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X-ray Binaries

Credit: ESO

● Binary star systems with significant X-ray luminosity (LX > 1030 erg/s).

● Typically a massive stellar object (BH, NS, WD) and a companion star.

● Some of different types:

○ BH/NS and a low or high mass companion

○ Cataclysmic variables

○ Millisecond radio pulsars

○ Chromospherically active binaries



Globular clusters
● Dense spherical old (~10 Gyrs) 

collections of stars orbiting the Galactic 

center. 

● High stellar densities toward their 

centers, up to a million times local density 

around the sun. 

● About 150-200 in our Galaxy, hundreds to 

thousands in other galaxies



Formation and evolution of XRBs in GCs

In contrast with the rest of the Galaxy, in GCs, binaries are formed 
mainly through encounters (and can be disrupted through them)

GC binaries are a key component in our understanding of compact 
objects, accretion and globular cluster properties.

Not actual simulations!
Credit: Aaron Geller



Globular clusters: binary system factories



Millisecond Pulsars: Descendants of 
Neutron Star LMXBs

Low-Mass X-ray Binaries: an NS or 
a BH accreting from a low mass 
companion

Cataclysmic Variables: a white dwarf 
accreting from a low mass companion

Active Binaries: two tidally locked 
MS stars with active chromospheresUltra compact WD binaries, with 

H-depleted companions

Globular clusters: binary system factories

Visualization courtesy of L. Rivera Sandoval



Globular clusters: binary system factories



The BH conundrum in globular clusters

● GCs are Gyrs old plenty of BHs should have formed

● They are dense plenty of encounters for BHs to form XRBs

But

All bright (Lx > 1e35 erg/s) accreting binaries in GCs
have been neutron star XRBs so far
Confirmed via pulsation or X-ray bursts 

(see next talk by Adelle!)



X-ray binaries and BHs in globular clusters

2007: Discovery of RZ2109
  a super-eddington X-ray source (BH candidate) in an extragalactic GC

2012: Discovery of BH-like radio sources in Galactic GCs M22 and M62
  (faint/inefficiently accreting BHs?)

BH candidates in M22
Strader et al. 2012



X-ray binaries and BHs in globular clusters

2007: Discovery of RZ2109
  a super-eddington X-ray source (BH candidate) in an extragalactic GC

2012: Discovery of BH-like radio sources in Galactic GCs M22 and M62
  (faint/inefficiently accreting BHs?)

2018: Discovery of dynamically confirmed detached black holes in NGC 3201
  (~4.5 M⊙ in 167 day orbit, 7.6 M⊙ in 2 day orbit )

Radial velocity curve for 
one of the BHs in N3201
(Giesers et al. 2018, 2019)



X-ray binaries and BHs in globular clusters

2012: Discovery of BH-like radio sources in Galactic GCs M22 and M62
  (faint/inefficiently accreting BHs?)



X-ray binaries and BHs in globular clusters

2012: Discovery of BH-like radio sources in Galactic GCs M22 and M62
  (faint/inefficiently accreting BHs?)

Core of Terzan 5 as seen in the X-rays
(Chandra, Bahramian et al.) 

hundreds of faint (Lx < 1e35 erg/s) X-ray sources in Galactic GCs
Are BHs lurking among them?

If so, how do we search for them?



Observational signatures of accreting BHs vs. NSs
● Accreting black holes have brighter radio emission 

compared to neutron stars associated with jets

● Correlated with X-ray luminosity 
(linked to accretion rate)

Jet vs. accretion in BHs and NSs
Radio - X-ray luminosity 

correlation in X-ray binaries



The MAVERIC Survey
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The MAVERIC Survey

Terzan 5 as seen
in Radio (VLA, right) 
X-rays (Chandra, left)

Bahramian et al. 2018
Urquhart et al. 2020

Surveying a sample of 50 nearby GCs
Looking for candidates showing signatures of accretion:

● Distinct separation from Pulsars and AGNs in radio spectrum
● X-ray brightness and spectrum
● Optical/NIR counterpart
● Optical emission lines (e.g., H-alpha)



The MAVERIC Survey
Surveying a sample of 50 nearby GCs

● Catalogs of radio sources (~2000 sources)



The MAVERIC Survey
Surveying a sample of 50 nearby GCs

● Catalogs of radio sources (~2000 sources)
● A catalog of X-ray sources (~1800 sources)



● The brightest hard X-ray source in the cluster

● A bright blue star identified as the UV counterpart 

● Significant variability in UV and X-rays

● C & O emission lines in UV and X-ray spectrum

47 Tuc X9

Core of 47 Tuc in X-rays
Chandra (2002)

X9  in UV
Hubble (1990)



● The brightest hard X-ray source in the cluster

● A bright blue star identified as the UV counterpart 

● Significant variability in UV and X-rays

● C & O emission lines in UV and X-ray spectrum

● Detected as a bright radio source in the MAVERIC survey

47 Tuc X9

Core of 47 Tuc in radio
Miller-Jones et al. 2015

X9



● The brightest hard X-ray source in the cluster

● A bright blue star identified as the UV counterpart 

● Significant variability in UV and X-rays

● C & O emission lines in UV and X-ray spectrum

● Detected as a bright radio source in the MAVERIC survey

● Radio vs. X-ray suggest a BH

47 Tuc X9

47 Tuc X9 on the Radio/X-ray correlation plane
Bahramian et al. 2016



● The brightest hard X-ray source in the cluster

● A bright blue star identified as the UV counterpart 

● Significant variability in UV and X-rays

● C & O emission lines in UV and X-ray spectrum

● Detected as a bright radio source in the MAVERIC survey

● Radio vs. X-ray suggest a BH

● Orbital period of 28.2 min

47 Tuc X9

28.2 min
X-ray power spectrum for X9 
Bahramian et al. 2016



● The brightest hard X-ray source in the cluster

● A bright blue star identified as the UV counterpart 

● Significant variability in UV and X-rays

● C & O emission lines in UV and X-ray spectrum

● Detected as a bright radio source in the MAVERIC survey

● Radio vs. X-ray suggest a BH

● Orbital period of 28.2 min

● Evidence of photo-ionized overabundant oxygen

● Featureless Optical spectrum

Black hole - C/O White dwarf XRB

47 Tuc X9



Formation of X9

47 Tuc X9

Ultracompact BH-WD binary
In a dynamically active GC

Tudor et al. 2018, Church et al. 2018

RGB



M22-VLA1 (Strader+2012)
BH-red dwarf binary

M62-VLA1 (Chomiuk+2013)
BH-subgiant binary

47 Tuc X9 (Miller-Jones+2015)
Ultracompact BH-WD binary

M10 - VLA1 (Shishkovsky+2018)
BH-red straggler binary

And many more under study.

Some of the black holes found so far



What about their host GCs?
47 Tuc X9
Ultracompact BH-WD binary
In a dynamically active, massive, metal-rich cluster

M10 - VLA1
BH-red straggler binary
Relatively Low encounter-rate, low mass, metal-poor 
cluster

M22-VLA1
BH-red dwarf binary
Relatively metal-poor, low mass, 
low encounter-rate cluster

M62-VLA1
BH-subgiant binary
Dynamically active, massive cluster



Why cluster properties matter?

Encounters: main channel for XRB formation in GCs

Massive

Encounter rate vs. #XRBs in Galactic GCs

Massive
Cluster density

Velocity dispersion



What about the BH-XRBs alone?
No apparent connection between BH candidates and properties of clusters

(Preliminary results)



BHs in GCs
● They are lurking around in GCs in unusual configurations

● We have identified ~ a dozen accreting BH candidates,
more study to confirm their nature is underway

● Currently no apparent link has been noticed 
between BHs population and GC properties (observationally)
More rigorous analysis underway


