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Abstract: Tidal disruption events (TDEs) probe the birth and evolution of
black-hole accretion flows and jets on human timescales. Radio emission traces
shocks and outflows from non-jetted (“thermal”) TDEs and powerful relativistic
jets in the rare “jetted” class. SKA-Mid, phased for VLBI and used together
with global networks, will deliver sub-mas imaging, tens-of-𝜇as astrometry,
and 𝜇Jy sensitivity, enabling: (i) proper-motion measurements that discriminate
off-axis relativistic jets from sub-relativistic winds; (ii) resolved morphologies
and magnetic-field diagnostics via polarimetry; and (iii) precise nuclear local-
ization to distinguish SMBH vs. IMBH and to reveal recoil or binary systems.
SKA’s wide frequency coverage (0.35–15.4 GHz) and 1-h continuum sensitiv-
ities of ≈ 3 − 10𝜇Jy beam−1, together with multi-beam tied-array VLBI and
a transient buffer for rapid triggers, are transformational. Rubin/LSST, Ein-
stein Probe, and SVOM will increase TDE alerts to tens–hundreds per year, and
late-time radio flares appear common ( >∼ 40%), ensuring rich SKA–VLBI sam-
ples. We provide observing strategies, detection forecasts, and predictions (e.g.,
≥ 5 proper-motion detections of jetted/off-axis TDEs per year; routine 𝜇as-level
core-shift constraints). This program will establish TDEs as laboratories for
exploring jet launching, particle acceleration (including neutrinos), black hole
accretion history and demographics, and properties of circumnuclear medium.

Keywords: Tidal disruption events; Radio jets; Outflows; Circumnuclear medium

2



TDEs with the SKA and VLBI Shu et al.

1 Introduction

Tidal disruption events (TDEs) represent a captivating intersection of astrophysics, occurring when
a star is drawn too close to a supermassive black hole (SMBH) and is torn apart by tidal forces
(Rees, 1988), producing bright, multi-wavelength flares (Gezari, 2021; Komossa, 2015). These
events provide a unique opportunity to study black hole feeding mechanisms, accretion processes,
outflows, relativistic jets, and the environments surrounding SMBHs (An et al., 2026, in this Book).
The Square Kilometre Array (SKA), in conjunction with Very Long Baseline Interferometry (VLBI),
offers unprecedented capabilities to investigate the radio emissions associated with TDEs, addressing
key questions in the field:

(1) Jet formation and evolution: Incipient jet kinematics (proper motion via VLBI) and spectral
energy distribution (SED) evolution during the emergent phase. The prospects of using SKA+VLBI
to address this question will be presented in Sections 2, 3, 5 and 7.

(2) Delayed Emission Physics: Temporal correlation between accretion-state transitions (e.g., disk-
jet coupling timescales) traced by optical and X-ray observations, and delayed radio flares via
high-cadence multi-epoch monitoring. The unique role of SKA+VLBI observations in uncovering
the origins of delayed radio flares will be presented in Section 3.

(3) Properties of circumnuclear medium (CNM): Statistical constraints on the CNM inhomogeneities
at scales of (sub-)parsecond (pc), through population-level outflow-CNM interaction studies (in
comparison with dedicated hydrodynamic simulations). SKA+VLBI observations will enable to
diagnose the properties of smooth CNM and dense clouds (Section 4).

(4) Demographic Completeness: Unbiased detection of rare TDE subtypes (high-z events, off-axis
jets, and systems involving intermediate-mass black hole (IMBH) and SMBH binary (SMBHB))
across diverse host galaxy environments. The scientific applications of SKA+VLBI for unbiased
detections of TDEs will be presented in Section 5.

(5) Multi-messenger Associations: Understanding the driving mechanisms that produce the high
energy neutrinos in TDEs. SKA+VLBI observations are able to localize precisely the radio emitting
region and place a rigorous constraint on the energetics relevant to the production of neutrinos
(Section 6).

2 Relativistic jet formation and evolution

2.1 Background

The condition for relativistic jet formation and its connection with accretion onto SMBHs is largely
unclear. Stellar TDE by SMBH lead to dramatic changes in accretion rate by orders of magnitude
(e.g., Rees, 1988; Komossa, 2015), presenting a unique laboratory to study jet formation. Despite
more than a hundred TDEs discovered so far, only four have been observed to launch relativistic
jets; three are discovered in the hard X-rays, including Swift J1644+5734 (Burrows et al., 2011)
, Swift J2058.4+0516 (Cenko et al., 2012), and Swift J1112-8238 (Brown et al., 2015), and one
in the optical, AT2022cmc (Andreoni et al., 2022). Jetted TDEs could be misidentified as long
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