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A bright feature 80 pc away from the core in the powerful jet¥87 shows mysterious properties.
Earlier radio, optical and X-ray observations have showvat this feature, labelled HST-1, is
superluminal, and is possibly connected with the TeV flatected by HESS in 2005. To examine
the possible blazar-like nature of HST-1, we analyx2adm VLBA data from dedicated full-track

observations and the 2 cm survey/MOJAVE VLBI monitoringgmaims observed from 2000 to
2008. Applying wide-field imaging techniques, the HST-lioegwvas imaged at milliarcsecond
resolutions. Here we present the first 15 GHz VLBI detectibithis feature and discuss the
connection between our radio findings and the TeV detection.
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1. Introduction

Active Galactic Nuclei (AGN) are among the most interesfihgnomena in the Universe, and
they have been studied since the first discovery in 1943 [dfil bow, although there are clues that
imply a super-massive black hole (SMBH) is the engine laintckhe powerful jet [2], the exact
mechanism remains unknown.

M 87 (also known as Virgo A) is a nearby elliptical galaxy |t in the Virgo cluster. It
hosts a very powerful one-sided jet emerging from the ckmégion. Observations show that
M 87 contains 24 x 10° M., within a 0.2% radius, which give hints of a SMBH in the center [3].
Due to its closeness (16 Mpc), M 87 is a major candidate fatystig AGN phenomena, and has
been monitored at different wavelengths over the last deca8uperluminal motion was reported
from Hubble Space TelescodST) observations within60of the jet with speeds of éto 6¢ [4].
Discrepant speeds were reported with values betweerc@®23.4c [5], and a value of 2 [6] from
VLBA 43 GHz observations. VLBA 2 cm observations found apparent speeds < @uting 1994
to 2001 [7, 8]. Therefore, the kinematical properties of jteén M 87 are still under discussion.
From theHST observation in 1999, a bright knot along the jet was disadeand was named
HST-1. This feature is located hway from the core, which corresponds to a projected distafc
0.08 kpc, and is active in the radio, optical and X-ray reginéLBA A20 cm observations show
that HST-1 has sub-structure and contains superluminaimg@omponents up to@[9]. These
observations interpret HST-1 as a collimated shock in an A€&N

However, recent multi-wavelength observations show tI&iH could be related to the origin
of the TeV emission of M87. In 2005, the HESS telescope deteatTeV flare from M 87 [10].
Comparing with the results in soft X-ray€ljandrg, and VLA A2cm observations [9, 11], the
light curves of HST-1 reach the maximum in 2005, while theohe=d core shows no correlation
with the TeV flare. Therefore, the TeV emission from M 87 mipbtassociated to HST-1 [12].
The AGN standard model considers the blazar behavior ténatig at the vicinity of the SMBH.
However, HST-1 is 80 pc away from the core. If the hypothesigue, the present AGN model
would face a challenge. Here we examined this hypothests Mdtcm VLBI wide-field imaging
of the HST-1 feature.

2. Data and Wide-field Imaging

M 87 has been monitored a2 cm with the VLBA since 1994 by the 2cm Survey/MOJAVE
programs$ [7, 13]. We have analyzed ten epochs of this monitoring Eugafter late 2001, to-
gether with three observing sets of targeted observatiord 87 in 2000-2001 (see Table 1).

Before imaging HST-1, two issues needed to be considerest, HST-1 lies 1000 beam sizes
away from the brightest feature (the VLBA core). For thiss@a averaging the data would produce
time and bandwidth smearing in the HST-1 region. Secondeas earlier VLBAA20 cm and
VLA A2cm observations of HST-1 [9], we expect the total 15 GHz flergity to be at milli-
Jansky level, which is much weaker than the total flux derwithe inner-jet £2.5Jy). In order
to detect HST-1, we need to image the inner-jet region wgrexktended structure (over tens of
milliarcseconds); otherwise, the sidelobes from the carelvcover the HST-1 emission. To reach
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Exp. tint? rms
Epoch Code [min] [mJybeaml] HST-1
2000.06 BKO73AP¢ 476 0.080 Not detected
2000.35 BKO73BP¢ 476 0.081 Not detected
2000.99 BKO73C°¢ 476 0.12 Not detected

2001.99 BRO77D 68 0.23 Not detected
2002.25 BRO77JY 57 0.25 Not detected
2004.61 BL111N® 63 0.20 Detected
2004.92 BL111Q¢F 64 0.29 Detected
2005.36 BL123EY 63 0.16 Detected
2005.85 BL123P¢ 63 0.23 Detected
2006.45 BL137F¢ 22 0.33 Not detected
2007.10 BL137Nd 42 0.36 Not detected
2007.42 BL149AAY 45 0.38 Not detected
2008.33 BL149AC® 41 0.27 Not detected

@ Total scheduled VLBA on-source time

b Sampling rate: 256 Mbits!

¢ Dedicated full-track experiment on M 87 (see [8]); the airjudes a
single VLA antenna (Y1)

d Sampling rate: 128 Mbits!

€ Images shown at the upper (2005.30) and lower panel (2005 &5g. 1

Table 1: Journal of VLBAA 2 cm observations of M 87 (preliminary results)

this goal, we applied natural weighting and tapering witheaugsian factor of 0.3 at a radius of 200
MA in the (u,v)-plane to weigh down the long baselines on all datasets. &hdtant resolution
of our images was of2x 1 milliarcseconds (mas) at a position angle~af3’. The extended
inner-jetCLEAN model was applied to the un-averaged data withIB in AIPS. When the inner-
jet model was well-established, we usehGR to define a second cleaning field of the HST-1
region, and proceeded with further loopsafeANing and phase and amplitude self-calibration.
By applying wide-field imaging techniques to the data, weawtdd an image of HST-1 with the
highest resolution.

3. Results and Discussion

Here we present preliminary results of HST-1 detection.hWpering and natural weighting
to the data, the most extended inner-jet structures wecedrantil 100 mas (8 pc), and the noise
levels of HST-1CLEAN images are listed in Table 1. The inner-jet structure hadsh fiox density
of 2.5 Jy, with overall flux density changes up to 0.5Jy du0§0 to 2008. Out of 13 epochs,
HST-1 was detected in 4 epochs from 2004.61 to 2005.85 (dde Taand Figure 1). The feature
had a peak surface brightness of 3 to 5mJy bearand the total flux density was 14 to 22 mJy,
with an extended structure of 10 mas. These detections $taiwiST-1 has a weak peakXx2 cm.
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Due to its low flux density and extended structure, only thghtest feature could be detected.
The peak position changes show an outward motion from thee &y linear-fitting the distance of
the peak position to the central core as a function of timeppgr motion of 0.44- 2.24 mas yr!
was derived, which corresponds to a projected linear spe@d b=+ 0.56c. Previous observations
report higher speeds up taérom the HST-1 region [4, 9]. Figure 1 shows two overlaid ireagf
HST-1 atA 20 cm (Cheung, priv. comm.) a2 cm. Note that the feature detectedi&cm was
located at the same position as the HST-1d component by Qletah[9]. The HST-1d component
shows a stationary behavior with a speed of < @,28hich is comparable with our measurements.

The emission intensity of HST-1 has reached the maximumffardnt wavebands at 2005,
and the light curves from the VLA 2 cm, VLBA A20 cm, and X-ray observations share the same
tendency [9, 11]. Our results were consistent with thosemiasions. The HESS team reports that
a TeV flare was detected in 2005 [10]. It is believed that thg tiegh energy emissions come from
the vicinity of the SMBH, howeverChandraobservations show that the resolved core has a flat
light curve during this time, while HST-1 has a significanafpén 2005. Our results also show that
the total flux density of the inner-jet does not have a pealoBPb2while HST-1 was only detected
during 2004 to 2005. Those findings support that HST-1, aifea®0 pc away from the SMBH,
could be the source of the TeV emission. However, accordingut detection, HST-1 appeared
to be extended, which does not support the blazar type gctMioreover, no emerging or rapidly
moving features were found among the detections. Thergfareesults do not support that HST-1
was the origin of the TeV emission, however, one could noluelecthe possibility.
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Figure 1: VLBA images of the HST-1 region in M 87 at2 cm (black contour, beam size at
half power level =21 mas, P.A.=16°, plotted bottom left) andh 20 cm (grey contour, beam
size =8<«3 mas, P.A. =0, plotted bottom right). Upper panel: epoch 2005.8@Cm, peak surface
brightness: 3.4 mJy beart) and 2005.35X 20 cm, peak: 45mJy beart); lower panel: epoch
2005.85 A 2cm, peak: 3.3 mJybeant) and 2005.82X 20 cm, peak: 42 mJy beart). The co-
ordinates are relative to the core location. The lowestaans 0.7 mJy beant, and the contour
levels are separated by a factor\d®.
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