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A 33 solar mass black hole discovered in GAIA! 

Paper: https://www.aanda.org/component/article?access=doi&doi=10.1051/0004-6361/202449763
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11.6 yr period

the visible component is an old, very metal-poor giant (G-star, climbing the giant-branch) 
of the Galactic halo, at a distance of 590 pc

Conclusions:

1. Gaia BH3 system is most massive Galactic stellar-origin BH known thus far!   (2nd: Cyg X-1; MILLER-JONES 
2021; ~20 MSUN)

2. The low metallicity of Gaia BH3 star (Z~0.00003) supports theory that metal-poor massive stars are 
progenitors of the high-mass BHs detected by gravitational-waves. 

3. The Galactic orbit of the system and its metallicity indicate that it might belong to the Sequoia halo 
substructure. 

4. Alternatively, and more plausibly, it could belong to the ED-2 stream, which likely originated from a globular 
cluster that had been disrupted by the Milky Way :) 

We inspected ASAS-SN, ZTF, and TESS photometry, finding that the source does not present any significant periodic variability. The source 
was not observed with XMM-Newton, Chandra nor GALEX, nor it is present in the RAVE, APOGEE, LAMOST, or GALAH spectroscopic 
surveys. No eROSITA data have been made available yet for Gaia BH3, which belongs to the eastern Galactic hemisphere

These are some of the summary conclusions/findings of Gaia BH3. Some of the most 
interesting highlights: that the system has a high eccentricity of ~ 0.7 (this is thought to 
be unlikely for systems that went through common envelope evolution). And that the 
[Fe/H] fraction is low: -2.6 which is a metallicity of Z= 10^-2.6 x Z_sun = 0.00003!!



Could Gaia BH3 be mis-identified? 

"It's a real unicorn! It's like nothing we've ever seen.” says Pasquale Panuzzo of CNRS, Observatoire de Paris, in France and lead author of the paper.

From the residuals here it is very clear 
that its really challenging to hide 
anything else than some kind of dark 
object. Could either be one black hole, 
or a binary black hole ! Gaia doesn’t 
have the resolution (yet) to fully rule 
out the latter scenario. But follow-up 
observations could help clear this up! 
(Cool scenario: if it is an inner black
hole binary, it might be visible with 
space-based gravitational-wave 
observatory LISA when LISA starts
observing.. !
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About 50 km (31 miles)! 
radius

To give an estimate of the size of the Gaia BH3: 
Its the largest stellar mass black hole we know 
of in/near our Milky WAy! And almost 10 Msun
larger than the second most massive BH known 
in our Milky Way: Cygnus X-1. 



Gaia BH3 has a 
diameter of about 

100 km (62 miles)! 

Fun fact: the size of Gaia BH3 is so large that it could completely swallow all the Astro departments 
in New York City (including CCA and the Simons Foundation, Columbia) and Princeton

Princeton

Simons Foundation

Columbia



Stellar evolution theory expects only low metallicity to form > 30Msun BHs, as stong metallicity driven stellar 
winds lead to significant mass loss (and low mass black holes) at higher metallicity 

The lack of metals substantially decreases the mass loss during the 
stellar lifetime (Vink 2008) and reduces the radius of the evolving 
progenitors (Hurley et al. 2000; Belczynski et al. 2010a), the latter effect 
decreasing the probability of merging during the common envelope phase 
(Belczynski et al. 2007) in binary systems. Finally, the higher mass of the 
BHs produced by low-metallicity progenitors is expected to decrease 
substantially or eliminate the natal kick strength at the birth of the BHs, 
preserving the binary as a bound system (Belczynski et al. 2010b)

Belczysnki 2010

And interestingly enough, the
companion of Gaia BH3 is extremely 
metal-poor, hinting that Gaia BH3 likely 
also formed from an extremely metal-
poor progenitor star. This suggests that 
our theory might be right: maybe only 
metal-poor stars can form BHs > 30 
Msun… 

Red lines 
indicate mass 

of Gaia BH3



But…  What metallicities of stars can produce > 30 Msun BHs is still very active debate:
Belczysnki 2010

Romagnolo (2023), Bavera (2023), Martinet (2023) all ~ solar Z = 0.014

These differences are understood in terms of the updated wind mass loss prescriptions and of the 
internal mixing prescription (see Appendix B for more details on the role of overshooting and rotational 
velocity). Note that we have not only adopted different wind mass loss prescriptions but we have also 
proposed transition criteria among prescriptions that are more complex than traditionally adopted in 
the modeling of massive stars

Already work such as Belczynski+2010 mentioned that different assumptions (especially in the LBV winds) can lead to also solar metallicity stars forming > 30 Msun BHs. And recent results (left plot) 
show that simulations disagree whether solar metallicity stars can form > 30 Msun stars, and if so, which range of initial stellar masses (ZAMS masses) lead to > 30 Msun stars. For now we think that 
it is no problem to form the 33 Msun Gaia BH3, as it likely came from a very metal poor progenitor star. But it is still an open question whether we should expect in the future to detect BHs like Gaia 
BH3 (with > 30 Msun masses) with solar metallicity companions. On the other hand, systems like Gaia BH3 can inform us about wind-loss and mass loss of low metallicity massive stars, something 
that is extremely challenging to observe in any other way! (we only have observations of LMC/SMC that have metallicities of at lowest ~Z_sun/5. Gaia BH is 0.003 * Z_sun!! 



From Bavera 2023



Orbits from Gaia BH3 paper! 



The companion star is 0.76, but already climbing to the Giant 
Branch… (see plot on left). This sounds confusing at first: a 0.8 
star should have a lifetime on the main sequence that well 
exceeds the Hubble time (see the related BH2 discussion on this
below).  But! At low metallicity these stars have much shorter
lifetimes as they are much brighter and run faster through their
fuel/hydrogen. The observation of the star climbing the gian
branch (RGB star) together with calculating the lifetime actually
puts strong constraints on the mass of the companion star of Gaia
BH3: if it was much less massive it wouldnt have evolved yet, if it
was more massive it would be a white dwarf already. This
provides extra confidence that it must be a ~0.75 msun star

From El-badry (BH2)
https://arxiv.org/pdf/2302.07880.pdf

https://arxiv.org/pdf/2302.07880.pdf


Black Holes in the Milky Way!!! And this is just the beginning as Gaia will soon see many more (~10-100) expected – see Chawla et al. 
2022 for some predictions : https://ui.adsabs.harvard.edu/abs/2022ApJ...931..107C/abstract…

https://t.co/wtJYB4Miky


Black Hole mass 
conspiracy??? 

One interesting thing is that the Gaia BH3 mass falls right 
in the peak of black hole masses detected from

LIGO/Virgo/KAGRA. This is somewhat surprising; the
selection effects and formation pathways are thought to
be very different between these populations. But maybe
the (low metallicity) Universe likes to make ~ 30 solar

mass black holes  







I have thoughts… 



Romagnolo et 
al 2022
Radial extensions of stars 
are uncertain from theory 
(and sensitive to many 
assumptions in the models). 
The radial extension of stars
can easily change orders of 
magnitude depending on 
these assumptions. Its thus 
too soon to say that we 
“know for certain” that the 
progenitor of Gaia BH3 must 
have interacted with its 
companion  





In this new paper, one day after the Gaia BH3 release, the authors show 
support from the velocity, age, and metallicity that Gaia BH3 came from 
ED-2 stream, which is likely a disrupted star cluster (with low mass, and a 
narrow spread of stellar metallicities)  

Paper Link: https://arxiv.org/pdf/2404.11604.pdf Balbinot et al. 2024 

https://arxiv.org/pdf/2404.11604.pdf


Outlook: This is Exciting as many more BHs might be discovered soon in Gaia! (DR4) that is 
measuring with increasing precision the orbits (and accelerations) of stars!

“Gaia is a true black hole detection machine because each of the three instruments can detect them.” says Laurent Eyer 
of Geneva Observatory, member of the Gaia Collaboration.


