Extended DataFig.2| Astrometry and multi epochimaging for all fast- fitstoboththeR.A.and Dec. position change of the stars. Errorbars correspond

movingstars. Eachrow (a-g) shows the astrometry and imaging for one totheloerrorontheindividual position measurements. The right column
of the seven fast-moving stars. The left column shows the raw astrometric shows stacked images from2002 (ACS/WFCF625W) and 2023 (WFC3/UVIS
measurements used to determine the proper motions, colour-coded by the F606W); the positions of the fast stars are marked with a pink open circle.

epochoftheir observation. The centre column shows the linear and quadratic
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Extended DataFig. 3| Completeness of the catalogue and photometric
diagnostics. Panelacompares the completeness of the various available proper
motion datasets for the core of w Cen, using histograms of the magnitude
distribution. The new oMEGACat™ has significantly higher completeness and
reaches fainter magnitudes than the literature catalogues evenif 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. Thegrey dots in b-d show the mean of photometric diagnostics for the
raw PSF photometry measurements for the fast-moving stars compared with
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thebulk of starsinthe catalogue. The first panel shows the QFIT parameter,
givenby the linear correlation function between the PSF and the pixel values
intheimage. The second panel shows the radial excess parameter, a parameter
that compares the residual flux inside versus outside of the fitaperture.

The third panel shows the flux ratio between the flux of astar 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.
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Extended DataFig.4 | Empirical verification of the escape velocity. Panels a
and bshow histograms of the observed 2D velocity distributionin the very
centre (0”<r<3” c)andinanouterring (3”<r <10”;d). While the lower velocities
are well described by a2D Maxwell-Boltzmann distribution with ,, =20 kms™
(marked with asolid black line, the dashed black lines refer to alternative
distributions with o,, =17 kms™and 0,,=23 kms™), there are clearly notable
differences at higher velocities. Those become especially visible in the
cumulative normalized histogram shownind and the zoom-inin e: while the
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distribution between (0” <r < 3”, blue line) shows an excess of fast-moving stars,
thedistribution atlarger 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 sampleis ten times larger,
thereis only asingle star witha velocity significantly larger than v,,.. This star
hasa2D velocity of 75.8 km s and is at aradius of r = 9.5”. It is consistent with
being aMilky Way foreground star.
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Extended DataFig.5|Determination of alower limit on theIMBH 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
onlyinferalower mass limit for each possible 2D location. The four left plots
(a-d) show the contours of the minimum black hole massindicated 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 analysisindicatesa firm
lower limit of around 8,200 M,. Our minimum mass location only differs by
~0.3 arcsec from the AvdM10° centre. This result does not significantly change

r3p [arcsec]

ifwe assume that some of the fast-moving stars are contaminants and remove
them from the analysis. Panel fshows the results for asurface brightness profile
based escape velocity profileinblue, using the surface brightness profile from*
and the dynamical distance (5.43 kpc) and M/Lratio (2.4) derived from N-body
models, either without any IMBH, witha 8,200 M,IMBH, or a40,000 M, IMBH.
Theradiiare measured withrespect to the minimum mass centre shownine.
Theshadedregionsindicate the uncertainty introduced by anassumed error of
+0.2kpconthedistance. The surface-brightness profile based escape velocity
iscompatible with the adopted value of v,,.. = 62 kms™. The profile without an
IMBH is also nearly flatin theinner ~507, justifying the assumption of a flat
profileintheinnermostregion.
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Extended DataFig. 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
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This analysisusingboth 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 froman MCMC runincluding stars Band G.
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without an IMBH predicts nostars above the escape velocity; the 47,000 M,
model predictsanumber close to our observations. b, Comparison ofthe
normalized, cumulative distribution of stellar velocities for our dataand five
different N-body models.
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Extended DataFig. 8| Comparison with the Galactic Centre. In this figure approximately ~100 times higher black hole mass of Sgr A*, we expect the
we compare the observed physical motion of our fast star sample with the motions to be ~10 times faster and periods of the stars to be ~10 times shorter,
stars orbiting the black hole Sgr A*in the Galactic Center". The physical scale and thus show the motion for 2 years for the S stars tocompare to the 20 year
probed by the fast-moving stars is similar to that probed by the Sstarsinthe time spanwe observe thestarsinw Cen.

Milky Way centre; however, the density of these tracersis lower. Owing to the
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Extended Data Table 1| Detailed astrometric and photometric information of the fast-moving stars

a
General Properties
Star Catalog ID R.A. Dec. Tproj. Nused
[degree] [degree] ["1
A 532867 201.6967263 -47.4795835 0.265 308
B 475236 201.6968888 -47.4797138 0.537 353
C 1422379 201.6966378 -47.4793672 0.870 262
D 476492 201.6968346 -47.4793233 0.886 195
E 509644 201.6973080 -47.4797545 1.333 430
F 476467 201.6977125 -47.4792625 2.408 427
G 510061 201.6961340 -47.4790585 2.506 338
b
Velocity and Acceleration Measurements
Star PM R.A. pocos & PM Dec. ps Total PM A7) Acceleration R.A. Acceleration Dec.
[mas yr] [mas yr] [mas yr] [km s1] [mas yr?] [mas yr?]
A 3.563+0.038 2.564+0.055 4.390+0.044 113.0+1.1 -0.0069+0.0083 (0.80) 0.0085+0.0098 (0.90)
B 2.167+0.182 1.415+0.081 2.588+0.159 66.6+4.1 0.0702+0.0239 (2.90) 0.0228+0.0157 (1.50)
C 1.117+0.127 3.514+0.056 3.687+0.066 94.9+1.7 0.0028+0.0333 (0.10) -0.0060+0.0123 (0.50)
D 2.559+0.082 -1.617+0.061 3.027+0.076 77.9+2.0 0.0357+0.0177 (2.00) -0.0194+0.0162 (1.20)
E -2.149+0.025 1.638+0.037 2.702+0.030 69.6+0.8 0.0072+0.0042 (1.70) -0.0009+0.0075 (0.10)
F 0.436+0.017 -2.584+0.016 2.620+0.016 67.4+0.4 0.0052+0.0038 (1.40) -0.0015+0.0038 (0.40)
G -1.317+0.098 2.207+0.062 2.571+0.073 66.2+1.9 -0.0197+0.0267 (0.70) 0.0173+0.0170 (1.00)
[
Photometric Properties
Star  mrsosw QFITrs06w RADX Frsosw fiv/f. Feosw MEg1aw QFITes1aw RADX rs1aw f/E. Fst1aw
23.373:0.009 0.976 (p=0.716) -0.006 (p=0.192) 0.366 (p=0.532) 22.13420.027 0.945 (p=0.170) -0.004 (p=0.249) 0.363 (p =0.537)
B 22.778+0.014  0.940 (p=0.096) 0.082 (p=0.981)  0.122 (p=0.322) 21.62520.026 0.956 (p=0.128) 0.072 (p=0.964)  0.494 (p =0.639)
C 23.630+0.009 0.940 (p=0.283) 0.050 (p=0.8249 0.147 (p=0.320) 22.342+0.034 0.916 (p=0.109) -0.014 (p=0.136) 0.327 (p =0.514)
D 24.108+0.017  0.952 (p=0.585) -0.008 (p=0.216) 0.064 (p=0.180) 22.74520.037 0.952 (p=0.291) -0.056 (p=0.022) 0.079 (p =0.198)
E 20.112+0.004 0.996 (p=0.131) 0.014 (p=0.950)  0.424 (p=0.923) 19.37320.009 0.995 (p=0.109) 0.018 (p=0.938)  0.622 (p =0.975)
F 21.348+0.004 0.997 (p=0.635) -0.002 (p=0.340) 0.028 (p=0.253) 20.391+0.004 0.998 (p=0.799) 0.004 (p=0.587)  0.032 (p =0.232)
G 20.888+0.009  0.980 (p=0.031)  -0.003 (p=0.219) 2.049 (p=0.997) 20.069+0.014  0.983 (p =0.053)  0.007 (p =0.730) 0.971 (p =0.984)

The table in a shows the position, the number of astrometric measurements N4, 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 1o errors, which were estimated by scaling the formal errors on the parameters by \/E 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 2o. Finally, the table in ¢ 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

IMBH mass

fraction in Mjygn KS test N3~ fast/
model [Mo] N10"total p-Value N3~ fast N3 total N3~ total
Observed Data 2,324 - 7 218 3.2%

0 0 1,148 6.21e-7 0 113 0%
0.5% 20,000 1,342 8.60e-10 O 113 0%
1.0% 39,000 868 0.0027 3 89 3.4%
1.2% 47,000 901 0.27 7 85 8.3%
2.0% 78,800 843 0.18 7 70 10.0%

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.





