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Discrete ejecta from BH XRBs

Main open questions
. * What is the jet powering mechanism?

3.3 6.5 13 26

sarcseg ’ * How much energy do they carry, and what
T ra——— - is their composition?
L
E—  What triggers the ejection of discrete
T components?
.
m—r——— g * Canwe use the ejecta as probes of the
. environment surrounding the BH?
Photo: Image courtesy of NRAO/AUI
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Mirabel & Rodriguez (1994), Migliori etal. (2017)
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Jet kinematics

First phase of ballistic motion, often apparently Evidences for late-time deceleration of the jets due to
superluminal (but Lorentz factor hard to measure) the interaction with the ISM
8 ﬂ'l”'”””I””'””I"””'”I”'”"”I””'”"I"”'”"l”””'”l”””'“l”'“”"l”””'”I””””'I””””'I"”'””I”””'”I”'””"I"”'””I”"”'”I”'””"l"”'””I'””"”I””"”'l””””'l”‘i’% 40 ] ] : ] ' '
Va04Cyg e (C)

W
Q1
I

W
o
T

N
&)
l

Angular Separation (arcsec)
N
o

Angular separation from core (mas)

XTE J1550-564
/
O a3 151 ya — i
ok o N o SO T N Model: Receding jetin ISM
Y S ==, Model: Receding jet in cavity
O N3 W S3 AR, T 10F / _ S -
N4 v S5 M o Model: approaching jetin ISM
-4~ A N6 A S6 m I Model: approaching jet in cavity
+ N8 S7 5. .7 ® Data: westernjet -
lllllllllllllllllllllIllIIllll[lllll[lllllllllllllllllllllllllllllllllllllllllllllllllllllllllll[lllllllllllllllllllllllllllllllllIllIIIllllllllllllllllllllll[llllllllllllllllllllllllllllllllllllllllllllllllllJllllllllllllllllllllllll ... / * Data: easte rn jet
SIS RO B BRGSO IS ERC RS IO IS IO IS BRSO RS PO EPAS IO IS BRSO IS B G EPAN 7/
D 07 QN Q7 57 K oY Q0 N QT 5 W oY Q0 N QT 57 W o7 QN QU D
SUEN NN NN N NN AN NN NS NGNS MNP NN AN AN G l | | | | |
. 0 500 1000 1500 2000 2500 3000 3500
Time (hh:mm ut 22 June 2015) Time after X-ray flare (days)
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Large-scale jets from ThunderKAT and X-KAT

MeerKAT has revealed a new population: the majority of bright BH XRBs produce powertul ejections which propagate
for > 1 year and decelerate in the ISM
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The blast-wave model

o Jet deceleration data can be fit with a numerical version of the GRB blast-wave model

e Jet dynamical model based on plasmon adiabatic expansion

*Kinetic enerqgy is transferred to the swept up material via external shocks,
in analogy with GRB afterglows p
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Applying GRB blast wave models to XRB jets
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Applying GRB blast wave models to XRB jets
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Joint radiation+kinematics modelling

MAXI J1535-571 Combining flux and separation data allows us to break the key
| | E,, ¢, nic\; degeneracy
0
— 10
E | From a pilot study on the ejecta from MAXI J1535-571:
= 10 e The reverse shock dominates the ejecta emission at early times and
is characterized by either low magnetization or inefficient particle
1072 acceleration.
25,

e The jet has a moderate initial Lorentz factor I’y ~ 1.4 and does
not undergo significant lateral spreading,
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e The initial ejecta energy is Ey = (3 ~ 5) X 10% ergand

/ may be powered by the accretion disk alone.
| 3

* The ejecta propagate into a low nop = 107> ~ 10™* cm™
density environment.
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The BH environment: MAXI J1348-630 with MeerKAT and ALMA
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The BH environment: MAXI J1348-630 with MeerKAT and ALMA
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The BH environment: MAXI J1348-630 with MeerKAT and ALMA
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ALMA identification of a 1°CO (J = 1 — 0) molecular structure that provides
compelling evidence for a jet-driven cavity in the environment of MAXI J1348-630
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Perspectives with the SKA

What can we do with the SKA in its AA* array?

® Increased sensitivity:
Better coverage of the termination phase, improving the
modelling of jet kinematics, more detections of receding jets

00000000

49.80° 49.70° 49.60° 18"48™49.50°

® Increased frequency range: Righ Ascesin (2000

More complete radio spectral coverage (up to band 5B) through the jet propagation, essential for the full
kinematic+radiation modelling -> jet energetics and BH feedback

e Sub-arcsec angular resolution:

- Resolving multiple components, observing ejecta much closer to the moment of launch (ejection date)
-Accessing the jet morphology —> following the evolution of different shock components and comparison
with relativistic hydrodynamic jet simulations (Savard et al. 2025)

Cooper et al.(2025), Savard et al. (2025), Corbel et al. (in prep.)
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