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Introduction
Optical changing-look AGNs: In these AGNs, broad emission lines in the optical-UV spectra disappear (or emerge) within a span of a decade or less,
in conjunction with a significant dimming (brightening) of the optical-UV and X-ray continuum emission. The broad emission lines are produced by
high-velocity gas in the vicinity of the accreting supermassive black hole, ionized by the continuum photons from the accretion disk. Such extreme
behavior is rare, having been observed in only about a dozen Seyfert galaxies and quasars [e.g., LaMassa+ 2015, ApJ, 800, 144; MacLeod+ 2015, arXiv:1509.08393].
The expected crossing-time of clouds in a Keplerian orbit far exceed the timescales of these dramatic variations, so these phenomena are best
explained by significant changes in the black hole accretion rate, as opposed to variable obscuration by dusty clouds [e.g., LaMassa+ 2015].
Disappearance of broad emission lines in Mrk 590: Sometime between 2006 and 2012, the broad Hβ emission line of Mrk 590 has completely
disappeared (Fig. 1). Historic data reveal an increase in its optical-UV continuum and broad-line fluxes from the 1970s to the early 1990s [Denney+ 2014,
ApJ, 796, 134]. From a bolometric luminosity of 10% of the Eddington limit in the 1990s, the optical-UV continuum emission by 2013 has faded to the
point where it can be fully accounted for by the host galaxy stellar populations. The X-ray emission observed in 2014 by Swift was also extremely
weak, indicating that the central engine is very close to turning off.
Research goals: (1) determine the physical origin of the radio emission in Mrk 590 based on its spectral shape, brightness temperature and pc-scale
morphology, (2) establish if the radio emission from Mrk 590 has varied in intensity in relation to that at optical-UV and X-ray wavelengths, and if so,
determine the possible causes of this variability, and (3) obtain baseline data for future comparisons, in the event that the AGN turns on again.
Studying such extreme behavior can provide the most profound insight on black hole fueling, accretion and outflows.

Mrk 590 Properties
Morphology: SA(s)a
Redshift:
0.0264
Vsys (bary):
7910 km s-1
DA: 109.5 Mpc (1” = 531 pc)
Inclination:
25°
Black hole mass:
4.75 x 107M¤
AGN Lbol (1990s):
5.8 x 1044 erg s-1
AGN Lbol (2013):
3.4 x 1042 erg s-1

ALMA Observations
• No detection of 12CO(3-2) in the central ~150 pc
(Fig. 2), constraining the molecular gas mass to
less than 1.6 x 105 M¤ in the center [Koay+ 2016,
MNRAS, 455, 2745]. This upper limit is sufficient to
support the AGN activity for 2.6 x 105 years,
assuming Eddington mass accretion rates and a
mass-to-energy conversion efficiency of 10%.
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• An intriguing bright clump ~200 pc west of the
AGN exhibits disturbed kinematics. It is the
most likely source of replenishment of gas into the
central 150 pc, e.g., through stellar outflows, or
dynamical friction of gas clouds against old bulge
stars [e.g., Combes+ 2014, A&A, 565, 97].

[3]
[4]

[1] NASA Extragalactic Database
[2] Whittle 1992, ApJS 79, 49
[3] Peterson+ 2004, ApJ, 613, 682
[4] Denney+ 2014, ApJ, 796, 134

é Fig. 1: The broad Hβ line emission
observed in 1996 [Peterson+ 1998, ApJ, 501, 82]
had disappeared when re-observed in 2012 at
the MDM observatory (no host subtraction).

é Fig. 2: Maps of the (a) integrated fluxes, and (b) velocity fields of 12CO(3-2) in Mrk 590. Black contours show the 344 GHz continuum. (c) Integrated 12CO(3-2) flux
(green contours; 15% of peak) overlaid on a structure map derived from an HST ACS F550M image [Slavcheva-Mihova & Mihov 2011, A&A, 526, A43].

Origin of Radio Emission
• Radio emission is unresolved down to ~1 pc scales (Fig. 3)
[Koay+ 2016, MNRAS, 460, 304], with no extended emission
detected.
• The radio emission likely originates from self-absorbed
synchrotron emission in the AGN, as evidenced by the flat
spectral index of ~ 0.02 between 1.4 GHz and 8.4 GHz (Fig.
4), and the high brightness temperature of Tb ~ 108 K.
• The radio to X-ray luminosity ratio of log(LR/LX) ~ -5, similar
to that observed in coronally active stars, suggests
magnetized coronal winds may be responsible for the radio
emission [Laor & Behar 2008, MNRAS, 390, 847], although a
compact radio emitting jet is also consistent with the data.

Radio Variability: What is Going on in Mrk 590?
• Archival radio data and new VLA observations show 46%, 34%, and 13% flux
density decreases between the 1990s and 2015 at 1.4 GHz, 5 GHz and 8.4 GHz
respectively (Fig. 4 & 5). This trend, consistent with the decline in optical-UV and
X-ray luminosities over the same period, demonstrates the AGN accretion-outflow
connection, confirming that the changing-look behaviour in Mrk 590 originates
from variable accretion rates than dust obscuration.
• The variations likely arise from the expansion and fading of internal shocks within
the radio-emitting outflow, after the recent outburst that began prior to the 1970s.
• The radio and X-ray luminosities in 2015 lie within the 0.12 dex observational
scatter of the fundamental plane of black hole activity [Koerding+ 2006, A&A, 456, 439]
for objects undergoing low/hard state accretion (Fig. 6), suggesting that the black
hole may now be accreting in a radiatively inefficient mode.

é Fig. 3: VLBA images at 1.6 GHz (color map and
white contours) and 8.4 GHz (black contours) reveal
an unresolved, pc-scale emission in Mrk 590.

é Fig. 5: Flux densities from historical data

[Wilson & Meurs
1982, Ulvestad & Wilson 1984, Edelson 1987, Becker+ 1995, Kukula+
1995, Condon+ 1998, Schmitt+ 2001 Thean+ 2001, Hodge+ 2011] and

é Fig. 4: Radio spectral energy distribution of Mrk 590 at
different epochs. The flux densities decrease between the 1990s
and 2015, consistent with that observed in the optical-UV and
X-rays.

new VLA observations. The sizes of the symbols scale
logarithmically with the clean beam sizes.

é Fig. 6: The best-fit fundamental plane of black hole activity
(solid line) [Koerding+ 2006], for the sample with only Galactic
black holes accreting in the low/hard state and LINERs (circles).
We include Mrk 590 when it was accreting at a higher rate in
1983, and in its low 2015 state. Due to the lack of 2-10 keV X-ray
flux measurements in the 1990s, we show only the radio
luminosity of Mrk 590 observed in 1995 (dashed horizontal line).
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