
A C C R E T I O N  A N D  
F E E D B A C K  I N  X - R A Y  
B I N A R I E S

D R .  S A R A  E .  
M O T T A

E V N  S Y M P O S I U M ,  J U L Y  2 0 2 2 ,  C O R KINAF - Osservatorio Astronomico di Brera

M U L T I - W A V E L E N G H T S  S T U D I E S  O F



( L O W  M A S S )  X - R A Y  B I N A R I E S
A C C R E T I O N  A N D  F E E D B A C K

Fe
nd

er
 &

 B
el

lo
ni

 2
01

2

Black hole



• Nearby laboratories of 
extreme physics - ultra-
dense matter, strong gravity, 
super-energetic particle 
acceleration

• Accretion and ejection follow 
the same principles at all 
masses. Real time accretion 
and feedback in binaries!
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L O W - M A S S  X - R A Y  B I N A R I E S :  
T R A N S I E N T  A N D  V A R I A B L E

Dunn et al. 2010

X-ray light curves from black hole transients
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A  T R U N C A T E D  ( T H I N )  D I S C

Large
truncation radius
High variability
Steady radio jet

Small
truncation radius

Low variability
No Jet

Esin et al. 1997; Poutanen et al.1997 

Thin disc
(blackbody emission)

Thick disk
(Non-thermal emission)

Reflection

Yamada et al. 2012
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S T A T E S ,  
T R A N S I T I O N S
A N D  O U T F L O W S

• States are largely defined 
based on X-ray spectral 
and fast-time variability 
properties

• States and transitions are 
connected to different 
modes of outflows
(Fender et al. 2004, 2009, …)
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C O M PA C T  J E T S  I N  T H E  H A R D  S TAT E S
D A R K  J E T S  B L O W I N G  B U B B L E S
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Cyg X-1

• Long-lived, 
mildly relativistic

• Typically not 
resolved 

• Transport a 
large amount of 
kinetic energy



T H E  R A D I O : X - R A Y  C O R R E L A T I O N  
A  F U N D A M E N T A L  P L A N E  O F  B L A C K  H O L E  

A C T I V I T Y
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See also Corbel et al. 2013, Gallo et al. 2014, Gallo et al. 2018, Motta et al. 2018, Gültekin et al. 2019, 
Plotkin et al. 2021, Carotenuto et al. 2021, Bariuan et al. 2022, and many others… 
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J E T S  I N  T H E  I N T E R M E D I AT E  S TAT E S
T R A N S I E N T  R E L AT I V I S T I C  E V E N T S

• Transient, relativistic 
ejections

• Proper motion sometimes 
observed

• Not easy to catch
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M O R E  J E T S  F R O M  M A X I  J 1 3 4 8 – 6 3 0

• Jets moving ~110 mas/day

• Extended up to 0.6 pc from the core

• Observations complementing VLBI  
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T H E  MEERKAT V I E W  O F  
T R A N S I E N T S  G A L A C T I C  X R B S

Curtesy of Alex Andersson 
(ThunderKAT collaboration)

Follow us on Twitter!

@ThunderKAT_MLSP

Results from the ThunderKAT collaboration
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X - R A Y  W I N D S  I N  T H E  S O F T  
S T A T E

I N C L I N A T I O N  M A T T E R S

• Winds launched equatorially

• matter and angular 
momentum removed from 
the disc
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See also Lee et al. 2002, Neilsen & Lee 2009, Dìaz Trigo et al. 2006
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See also Munoz-Darias et al. 2016, Homan et al. 2016, Dubus et al. 2019, 
Motta et al. 2017, Casares et al. 2019, Miller et al. 2020, and many others



Failed winds in a Seyfert 2 state 

Miller et al. 2020 GRS 1915+105
Clumpy winds in a obscured state

Highly ionised X-ray winds

Motta et al. 2017a

King et al. 2015
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A G N   W I N D S  I N  X - R A Y  B I N A R I E S

• The accretion-feedback 
coupling holds for winds as well

• …and it works the same as in 
AGN



D I S K  J E T  C O U P L I N G  
I N  N E U T R O N  S TA R  

X - R AY  B I N A R I E S

• Neutron stars and black hole X-ray binaries 
show same accretion-outflow coupling

• Similar state/transition patterns, but faster 
in neutron stars than in black holes

• Neutron stars shows Ultra Relativistic 
outFlows 
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J E T S  I N  S C O  X - 1
V L B I  O B S E R V A T I O N S  O F  A  F A M O U S  N E U T R O N  S T A R

companion
star

accretion 
disc

Approaching
lobe

Receding
lobe

NE lobe
(approaching)

SW lobe
(receding)

Core
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Same as in black hole X-ray binaries



companion

U L T R A  RE L A T I V I S T I C  O U TF L O W S  

• URFs are invisible, can be 
observed only indirectly

• URFs travel along jet beams 
at ~the speed of light

• URFs energise radio jets 
making them re-brighten

URF travels through the jet 
beams

URF reaches lobes, re-
brightens them 

Radio-emitting lobes are 
ejected from binary core 

Radio-emitting lobes move 
away from binary core 

Core flares, URF is launched 
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U R F S  I N  O T H E R  
S Y S T E M S

• URFs discovered in Cir X-1 
on larger scales (arcsec)

• URFs found in SS 433 
in the X-rays

• No URF in a confirmed 
black hole system
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D I S K - J E T  C O N N E C T I O N  
V I A  F A S T  T I M E  V A R I A B I L I T Y

• Quasi-periodic oscillations (QPOs): 
features in power density spectra 
from X-ray light curves

• Different QPOs in different states
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Motta & Fender 2019
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spectrum yielding 
crucial info on the 
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2

Disk QPO

Jet QPO



U R F S A R E  L I N K E D  W I T H  A  C L E A R  
A C C R E T I O N  F E A T U R E
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O N  T H E  D I S C - J E T  C O U P L I N G  I N  
N E U T R O N  S T A R S

Neutron stars and black hole X-ray binaries show same 
disc-jet coupling 

BUT

• URFs have never been seen in black holes systems

• URFs have a specific disc-related X-ray signature

• Relativistic jets have no special X-ray signature. 
Different from black hole binaries (maybe?)

• Small but very relevant differences between black 
hole and neutron stars binaries
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Take home message

Take home message
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• X-ray binaries are excellent probes of accretion and 
feedback in real time

• Accretion and feedback follow the same principles at all 
mass scales: stellar mass BHs, NSs and SMBHs all follow 
the same rules

• Differences are in the details! NSs are the best control 
sample of BHs

S O M E  ( UNSURPR I S ING )

C O N C L U S I O N S



Thanks!


