′. 005. Two dozen 12 minute scans plus 5 scans on
a fringe finder and calibrator 3C273 were obtained, for a total integration time of 6 hours
on source. The data were fringe-fitted and calibrated using standard procedures at JIVE
(Dwingeloo); images were produced using standard AIPS tasks. Self-calibration was em-
ployed, both for the MERLIN and EVN data, resulting in considerable improvement of the
images. These reach the predicted theoretical noise level to within a factor of two.

In order to assess its integrated radio spectrum, we have also obtained simultaneous,
multi-band observations of M 104 using the WRST. WSRT data were obtained on 2002
November 24, employing its multi-frequency front-ends at 0.608, 0.835, 1.345, 2.209 and
4.838 GHz. Data were gathered in 2 or 3 short scans per frequency, and calibrated using the
primary calibrator 3C 286. Data reduction employed standard AIPS calibration and imaging
tools. The East-West size of the resulting WSRT beams range from 2.7 arcsec (5 GHz) to
28 arcsec (0.6 GHz); its North-South extent appeared roughly a factor 30 larger.

7.3 Radio Data

We have fit single two-dimensional Gaussians to the MERLIN and EVN radio peaks using
AIPS task IMFIT (Table 7.3). IMFIT calculates the peak flux and position, the source size and
position angle of the emission. Marked circles in Fig. 7.1 correspond to these MERLIN and
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EVN observations. Because the WRST yields a highly elongated beam at the low declination
of M 104 during the short observation, we have used AIPS task IMSTAT to obtain the flux
density peaks at the various frequencies of the source. Combining the image noise level and
the error due to the polarization of the flux density calibrator 3C286, we estimate flux density
uncertainties of 5, 5, 5, 15, and 20% for M 104 at 4.8, 2.2, 1.3, 0.8 and 0.6 GHz, respectively.
We note that the 0.6 and 0.8 GHz maps are particularly affected by sidelobes and background
sources. The WRST radio points are included, with their respective 1σ errors, in Fig. 7.2.

TABLE 7.3— Map parameters of the source. Col. 1: Intrument. Col. 2: Observing frequency. Col.
3: Resolving beam. Col. 4: Position angle of the beam. Col. 5: rms noise level of the image. Col.
6: Peak radio flux density. Col. 7 and 8: Radio position. Col. 9: Integrated radio flux density.

ν Beamsize P.A. rms Fpeak RA (J2000) Dec (J2000) Fint

Intr. (GHz) (mas2) (◦) (mJy beam−1) (mJy) (h m s ) (◦ ′ ′′) (mJy)
(1) (2) (3) (4) (5) (6) (7) (8) (9)

MERLIN 1.7 373.4 × 120.0 16.8 0.2 61.80 12 39 59.434 −11 37 22.93 70.34
MERLIN 5.0 121.1 × 39.6 15.8 0.3 113.56 12 39 59.433 −11 37 22.97 114.4
EVN 5.0 8.91 × 3.83 44.8 0.5 69.93 71.10
WSRT 0.6 . . . . . . 16 75.3 . . . . . . . . .
WSRT 0.8 . . . . . . 10 87.8 . . . . . . . . .
WSRT 1.3 . . . . . . 1.1 70.5 . . . . . . . . .
WSRT 2.2 . . . . . . 0.8 73.0 . . . . . . . . .
WSRT 4.8 . . . . . . 0.6 92.3 . . . . . . . . .

FIGURE 7.2— Multi-frequency, simultaneous peak flux measurements for M 104 obtained with the
WSRT (epoch 2002.899).
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The MERLIN and EVN observations show an unresolved radio core coincident with the
optical nucleus of M 104. Significantly, no extended emission was detected, at 10 or 100 mas-
scales.

7.4 Discussion and Conclusions
Table 7.4 summarizes the radio core properties for M 104. Luminosities were calculated
assuming a distance to M 104 of 13.6 Mpc. The radio spectral index, from 0.6 to 4.8 GHz,
was obtained by combining the simultaneous WRST observations at various frequencies.
The X-ray luminosity was kindly provided by C. Jones from unpublished ACIS-S Chandra
observations. The nuclear luminosity refers to the 0.3–10 keV range and has been fitted with
an absorbed power law (Γ=1.81; nH=2.4×1021 cm−2). We caution that the 0.3–10 keV range
may be affected by soft X-ray emission and estimate that the contribution of the soft X-ray
emission is not more than 5% (Chapter 4), which will not affect any of the conclusions drawn
below. Brightness temperatures were obtained using the EVN core flux plus typical beamsize
listed in Table 7.3 and should be taken as a lower limit. IRAS 25 and 60 µm data have
been taken from Ho, Filippenko & Sargent (1997a). The infrared spectral index was defined
between 60 and 25 µm. The u parameter is defined as the logarithm of the ratio of the 60 µm
to 1.4 GHz NVSS flux taken to be 93.4 mJy (Condon et al. 1998a), for matched resolution.
An independent estimate of black hole mass has been obtained from the Tremaine et al.
(2002) black hole-velocity dispersion relation, where the velocity dispersion has been taken
from the Lyon/Meudon Extragalactic Database (LEDA). The estimated value is consistent
with the value inferred from the CFHT and HST observations of Kormendy et al. (1996).
The Eddington luminosity was calculated using the black hole mass estimated from the black
hole mass-velocity dispersion relation.

TABLE 7.4— Parameters of the source. See text for details.

TB > 108 K L5 GHz = 7.95 × 1037 erg s−1

αradio ∼ −0.3 L0.3−10 keV = 4.18 × 1040 erg s−1

S25µm = 0.50 Jy L(Hα) = 2.31×1039 erg s−1

S60µm = 4.26 Jy LEdd = 3.77 × 1046 erg s−1

αIR = 2.4 log (LX/LHα) = 1.26
u = 1.5 log (L5 GHz/LX) = −2.72
σ = 242 km s−1 log (L5 GHz/LHα) = −1.47
MBH = 2.9 × 108 M� log (LX/LEdd) = −5.96

Starbursts generally emit strongly at 60 µm due to dust re-heating photons emitted from
young stars, while AGN are relatively strong 25 µm emitters. In this way, the spectral index
at these wavelengths is sensitive to warm dust near a compact AGN. Empirically it is found
that objects displaying α60µm

25µm <1.25 are AGN (Condon & Broderick 1988). While there is a
coupling between the dust emission at 60 µm and the synchrotron emission from supernova
remnants (SNRs) in starbursts, the u parameter will be sensitive to the ‘radio excess’ of an
AGN. M 104 has a u parameter that is consistent with excess radio emission relative to that
expected in a starburst galaxy (Condon & Broderick 1988). However, it does have a slightly
colder spectral index α60µm

25µm than would be expected for an AGN dominated source.
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From Fig. 7.1, Fig. 7.2 and Table 7.3, it can be seen that we have detected M 104 at a
record low in radio luminosity with the EVN. Because the source is unresolved at MERLIN
and EVN resolution, the radio core in M 104 must be smaller than 0.2 pc. With typical
dynamic ranges of 150 and 350 for the EVN and MERLIN observations, we have not been
able to detect any extended emission on 10 and 100 mas-scales. Although the MERLIN data
points appear consistent with the inverted spectrum measured in previous observations, the
EVN flux density point is rather low. This could suggest that there is low level extended
emission on scales between 10 and 100 mas. Alternatively, it may be that the difference in
flux is due to the already known GHz variability.

By obtaining simultaneous WRST data, we have excluded any long-term variability in
the study of the radio spectrum of M 104. However, at 0.6 and 0.8 GHz, the radio maps
are highly affected by confusion from background sources and sidelobes, so flux densities
should be taken with caution. Furthermore, we estimate that 15–20 mJy of the flux densities
measured at 0.6 and 0.8 GHz are due to steep spectrum (α ∼0.7) extended emission (Bajaja et
al. 1988; Sloot, de Bruyn & Barthel, private communication 1997), which would contribute
to the apparent ‘flattening’ of the WSRT spectrum. At 5 GHz, the contribution from extended
emission is not likely to be more than 5 mJy. Overall, the integrated spectrum shows the
inverted nature (α = −0.3) of the nuclear radio source. However, the WSRT measured GHz
flux densities were comparatively low as judged from the average spectrum in Fig. 1.

Inverted radio spectra are generally attributed to synchrotron self-absorption. The M 104
core could be a Gigahertz-peaked spectrum (GPS) source (e.g. O’Dea 1998), but its optically
thick spectral slope is unusually shallow (e.g. de Vries, Barthel & O’Dea 1997). Moreover,
variability in GPS sources is seldom observed, and these sources generally show structure on
VLBI baselines. The unusual self-absorbed character of the M 104 nucleus was previously
discussed by De Bruyn (1976), who proposed a non-uniform, very compact self-aborbed
source. That explanation is still attractive but the alternative ADAF model, to be discussed
below, provides a better explanation for the overall spectral energy distribution (SED) pecu-
liarities of the Sombrero.

With an X-ray luminosity of 4.18 × 1040 erg s−1, M 104 is a radio-loud galaxy using
the Terashima & Wilson (2002) criterion of log (L5 GHz/LX)> −4.5. It is also radio-loud
according to the optical criterion (e.g. Ho 1999b). This supports the established result that
radio-loud sources can also reside in bulge-dominated spirals. Furthermore, the X-ray to Hα
ratio of M 104 is consistent with values seen for LINER 1s (Terashima, Ho & Ptak 2000b;
Ho et al. 2001), indicating that the optical emission lines may be powered by the AGN.

The low X-ray luminosity of the nucleus also shows that, if a black hole is present, the ac-
cretion rates must be very low, since the luminosity is sub-Eddington (LX/LEdd ∼ 10−6; Ta-
ble 7.4). Furthermore, the relative weakness of the ultraviolet compared to the X-ray regime
(radio-loudness) and the absence of a ‘big blue bump’ is compatible with low-accretion, low
efficiency, ‘advection-dominated’ disk models (ADAFs; see reviews by Narayan, Mahade-
van, & Quataert 1998 and Quataert 2001), which have been applied to LLAGN (e.g. Ho
1999b). The non-detection of a Fe Kα emission line in ASCA and PSPC ROSAT data, sig-
nature of the standard, thin accretion disk (Ptak et al. 1999), is also consistent with an ADAF
model. An ADAF could, in addition, explain the observed inverted radio spectrum in the GHz
regime and the relatively long-term variability seen in the radio core of M 104 as a change in
the accretion flow (Fig.7.1 and Table 7.1).

So, although there is compelling evidence that suggests M 104 to be ADAF-powered,
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there are several caveats that need to be addressed.
Foremost, M 104 sits on the high X-ray luminosity end of the range observed in LINER

1s (Terashima, Ho & Ptak 2000). The X-ray luminosity of M 104 can only be consistent
with an ADAF model if it is accreting at nearly the critical accretion rate for ADAFs (see
Chapter 4). Furthermore, M 104 possesses a photon spectral index consistent with AGN-type
sources (1.7–2.0), whereas, for example, Sgr A∗ shows a much softer index (e.g. Baganoff
et al. 2001). Moreover, even using the low EVN point in Table 7.3, M 104 still possesses too
much radio emission relative to its black hole mass to be solely attributed to an ADAF. The
possible scenario to explain the excess radio and X-ray emission is the presence of a jet.

Although no extended emission was detected with the EVN and MERLIN observations,
it is possible that extended emission may exist on scales between 10 and 100 mas. It may
be a dynamic range and resolution issue, the jet being weak and/or compact. The jet may be
either constrained by galactic material to the inner regions, or the source may be relatively
young. In fact, M 104 is very similar in its general properties to M 81 and Sgr A∗ (e.g. Ho
et al. 1999; Yuan, Markoff & Falcke 2002). They both possess high brightness temperatures,
inverted spectra and radio sources residing in spirals. Sources such as M 81 and the lower
power Sgr A∗, have quite elusive radio jets, which have only recently been detected (Lo et al.
1998; Bietenholz, Bartel & Rupen 2000).

In summary, apart from the large-scale disk emission, M 104 possesses an inverted spec-
trum, variable, high brightness temperature radio core, consistent with the presence of an
active black hole. The radio to X-ray properties of M 104 have several similarities with the
low luminosity active cores in M 81 and Sgr A∗. Results suggest that an ADAF plus jet model
could explain the overall spectral energy distribution of M 104. The jet, however, remains to
be detected. Continued VLBI (monitoring) observations would be useful in this regard, not
only to increase resolution and dynamic range, but also to search for short-term variability
that could be attributed to plasma injections into the jet.
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