
 
 
Figure 1. The transient Arp299B-AT1 and its host galaxy Arp 299. (A) A colour-combined optical 

image from the HST. Credit: NASA, ESA, the Hubble Heritage Team (STScI/AURA)-ESA/Hubble 

Collaboration and A. Evans (University of Virginia, Charlottesville/NRAO/Stony Brook University), 

with high resolution near-infrared images (inset) showing the brightening of the B1 nucleus. (B) The 

evolution of the radio morphology as imaged with VLBI at 8.4 GHz. The initially unresolved radio 

source develops into a resolved jet structure a few years after the explosion. The radio beam for each 

epoch is indicated in the lower-left corner.  
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Transient phenomena 
Miguel Pérez-Torres (IAA-CSIC,Granada)

(includes also contributions from 
G. Ghirlanda, M. Giroletti, J. Miller-Jones,
T. O’Brien, Z. Paragi)



The transient parameter space

Updated plot of Cordes+2004 



• Pulsars

• FRBs

• CCSNe/SNe Ia

• GRBs

• XRBs/uquasars

• ULX

• Novae/CVs

• AGNs,TDEs

• GW follow-up



FRBs
➢ A tool to study the cosmic web: the 

distribution of matter in the Universe
➢ Most of this matter within the galaxies is 

invisible otherwise 

Bourke, Crain and Duffy

Distance must be known



Fast Radio Bursts (FRBs)

Localisation of the repeating 
FRB121102 (Marcote+17)

Variable steady source associated 
to FRB 150418 (Giroletti+16)

EVN

FRB localization is key

EVN



GW170817 EM counterpart

Structured jet and cocoon models 
tested via light curve modelling

Margutti+17

VLBI obs-ns can measure expansion of ejecta

Hallinan+17

Abbott+17



CCSNe

Expansion of SN2008iz in M82 imaged with VLBI (Brunthaler+2010)



Type Ia SNe

•  Single degenerate     (SD) channel=> Prompt radio emission
•  Double-Degenerate (DD) channel => No prompt radio emission

(Pérez-Torres+2015)

•  What are their progenitors? 



Type Ia SNe



Type Ia SN progenitors - SD channel

SKA chapter on SNe (Pérez-Torres+2015).  
Plot adapted from Pérez-Torres+2014



GRBs 

VLBI obs-ns extremely useful
=> Deep flux measurements + resolution 

• Jet properties (structure, dynamics, orientation) 
• Shock properties (e.g. energy spectrum of e-), 
• Environment (ISM, wind)

Figure from Nakar & Piran (1993)



GRBs
GRB 030329: the best ever radio 
characterization (bright and close) 

The Astrophysical Journal, 759:4 (6pp), 2012 November 1 Mesler et al.
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Figure 3. Evolution of the average apparent expansion velocity derived from
direct size measurements, and assuming a Gaussian intrinsic surface brightness
profile. The 1σ upper limit at day 51 is from Taylor et al. (2004), as are the
measurements on days 25 and 83. The measurement on day 217 is from Taylor
et al. (2005). The measurement on day 806 comes from Pihlström et al. (2007).
The measurement on day 15 comes from a model-dependent estimate based on
the quenching of the scintillation (Berger et al. 2003b). Finally, the 1σ upper
limit on day 2032 comes from this work.
(A color version of this figure is available in the online journal.)

(Berger et al. 2003b). The uncertainties on this size estimate are
large due to the dependence of the measurement on estimated
properties of the ISM along our line of sight. A 2σ upper limit
on the afterglow image size of 1.31 mas, or 1.2 × 1019 cm, was
obtained for day 2032.

The apparent expansion speed is defined as βappc. The decline
in ⟨βapp⟩ with time is shown in Figure 3, where ⟨βapp⟩ is found
using

⟨βapp⟩ = (1 + z)R⊥

ct
= θRdM

ct
, (2)

where θR = R⊥/dA = (1 + z)R⊥/dM and R⊥ are the angular
and physical radius of the image, respectively, dM is the proper
distance to the source, z is the source’s cosmological redshift, t
is the time of observation, and c is the speed of light. Previous
work by Pihlström et al. (2007) and Taylor et al. (2004, 2005)
shows a continuous decrease in the apparent expansion rate
of the image up to day 806, likely due to a deceleration of the
afterglow shock due to interaction with the circumburst medium.
The mean afterglow apparent expansion rate up to day 806 was
⟨βapp⟩ = 0.9 ± 0.2. Our upper limit of 1.31 mas at day 2032
corresponds to a mean apparent expansion rate of ⟨βapp⟩ < 1.3.
It should be noted that the intrinsic image surface brightness
profile of the afterglow is expected to have a small effect on
the value obtained for the diameter of the afterglow 2R⊥. The
image may be limb-brightened (Granot et al. 1999; Granot &
Loeb 2001), which could suggest a possible correction factor to
the values used in this paper of ∼1.4. For an in-depth discussion
of the effects of surface brightness profiles on the afterglow
diameter, see Pihlström et al. (2007).

4.3. Proper Motion

Solving for proper motion using all the VLBI observations
to date, we derive µr.a. = 0.0044 ± 0.054 mas yr−1 and µdec. =
−0.0031 ± 0.033 mas yr−1, or an angular displacement over
2032 days of 0.030 ± 0.35 mas (Figure 4). These observations
are consistent with those reported by Taylor et al. (2004, 2005)
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Figure 4. Positions derived from the observations in eight epochs relative to the
first determination on April 1 at 8.4 GHz. Observations at multiple frequencies
at a given epoch have been plotted separately since they are independent
measurements. A circle with a radius of 0.29 mas (2σ ) is shown to encompass
all measurements except for the one taken on 2008 October 21 (day 2032) which
lies just outside the circle’s edge, and those taken within the first eight days at
5 GHz, which suffer from systematic errors (Taylor et al. 2004). Taken together,
these observations provide a constraint on the proper motion of <0.067 mas yr−1

over 2032 days.
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Figure 5. Tentative fits of theoretical models for the evolution of the source
size (from Granot et al. 2005) to the observed image size (of diameter 2R⊥) of
the radio afterglow of GRB 030329 up to 83 days. The 1σ upper limit at day
51 is from Taylor et al. (2004), as are the measurements on days 25 and 83.
The measurement on day 217 is from Taylor et al. (2005) and the measurement
at 806 days is from Pihlström et al. (2007). The 2σ upper limit at day 2032
comes from this work. All direct measurements are plotted with 1σ error bars.
In model 1 there is relativistic lateral spreading of the GRB jet in its local rest
frame, while in model 2 there is no significant lateral expansion until the jet
becomes non-relativistic. The external density is taken to be a power law with
the distance r from the source, ρext = Ar−k , where k = 0 for a uniform external
density while k = 2 is expected for a stellar wind environment.
(A color version of this figure is available in the online journal.)

and Pihlström et al. (2007), and impose a stronger limit on the
proper motion. The implied 2σ limit on the proper motion in
the plane of the sky is 0.067 mas yr−1 (corresponding to 1.1 pc)
in 2032(1 + z)−1 ≈ 1739 days, or 0.73c (1σ ).

In the relativistic fireball model, a shift in the flux centroid is
expected owing to the spreading of the jet ejecta (Sari 1999). For
a jet viewed off the main axis, the shift can be substantial (Granot

4

VLBI obs-ns

5 GHz

Global VLBI obs-ns (t=5.5 yr!)

Mesler+2012

• Single power-law decay (t-1.27)
• Proper motion < 0.067 mas yr-1

• Size evolution

• Jet seen close to the LOS
• Expansion in the ISM
• Emission due to external shock, 

accelerated electrons (p=2.5)

VLBI observations crucial 
to disentangle GRB environment  



GRBs

Nappo+17

EVN

5 GHz

GRB151027A
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GRBs - GRB171205A

Pérez-Torres+ (in prep.)

VLBA VLBA

7.6 GHz 4.4 GHz

• VLBA, EVN, and eMERLIN obs-ns
•  Discern Cannonball/Fireball model
•  Discern ISM/wind interaction



X-ray binaries

XTE J1908+094 expanding jet (Rushton+17)

Cyg X-3 giant flare (Egron+17)



White dwarf + Main Sequence/Red Giant companion

■ Outbursts due to thermonuclear runaway in 
accreted material on WD surface. 

■ The white dwarf is not destroyed and 
another nova outburst may occur ~1 to 
1000’s of years later.

Novae



Novae
■ High-resolution radio imaging of 

their expanding aspherical remnants 
to understand their ejection 
geometry, including jets 

■ Combining radio, X-ray and gamma-
ray observations to understand role 
of shocks in particle acceleration  

■ Understanding explosions on 
massive WDs and their link to Type 
Ia SNe 

e-MERLIN imaging of V959 Mon (Healy et al 2017)

Expanding non-thermal components 
seen with EVN

Gamma-ray nova V959 Mon (Chomiuk et al 2014)



Microquasars - EVN 18

Microquasars: AGN for the impatient

Real-time jet evolution 
• How relativistic are XRB jets? 

– Accurate distances essential 
• How do jets couple to accretion flow? 

– VLBI proper motions give ejection time 
– Tie to X-ray spectral / timing signatures

Fender	et	al.	
(1999)

Gomez	et	al.	
(2001)

18
	m

on
th
s

11
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ay
s

5	mas	
=12	AU

4	hours	
Miller-Jones	et	
al.	(2018)



Microquasars - EVN 19

Precision astrometry
Fundamental physical parameters 

• XRB jet cores provide astrometric targets 
– Proper motion: Natal kicks and BH formation 
– Parallax: Model-independent distances 
– Residuals: Jet size scales 
– Orbital motion: Component masses

Miller-Jones	et	al.	(2009)

Mirabel	(2017)

Mirabel	et	al.	(2001)

Rushton	et	al.	(2012)

BH natal kick distribution needed to 
simulate LIGO merger progenitors



(Pérez-Torres+2009, A&A Letters)

An extremely prolific SN 
factory in Arp 299-A revealed 

with the eEVN

• Rich cluster of compact radio sources in 
the nuclear region of Arp299A

• SNe and/or SNRs, likely embedded in SSCs.

• Evidence of  recent RSNe 

• Radio emission levels typical of Type II SNe 

Nuclear Transients 



Pérez-Torres+09
Pérez-Torres+10
Bondi & PérezTorres+12)

• >26 sources detected

• CCSNe and SNRs

• AGN unveiled

• Evidence for new SNe

• CCSN >= 0.8 SN/yr

• Flickering microQSO

10 pc

The nuclear starburst 
in Arp 299A



Tidal Disruption Events (TDEs)

ASSASN-14li resolved at pc-scales with the EVN (Romero-Cañizales+2016)

EVN EVN

1.7 GHz 5.0 GHz

Source nature unclear: •  Core-relativistic jet? 
•  Core-non-relativistic jet?
•  BBH?



Tidal Disruption Events (TDEs)

No apparent superluminal motion in Sw J1644+5734 unveiled with the EVN (Yang+2016)



pre-explosion (WHT) post-explosion (WHT) subtracted image

K-band (2.2 um)

• Systematic near-IR search for nuclear SNe in starburst galaxies using the WHT
• Discovery of an extremely luminous nuclear outburst in the near-IR in Jan. 2005
• Only detected in the IR, in optical completely obscured by interstellar dust
• Near-IR (JHKs) follow-up from the WHT, NOT, Gemini-N, mid-IR from Spitzer

Discovery of an extremely luminous nuclear 
outburst in Arp 299B1

B1

WHT NOT WHTGemini-N Spitzer



Radio evolution from VLBI observations

A B C

D E F

Feb 2005 Jul 2005

Jun 2011 Nov 2013 Jun 2015

8.4 GHz 8.4 GHz

8.4 GHz

5.0 GHz

• New compact source detected in Jul 2005 
• Developed prominent extended, jet-like                                                                           

structure by 2011
• EVN observations crucial 



 
 
Figure 1. The transient Arp299B-AT1 and its host galaxy Arp 299. (A) A colour-combined optical 

image from the HST. Credit: NASA, ESA, the Hubble Heritage Team (STScI/AURA)-ESA/Hubble 

Collaboration and A. Evans (University of Virginia, Charlottesville/NRAO/Stony Brook University), 

with high resolution near-infrared images (inset) showing the brightening of the B1 nucleus. (B) The 

evolution of the radio morphology as imaged with VLBI at 8.4 GHz. The initially unresolved radio 

source develops into a resolved jet structure a few years after the explosion. The radio beam for each 

epoch is indicated in the lower-left corner.  
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A TDE with a resolved, relativistic radio jet 
in a galaxy merger 

Mattila & Pérez-Torres, et al. (submitted to Science)

• Radio observations resolved expanding, decelerating jet
• Probe jet formation around a SMBH
• Dust reprocessing may explain differences betw theo and observed TDE lumins



 AT 2017gbl in IRAS 23436+5257

Kool et al. (2017)

• Near-IR nuclear burst detected in July 2017
• IR properties similar to the Arp299B-AT1 event 



VLBI obs-ns of AT 2017gbl in the nuclear 
region of IRAS 23436+5257

Peak = 880 uJy/beam Peak = 1720 uJy/beam

Pérez-Torres et al. (2017, ATel)

4.4 GHz 7.6 GHz

VLBA VLBA

• L_radio  ~ 3.2e38 erg/s
• Inverted spectral index (alpha = 1.1;  S_nu ~ nu^alpha)
• Compatible with a LLAGN. It could also be AT 2017gbl



Prospects for transients

• “Prompt” emission 

• Probe self-absorbed events in early phases of GRBs, GW events, TDEs, AGN 
flares (=> higher freq obs-ns)

• Get early measurements as references, both for structure (motions/expansions 
of novae, SNe, jets,…) and light curve (initial flux density, or upper limit)

• “Late” emission 
• Follow evolution on different spatial scales and with full spectral information

• iteratively refine models and design observations to pick sources at most 
suitable times

• Exploit sensitivity through large apertures and wide bandwidth.



• Alert/triggering procedures - not straightforward to trigger fast repointing on different 
sites, particularly if not dedicated/full time arrays

• Different transients require different triggers (from space or ground, photometry or 
spectrum) and different reaction times 

• Disk availability and shipping, correlation time can cause delays - real-time VLBI is still a 
relatively scarce resource

• Arrays - Small, flexible arrays for prompt observations; full/global arrays for follow up of 
truly interesting events?

• Calibration uncertainties should go down; overall performance and reliability of the arrays

• SKA1 (and precursors) need to be fully VLBI-ready (receivers/backends compatible with 
existing telescopes, phased array capabilities, data formats and transfer, …) 

(Some) issues


