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Abstract. We report the preliminary result of ALMA continuum observations toward the M87 nucleus at thirtysix frequencies (quasi-simultaneously) ranging from 90 GHz to 700 GHz. We detected the nuclear component
at almost all the frequency points. We found a spectral break at the millimeter regime: a nearly flat spectrum at
lower frequencies and a steep spectrum at higher frequencies. The spectral profile indicates a possible physical
situation in the vicinity of the central supermassive black hole.

1 Introduction
M87 is one of the closest supermassive black holes forming relativistic jets beyond their host galaxy. Because of
its proximity (16.7 Mpc; [1]) and a large estimated mass
of the black hole (∼(3–6) ×109 solar mass; e.g., [2]),
M87 is one of the most promising target to be directly
imaged toward the vicinity of the event horizon [3], as
well as Sgr A* [4]. High-frequency very-long-baseline
interferometry (VLBI) observations are required to see
through surrounding environment around the jet launching region, due to optical depth eﬀect and/or scatter broadening [5, 6]. The highest frequencies that M87 has been
VLBI-imaged so far are 43 and 86 GHz (e.g., [7, 8, 11]).
Compelling evidence of the collimation region down to
∼ 100 Schwarzschild radii or less has been revealed on
the basis of imaging analyses at up to these frequencies
[9–11]. A VLBI visibility analysis at 230 GHz for M87
also show a consistent result for the collimation of jets [3].
In this paper, we report the preliminary result of
ALMA continuum observations toward the M87 nucleus
at higher frequencies. Although the M87 nucleus has been
observed over whole electromagnetic wavelengths so far
(e.g., [12, 13]), there has been no study over extensive frequency ranges at the millimeter-to-submillimeter regime.
Our attempt aims to inspect the structure of jet starting
point from the spectral frequency domain and to evaluate
the prospect of future VLBI imagings of the innermost region of the M87 nucleus at higher frequencies.
a e-mail: akihiro.doi@vsop.isas.jaxa.jp

2 Observations and Data Analyses
We carried out ALMA observations in 2012 with twenty
12 m-antenna array under the the extended configuration
of ∼ 30–400 m baseline during Early Science Cycle 0. The
precipitable water vapor (PWV) was ∼ 0.6 mm (a good
condition) during the observations. Continuum observations were carried out with band-3, 6, 7, and 9 receivers.
Four spectral windows, each of 1875-MHz bandwidth,
were used simultaneously; first local frequency switched
sequentially to diﬀerent nine frequencies. As a result, we
employed 36 spectral windows over nearly whole available frequency range of the ALMA cycle-0 (90–700 GHz).
The array configuration resulted in a synthesized beam of
a range from to 2.6 × 1.4 arcsec2 to 0.29 × 0.23 arcsec2 at
lowest and highest frequencies, respectively.
The data were reduced with the Common Astronomy
Software Applications (CASA) package. We use a bright
quasar for bandpass calibration and M87 itself for phase
calibration. Data were integrated over four spectral windows for each three local settings at band-9, for suﬃcient
signal-to-noise ratio. The absolute flux scale was established by observations of Titan. However, flux scaling
factors determined using Titan possibly included diﬀerent
systematic errors among diﬀerent spectral windows. Two
radio sources, both of which show simple power-law spectra throughout ALMA bands, served as interband calibrators for this problem. The systematic errors can be estimated from the observed spectra of these calibrators, and
can be corrected for the M87 spectrum.
All available Very Large Array (VLA) archival data
obtained with A- or B-array configuration at multi-
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Figure 1. Left: ALMA image of the spectral window at a center frequency of 108 GHz in band-3. Middle: ALMA image of the spectral
window at a center frequency of 706 GHz in band-9. Right: VLA image at 8.4 GHz. A ellipse represents the largest size of synthesized
beams in this ALMA observations.
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