
A cosmic dance: How 
supermassive black holes and 

their host galaxies are tangled up  
Jacobo Asorey Barreiro


Universidad de Zaragoza & CAPA

Saturnalia 2024, Universidad de Zaragoza & CAPA, Facultad de Ciencias, 18 December 2024

In collaboration with David Fernández-Gil, Jeff Hodgson, Benjamin L’Huillier, 
Christopher Saulder, Kyle Finner, M. J. Jee, David Parkinson and Françoise Combes 




Preamble
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combination of radio and optical images so he started a research 
assistant position there in early 2022 until summer 2023. Since January 
2024 he is at CEFCA.
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Page 6 of New York Times on November 23, 1924



Galaxy zoo

• Sizes of kiloparsecs (kpc)



Galaxy evolution

Credit:lumenlearning



Black Holes
• Long way s ince cool GR 

prediction to become one of the 
most popular objects in Multi-
m e s s e n g e r a n d m u l t i -
wavelenght astronomy.


• Depending on their masses, we 
can classify them in 3 types:

• S t e l l a r b l a c k h o l e s : 

produced by the collapse of 
massive stars. (~few ) 


• Super massive black holes 
(SMBH): Found in the center 
of galaxies, including the 
MW ( )


• Intermediate-mass black 
holes:  In the intermediate 
r a n g e o f m a s s e s 

, mostly found 
with GW astronomy.

M⊙

105 − 1010M⊙

102 − 105M⊙

EHT Collaboration: M87



Active Galactic Nuclei (AGN)
• The centers (or nuclei) of galaxies 

can become “active” because gas 
and dust falls in to the center due 
to the gravitational pull of the 
SMBH


• The in-falling gas and dust rotates 
and forms an accretion disk.


• The strong magnetic field induced 
by the accretion disk generates 
relativistic jets

• Bt they are almost always only 
found in elliptical galaxies…


• T h e r e s t o f o b s e r v a t i o n a l 
properties of AGN & quasars 
explained by the unified model and 
the orientation of the AGN with 
respect to us (not the scope of this 
talk)


Lu et al. Nature (2023)

Credit: Extragalactic Astrophysics. P. Schneider 



Very Large Baseline Interferometry (VLBI)

• In Astronomical VLBI, we assume 
that we know where the stations 
are and then try to determine where 
the radio light is coming from


• The further apart the dishes, more 
precisely we can determine where 
on the sky the radio light is coming 
from

• Basically the Fourier Transform of 
the sky image (and the modes 
given by the baselines and the UV 
coverage)


• < 50uas - Can resolve a Galaxy 
on the Moon!

Credit: J. Hodgson



VLBI and quasars

EHT+, Kim+, Janssen+, Lu+

• VLBI, can detect these jets 
right down to the event 
horizon scale - but only two 
sources (M87 & Sagittarius 
A*)

• In other sources we can get 
to within a few hundred or 
thousands of Schwarzchild 
radii of the SMBH (e.g. 3C 84, 
Cen A)

• The vast majority of sources 
(9000+) are observed ~1-3 
parsecs (3-10 light years) 
downstream: stil l pretty 
close compared to the kpc 
scale host galaxy



Question?
• Is the direction of the VLBI-detected radio jet connected to the 

shape of its optical host galaxy?

• If so, does that tell us anything about a connection between the 

SMBH and its optical host galaxy?

• How? Compare the position angle (PA) of VLBI jets with the 

(projected) optical shape of their optical counterparts



Sample
• PAs from AGN jets (Plavin et al 2022) from AstroGeo catalog

• Optical image minor-axis PAs from SSDS, SkyMapper, Dark Energy 

Survey (DES) and Dark Energy Spectroscopic Instrument Legacy 
Survey (DESI LS) 

• ~6000 cross-matches between VLBI data and optical catalogues.



~x1000



Dealing with systematics: PA measurements
VLBI PA systematics

Optical PA systematics

• We checked if systematics 
could be inducing the results 
(e.g. beam shape in VLBI).


• Checked the VLBI & optical 
surveys PA measurements 
distributions


• VLBI -PA measurements 
seem to be ok.


• Optical surveys seem to be 
t o t a l l y d o m i n a t e d b y 
systematics except for DESI-
LS so we decided to:


• Selection of a clean 
sample for each survey


• Rely on the Dark Energy 
S p e c t r o s c o p i c 
I ns t r umen t Legacy 
Survey (DESI-LS) for 
the main results.



Dealing with systematics

• We shuffle the “raw” PAs to get 
the expected ‘null’ signal (i.e. 
no alignment)


• Compare observed ΔPA against 
the ‘null’ signal (darker shade in 
the histogram


• Further away from the band → 
more significant


• For Skymapper, it looks like if 
s e v e r e l y a ff e c t e d b y 
s y s t e m a t i c s ( S k y m a p p e r 
catalogue focused on bright 
objects from any type so no 
proper selection of galaxies)



Dealing with systematics

• To deal with optical surveys systematics:

• We removed all sources with minor axis < 1.3” (DESI-LS median 

seeing value)

• We selected (good case criteria) resolved sources, but some 

cases can be ‘really’ circular (in projection)

• We therefore removed the sources with PA measurement error 

greater than 22.5 degs (so we get proper ellipticals)

• We applied a redshift cut (and magnitude cut) to check for any 

distance dependent systematic.



Weak but significant detection!!!!!

• Detection slide! 
• We find a weak but 

significant detection of 
an alignment of jet PA 
and galaxy minor axis. 

• Hav ing a measured 
redshift and a properly 
measured galaxy shape 
enhances the detection 


• Different binning just 
resolution vs precision.


• KS test independent of 
binning.


• The p-value for the 2-bin 
case is ~0.005 in the 
good case low redshift 
sample.



Systematics: PA measurements
• Plotting Jet PA vs galaxy PA is misleading 

as we need to compare angles in the 
same [0,90º] quadrant.


• When doing so, visualise it like a 
histogram.



Dealing with systematics: Projection effects

• The correlation is between the jet PA 
and the projected optical shape of 
the host galaxy

• Can’t “make” a signal due to 
projection effect

• Compared against physical models 
(EAGLE sim a galaxy formation sim, 
Schaye+ 2015)

• No “real” connection → no signal
• Perfect “real” connection →  strong 

signal
• ~45% “error” →  roughly matches 

observed



Dealing with systematics: Simulations

• Simulations assume that black 
hole and host have identical 
angular momentum vector

• Probably different: what if BHs 

condense first and galaxies 
form around them?


• Turbulent interactions could 
misalign them


• What about BH mergers?

• Lack detailed physics of jet 

launching etc.



Physical interpretation

• We see a physical connection over 3 orders of magnitude 
• Does the jet affect the galaxy? Or the galaxy affect the jet? Or both?

• Similar studies looked at at lower resolution →  no signal. Is the 

signal scrambled at larger radio scales

• Is the jet a proxy for the BH-accretion disk system?

• Some simulations suggest that the BH can wobble all over the place. Is 

the material around the BH accretion disk system forcing the jet into a 
given direction?

• Another interpretation is that we see the result of spiral galaxies 
colliding to form ellipticals, which become active to form quasars.


• JWST has found quasars at much higher redshifts (earlier in the 
universe) - But you need SMBHs to make the quasars! Points to a co-
evolution and our results compatible with that 

• Another explanation is that we are detecting the effect of tidal effects.



Next steps
• Compare optical properties of cross-matched sample 

with all galaxies → is there anything special about the 
VLBI detected sources? →  What actually triggers the 
AGN (Lorena, visitor next month!).


• Are other properties correlated? Polarisation?
• Next-gen facilities in radio (SKAO-VLBI, ngVLA) and 

optical (LSST, Euclid) will massively increase source 
counts. Just this month we became a chapter for the 
new SKAO science book (including measuring Hubble 
constant  with VLBI!)

• Any differences between radio loud/radio quiet 
galaxies?

H0



Conclusions

• We have found a weak but significant alignment between the PA 
of parsec scale VLBI jets and the minor axis of the projected 
shape of their optical host galaxies. 

• This points to a complicated relationship between the jets and their 
host galaxy

• The possible physical interpretations have implications for galaxy 
formation, AGN feedback and even cosmology


• Opens the gate for lots of follow up studies:

• Is this relationship universal or just for radio-loud ellipticals?

• What is the connection between the jet/BH/accretion/host galaxy 

disk exactly? This requires probably a development of 
simulations.


• What triggers AGNs and jets? 

• How does this results connect with JWST results?




Many 
Thanks!
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