
  

“Context”

In summary, our reported X-ray—radio correlation and time lag in ASASSN-14li 

demonstrates that the X-ray emitting accretion disk regulates the radio emission. 

This coupling is inconsistent with all previous external models but is naturally 

explained if the radio emission originates from a freely expanding jet. 

References: Holoien, T. W.-S. et al. MNRAS, 455, 2918–2935 (2016); Krolik et al. ApJ. 827, 127 (2016); Miller et al. Nature 

526, 542–545 (2015); Alexander et al. ApJ,  819, L25 (2016).

Previously, three different physical models have been proposed for the transient radio emission of ASASSN-14li: a relativistic jet that was launched near the time of 

the disruption and releases energy as it slows down by interacting with the circumnuclear medium (van Velzen et al. 2016), a sub-relativistic wind/outflow that 

accelerates the electrons in the ambient medium (Alexander et al. 2016) to produce synchrotron emission, and finally, the radio emission could also be due to the 

interaction of the unbound stellar debris with the ambient medium (Krolik 2016).

Left Figure: (A) X-ray vs 16 GHz radio Cross-Correlation Function (CCF) showing that the radio emission lags the X-ray radiation by 13±6 days. The 99.99% (blue) and 

the 99.999% (magenta) statistical confidence contours are also shown. The centroid and the peak distributions of the CCF are shown in panels B, and C, respectively. 

These show the uncertainty in the centroid and the peak of the X-ray–radio lag after taking into account both the measurement and the sampling uncertainties of the 

light curves. The red dashed vertical lines in these two panels indicate the 1-σ deviation away from the median values (solid red lines). The solid vertical lines in 

panel A and B represent the median of the CCF centroid distribution. The solid vertical red line in panel C is the median of the CCF’s peak distribution.

Right Figure: X-ray and radio light curves show similar variations. The 16 GHz radio light curve of ASASSN-14li is shown as blue squares. The black data points show 

the X-ray light curve offset by 13 days and interpolated at the radio epochs. Both light curves were de-trended by subtracting the best-fit power-law decay, leaving 

only the variability features. The X-ray and the radio fractional variability amplitudes on top of the power-law decay are 10±1% and 16±1%,respectively. The solid 

curves, which are running averages over a 10 day window, are shown to guide the eye. Typical 68% uncertainties are shown as vertical bars.

Left: Schematic of the proposed jet model for the tidal 

disruption flare ASASSN-14li. Shown here is a snapshot 

of the jet at the end of the radio monitoring observations 

(June, 2015). The X-ray–radio correlation and the radio 

spectral evolution can both be explained as follows. First, 

perturbations in the accretion rate are manifested as X-

ray flux variations and, via the disk–jet coupling, lead to 

perturbations in the jet power. The jet power is used to 

accelerate electrons, which produce synchrotron 

emission. As the synchrotron radiating electrons are 

swept further along the jet axis, they start to cool 

adiabatically. When their emission becomes optically thin 

to self-absorption at 16 GHz, at  10∼ 16 cm from the black 

hole (about 13 days later), the observed X-ray–radio 

correlation emerges. Applying our jet model to the radio 

observations of ASASSN-14li (right panel), we estimate 

the jet flow velocity at these radii to be about 0.5c.

Disk-Jet Coupling Following the Tidal Disruption of a Star 

by a Supermassive Black Hole
Dheeraj R. Pasham aka DJ (MIT Kavli Institute, Einstein Fellow), 

Sjoert van Velzen (Johns Hopkins University, Hubble Fellow)

Two properties are unique to ASASSN-14li: a luminous, thermal X-ray flare and the detection of a transient, low-luminosity (≈1038 erg s−1 at 16 GHz) radio flare (van 

Velzen et al. 2016, Alexander et al. 2016). The size of the X-ray emitting region as inferred from energy spectral modeling and fast time variability is only a few 

gravitational radii (Miller et al. 2015). This small radius, combined with the fact that the X-ray spectrum is thermal, suggests that the X-rays originate from the 

innermost regions of the accretion flow (Miller et al. 2015). Because relativistic ejections—which can produce synchrotron radio emission—are also launched from 

close to the black hole, ASASSN-14li provides a unique laboratory to understand the connection, if any, between the accretion and the ejection of matter near a 

black hole.

“Nature of radio emission is under debate”

“ASASSN-14li: A Unique Tidal Disruption Event”

When a star comes too close to a massive black hole (>104 solar masses) the tidal forces on it can exceed its self-gravity. The resulting disruption of the star by 

the supermassive black hole can produce a months-long flare sometimes observable across the entire electromagnetic spectrum. The optical transient ASASSN-

14li was discovered by the All-Sky Automated Survey for SuperNovae (ASASSN) on 22 November 2014 (Holoien et al. 2016). Within a few weeks it became clear 

that this source displayed nearly all the known properties of previous stellar tidal disruption flares (TDFs): an origin consistent with the nucleus of the host galaxy, 

an optical spectrum with broad Hydrogen and Helium emission lines, and a constant blue optical/UV color, corresponding to a temperature of roughly 3×104 K.

“New results: Evidence for a radio jet”

“We propose a freely expanding jet coupled to the inner disk”

Top: Adiabatic jet model and multi-frequency radio observations of ASASSN-14li. Our jet 

model is a superposition of synchrotron emitting spheres, each expanding with the same 

velocity in a conical jet geometry. The electrons in each region in the jet cool 

adiabatically, which yields the decrease of the peak luminosity with time. Data points 

with the same colors are semi-simultaneous (epochs  are  labeled  in  the  legend).   The  

width  of  each  model  curve  indicates  the  range  of  the predicted flux due to the 

temporal spread of the observations.

“Radio SEDs track the properties internal to the Jet”

Figure 2: X-ray and radio light curves show similar variations. The 16 GHz radio light curve of
ASASSN-14li is shown as blue squares. The black data points show the X-ray light curve offset by
13 days and interpolated at the radio epochs. Both light curves were de-trended by subtracting the
best-fit power-law decay, leaving only the variability features. The X-ray and the radio fractional
variability amplitudes on top of the power-law decay are 10±1% and 16±1%,respectively. The
solid curves, which are running averages over a 10 day window, are shown to guide the eye.
Typical 68% uncertainties are shown as vertical bars.
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Figure 4: Schematic of the proposed jet model for the tidal disruption flare ASASSN-14li.
Shown here is a snapshot of the jet at the end of the radio monitoring observations (June, 2015).
The X-ray–radio correlation and the radio spectral evolution can both be explained as follows.
First, perturbations in the accretion rate are manifested as X-ray flux variations and, via the disk–
jet coupling, lead to perturbations in the jet power. The jet power is used to accelerate electrons,
which produce synchrotron emission. As the synchrotron radiating electrons are swept further
along the jet axis, they start to cool adiabatically. When their emission becomes optically thin to
self-absorption at 16 GHz, at ⇠ 1016 cm from the black hole (about 13 days later), the observed X-
ray–radio correlation emerges. Applying our jet model to the radio observations of ASASSN-14li
(Fig. 3), we estimate the jet flow velocity at these radii to be about 0.5c.
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