
Extended Data Fig. 2 | Astrometry and multi epoch imaging for all fast- 
moving stars. Each row (a–g) shows the astrometry and imaging for one  
of the seven fast-moving stars. The left column shows the raw astrometric 
measurements used to determine the proper motions, colour-coded by the 
epoch of their observation. The centre column shows the linear and quadratic 

fits to both the R.A. and Dec. position change of the stars. Errorbars correspond 
to the 1σ error on the individual position measurements. The right column 
shows stacked images from 2002 (ACS/WFC F625W) and 2023 (WFC3/UVIS 
F606W); the positions of the fast stars are marked with a pink open circle.
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Extended Data Fig. 3 | Completeness of the catalogue and photometric 
diagnostics. Panel a compares the completeness of the various available proper 
motion datasets for the core of ω Cen, using histograms of the magnitude 
distribution. The new oMEGACat14 has significantly higher completeness and 
reaches fainter magnitudes than the literature catalogues even if we apply the 
strict quality criteria used in this work. This explains why previous catalogues 
have not found the faint fast-moving stars (marked with vertical lines) we detect 
here. The grey dots in b–d show the mean of photometric diagnostics for the 
raw PSF photometry measurements for the fast-moving stars compared with 

the bulk of stars in the catalogue. The first panel shows the QFIT parameter, 
given by the linear correlation function between the PSF and the pixel values  
in the image. The second panel shows the radial excess parameter, a parameter 
that compares the residual flux inside versus outside of the fit aperture.  
The third panel shows the flux ratio between the flux of a star itself and its 
neighbouring sources. All five robustly measured stars show typical behaviour 
for their magnitude, while the excluded fast-moving stars (B, G) are influenced 
by bright neighbouring sources.



Extended Data Fig. 4 | Empirical verification of the escape velocity. Panels a 
and b show histograms of the observed 2D velocity distribution in the very 
centre (0″ <r < 3″; c) and in an outer ring (3″ <r < 10″; d). While the lower velocities 
are well described by a 2D Maxwell-Boltzmann distribution with σ1D = 20 km s−1 
(marked with a solid black line, the dashed black lines refer to alternative 
distributions with σ1D = 17 km s−1 and σ1D = 23 km s−1), there are clearly notable 
differences at higher velocities. Those become especially visible in the 
cumulative normalized histogram shown in d and the zoom-in in e: while the 

distribution between (0″ <r < 3″, blue line) shows an excess of fast-moving stars, 
the distribution at larger radii (3″ <r < 10″, orange line) shows a clear deficit of 
stars at velocities larger than the escape velocity, making the used escape 
velocity threshold very plausible. Even though the sample is ten times larger, 
there is only a single star with a velocity significantly larger than vesc. This star 
has a 2D velocity of 75.8 km s−1 and is at a radius of r = 9.5″. It is consistent with 
being a Milky Way foreground star.
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Extended Data Fig. 5 | Determination of a lower limit on the IMBH mass 
using the escape velocity. The presence of stars with velocities above the 
escape velocity of the cluster indicates that they are bound to a massive object. 
Since we neither know the mass nor the exact position of the object, we can  
only infer a lower mass limit for each possible 2D location. The four left plots 
(a–d) show the contours of the minimum black hole mass indicated by the four 
centremost robustly measured fast-moving stars. By combining the minimum 
black hole mass constraints from each of the fast-moving stars, we can find the 
position that allows for the lowest IMBH mass (e). This analysis indicates a firm 
lower limit of around 8,200 M☉. Our minimum mass location only differs by 
∼0.3 arcsec from the AvdM106 centre. This result does not significantly change 

if we assume that some of the fast-moving stars are contaminants and remove 
them from the analysis. Panel f shows the results for a surface brightness profile 
based escape velocity profile in blue, using the surface brightness profile from3 
and the dynamical distance (5.43 kpc) and M/L ratio (2.4) derived from N-body 
models, either without any IMBH, with a 8,200 M☉ IMBH, or a 40,000 M☉ IMBH. 
The radii are measured with respect to the minimum mass centre shown in e. 
The shaded regions indicate the uncertainty introduced by an assumed error of 
±0.2 kpc on the distance. The surface-brightness profile based escape velocity 
is compatible with the adopted value of vesc.  = 62 km s−1. The profile without an 
IMBH is also nearly flat in the inner ∼50″, justifying the assumption of a flat 
profile in the innermost region.



Extended Data Fig. 6 | Constraints on the IMBH using the acceleration 
measurements. Taking into account the limits on the accelerations gives  
us additional constraints on black hole mass (a) and on-sky position (b). The 
contours shown correspond to the 1-, 2-, and 3-sigma levels of the distribution. 

This analysis using both escape velocity and acceleration measurements from 
the five robustly measured fast stars constrains the minimum IMBH mass 
stronger than escape velocity constraints alone. Both plots also show the 
distribution from an MCMC run including stars B and G.
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Extended Data Fig. 7 | Comparison of the observed velocity distribution 
with N-Body models. a, 2D velocity distribution for the stars in the inner  
10 arcseconds of ω Cen. We show the observed data in grey, the results for an 
N-body model without an IMBH in black, and the results for a model with an 
47,000 M☉ IMBH in blue (based on the models of ref. 9). The N-body model 

without an IMBH predicts no stars above the escape velocity; the 47,000 M⊙ 
model predicts a number close to our observations. b, Comparison of the 
normalized, cumulative distribution of stellar velocities for our data and five 
different N-body models.



Extended Data Fig. 8 | Comparison with the Galactic Centre. In this figure  
we compare the observed physical motion of our fast star sample with the  
stars orbiting the black hole Sgr A* in the Galactic Center17. The physical scale 
probed by the fast-moving stars is similar to that probed by the S stars in the 
Milky Way centre; however, the density of these tracers is lower. Owing to the 

approximately ∼100 times higher black hole mass of Sgr A*, we expect the 
motions to be ∼10 times faster and periods of the stars to be ∼10 times shorter, 
and thus show the motion for 2 years for the S stars to compare to the 20 year 
time span we observe the stars in ω Cen.
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Extended Data Table 1 | Detailed astrometric and photometric information of the fast-moving stars

The table in a shows the position, the number of astrometric measurements Nused, and the projected distance from the AvdM10 centre for each of the fast-moving stars. The table in b lists the 
individual proper motion components, the total proper motion, the inferred 2D velocity and the measurements of the acceleration for the seven fast-moving stars. All shown errors correspond 
to the 1σ errors, which were estimated by scaling the formal errors on the parameters by red .

2χ  of the respective fit. The strongest accelerations are shown by Star B; however, this star has been 
discarded from the set of robustly measured stars because of large astrometric errors. All robust stars show an acceleration consistent with zero to within 2σ. Finally, the table in c lists several 
photometric properties of the fast-moving stars in two filters, including the measured brightness and several photometric diagnostics (the quality of fit (QFIT) parameter, the radial excess 
(RADX) parameter and the flux ratio between the flux of each source and the flux of neighbouring sources). Together with the photometric diagnostic values we show their percentile with 
respect to stars with a similar magnitude (p).



Extended Data Table 2 | Comparison of the observed velocity distribution with N-body models

In this table we report results of the comparison of the observed distribution of 2D velocities with different N-body models (see also Extended Data Fig. 8). The first two columns indicate the 
relative and absolute mass of the IMBH in the N-body models. The third column shows the total number of stars within 10” of the cluster centre. In the fourth column, we show the results of 
a Kolmogorov-Smirnov test comparing the measured velocity distribution with the different N-body models. Finally, the last three columns compare the absolute number and the fraction of 
fast-moving stars in the centremost 3 arcseconds.




