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为什么在射电波段开展暂现源的观测 ?
• Benefit: 

• Quiet transient sky
• Large FoV, e.g. MWA 1000deg2, ASAKP 30deg2

• Large dispersion delay for SKA-low 
• Limitation: 

• Faint, off-axis/mis-aligned: Reverse shock flare?
• Unknown luminosity, timescale, evolution

• 4 SGRBs are fade within 2 days
• Only a few radio transients (e.g., 5 sGRB in radio), 

different case by case
• Coordination

• not easy – interrupt other projects ! 
• Out-of-session request

• Advantage of low frequency - Dispersion delay 

• 100s arrival delay ; 30s cross 30MHz band

• MWA, LWA, LOFAR -> SKA1-Low



射电波段开展暂现源的观测

• Radio luminosity and lightcurve
• Temporal evolution of spectral index
• Radio polarization 
• Morphology, kinematics, geometry, physical properties of ejecta/jet 
• Circumburst ISM 
• Constraint on progenitors



暂现源射电后随辐射的高分辨率观测

Most of transient have radio counterparts because of their significant non-thermal
emission - highly interesting targets for the very long baseline interferometry (VLBI) 
• Locating their birthplaces with a sub-mas precision.

• Measuring the distances of Galactic transients to constrain their astrophysical 
parameters.

• Observing the proper motions of nearby transients to study relativistic jets or shocks.

• Resolving the structures of nearby transients directly to probe their evolution and 
surrounding medium.    

• 1 mas size = 1 pc at z=0.05 1 mas parallax = 1 kpc
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Very Long Baseline Interferometry 
甚长基线干涉测量 - 最高分辨率天文观测技术

The images are from internet.



Main VLBI networks

• Typical resolution: 1 mas
• Typical sensitivity (PR): 5-20 microJy/beam
• Soon will be <1microJy/beam (approaching JVLA sensitivity)

European VLBI Network
VLBI20-30: a scientific 
roadmap for the next decade -
- The future of the European 
VLBI Network

East Asian VLBI Network
Capabilities and prospects of 
the East Asia Very Long 
Baseline Interferometry Network

US VLBA
Mapping the Future of VLBI 
Science in the U.S.

https://www.evlbi.org/ https://science.nrao.edu/facilities/vlbaAn, Sohn, Imai 2018, Nat Astron

https://arxiv.org/abs/2007.02347
https://www.nature.com/articles/s41550-017-0277-z?WT.feed_name=subjects_space-physics
http://www.naic.edu/%7Eastro/frontiers/VLBI-future.pdf
https://www.evlbi.org/
https://science.nrao.edu/facilities/vlba


VLBI + FAST, SKA1: Transformational 
telescope
• VLBI is a standard mode of SKA
• First fringe detected on FAST-TM => regular operation of FAST VLBI
• 16/32Gbps VLBI becomes realistic, increasing current sensitivity by 5x
• 1uJy, 1mas critical for radio transients 
• Transient is one of the KSPs of SKA-VLBI



Science Cases: 
radio observations of 

transients

Credit: the images are from internet.

https://cdn.mos.cms.futurecdn.net/3es7eWPN7AmbonSrzWSgt7-320-80.jpg
https://3c1703fe8d.site.internapcdn.net/newman/gfx/news/hires/2019/unusualsuper.jpg


Credit: the images are from internet.



Gravitational Wave – LIGO collaboration
TITLE: GCN CIRCULAR
NUMBER: 20981
SUBJECT: LIGO/Virgo G275404: European VLBI Network 
(EVN) follow-up of the near-IR transient in the AGL 
J1914+1043 field
DATE: 17/04/05 14:50:35 GMT
FROM: Zsolt Paragi at Euro VLBI <zparagi@jive.eu>

Zsolt Paragi (JIVE)
Tao An (Shanghai Astronomical Observatory)
Philippe Bacon (APC Université Paris Diderot)
Rob Beswick (JBO-Manchester University)
Eric Chassande-Mottin (APC Université Paris Diderot)
Sándor Frey (Konkoly Observatory)
Marcello Giroletti (IRA-INAF)
Peter Jonker (SRON)
Mark Kettenis (JIVE)
Benito Marcote (JIVE)
Arpad Szomoru (JIVE)
Huib van Langevelde (JIVE)
Jun Yang (Onsala Space Observatory)
for the Euro VLBI team

We observed the near-IR transient (Yoshida et al., GCN 20784) within 
the error circle of AGL J1914+1043 (Tavani et al., GCN 20754) with the 
e-VLBI technique using the EVN at 4.9 GHz between 2:06—11:48 UT on 
24 March 2017.
There is NO compact radio emission detected on mas scales within +/-4 
arcseconds of the near-IR transient coordinates.

Eelectromagnetic

counterpart of 

LIGO source?

Credit: the images are from internet.

mailto:zparagi@jive.eu


GW170817

Evans et al. 2017 Sci.
Hallinan et al. 2017 Sci. 
Kasliwal et al. 2017 Sci.



GW170817A: sGRB, kiloNova

Ghirlanda G. Abbott et al. 2017 ApJ 848, L12



GW170817 – GRB off-axis jet

• Clues of unbeamed outflow
• L ~ 1047erg/s (< sGRB)
• Afterglow appears late 
• Consistent with GW inclination

• Unexpected outflow 
• GW-EM delay 
• Slow rise and decay
• non-standard jet seen off-axis

• Structured jet or choked jet ?

Mooley et al. 2018 Nature



GW170817 jet
• Both structured jet and choked model can explain lightcurve, luminosity, time delay
• VLBI gives unambiguous evidence of successful/structured jet (next slide)

Chocked jet
Or cocoon

structured jet 
Or successful jet

Ghirlanda G.

Sari, R., T. Piran, and R. Narayan, 1998, ApJL, 497, 17
Nakar & Piran 2011, Nature, 478, 82-84
Granot, J., A. Panaitescu, P. Kumar, & S. E. Woosley, 2002, ApJL, 570, L61

Pescalli et al. 2015, MNRAS, 447, 1911
Ghirlanda et al. 2016, A&A, 594, 84
Mooley et al. 2018, Nature, 561, 355-359
Ghirlanda, Salafia et al. 2019, Science, 363, 968-971

https://ui.adsabs.harvard.edu/link_gateway/1998ApJ...497L..17S/doi:10.1086/311269
https://www.nature.com/articles/nature10365
https://iopscience.iop.org/article/10.1086/340991/pdf
https://ui.adsabs.harvard.edu/#search/q=author:%22Pescalli%2C+A.%22&sort=date%20desc,%20bibcode%20desc
https://www.aanda.org/articles/aa/abs/2016/10/aa28993-16/aa28993-16.html
https://www.nature.com/articles/s41586-018-0486-3
https://science.sciencemag.org/content/363/6430/968.full


VLBI imaging of structured jet
• Apparent motion 
• Source size
• Morphology

βapp=4.1 ± 0.5 c

Ghirlanda, Salafia et al. 2019, Science, 
363, 968-971
33 telescopes
5 continents
11 Research Institutes

Structured jet 
Size < 2 mas
Larger displacement 

Choked  jet 
Size > 3 mas
Smaller displacement 

Mooley et al. 2018 Nature
• 射电信号来的晚，但持续时间长，有利于监测；射电余晖甚至

能够持续200天，SKA将大有所为！
• SKA-VLBI将在引力波电磁对映体等暂现源的精确定位、多波段

认证、射电余晖的结构及其演化方面发挥难以替代的独特优势

https://science.sciencemag.org/content/363/6430/968.full


VLBI观测GW EM的项目仍在继续
• 预计~10%NS-NS会产生喷流，并且能成功地破

茧而出; VLBI观测团队已经为下一次观测机遇
做准备

• eVLBI和eMERLIN申请已经获得了120小时观
测时间，这是EVN历史上最“慷慨”的一次。

• LIGO-VIRGO的O3已经开放运行，但并没有
发现期待中的首例“黑洞-中子星”、“中子
星-中子星”并合的电磁对应体。

• 我们等待O4期间的机会！
• 目 前 VLBI 的 灵 敏 度 未 能 探 测 到 引 力 波

GW170817的瞬时射电辐射，SKA大有机会！
• 未来FAST和SKA1主导下的全球VLBI网有足

够高的灵敏度和分辨率，将在引力波电磁对应
体的精确定位上发挥独特的关键作用

获得120小时的监测时间



TDE – waken a normal *quiescent* galaxy

Credit: the images are from internet.



Jetted TDE
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• A small fraction of Tidal Disruption Events (TDE) produce 
relativistic jets, evidenced by their non-thermal X-ray 
spectra and transient radio emission 

• A new-born jet from the supermassive black hole of Arp 
299B-AT1 because of a disruption of a star of 2-7 solar 
mass. 

• Average apparent speed, 0.25± 0.03 c
• The AGN torus is edge-on

(Mattila, Pérez-Torres et al.  Sci. 2018, 361, 482-485)



1644+5734 - first jetted TDE

• TDE will be a unique probe
• of quiescent SMBH at 

high redshifts, especially 
in the low-mass tail 

• of the SMBH mass 
function (LTDE ∝ MBH

−1/2)!
• Future surveys in the optical 

(LSST), X-rays, radio (SKA) 
have great potential to detect 
a large number of events

1. no superluminal motion after 3 
years -> jet is decelerated 

2. Relative astrometry: 13 μas in RA 
and 11 μas in DEC – best ever 
achieved with the EVN for a 
continuum source

Yang et al. (incl. An T.) 2016, MNRAS, 462, L66

Swift J1644+57 is one of the first tidal disruption 
events to be studied in detail, and it won’t be the 
last.

"Observations with the next generation of radio 
telescopes will tell us more about what actually 
happens when a star is eaten by a black hole -
and how powerful jets form and evolve right next 
to black holes", explains Stefanie Komossa, 
astronomer at the Max Planck Institute for Radio 
Astronomy in Bonn, Germany.

“In the future, new, giant radio telescopes like 
FAST (Five hundred meter Aperture Spherical 
Telescope) and SKA (Square Kilometre Array) will 
allow us to make even more detailed observations 
of these extreme and exciting events,” concludes 
Jun Yang.



AT2019dsg: a possible TDE responsible 
for neutrino 



Neutrino from AGNs

Kun et al. 2019, MNRAS, 483, L42
Britzen et al. 2019, A&A, 630, 103
Ros et al. 2019, A&A, 633, L1
Li, An, Mohan, Giroletti, 2020, ApJ, 896, 63



Neutrino AGN
• IceCube-200107A 
• 3HSP J095507.9+355101
• Z = 0.557 BL Lac in flaring state
• Again, off blazar sequence
• An HBL
• photo-pion (pπ) interactions
• A different class from 0506+056

• IceCube-190730A 
• PKS 1502+106 (4FGL 

J1504.4+1029)
• Z = 1.833 a FSRQ in flaring state
• VLBA observation approved (Yang 

Xiaolong etal.)

• NGC1068
• Sources of steady neutrino flares
• Aartsen, M. G., and 361 

colleagues, Time-Integrated 
Neutrino Source Searches with 10 
Years of IceCube Data, Physical 
Review Letters, 2020, 124, 
051103.



Credit: the images are from internet.



VHE GRB 190114C
• GRB 190114C is the first GRB observed in the TeV band. The highest 

photon energy is more than 10 times that of previous cases. It is the most 
dazzling flash in the universe.

• After the VHE GRB was detected, telescopes in multiple bands 
immediately carried out joint measurement of the afterglow radiation. It is 
one of the few gamma bursts that can be detected in all electromagnetic 
wavebands. It is used to study the origin and origin of high-energy photon 
radiation.

• An international team led by researcher An Tao from Shanghai 
Astronomical Observatory coordinated the observations of the East Asia 
VLBI network at the fastest speed, and was able to complete three 
observations on the 6, 15 and 32 days after the outbreak.

• In the three observations, the source was not detected. From this the 
author concludes that the radio flux density of GRB190114C has dropped 
rapidly. This observation gives the upper limit of the radio brightness of 
GRB 190114C at three time points, which is used as a reference to limit the 
parameter space of the theoretical model.

• The paper is published online in Science Bulletin, which is the only radio 
data of the GRB during the decline period.



VHE GRB 190829A and 201015A

• Data analysis is complete
• Modelling is almost 

finalized
• Start paper drafting



Fast Blue Optical Transients 

Credit: the images are from internet.



AT2018cow: FBOT

30

• A central engine
• E.g. Margutti et al.( 2019) 

• A luminous Millimeter Transient  
• E.g. Ho et al. (2019) 

• Other interpretations

A breaking-out jet or not? 

AT2018cow represents a 
peculiar class of super 
luminous transients: closest, 
brightest. And possible 
connection with magnetar. Will 
be targets of future multi-
wavelength campaigns 

Mohan, P.; An, T.; Yang, J.. The nearby 
luminous transient AT2018cow: a magnetar 
formed in a sub-relativistically expanding 
non-jetted explosion, ApJL, 2020, 888, 2

Superluminous SN could be FRB? Could be magnetar?



Ongoing our radio transient projects
• GW EM counterpart – radio afterglow monitoring (Ghirlanda, Salafia, et al. 2019, Sci.)
• FRB&SGR – timing, localization, ISM

• SGR 1935+2154 (An et al. ATel#13816)
• TDE – jetted or non-jetted

• AT2019dsg – a TDE with neutrino emission (Mohan, An, Yang, Zhang in prep.)
• Neutrino emitting AGN

• 0506+056 – 1st discovered neutrino emitting blazars (Li, An, Mohan, Giroletti, 2020, ApJ)
• NGC1068 – nuclear region of non-blazar neutrino AGN 
• IC200109A – are gamma-ray blazars neutrino sources? (VLBI observations done)

• GRB – long and short
• GRB190114C – upper limit of radio flux densities (An et al. 2020, SciBull)
• GRB190829A – VHE long GRB (in prep.)

• SN – Superluminous SN in radio’s view
• AT2018cow (Mohan, An, Yang, 2020, ApJL)

Welcome to your comments and collaborations 

https://ui.adsabs.harvard.edu/abs/2019Sci...363..968G/abstract
https://ui.adsabs.harvard.edu/abs/2020ATel13816....1A/abstract
https://ui.adsabs.harvard.edu/abs/2020ApJ...896...63L/abstract
https://ui.adsabs.harvard.edu/abs/2020SciBu..65..267A/abstract
https://ui.adsabs.harvard.edu/abs/2020ApJ...888L..24M/abstract


Summary
• Transients are a box of surprises and serendipities for the extreme astrophysics
• Radio observations offer complementary info for constraining transient nature
• SKA allows to trigger radio transients, enabling statistical study

• SKA Pathfinders already demonstrate its power as an FRB discovery machine

• VLBI is unique to infer precise localization of transients and structure change
• VLBI capacity keeps increasing, enabling to detect most transients  
• an image sensitivity of ~1 uJy/beam at C band comparable to JVLA
• New large telescopes (FAST, QTT) enhances the global VLBI capability

• Transient is an important science use case of the MM MW astronomy
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