
  

Detecting stellar tidal disruptions: from optical to radio

Abstract
When a star passes too close to a massive black 
hole, the star is tidally disrupted. 

A few candidate examples of flares that occur when 
the debris of the disruption falls back onto the black 
hole have been identified in UV and X-ray surveys. 
The first detection of two tidal flares in SDSS [1] has 
opened the way for obtaining a large sample: we can 
expect tens to hundreds events per year.

Using jet-disk coupling we built a robust model for the 
radio emission of tidal disruptions. We reproduce the 
flux of the recent tidal flare candidate GRB 110328A 
[3] and find that near-future radio surveys (eg, 
LOFAR) will be able to test whether the majority  of 
these events are accompanied by a radio-loud jet.

Radio observations

Optical discovery
  

Radio jet model
To estimate the synchrotron luminosity of the core of 
the jet that should accompany a tidal flare, we follow 
the well-established the jet-disk symbioses model [4]. 
We consider three different scenarios for the fraction 
of  the accretion power that is fed into the jet:

here, tfallback  is the fallback time after disruption (~ 0.1 
yr). This yields the light curves show below. 
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Predicted light curves for scenario a (solid) 
and c (dashed) and radio observations of 
tidal flare candidates TDE2 [1] and GRB 

110328A [3].  The radio flux of the latter is 
reproduced if we assume a small angle 
between the observer and the jet [2].
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that nearly all radio-quiet AGN do show some radio emis-
sion which can be interpreted as originating from the core
of a relativistic jet (Brunthaler et al. 2000; Falcke 2001). In-
deed radio-quiet jets can also be accommodated by Eq. 1
by reducing Ceq or qj with a factor ∼ 102 with respect to
radio-loud systems.

If we assume the physics behind launching the jet and
producing the synchrotron emission is no different for TDE
and “normal” active black holes, we are left to answer the
following question: is a TDE jet radio-loud or radio-quiet?
Observation of accreting stellar mass back holes (i.e., X-ray
binaries) can help to answer this question since they are
variable on timescales down to minutes (Belloni et al. 2005)
and they can serve as examples for AGN (McHardy et al.
2006; Chatterjee et al. 2011).

When X-ray binaries experience a burst of accretion,
they follow a predefined track in the hardness-intensity di-
agram (Belloni et al. 2005) corresponding to distinct accre-
tion states (Remillard & McClintock 2006) with associated
jet properties (Fender et al. 2004). In the quiescent mode
(the hard-state) and during the onset of the burst, jets in
X-ray binaries are radio-loud, while in the high-accretion
mode (the soft-state) they are radio-quiet.

The sudden enhancement of the accretion rate during a
TDE, may move it through the different modes of accretion
in two ways: directly into the radio-quiet soft-state, or into
the soft-state via the radio-loud burst-state. Alternatively,
the jet from a TDE may behave like a radio loud quasar at
all times. We therefore consider three different scenarios for
the fraction of accretion energy that is fed into the jet:

qj =






0.2 all times (a)
2× 10−3 Ṁ(t) > 2%ṀEdd (b)
0.2 t < tfallback (c)

. (4)

were each scenario reverts to the preceding one if the con-
dition on t or Ṁ is not true (e.g., qj = 0.2 if Ṁ < 2%ṀEdd

in all three scenarios). In scenario b the jet becomes radio-
loud only when the accretion drops below < 2%ṀEdd (Mac-
carone 2003), while in scenario c the systems makes a full
loop trough all accretion modes, starting with a radio-loud
burst during the onset of the accretion. For all scenarios we
assume γj = 5 (Falcke et al. 1995). We consider a most op-
timistic, b most pessimistic, and c the most likely scenario.

3 RADIO LIGHT CURVES

In Fig. 1 we show the radio light curves that result from ap-
plying jet-disk symbiosis to TDE. For the scenario in which
the jet is always radio loud (Eq. 4a), one can see most clearly
how the opacity sets the timescale of the emission. Since
zssa ∝ ν−1 (Eq. 3), the jet is visible at earlier times and at
higher luminosity for higher frequencies. At ν = 200 MHz we
see a plateau of constant luminosity before the peak of the
flare which is caused by the photons that are produced af-
ter the Super-Eddington phase; since the opacity drops with
the fallback rate, these photons are visible before the peak
of the light curve. For a given black hole mass, the dura-
tion of the radio flare is maximal if viewed along the critical
angle, iobs = arccos(βj); within this angle, the timescale is
shorter because most photons arrive nearly simultaneously
at the detector, while at larger viewing angles, the frequency
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Figure 1. Light curves for synchrotron emission for jets from
TDE for iobs = 30◦, MBH = 107

M⊙ and three different sce-
narios of coupling between accretion and jet power (a, b and c

in the legend refer to Eq. 4). For the “always radio-loud” sce-
nario, we show three different frequencies (thick solid lines). The
highest frequencies are visible at the earliest times and at highest
luminosity because zssa ∝ ν−1 (Eq. 3). For the “burst” scenario
(thin line) we see a strong luminosity increase corresponding to
the radio-loud part of the jet during the start of the accretion, as
expected, this peak coincides with the peak of scenario a.

in the rest-frame of the jet (ν/δ) increases, making the jet
visible at earlier times.

In Fig. 2 we show follow-up radio observations that have
been obtained for some candidate TDE. The upper limits on
the radio luminosity are consistent with our most optimistic
prediction for the jet luminosity, except for the candidate in
NGC 5905 which is only consistent with scenarios b and c.
We note that observations of similar depth obtained today,
∼ 5 years after the flare, should yield a detection. Finally
we consider the recently discovered GRB 110328A / Swift
J164449.3+573451 (GCN 11823, 11824), which may be an
example of a strongly beamed TDE (Barres de Almeida &
De Angelis 2011; Bloom et al. 2011); indeed for iobs = 1◦

and MBH = 106M⊙ our model with scenarios a and c yields
the observed VLBI flux (GCN 11911) of this transient.

4 SNAPSHOT RATE

Using the model presented in section 2, we can predict how
many jets are visible above a certain flux limit (Flim) at any
moment in time,

N(Flim, ν) = (4π)−1Ṅtde

�
dΩobs

�
dz 4πd2

C(z)×
�

dMBH φBHτeff(Lν , dL(z), Flim) . (5)

Here dC(z) and dL(z) are the co-moving and luminosity dis-
tance1, respectively and φBH is the black hole mass function.
The integration over dΩobs is needed to account for the ef-
fects of Doppler boosting. Finally, the jet model enters via
τeff(Lν(MBH, iobs), dL, Flim) or the “effective time” given by
the part of the light curve that obeys Lν(t)/(4πd2

L) > Flim.

1 We adopt a standard cosmology with H0 = 72 km s−1Mpc−1,
Ωm = 0.3 and ΩΛ = 0.7.
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carone 2003), while in scenario c the systems makes a full
loop trough all accretion modes, starting with a radio-loud
burst during the onset of the accretion. For all scenarios we
assume γj = 5 (Falcke et al. 1995). We consider a most op-
timistic, b most pessimistic, and c the most likely scenario.

3 RADIO LIGHT CURVES

In Fig. 1 we show the radio light curves that result from ap-
plying jet-disk symbiosis to TDE. For the scenario in which
the jet is always radio loud (Eq. 4a), one can see most clearly
how the opacity sets the timescale of the emission. Since
zssa ∝ ν−1 (Eq. 3), the jet is visible at earlier times and at
higher luminosity for higher frequencies. At ν = 200 MHz we
see a plateau of constant luminosity before the peak of the
flare which is caused by the photons that are produced af-
ter the Super-Eddington phase; since the opacity drops with
the fallback rate, these photons are visible before the peak
of the light curve. For a given black hole mass, the dura-
tion of the radio flare is maximal if viewed along the critical
angle, iobs = arccos(βj); within this angle, the timescale is
shorter because most photons arrive nearly simultaneously
at the detector, while at larger viewing angles, the frequency

10
0

10
1

10
2

time since disruption (yr)

10
27

10
28

10
29

10
30

10
31

je
t

lu
m

in
o
s
it

y
(
e
rg

s
−

1
H

z
−

1
)

MBH =1×10
7M⊙

10 GHz, always radio-loud (a)

1.4 GHz, always radio-loud (a)

200 MHz, always radio-loud (a)

1.4 GHz, loud for Ṁ < 2% (b)
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