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The transients radio sky
A glimpse of physics in extreme environments.  

Time domain astronomy: a huge discovery potential, recognised in all recent 
prospective reports. Testing relativity. Cosmic lighthouses for probing the IGM. 

Example of unexpected transients: Discovery of pulsar by J. Bell (Nobel for 
Hewish), SN1a, GRB, ...

Even now, new type of transients are still discovered nowadays: TDEs and FRBs 

A huge variety of transients on very different timescales: X-ray binaries, 
pulsars, black holes at cosmological distance, atmospheric γ-ray flashes, 
exoplanets, EM signature of GW, the unknown, …



Two flavours of transients
Incoherent synchrotron emission

Relatively slow variability
Brightness temperature limited (1012 K)
Associated with all explosive events
Strong potential for MW astronomy

Coherent emission
Relatively fast variability
High brightness temperature
Often highly polarised

Usually associated with pulsars ? 

Detection: images Detection: time series

See talk by J 

Hessels



Slow Synchrotron Transients
Primarily explosive events or outflows
Known source classes: 

Cataclysmic Variables (CVs)
X-ray Binaries (XRBs)
Magnetar outbursts
Supernovae (SNe)
Active Galactic Nuclei (AGN)
Tidal disruption events (TDEs)
Gamma-ray bursts (GRBs)
Some novae (usually thermal)
but do not forget the unknown !!



Typical evolution of a slow transient
Shock-accelerated electrons and magnetic fields

Important frequency evolution. Become optically thin later at lower 
frequencies (+lower flux also). Need high freq. SKA capabilities !!



Similar physics along the mass scale

Measuring the kinetic feedback with transient cosmic explosions

Pietka,	  Fender	  &	  Pretorius	  (in	  prep)

decades minutes



Gamma-ray bursts
Probes of distant Universe (could 
be seen to z∼25!)

Estimated rate 10-6 year-1 galaxy-1

Radio emission generated by 
afterglows

Prompt emission likely self-
absorbed at low frequencies

Key questions:
Physical parameters

Kinetic energy of explosion
Density of circumburst medium
Outflow geometry

Orphan afterglows
Beaming fraction and total GRB 
rate

Radio loud vs radio quiet populations
70% show radio emission, 30% 
do not



Tidal disruption events
Star passing too close to a massive black hole 

Estimated rate 10-5 year-1 galaxy-1

Probe of jet physics

Launching mechanism

Super-Eddington accretion rates

Dense environments (cf AGN jets)

Possibly the most frequent synchr. transients (Frail et al. 2012)



Corbel	  et	  al.	  2013

X-ray binaries I
Accreting black holes, neutron stars, white dwarfs

Do quiescent BHs host radio jets? 

What fraction of the liberated accretion power do they carry away?

Broad-band emission ? 

Nature of very faint outbursts (<1035 erg s-1)? 

A few tens of outburst per year
SKA:	  probing	  a	  significant	  frac3on	  of	  the	  
whole	  outburst	  dura3on	  for	  almost	  all	  BHs	  
in	  our	  Galaxy.	  	  	  All	  flaring	  transient	  BHs	  
accessible	  in	  the	  local	  Universe	  (possibly	  
also	  up	  to	  Virgo	  @	  15	  Mpc)

Time 

X-ray 
count 



A Transient Radio Jet
in an Erupting Dwarf Nova
Elmar Körding,1* Michael Rupen,2 Christian Knigge,1 Rob Fender,1 Vivek Dhawan,2
Matthew Templeton,3 Tom Muxlow4

Astrophysical jets seem to occur in nearly all types of accreting objects, from supermassive black
holes to young stellar objects. On the basis of x-ray binaries, a unified scenario describing the
disc/jet coupling has evolved and been extended to many accreting objects. The only major
exceptions are thought to be cataclysmic variables: Dwarf novae, weakly accreting white dwarfs,
show similar outburst behavior to x-ray binaries, but no jet has yet been detected. Here we present
radio observations of a dwarf nova in outburst showing variable flat-spectrum radio emission
that is best explained as synchrotron emission originating in a transient jet. Both the inferred jet
power and the relation to the outburst cycle are analogous to those seen in x-ray binaries,
suggesting that the disc/jet coupling mechanism is ubiquitous.

Jets launched by accreting objects seem to
be a ubiquitous phenomenon, suggesting
that accretion and jet launching may be in-

trinsically coupled. Jet emission from accreting
white dwarfs (WDs) has been reported for super-
soft sources (WDs with thermonuclear burning)
(1) and symbiotic stars (highly accreting binary
systems) (2). However, no jets have been found
in cataclysmic variables (CVs), except perhaps
after Nova eruptions (3). In fact, the lack of jet
emission from dwarf novae (DNe), a class of
weakly accreting nonmagnetic CVs, has been
used as a constraint for jet-launching mechanisms
of accreting objects (4, 5). Radio emission, which
is often used as a tracer for a jet, has only spo-
radically been found for nonmagnetic DNe (6, 7),
and the radio detections are usually not repro-
ducible (8). It has thus been suggested that the
radio emission is correlated with the optical out-
burst (9). X-ray binaries (XRBs), which do show
jets, share many properties with DNe: The trig-
gering of an outburst as well as the subsequent
evolution of the accretion disc (for example, a
truncated disc) are thought to be similar (10).

XRBs can be well studied throughout a full
outburst cycle because the time scale from qui-
escence to the peak of the outburst and back
ranges from weeks to months (11). The accretor
in XRBs may be either a black hole or a neutron
star. One of the main results of the study of black
hole XRBs is the establishment of accretion
states (12), through which a source moves in a
predefined order (13), and their associated jet
properties. These states can be well separated on

a hardness-intensity diagram (HID) (11). At the
beginning of the outburst, the source shows a
hard x-ray spectrum and usually shows radio
emission originating from a jet (the hard state,
zone A in the left panel of Fig. 1) (14). The source
brightens while staying in the hard state until it
makes a transition to the soft state character-
ized by a soft x-ray spectrum. This transition is
typically accompanied by a bright radio flare
once the source crosses the jet line; after this,
the core radio emission is quenched in the soft

state (13). During the decay of the outburst the
source moves back to the hard state—albeit at
a lower luminosity than the hard-to-soft transi-
tion (13). Although the nomenclature of neutron
star XRB states is different, one can map the neu-
tron star states onto the black hole equivalents
(15). This can be visualized in a HID, where they
follow basically the same pattern (16) as shown
in the middle panel of Fig. 1. The main differ-
ence, with respect to their radio emission, is that
the radio emission is only suppressed by a factor
of ~10 when the source is in the analog state of
the soft state (17). The different behavior may
be due to the existence of a boundary layer in
neutron star XRBs, which does not exist in the
black hole case.

The analogy between XRBs and DNe can be
visualized by constructing a disc-fraction lumi-
nosity diagram (18) of a dwarf nova (DN) (Fig. 1,
right panel), which is a generalization of the HIDs
used for XRBs. For a DN, the inner region of
the accretion flow is truncated by the stellar sur-
face and its boundary layer. The boundary layer
is thought to be the origin of the x-ray and ex-
treme ultraviolet (UV) emission. The disc-fraction
plotted in Fig. 1 describes the optical depth of
the accretion flow for UVemission. The described
analogy between XRBs and CVs suggests that
radio emission from a DNe should be most prom-
inent during the initial rise (zone A in Fig. 1)
and the subsequent state transition to the soft
state. However, the time scale of this rise is
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Fig. 1. HID for a black hole, a neutron star, and the DN SS Cyg. The arrows indicate the temporal
evolution of an outburst. The dotted lines indicate the jet line observed in black hole and neutron star
XRBs: On its right side, one generally observes a compact jet; the crossing of this line usually coincides
with a radio flare. For SS Cyg, we show a disc-fraction luminosity diagram. We plotted optical flux
against the power-law fraction measuring the prominence of the “power-law component” in the hard
x-ray emission in relation to the boundary layer/accretion disk luminosity. This power-law fraction has
similar properties to the x-ray hardness used for XRBs. The diagram is based on data from (16, 29), and
we used their conversion factors from extreme UV counts to disc/boundary layer luminosity LD. The x-ray
luminosity LPL for SS Cyg is for the 3 to 18–keV energy range. For the other objects, the hardness ratio
is defined as the ratio of the counts in the 6.3 to 10.5–keV range to the 3.8 to 6.3–keV range, and the
x-ray counts represent the 3.8 to 21.2–keV counts of the Rossi X-ray Timing Explorer.
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X-ray binaries II
NSs and WDs: Is the accretion-ejection coupling universal? 

How does jet launching depend on depth of potential well, 
presence of a stellar surface/magnetic field?

Koerding	  et	  al.	  2008Miller-‐Jones	  et	  al.	  2010



Ultra-luminous X-ray sources
X-ray Luminosities >1.3x1039 erg s-1 (Eddington limit for a 10 M⦿ BH)

Are these stellar-mass BHs accreting at/above Eddington? 

Is there evidence for massive BHs (HLX-1 with LX Max ∼1042 erg s-1)? 

Fundamental Plane to get BH masses

Probe accretion and ejection at Eddington rates

Growth of quasars in early Universe

Feedback effect on surroundings (EoR)

Needs sufficiently high resolution 



A transient ULX in M31 (Middleton et al. 2012)

A	  flaring	  IMBH	  ?	  

Bridging the gap in mass scale ? 

Rubicon:  
Grant application form 2011  
(deadline 1 December 2011)  
 

Submit the application through: www.nwo.nl/rubicon  Page 6 of 15 

Publications and Dissemination Activities: 
 I intend to present my results at international astrophysical conferences and 
publish in internationally recognized journals. 
 
Figures: 
 

 
 

 
 
 
 
 
 
 

 
 

Fig. 2. The fundamental plane of black hole activity. The radiative output in the radio band 
(LRadio) is shown as a function of the output in the X-ray band (LX-ray) that is corrected with the 
mass of the black hole (M). Cf.: Plotkin, Markoff, et al. 2011 

Fig. 1. Artist’s impression of a stellar-mass black hole system. Material accreted 
from the star forms an accretion disk around the BH. A fraction of the accreted 
material is expelled from near the event horizon in the form of relativistic jets, 
which are  comprised of particles and electromagnetic fields moving close to the 
speed of  light. 

HLX-1 

(Plotkin et al. 2011                                             

ESO243-49

HLX-1

ESO243-49

A radio flare from HLX -1 
(Webb et al. 2012)



V2
0.6 arcsec

V1

0.048x0.018 0.059x0.018

Magnetar giant outbursts
Explosive injection of energy into ambient 
medium following rearrangement of B-field

Bright synchrotron flares (SGR1806-20)

Collimated outflows 

Probing magnetar giant flare up to 300 kpc. 

Fender&et&al.&2006& Gaensler(et(al.(2005,(Gelfand(et(al.(2005(



Transients in the SKA era

Frail et al . 
2012

For ∼10 µJy r.m.s. expect about 1 
transient per deg2 → 0.1-10 per 

day with SKA1-Mid



Getting involved in transients

LOFAR Transient KP: All kind of transients: pulsars, slow 
transients, exoplanets, ... 

MeerKAT: ThunderKAT             + TRAPUM

ASKAP: VAST            + CRAFT 

Get in touch with me if interested 



Conclusions
A variety of synchrotron transients with key questions on the 
extreme Universe: black holes, relativistic jets,... 

Electromagnetic counterpart of a GW event

Probing the distant Universe

Do not forget the unknown, i.e. unexpected discoveries by opening 
new parameter space in the time domain with superb sensitivity.

A lost of synergies with forthcoming MW facilities (e.g. LSST: 
millions of transients per night !!)


