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Abstract. High resolution radio and X-ray observations of a subsample of composite LINER/H 11
galaxies with arcsec-scale radio cores were obtained. These observations yield a 12% detection
rate of low luminosity AGN among the entire composite sample in the Palomar survey. Four
of these low luminosity AGN also possess sub-parsec jet-like radio extensions. While canonical
advection-dominated accretion flows may be repsonsible for the radio and X-ray emission in
submillijansky cores like NGC 7331, they do not appear consistent with the radio emission in
these milliarcsecond-scale radio cores; the latter sources are more likely to have an energetically
important contribution from a radio-emitting jet.

1. Sample and Observations

The subsample of composite galaxies was originally taken from the Palomar sample of
bright nearby galaxies (Ho, Filippenko, & Sargent 1995, 1997a). These sources exhibit
both AGN and starburst features in their optical spectra. The composite sources found
to possess arcsec-scale (VLA) radio cores were followed-up with VLBA multi-frequency
observations and data from the Chandra archive (when available) were obtained. 12% of
all the composite sources in the Palomar sample show evidence for the presence of a low
luminosity AGN, i.e., the detection of a hard X-ray and/or compact radio core. Further-
more, four of the sources are found to display milliarcsecond-scale extended emission,
reminiscent of a jet structure (Filho et al. 2004).

2. ADAFSs or Jets?

We wish to use the results of the observations to test models of radio and X-ray
emission, namely the canonical accretion flow (ADAF; Yi & Boughn 1998, 1999) and jet
model (Falcke, Kording, & Markoff 2004; see also Merloni, Heinz, & di Matteo 2003).

The X-ray data are consistent with the ADAF model for low accretion rates (<1073
edq ), both for sources with milliarcsecond-scale upper limits and for those with VLBA
cores (Fig. 1a). This could suggest the same underlying mechanism for the X-ray produc-
tion in all sample sources — an ADAF. In fact, in two of the VLBA cores where an X-ray
spectral fit was possible (NGC 4552 and NGC 7331), the photon index is consistent with
the ADAF predicted value of ~1.4.

91

https://doi.org/10.1017/51743921304001589 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921304001589

92 M. E. Filho et al.

A2 0 e e 39 I I
[ | NGC 660, 3245, 4552, 5846, 5866, 7331 b—dt q | NGCs24, 1161, 5838, 4216 —
NGC 1055, 3627 | NGC 410,660, 3245, 4552, 5846, 5866, 7331 F—
[ b E | NGC10s5,3627, 4419, 4527, 5354 -
L 38 — —
~ 40 = 4
[ NGC4552 | - [ ]
0 Ao ° -
5 - NGC 3245 i &0 3T ]
e L 4
N {
By L 5 NGC 7331 NGC 5846 L i
f GCooly @ g L (Gohoss NGC 1161 B
738 NGC 5866 | e F ) Qg G831
& NGC 3627 = 36 I |
=2 NGC 4216
w0 LA 4 an F 1
o e o L NGC 4527 4
[ 7 35 — —
36 — = L ]
L A 4 E 4
el F « B
- S S R S S | 34 A NS T R
6 7 8 9 6 7 8 9
log (Mg/Mo) log (Mgy/Mo)

(a)

Figure 1. ADAF models with lines of equi-accretion rate.

(b)

Concerning their radio properties, the sources with upper limits to their milliarcsecond-
scale radio emission are consistent with low mass accretion rates (<10_2 Meqq) in the
ADAF scheme (Fig. 1b). In these sources it appears that the accretion flow may simul-
taneously explain both the nuclear (hypothetical) radio and X-ray emission.

However, the VLBA detected radio cores fall very close to (or above) the ADAF per-
mitted accretion limit (mcrit:10*1‘6 eqq; Fig. 1b). The results suggest that these VLBA
cores show more radio emission than can be accounted for from an ADAF. Furthermore,
ADAF models predict an inverted radio spectral index while these sources show flat radio
spectra. One possible scenario is that these sources possess a compact, radio-emitting jet.

In the jet model, sources with compact inner jets (XRBs, FR I radio galaxies, etc.) lie
in a radio/X-ray/black hole mass fundamental plane (Merloni et al. 2003; Falcke et al.
2004). It appears that sources with VLBA cores follow the jet model predicted relation
in the sense of excess radio emission. This is entirely consistent with the jet model since
these sources are found to possess jet emission on milliarcsecond-scales.
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