
Chandra has observed the massive Black Hole + Wolf-Rayet star X-ray binary IC 

10 X-1 repeatedly across its 25 year mission. Synergy between Chandra's 

unparalleled high-resolution X-ray optics and the other great observatories all 

operating at the same time, has enabling a detailed time domain study of this 

fascinating system and its host galaxy's X-ray binary population. IC 10 X-1 

exhibits an interaction between the radiation field of the black hole, the wind of the 

accretion disk, and the stellar wind of the WR star. This manifests as an 

apparently stable phase-offset between the X-ray eclipse and the radial velocity 

curves traced by different ion species, which can confound traditional BH mass 

determinations. Contemporaneous pan-wavelength monitoring data from Gemini, 

HST (UV), Swift, XMM-Newton will hopefully soon be extended to the infrared by 

JWST, highlighting Chandra's increased value in the JWST era. IC 10 X-1 serves 

as a laboratory for studying the progenitors of the most massive black holes. 

How Massive can a Stellar Black Hole be? 

Chandra’s multi-observatory time domain study of the IC 10 X-1 binary system 
 Silas Laycock1

Sayantan Bhattacharya1,2, Dimitris Christodoulou1, Breanna Binder3, Andre-Nicholas Chene4 Nicholas Sorabella1,  Rigel Cappallo5 

This work was supported by NSF Astronomy and Astrophysics Grant #2109004  25 Years of Science with Chandra, Symposium, Dec 3-6, 2024, Boston

References

Bhattacharya + 2023, ApJ, 944, 52   Laycock + 2015, MNRAS 452, 31 (and 446,1399) 

Bhattacharya + MNRAS, 524, 4752   Prestwich+ 2007, ApJ, 699, 21

Binder + 2011, ApJ, 742, 128    Steiner + 2016, ApJ 817,154

Binder + 2021, ApJ, 910, 74    Schneider+ 2023,  ApJL, 959, L9

Carpano + 2019, IAUS, 346, 187   Abbott+ 2023, Phys.Rev X., 13, 011048

Coral-Santana, 2016 (BlackCAT)

Abstract

(1) UMass Lowell, Center for Space Science and Technology, (2) Tata Institute for Fundamental Research, India, (3) Cal.. State Univ., Pomona (4) Gemini NOIRLab, (5) MIT 

Haystack 

Context: Mass Distributions for Dynamically Confirmed Black Holes 

Cumulative histogram of transient BH candidates detected since the beginning 

of the X-ray astronomy era. The horizontal black bars show the X-ray missions 

that have discovered BH candidates in outburst. (BlackCat)

Analyzing the distances and spatial distribution of the observed systems, 

Corral-Santana + (2016) estimate a total population of ~1300 Galactic black 

hole transients. Hence we have discovered < 5% of the total Galactic 

distribution.

Distribution of LIGO black hole masses

Radial Velocity Amplitudes for 

dynamically solved BH X-ray Binaries

VX

VWRShadowing Core of Wind

Compact object 

Accretion Disk / Corona

a
X

a
W

R

R
S

X-ray Ionized Wind

Sh
ie

ld
ed

 S
ec

to
r

VWind

He II Emission 

WR Star

Center of Mass
High excitation 
UV line zone in 
wind

W
ak

e 
Tr

ai
l

All Chandra Observations Phase-Connected (~20 years) 

Shows a stable broad eclipse  

X-ray Eclipse Offset from the He II Radial Velocity curve by ¼ Phase

• Problematic for RV based Mass-Determination 

• Also, Eclipses are too broad to be consistent with the Star alone, but could be due to 

scattering in the dense core of the WR wind

General Picture from X-ray, Optical and UV Observations

Phase resolved UV spectral lines with HST, show that higher excitation 

lines appear to track the WR star, in the near-twin NGC 300 X-1 • The number of LIGO BHs now rivals the number of BHs discovered in X-ray binaries 

• High Mass XRBs represent just one of the progenitor channels for BH+BH binaries 

• No XRB has a dynamically confirmed BH above 30 Solar Masses, yet LIGO show the distribution 

extends past 60.  

• WR + BH Binaries such as IC 10 X-1 show how mass signatures can be affected by the interaction 

between the two stars  

• Lack of any significant lag vs time puts a constraint in Pdot/P  < 5x10-7 yr -1 

• New observations and new missions can test improved BH mass diagnostics.  

Conclusions

Decomposition of a large collection of Gemini Spectra, model a systematic variation 

in He II line-profile with viewing angle, as a circulating hot-spot. 

BH-XRB transients and HMXBs
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