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Scientific Justificaton

Dynamical studies have established that supermassive black holes, with masses 108 — 10° M, occur in the
nuclel of most nearby galaxies with stellar bulges. The focus has now turned to searches for intermediate-
mass black holes (IMBHs), with masses about 10® — 108 Mg, in nearby galactic nuclei. Finding IMBHs will
help to define the nature of the seed black holes that figure in models for the growth of black holes over cosmic
time and to predict the gravitational radiation background expected for LISA due to mergers of IMBHs.
In this mass regime, dynamical searches currently fail beyond the Local Group and are being replaced by
surveys for signatures of active galactic nuclei (AGNs) [5]. Such AGN searches are strongly guided by the
discovery of a candidate IMBH in NGC 4395 [3], for which a recent reverberation study [16] finds a mass
of 3.6 x 105M with a factor of three error. NGC 4395 is a bulgeless Sdm galaxy at a Cepheid distance of
4.3+0.3 Mpc with a scale 0.021 pc mas™! [18]. Its nucleus has the emission properties of a Seyfert 1, with
broad permitted emission lines [3,4,16] and a hard X-ray source that is highly time-variable [12,17,19].

Building upon UV and X-ray hints of outflows [2,12,17] as well as a VLBA detection [20], we used the HSA
to search for extended structure at 1.4 GHz on scales greater than 5 mas (0.1 pc). As shown in Figs. 1-2,
elongated emission was discovered, extending over 15 mas (0.3 pc) and suggesting an outflow on subparsec
scales [21]. For NGC 4395, the energizing IMBH has an Eddington ratio of only ~ 1.2x 1072 [16]. Two other
candidate nuclear IMBHs have VLA detections [6,10]. But those candidates are much more distant and,
with Eddington ratios near unity, may well have radio structures quite different from NGC4395. Given the
uniqueness and proximity of NGC 4395, its suspected subparsec outflow deserves HSA follow-up, as argued
below. T'wo parsec-scale topics also require HSA follow-up and are described below.

1. Substructure in the Outflow: The bolometric luminosity of the nuclear IMBH in NGC 4395 in
highly sub-Eddington {16]. By analogy with supermassive black holes and stellar-mass black holes, such
an Eddington ratio suggests that this IMBH is in a low/hard or quiescent state and, thus, is expected to
launch a steady polar outflow [7,14]. The elongated structure in Fig. 2 is indeed suggestive of a radio outflow
on subparsec scales [21]. But the resolution and sensitivity of the HSA images only provide approximate
structural information. By repeating the HSA observation with EB added, we will improve the (uniform)
angular resolution by a factor of about 0.8. This will allow us to strengthen the case for an outflow from
this IMBH, as well as to seek evidence for a core or other features in the outflow. We will also be able to
investigate the sidedness of the outflow in terms of free-free absorption and/or relativistic boosting, concepts
not yet applied to the environs of a nuclear IMBH.

2. Length Scale of the Outflow: Twenty of the 44 low-luminosity AGN (LLAGN) surveyed at mas
resolution by [13] show structure on subparsec scales. Six of those 20 have subparsec scale structures with
weak or no known larger scale jets, perhaps because the jet does not propagate beyond the inner few
parsecs. For NGC 4395 at 1.4 GHz, its steep-spectrum VLA source lacks adjacent emission and has the
same integrated flux densities for deconvolved sizes of 10-40 pc, whereas the HSA imaging traces a suspected
outflow on subparsec scales [8,21]. Given these VLA and HSA properties, NGC 4395 was added to the subset
of LLAGN whose known emission does not extend beyond the inner few parsecs. Still, a subparsec scale for
the suspected HSA outflow corresponds to 107 Schwarszchild radii for the nuclear IMBH, very different from
the upper limits of 10® to 10* Schwarszchild radii inferred for several LLAGN with flat radio spectra [1].

The potential importance of outflows in mediating black-hole growth has been highlighted by [15], motivating
an estimate of the kinetic luminosity of the suspected outflow from NGC 4395. The requisite ancillary data
are, as yet, unavailalble. But by analogy with the similar LLAGN in M51, a kinetic luminosity on the order
of the bolometric luminosity, ~ 5.4 x 10%° ergs s~! [16], could be available in NGC 4395. Approximating the
radio luminosity of NGC 4395 as the product of the frequency times power, the lumingsity of the emission
recovered in Fig. 1is 2.4 x 10%¢ ergs s~1. Although this radio luminosity is about six orders of magnitude
below the bolometric luminosity of the Seyfert nucleus, the HSA imaging helps set a characteristic length
scale for the available kinetic luminosity [21]. Fig. 1 recovers 0.74 mJy but Fig. 2 recovers only 0.63 mJy.
We need to image the missing 0.11 mJy. We also need to try to trace the outflow beyond 15 mas (0.3 pc).
We will do this by repeating the HSA track with EB and AR added, thus improving the (uniform) angular
resolution by a factor of about 0.8 and the (natural) sensitivity by a factor of about 0.5.



3. The Faint Five-Parsec Feature: In WFPC2 B-band and I-band images, there are two features to
the west, a small blue arc offset by 250 mas (5.2 pc) and an extended blue plume offset by about 1 arcsec
(21 pc). These two features probably trace [OIII] emission from gas within a nuclear ionization cone [11}. We
retrieved the WFPC2 data from the HST archives and analyzed those data, but we were unable to improve
upon the results presented in [11]. As reported in [21], there are HSA hints of 5 ¢ = 0.05 mJy beam™!
emission about 250 mas (5.2 pc) to the west of the Seyfert nucleus, thus in the vicinity of the small blue arc
[11). Fig. 3 shows a naturally-weighted image which is slightly improved over that discussed in [21]. The 5
o = 0.048 mJy beam~! feature is labelled. While the reality of this feature is still uncertain, it could be a
clue about the location of some of the ~ 1 mJy missing between VLA [8] and HSA [21] scales. HSA imaging
with improved sensitivity could confirm or refute this faint extranuclear emission. If we are able to confirm
the reality of this faint feature, it could have profound implications for the length scale of the outflow from
the Seyfert nucleus. Moreover, might the structure of the faint radio feature, near the blue HST arc, hint
at a termination shock? Given the demise of the ACS on board the HST, HSA imaging might be the only
way to investigate - admittedly indirectly - an [OIII] shock origin for the blue arc [11].

4. The Eight-Parsec Star Cluster: In a WFPC2 I-band image, the Seyfert nucleus is located at the
center of a nuclear star cluster with a half-light diameter of 380 mas (8.0 pc) [4]. Little is known about the
cluster’s stellar populations. There is no UV evidence for the P Cygni profiles expected from winds from
massive OB stars [3]. The calcium infrared triplets are detected, indicating that red supergiants are present
[4]. To further constrain the stellar populations, the naturally-weighted HSA image was searched for cluster
emitters [21]. None were found above 5 ¢ = 0.05 mJy beam™!. This remains the case from Fig. 3, where
the large circle shows the half-light diameter (380 mas = 8.0 pc) of the nuclear star cluster. The associated
radio luminosity is < 2 x 1033 ergs s, For perspective, [9] finds that ultraluminous X-ray sources typically
have radio luminosities < 2 x 10%* ergs s~!. HSA imaging with better sensitivity (and at another epoch)
would improve the search for radio emitters in the nuclear star cluster.

Technical Justification

We will follow our successful HSA=VLBA-+Y27+GBT strategies for BW080 [21], using phase referencing
with a switching angle of 1.5d, a switching time of 5 minutes, including some astrometric/coherence check
sources, and integrating on-source for about 4 hours during a total time of 8 hours (for u-v coverage). We
now add EB for a total of 6 hours to improve the (uniform) angular resolution by a factor of about 0.8; this
is essential for item 1 above. We also double the bit rate from 256 to 512 Mbps and add AR for a total of
2 hours, thereby improving the (natural) sensitivity by a factor of about 0.5; this is essential for items 2, 3
and 4 above.

Three VLBA antennas are especially key. The MK antenna is needed to provide the long baseline to EB,
essential for item 1 above; and the SC and PT antennas are needed to provide the short baselines to AR
and Y27, respectively, that are essential for items 2 and 3 above. We request nighttime observations in 2007
April, to reduce ionospheric effects. The phased VLA, recording at only 256 Mbps, will probably be in its C
configuration with a synthesized beam of about 19 arcsec at FWHM. The HSA field of view, for a 10-percent
peak reduction, will be limited by bandwidth smearing to about 8 arcsec.
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Figure 1: HSA image of Stokes I emission from the Seyfert nucleus of NGC 4395 at a frequency of 1.4 GHz
and spanning 70 mas (1.5 pc) per coordinate [21]. Epoch is 2005 May 1. Natural weighting was used, giving
an rms noise of 0.010 mJy beam™! (1 o) and beam dimensions at FWHM of 17 mas (0.4 pc) by 7.2 mas
(0.2 pc) with elongation PA -8d (bozed ellipse). The grey scale spans —0.04 mJy beam™! to the peak of
0.36 mJy beam™'. The contours are at -6, -4, -2, 2, 4, 6, 8, 10, 12, 14, ... 36 times 0. Negative contours
are dashed and positive ones are solid.
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Figure 2: As for Fig. 1 but robustness parameter of -0.3, giving an rms noise of 0.019 mJy beam™" (1 ¢) and
bearn dimensions at FWHM of 11 mas (0.2 pc) by 5.4 mas (0.1 pc) with elongation PA 0d (bozed ellipse).
The grey scale spans —0.04 mJy beam™! to the peak of 0.23 mJy beam™'. The contours are at -6, -4, -2, 2,
4, 6, 8, 10, and 12 times o.
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Figure 3: As for Fig. 1 but spanning 600 mas (18 pc) per coordinate. This naturally-weighted image is
slightly improved over that discussed in [21] and has an rms noise of 0.0097 mJy beam™! (1 ). The grey
scale spans £0.0048 mJy beam™!. The contours are at -5 and 5 times 0. The Seyfert nucleus is labelled. The
5 o feature about 250 mas (5.2 pc) to the west of the nucleus is labelled; this feature is near the blue HST
arc [11]. The large circle indicates the half-light diameter (380 mas = 8.0 pc) of the nuclear star cluster [{].



