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A precursor of the SKA - Inaugurated in 2018 

64 (+14 as MeerKAT+) 13.5 m dishes - multi-frequency (GHz) receiversMeerKAT
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Large Scale Helical Magnetic Field in M87 9

telescopes, i.e. SKA or ngVLA, will allow to explore the connection between instabilities and magnetic fields in AGN
jets.

Figure 1. The M87 VLA radio jet combining all the available frequencies (from 4 to 18 GHz). a) Image with an angular
resolution of 0.002 (robust=1) sensitive to large-scale emission. It shows the well-known morphology consisting of a core, a highly
collimated conical jet ending in a series of bright knots, and large extended lobes. b) Image with a higher angular resolution of
0.0009 (uniform weighted), and it shows the structure of the collimated jet in great detail. Several knots, previously identified in
optical images, are labeled. This image shows a clear double-helix structure in the conical jet.

VL
A

 - 
M

87

Su
pe

r-m
as

si
ve

 b
la

ck
 h

ol
es

X
-r

ay
 b

in
ar

ie
s

Amazing detailed jets Mostly moving blobs 
(in a complex ISM)

M
ee

rK
A

T 
- M

A
X

I J
18

20
+

07

EHT - M87

VL
A

 - 
G

RS
 1

91
5+

10
5

VL
A

 -
 G

R
S 

17
58

-2
58



Hardness
X

-r
ay

 In
te

ns
ity

J E T S  I N  X - R AY  B I N A R I E S
C

o
re

 je
ts

Tr
an

si
en

t j
et

s

La
rg

e 
sc

al
e 

je
t s

tr
uc

tu
re

s

Hardness

X
-r

ay
 In

te
ns

ity

Fender & Belloni 2012

Hardness

X
-r

ay
 In

te
ns

ity
Hard state Intermediate state

Aged 103 to 106  
years, regardless  

of outbursts



S A M P L I N G  T H E  R A D I O : X - R AY  
P L A N E

MeerKAT sample: 
 now > 1200 points  

Previously ~400 points
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A brief history of how MeerKAT accidentally 
revolutionised the field of XRBs:  

the discovery of large-scale transient jets 

A few highlights from the KATs
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T H E  D E C E L E R AT I N G  J E T S  F R O M   
M A X I  J 1 3 4 8 – 6 3 0

Large scale decelerating jets, 
expanding to ~30”. The fastest jets 

from an XRB at that time (Γ>2 )
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B I P O L A R  J E T S  F R O M   
M A X I  J 1 8 4 8 - 0 1 5

Relativistically Moving Outflows from a Globular Cluster X-Ray Binary

B
ah

ra
m

ia
n 

et
 a

l. 
20

23
 

M
ee

rK
A

T 
da

ta

VL
A

 d
at

a
N

o
rt

h
So

ut
h

N
o

rt
h 

(a
p

p
ro

ac
hi

ng
 je

t)
So

ut
h 

(re
ce

d
in

g
 je

t)

The first example of a jetted 
black hole in a globular cluster

B
ah

ra
m

ia
n 

et
 a

l. 
20

23
 



T H E  FA S T E S T  J E T S  I N  O U R  G A L A X Y  
( F O R  N O W ) :  4 U  1 5 4 3 - 4 7  

Absolute minimum Lorentz factor is 5 
Jets from BH XRBs may be as 

relativistic  as AGN jets. 

Figure 3: The schematic picture of the proper motion of E1 (a) and E2 (b) in relative to the core, shown with
selected radio images from the MeerKAT observations. The images have been vertically shifted by an amount
proportional to the corresponding time spans between the observations. The shaded gray region at the top of b)
represents the angular range of E1 relative to the core, consistent with the ejecta angular range shown in a). The
dashed lines show the best-fit models for E1 and E2, respectively. The model of the proper motion of E2 is composed
of an initial ballistic motion up to the first detection on MJD 59,559 with subsequent constant deceleration.
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https://ui.adsabs.harvard.edu/abs/2025arXiv250411945Z/abstract


Thanks to MeerKAT 
the XRB jets sample is now 

statistically significant

We have the first statistically robust results 
on the properties of jets from low mass 

XRBs
Fender & Motta 2025 (Nat.As.)



Exclusively  
from black holes

Propagate along the 
same direction

From both black holes and 
neutron stars

Slow jets can precess or 
change angle

Locked to the black hole 
spin axis 

Launched from the 
precessing disk

No correlation between jet speed and the spin

Fast Jets Slow Jets
> 0.7 c < 0.7 c

Fender & Motta 2025 (Nat.As)



E X T E N D E D  J E T  S T R U C T U R E S
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 The energy transferred is comparable 

with the accretion energy ∼ 1034 -1040 erg/s

“T
H

E 
m

ic
ro

q
ua

sa
r”



E X T E N D E D  J E T  S T R U C T U R E S  A R O U N D  
N E U T R O N  S TA R S
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Cir X-1: a southern SS433  
A jet-powered nebula and relativistic 

precessing jets
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SKA w.r.t. MeerKAT Transient jets
Large scale jet-ISM 
interaction regions

Better angular resolution 
and surface brightness 

sensitivity

More events, form earlier 
times, including fainter one

Unveil a population 
currently below sensitivity 

threshold

Better uv-coverage and 
sub-arraying

Constrain size, probe 
variability and spectral info

Improved morphological 
information and spectral 

info

Improved survey speed and 
image fidelity

Many more transient 
events, better sampled in 

time

Population studies 
independent of outburst 

activity

A L L  W E  D O  W I T H  M E E R K AT,  W E ’ L L  D O  
B E T T E R  W I T H  T H E  S K A



If MeerKAT is amazing, SKA will be incredible  

The  SKA science will be great, especially 
the one we will discover on the way

“… But an infrastructure almost never builds its legacy 
on the science cases defined before the instrument is 
built. It’s always the unknown that defines it.” - F. Zerbi
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