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PART I 

Non-thermal quiescent sources (SNE, SNR, Novae, HII regions, YSO …)


Fast Radio Bursts


Gamma Ray Bursts


Neutron Stars interiors


Neutron Star population


Pulsar magnetospheres and emission processes


Pulsar Timing Arrays and low frequency gravitational waves



Non-thermal quiescent 
sources in the SKA era

Supernova remnants (SNR)

Cassiopeia A: VLA

X-ray filaments :  
magnetic field amplification

Identification of SNRs 
Observation of historical SNRs 
Constraints on radio filaments 

turbulence at SNR shocks, 
Cosmic Ray acceleration

Cassiopeia A: Chandra

Supernovae (SNe)

early detection ⇔ 
Magnetic field strength, 
probing mass loss rate. 

are SNe potential 
Pevatrons ?

Nayana et al 2022  SN2016gkg



Novae

HII regions /  
molecular clouds

Young stellar objects (YSO)

Better probe of synchrotron radiation in 
symbiotic and classical Novae 
test Cosmic Ray acceleration models 

Chomiuk et al 2021, high 
brightness temperatures 
⇔ synchrotron

Synchrotron models: 
probe external or in-
situ sources of 
energetic particles. 
new gamma-ray 
sources ?

Synchrotron emission from 
shocks in YSO jets. Which 
conditions for it to occur ?  
new gamma-ray sources ? 
(likely yes)

Flux expected form starless clouds 
by primary CR electrons Padovani 
& Galli 2018

Rodriguez-Kamenentzky  et al 2017 spectral 
index profile along the jet of HH80-81

Non-thermal quiescent 
sources in the SKA era



Gamma ray bursts

A GRB afterglow is thought to be produced by 
the interaction of an ultra-relativistic blastwave 
with the interstellar or intergalactic medium.



Gamma ray bursts

A GRB afterglow is thought to be produced by 
the interaction of an ultra-relativistic blastwave 
with the interstellar or intergalactic medium.

SKA should provide remarkable sensitivity for detecting GRB afterglows.

- to carry out systematic detection 
of GRBs (not just the brightest 
ones) and, in particular, short 
GRBs, of which very few radio 
detections have been recorded

- to detect the nearest GRBs using 
VLBI in order to determine the 
size and motion of the jet and to 
detect the counterjet

- to detect GRBs off-axis to the jet

- to identify counterparts to GWs

A unique example GW170817



Gamma ray bursts

One event GW170817: detection of the radio counterpart 
at GHz frequencies and observation of the jet in VLBI, but 
four runs of LVK since then and no other detection

SKA should provide remarkable sensitivity for detecting GRB afterglows.

Margutti et al 2018

Hallinan and Corsi et al 2017 (VLA)



Gamma ray bursts

NSNS mergers:  
"We find that ET will detect ~1.16 × 104  NSNS mergers per year. »
"The high fraction (98%) of off-axis jets within the population of 
KNe makes  the predicted joint GW and GRB rates comparatively 
lower, with a  detection rate of ~15 yr−1 for GRB radio 
afterglows" ... 

One event GW170817: detection of the radio counterpart 
at GHz frequencies and observation of the jet in VLBI, but 
four runs of LVK since then and no other detection

SKA should provide remarkable sensitivity for detecting GRB afterglows.

Margutti et al 2018

Hallinan and Corsi et al 2017 (VLA)

Colombo et al, 2025
SKA vs E.T.



Fast radio bursts
SKA Phase 1 is expected to detect

hundreds if not thousands of localized FRBs per year

• Bright (< 1044 erg s-1) and short (~ms)


• High event rate (~5,000/sky/day)


• Extragalactic (~0.03 < z < 2.1)


• Over 5000 known FRBs, a few % repeats, so far detected between 110 MHz and 8 GHz


• no conclusive MW counterparts yet, except the Galactic magnetar FRB SGR1935+2154
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Yet unknown origin(s): magnetars, merging BH, SN, … ?




Fast radio bursts
SKA Phase 1 is expected to detect

hundreds if not thousands of localized FRBs per year

Courtesy of Daniele Michilli  (LAM)

• Bright (< 1044 erg s-1) and short (~ms)


• High event rate (~5,000/sky/day)


• Extragalactic (~0.03 < z < 2.1)


• Over 5000 known FRBs, a few % repeats, so far detected between 110 MHz and 8 GHz


• no conclusive MW counterparts yet, except the Galactic magnetar FRB SGR1935+2154


Yet unknown origin(s): magnetars, merging BH, SN, … ?


Useful as cosmological probes 

(baryon content, H0 through multiple lenses)

Courtesy of Cherry Ng-Guihéneuf (LPC2E)



Example of radio bursts detected by the 
NRT (N=696) on the repeating source 

FRB20220912A, 


Konijn et al 2024 

(incl. I.Cognard, LPC2E)

NRT/ECLAT is monitoring 
around 20 repeating FRBs, 
totalizing more than 2,000 
hours of telescope time.

Fast radio bursts

Dense forests of microshots in 
bursts from FRB 20220912A


Hewitt et al 2023

(incl. I.Cognard, LPC2E)

Gouiffès, Ng-Guihéneuf, Cognardf et al 
(AIM, LPC2E, ORN, LIRA, IAP)

full temporal burst profile 

dynamic spectrum of zoomed-in regions

Repeating FRB periodic activities:  
NRT, INTEGRAL

Localization and host galaxy identification 

of new fast radio bursts with MeerKAT

Pastor-Marazuela et al 2026 

(incl. F.Jankowski LPC2E)



Neutron star interiors

uncover the highly uncertain 

nature of cold, ultra-dense matter


in radio one measures global neutron star properties: 

masses, moments of inertia,

maximum rotation frequencies 


+ pulsar glitches and free precession


SKA greater sensitivity —>

greater accuracy and many new binary (DNS, WD/NS) systems From Basu et al 2026 


(incl. M.Oertel, ObAS)



A glitch in the millisecond pulsar J0900-3144

Bhat et al 2026 (incl. Orléans group)

Mass–radius posterior distributions using NICER, 
XMM, MeerKAT and NRT constrains

Mauviard et al 2026 (incl. IRAP and Orléans)

Neutron star interiors

uncover the highly uncertain 

nature of cold, ultra-dense matter


Mass measurement 

of PSR J1528-3146 

using MeerKAT and 


NRT radio timing

Berthereau et al 2023


(Incl. Orléans group)



Pulsar magnetospheres

Profile variability as identified in the 
Thousand-Pulsar-Array project with MeerKAT 
The colour map in the lower left panel shows the 
phase resolved temporal evolution of profile shape of 
the pulsar


The right panel shows the variations of ν_dot over the 
secular spin-down rate. 

What is the geometry of the neutron star 
magnetic field?


What is the intrinsic emission spectrum of a 
pulsar?


What are the origins of the time-variability 
of pulsar radio emission and spin-down? 

What is the global physics of the 
magnetosphere?


How do pulsars evolve across the 
population and over their lifetimes?

Oswald et al 2025 (incl. Jankowski - Orléans)



Pulsar magnetospheres

Multi-band single pulse / profile studies 

(Jankowski et al 2026 - Orléans)

- Understand small-scale surface 
magnetic fields and multipolar 
components

- find the magnetic field 
configuration that can 
simultaneously reproduce the light

curves in radio, X and gamma-ray


(Pétri et al 2025 - Strasbourg)

1.4 GHz      50 MHz.            X-ray           gamma -ray

B0329+54

Pulsar spectrum, low freq. turn-over

(Jankowski et al 2026 - Orléans)

NenuFAR

cf poster session



Pulsar / neutron star population 
How do isolated pulsars evolve with time ?


What is the connection between magnetars, high 
B-field pulsars, and the newly discovered long-
period pulsars ?


How is a pulsar’s spin-down related to its radio 
emission ? 


What is the nuclear equation of state?


+ more pulsars in binary or triple systems will 
provide higher precision tests of gravitational 
theories and general relativity


cf Levin et al 2025    

From Keane et al (2025): a composite all-sky survey with SKA-
Mid Band 2 focussing on the Galactic plane up to a Galactic 
latitude of 5° and SKA-Low covering the rest of the visible sky, 
the detected pulsar population would yield approximately 
10,000/12,000 ordinary pulsars and 800/1,000 MSPs for AA*/AA4

NenuFAR census & blind survey (10-85 MHz)

182 young pulsars and 13 MSPs detected at low frequencies Phases 1 & 2 = 7 692 pointings of 2 deg2

Brionne et al 2025

(LPC2E and ORN)

Bondonneau et al 2026

(LPC2E and ORN)



Pulsar / neutron star population  
(Abbate et al 2025)

Looking for pulsars closely 
orbiting Sagittarius A*
Expecting strong relativistic effects

studying the magneto-ionic properties 
of the galactic nucleus

Up to 1700 pulsars to be detectable in Globular Clusters with 
SKA-MID AA4 (~350 today)
-> probes of the structure, gas content, magnetic field, and dynamic history 
of their host clusters;
-> probe exotic stellar evolution scenarios as well as the physics of dense 
matter, accretion, and gravity

e.g. 15 new millisecond 
pulsars in 47 Tucanae with 
MeerKAT (Chen et al 2026)



The nanoHertz domain 

Super Massive Black Hole  
Binaries (SMBHB) 

Cosmic string loops 

Relics of inflation 

Turbulence at QCD epoch 

+ fuzzy dark matter
nanoHz — microHz

Pulsar timing arrays 
and low frequency  
gravitational waves

Characterize the GW spectrum of the source population

—> SMBH merger rate, BH/bulge mass, environment

Characterize anisotropy of the background

Measure polarization

Detect and localize individual SMBH binary systems

EPTA ; Antoniadis et al 2023

~ 3.5 σ

2023’s first evidence



Pulsar timing arrays 
and low frequency  
gravitational waves

Individual SMBHB nb vs time

Sky distribution of SKAO 
PTA pulsars and the 

SMBHBs detected as 
continuous GW

Evolution of SKAO PTA 
sensitivity after 5, 10, 15 years 
vs  background and individual 
sources detectable

Shannon et al 2025

Cumulative PTA sensitivity 
to a stochastic GW 
background

4000 hrs of NRT/yr 
~65% of EPTA 

+ 
 LOFAR, NenuFAR



Pulse profile fidelity 
• requires both high quality 

stokes-I and I quality 
polarimetry


• Digital signal processing 
artefacts


• Impact of radio frequency 
interferences


Pulse profile stability, 
i.e. does not change 
shape with  
• paralactic angle

• time of the day

• time of the year


Timing stability 
• Requires correct reference 

between time and IAT

• Ensure digital system 

providing stable timing over 
long times


• Short term timing / jitter noise

Pulsar timing arrays 
and low frequency  
gravitational waves

Shannon et al 2025

Foreground noises and main 
challenges to reach sub-100ns 
accuracy

Spin noise            —> intrinsic, link with radiation properties/magnetosphere


DM noise              —> variation of e- content along LoS, multi-band


Scattering noise  —> scintillation, multi-path propagation


Jitter noise           —> requires long integrations / sub-arraying

DM noise spin noise

EPTA DR2 vs EPTA DR2 low

Iraci et al 2025 (incl. APC/LPC2E)



THANK YOU



  
1Natalie Webb

SKA 2026, Meudon

Extreme & multi-
messenger phenomena    
part II – the transient sky

Natalie Webb

Institut de Recherche en Astrophysique et Planétologie, Toulouse, France
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Compact objects 

Natalie Webb
SKA 2026, Meudon

White dwarf
   < 1.4 M⊙
 0.002 – 0.02 R⊙
 ∼3000-180000 K 
 

Neutron star
 ~1.1 - 2.1 M⊙
 ~12 km
 ~1012 K at birth, cooling to 

~107 K after a century

Black hole
 ~3 – 80 M⊙ (stellar mass)
 102 -105 M⊙ (intermediate mass)
 106 -1010 M⊙ (supermassive)
 Schwarzschild/Kerr/…. radius

- Cataclysmic variables 
  (all flavours)
- Symbiotic stars
- AM CVns
- Double degenerates
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Radio transient luminosities as a function of the rise time 

Natalie Webb
SKA 2026, Meudon

(Pietka, Fender & Keane, 2015)
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SKA 2026, Meudon

Why search for and study compact object binaries ?

● To date only relatively small populations of these systems known

● Sub populations are very diverse

● Need to increase populations to understand nature and to use to :

- constrain initial mass functions
- understand the influence on the environment
- study accretion physics (disc structure, effects of B, viscosity)
- study ejection physics and understand the effects on the environment
 
- constrain physics 

- neutron star equation of state
- super-Eddington accretion
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White dwarf binaries 

Natalie Webb
SKA 2026, Meudon

● Radio emission correlated with optical emission observed from dwarf novae, 
origin unclear (Kersten+ 2025)

● Radio observations during symbiotic/nova outbursts can help understand the 
mass loss rate, interaction with the ISM and the formation of type Ia Sne 
(e.g. Nyami+ 2023)

● Highly magnetic white dwarfs may power long-period radio transients
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X-ray binaries 

Natalie Webb
SKA 2026, Meudon

● Study accretion/ejection interplay
● Study jet production efficiency and relation 

between jet power and properties of the 
compact object and accretion system

● Study influence of magnetic fields on jet 
formation, collimation and length 

● Determine plasma composition at different 
jet scales and how it evolves along the jet

● Better understand the black hole 
fundamental plane

(Belloni+ 2008)

(Coriat+ 2011)
(Bariuan+ 2011)
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Ultra-Luminous X-ray Sources (ULXs) 

● X-ray sources with L > 1039 erg s-1 
● Outside nucleus of host galaxy
● First thought to be accreting black holes 
● If accretion is spherical, implies intermediate 

mass black holes
● Difficult to reconcile with mass available for 

star formation & star formation rate (King 04)
● Emission can appear to exceed Eddington 

limit if collimated (geometrically thick 
accretion disc/ relativistic boosting)

From Gao+ 2003

Natalie Webb
SKA 2026, Meudon

● Some systems appear to transit between X-ray binary and ULX states (Soria+ 
2012, Henze+ 2012, Lin+ 2013) 

● VLBI observations of  ULX N5457-X9 in low/hard state revealed radio 
emission, thought to be compact jets (Mezcua+ 2013)

● Radio & X-ray observations in different states may reveal physical mechanism 
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ULXs with neutron stars  

● Broad, transient, sinusoidal 
pulsations detected in harder X-rays, 
for about a dozen ULXs

● Strong spin up & periods ~1s 
indicate neutron star compact object, 
emitting up to 1000x Eddington 

● Possibly magnetar strength B fields
● Mechanism for emission unclear – 

some part may be synchrotron
● Radio observations carried out but 

no detection to date
● Pulsating ULXs show strong 

variability in luminosity, possibly due 
to propellor effect

● But NGC 300 ULX-1 shows 
continued spin up even during low 
luminosity (Vasilopoulos+ 2019) 

Fürst+ 2016

Natalie Webb
SKA 2026, Meudon
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How can we understand the nature of ULXs ? 

●Determine how the Eddington limit be exceeded 
●What is the nature of this heterogeneous and transient group of objects ?
●What causes the variability and what causes the transition to bright states ?
●Where are the radio pulsations from the neutron star systems ?
●Do (all) super-Eddington sources show jets ?
●ULXs can show optical and radio bubbles which can give insight into the 
mechanical energy emitted by the system
●What role do the outflows play in feedback?

Natalie Webb
SKA 2026, Meudon
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Accretion/ejection from more massive black holes

●The formation and evolution of 
supermassive black holes is unclear
●Formation possible from 
intermediate mass black holes, 
mergers and/or super-Eddington 
accretion, but importance of each at 
various z unclear 
●Detecting tidal disruption events 
(TDEs) allows us to find massive 
black holes that are normally too faint 
to detect
●Tidal radius inside black hole (BH) 
event horizon for M >108 M  ⊙

●Observe TDE from lower mass BHs 
+ accretion (super-)Eddington

Natalie Webb
SKA 2026, Meudon
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TDEs and intermediate mass black holes

●Some TDEs seen in radio, often at late 
times, possibly as jet launches in low state, or 
during super-Eddington phase (e.g. 
Alexander+ 2026)
●Some TDEs with very bright radio variability 
(e.g. Bloom+ 2011) – probably viewed along 
jet
●Proportion of jetted TDEs will constrain jet 
opening angle
●Some TDEs seen only in radio (e.g. Mattila+ 
2018) possibly due to viewing angle
●Many IMBHs expected in a Milky Way type 
galaxy (Madau & Rees 2001), SKA will detect 
almost any Galactic quiescent IMBH
●Black hole fundamental plane will constrain 
black hole masses (Maccarone 2004)
●IMBH location will give clues to formation 

Natalie Webb
SKA 2026, Meudon

Lin+NW+2018 
Lin+NW+2020

Levan+ 2011

5.3x104 M⊙ < MBH < 1.2x105  M⊙
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Partial tidal disruption events 

HLX-1 (adapted from Webb+2017)

Liu+2023, Liu+2024●X-ray, radio & optical 
similar to black hole X-ray 
binaries
●Detection of pTDEs 
statistically more probable, 
can help constrain rates and 
merger scenarios

●2XMM J011028.1-
460421 (Farrell+ 2009) 
~8” from nucleus of 
ESO 243-49 
(z=0.0224, Wiersema+ 
2010), Lx=1.1x1042 erg 
s-1 (0.2-10.0 keV)
●9.2 ×103 < MBH < 9.2 
×104 M⊙ (Webb+ 
2012), IMBH
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● Radio (coupled with multi-λ) observations of variability 
provide sizes, viscous and infall timescales

● Probe particle acceleration in conjunction with 
Čerenkov observations (e.g. CTA)

● Explore the link between accretion and jet launching
● Determine jet composition, magnetic field, orientation, 

age & density of components + interplay between jet & 
ambient medium using radio polarization, Faraday 
rotation & multi-λ data, coupled with MHD simulations

● Long-term variability and high resolution radio imaging 
can reveal dual-AGN/massive black hole binaries and 
help understand the merger process

● Detect Little Red Dots & their host galaxies (SF)
● Map AGN to high redshift (z~15, brightest radio AGN) 

to probe growth of supermassive BHs (comp. to LISA)
● Explore feedback between jet and (inter-)galactic 

medium to understand the influence on evolution of 
galaxies & clusters

Active Galactic Nuclei (AGN)  

Natalie Webb
SKA 2026, Meudon

(Belloni+ 2008)
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● The high energy and transient sky is dominated by compact objects (and 
their relatives), which also emit in radio

● Contemporary and complementary radio & high energy observations probe 
accretion/ejection relationship & effect of ejection on environment

● Radio and high energy/multimessenger observations will constrain 

   - jet properties and energetics

   - magnetic field strengths and structures

   - compact object nature to better understand FRBs, gravitational wave 
events, ULXs, ... 

   - neutron star equation of state

   - merger rates, accretion rates and IMBHs to better understand 
supermassive black hole formation and evolution

   - test general relativity and fundamental physics

   - discover new objects and uncover the unknown !

Summary 

Natalie Webb
SKA 2026, Meudon



  
1
5

 
Transitoires radio, Paris, sep. 2019

Understanding the energetics associated with ULXs  

VLBI data,  peak = 15µJy/beam

How much mechanical energy do 
super-Eddington discs produce?
Fundamental plane gives mass 
estimate (Cseh et al. 2012) 

=> energy needed to power 
radio bubble
Variability in radio and X-ray
ejecta/wind may inflate 
radio bubbles (Cseh et al. 2015)

               

Holmberg II X-1
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● Radio follow-up can help infer the jet evolution and 
disc angle & precession of the merger (e.g. Wang, 
Gottlieb et al. 2026)

Gamma-ray bursts and gravitational wave events  

Natalie Webb
SKA 2026, Meudon

(Belloni et al. 2008)



Extreme and Multi-messenger Phenomena 
in SKA era



Warm-up slido

1. One word describing your 
feeling about SKA

1. What is the coolest thing 
the SKA will discover? 

1. Be honest: When you think 
about SKA coming online, 
what is your main personal 
worry?"

https://app.sli.do/event/9ow4bqQP
MrMvnouG2fXBSB

Or go to slido.com
and enter code: 
3174189



Main scientific opportunities that SKA will open 

Huge improvements in numerous ATPEM domains

but SKA will be a Discovery machine for

● Fast transients 
○ FRBs: population, esp high redshifts (cosmological probe)
○ All pulsars: possibly PSR-BH binary (gravity test)

● GW in nanoHertz domain (Super Massive Black Hole Binaries)
● IMBH



Methodological, technical, data-processing or computational 
challenges

Fast reaction needed for transient and multi-messenger astronomy

….



Key synergies with other instruments, surveys or infrastructures

● Electromagnetic:
○ CTAO
○ NewAthena
○ Theseus (? phase A M7) 

● Multimessenger (see talk by Susanna Vergani Thursday afternoon): 
○ GW (LVK, PTA, ET, LISA...)
○ Neutrino (KM3Net, GRAND, IceCube)



Possible collective actions at national level

● Two pies are quite similar = 
french participation more or less 
proportional to the size of 
international community 

● Small difference in: 
○ High: Extragalactic Spectral lines 

(8.4% vs 15%)
○ Low: Cosmology (12% vs 8.2%) 

Extragalactic Continuum (8.4% vs 
5.4%)

Distribution 
among the 
french 
astronomers

French 
contribution 
in each SWG



Possible collective actions at national level

● Identify scientific synergy (this 
conf !) 

● Computing resources? 
● Consolidating archives across 

facilities
● Get involved for SV (SKA-LOW 

in a year’s time)
● (international level) strategic 

team building 

Distribution 
among the 
french 
astronomers

French 
contribution 
in each SWG



Take-home messages

- one major scientific opportunity
Too many….

- one major bottleneck or need
Real time alert and fast coordination with other facilities

- one concrete action or recommendation for the community
Let’s go!


