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            Abstract
The existence of a â€˜density cuspâ€™1,2â€”a localized increase in numberâ€”of stellar-mass black holes near a supermassive black hole is a fundamental prediction of galactic stellar dynamics3. The best place to detect such a cusp is in the Galactic Centre, where the nearest supermassive black hole, Sagittarius A*, resides. As many as 20,000 black holes are predicted to settle into the central parsec of the Galaxy as a result of dynamical friction3,4,5; however, so far no density cusp of black holes has been detected. Low-mass X-ray binary systems that contain a stellar-mass black hole are natural tracers of isolated black holes. Here we report observations of a dozen quiescent X-ray binaries in a density cusp within one parsec of Sagittarius A*. The lower-energy emission spectra that we observed in these binaries is distinct from the higher-energy spectra associated with the population of accreting white dwarfs that dominates the central eight parsecs of the Galaxy6. The properties of these X-ray binaries, in particular their spatial distribution and luminosity function, suggest the existence of hundreds of binary systems in the central parsec of the Galaxy and many more isolated black holes. We cannot rule out a contribution to the observed emission from a population (of up to about one-half the number of X-ray binaries) of rotationally powered, millisecond pulsars. The spatial distribution of the binary systems is a relic of their formation history, either in the stellar disk around Sagittarius A* (ref. 7) or through in-fall from globular clusters, and constrains the number density of sources in the modelling of gravitational waves from massive stellar remnants8,9, such as neutron stars and black holes.
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                    Figure 1: Hardness ratio (HR2) distribution of X-ray point sources with net counts of Câ€‰â‰¥â€‰100 at a projected radial distance from Sgr A*.


Figure 2: Stacked Chandra spectra for X-ray sources within the inner parsec.


Figure 3: Chandra 2â€“8-keV image of the Galactic Centre with X-ray sources with Câ€‰â‰¥â€‰100 overlaid.


Figure 4: Surface density of the 12 non-thermal sources as a function of projected radius from Sgr A*.
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Extended data figures and tables

Extended Data Figure 1 Example Chandra spectra of thermal and non-thermal X-ray sources.
a, CXO J174541.02âˆ’290017.6 (HR2â€‰>â€‰0.3). b, CXO J174539.48âˆ’290045.8 (HR2â€‰<â€‰0.3). The hard (thermal) source spectrum, which exhibits a broad emission line at Eâ€‰=â€‰6â€“7 keV, is fitted by a partially covered APEC model, whereas the soft (non-thermal) source spectrum is fitted by an absorbed power-law model. The error bars represent 1Ïƒ statistical uncertainties. The bottom panels show residuals (data minus model) in terms of 1Ïƒ significance.


Extended Data Figure 2 A cumulative X-ray flux distribution of the qBH-LMXB candidates within 1 pc.
A logNâ€“logS histogram of the 12 HR2â€‰<â€‰0.3 sources (assuming all are qBH-LMXBs) is plotted, where S denotes an absorbed 2â€“8-keV flux. The best-fitting power-law model is shown as a solid blue line. An extrapolation of this line to the minimum observed flux (1.9â€‰Ã—â€‰10âˆ’16 erg cmâˆ’2 sâˆ’1, after correcting for higher X-ray extinction in the Galactic Centre) of the local qBH-LMXB population50 is used to estimate the total number of qBH-LMXBs in the central parsec.


Extended Data Figure 3 Hardness ratio for X-ray point sources with Câ€‰â‰¥â€‰100 as a function of the projected radial distance from Sgr A*.
The horizontal line denotes the best fit to a radially constant hardness ratio (HR2â€‰=â€‰0.53), which yields a poor fit with  for 89 d.o.f. We took into account statistical and systematic errors in the HR2 data; the error bars in the figure indicate 1Ïƒ statistical uncertainties. The hypothesis of spatial constancy of HR2 is thus rejected with Pâ€‰=â€‰1.1â€‰Ã—â€‰10âˆ’19. The bifurcation in HR2 at râ€‰â‰²â€‰1 pc is clearly visible.


Extended Data Figure 4 Chandra images of the soft source CXO J174540.79âˆ’290024.5 and its extracted background events.
a, Neighborhood image around the source (labelled 26, with multiple green circles near the centre indicating source extraction regions for different observations) along with other Chandra catalogue sources indicated by numbers 23, 24 and 27. b, Background image around the source (labelled 26 and located near the centre with a green circle) from ObsID 11843. The red dashed circle indicates the inner circle of the background annulus (râ€‰=â€‰2.5â€³). Note that background was properly extracted from an annulus of râ€‰â‰ˆâ€‰2.5â€³â€“4â€³ by excluding the nearby Chandra sources indicated by green circles labelled 23, 24 and 27.


Extended Data Figure 5 Colourâ€“colour diagram of X-ray sources with Câ€‰â‰¥â€‰100 within radial projected distances from Sgr A*.
HR2 and HR3 hardness data are plotted for sources at râ€‰<â€‰1 pc (cyan) and 1 pcâ€‰<â€‰râ€‰<â€‰3.8 pc (red). The error bars represent 1Ïƒ statistical uncertainties. There is no clear evidence of HR3â€“HR2 correlation, a surrogate for column-density- or scattering-related effects. The vertical dotted grey line indicates our dividing line at HR2â€‰=â€‰0.3 between the soft and hard sources. For reference, the calculated HR2 and HR3 for four local IPs, whose spectra were extrapolated to the distance of Sgr A*, are shown as black diamonds. They cluster at high HR2, as expected. Only three of the four IP diamonds are visible because two of them overlap.


Extended Data Figure 6 Median photon energy in the spectrum versus hardness ratio of X-ray sources with Câ€‰â‰¥â€‰100.
Sources for râ€‰<â€‰1 pc and râ€‰>â€‰1â€‰pc are indicated in cyan and red, respectively. The median mâ€‰=â€‰Q50 and the ratio of two quartiles Q25/Q75 are calculated for each source14. The energy scale across the top shows the median energy values (E50%). The blue and red lines correspond to hydrogen column density NH and power-law photon index Î“ grids, respectively. The error bars represent 1Ïƒ statistical uncertainties.


Extended Data Figure 7 Stacked Chandra ACIS-I spectrum of the 14 thermal X-ray sources with net counts Câ€‰â‰¥â€‰100 within râ€‰<â€‰1 pc.
The spectrum is well fitted with a partially covered thermal APEC model with a Gaussian line at 6.4 keV ( for 58 d.o.f.). The error bars represent 1Ïƒ statistical uncertainties. The bottom panels show residuals (data minus model) in terms of 1Ïƒ significance. The best-fit parameters are shown in Extended Data Table 2.


Extended Data Figure 8 Stacked background Chandra ACIS-I spectra of the sources with net counts Câ€‰â‰¥â€‰100 within râ€‰<â€‰1 pc.
a, 12 HR2â€‰<â€‰0.3 sources. b, 14 HR2â€‰>â€‰0.3 sources. Several prominent emission lines are present from low-Z elements (below 4â€‰keV) and Fe (at 6â€“7â€‰keV). Both background spectra are well fitted with an absorbed two-temperature thermal APEC model:  (291 d.o.f.; soft source background) and  (320 d.o.f.; hard source background). The best-fit temperatures are consistent between the two background spectra:  and  (for the soft source background) and  and  (for the hard source background). The error bars represent 1Ïƒ statistical uncertainties. The bottom panels show residuals (data minus model) in terms of 1Ïƒ significance.


Extended Data Figure 9 Simulated Chandra ACIS-I spectrum using a two-temperature thermal APEC model.
The input parameters are kT1â€‰=â€‰1.0 keV and Z1â€‰=â€‰2.5 (for the lower-temperature component) and kT2â€‰=â€‰5.0 keV and Z2â€‰=â€‰0.6 (for the higher-temperature component). The spectrum was poorly fit with an absorbed power-law model yielding  (56 d.o.f.; hard source background) and showing large residuals at 2â€“3â€‰keV and 6â€“7â€‰keV. The best-fit photon index () is significantly softer than that of the stacked soft source spectrum in Fig. 2b ().


Extended Data Table 1 The 12 non-thermal (soft) X-ray sources with Câ€‰â‰¥â€‰100 in the central parsecFull size table


Extended Data Table 2 Best-fitting parameters from fitting the stacked Chandra spectraFull size table
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        Editorial Summary
Many black holes in the Galactic Centre
Simulations predict that the supermassive black holes near the centres of all large galaxies are surrounded by a concentration of stellar-mass black holes. Such black holes, however, have not previously been detected at the centre of our galaxy. Low-mass X-ray binary systems containing black holes are proxies for single black holes. Charles Hailey and collaborators report finding a dozen such binary systems in the central parsec of the Milky Way. By extrapolating these observations they conclude that the total population of such binary systems in the central parsec of the Galaxy is in the hundreds, with a much greater number of isolated black holes. They cannot, however, rule out the contribution of a sub-dominant population of rotating neutron stars that have become millisecond pulsars through the accretion of gas from close companion stars.
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