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X-ray Binaries

e Binary star systems with significant X-ray luminosity (L, > 10%0 erg/s).

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

e Some of different types:
o BH/NS and a low or high mass companioh
o Cataclysmic variables

o Millisecond radio pulsars

o Chromospherically active binaries |
Credit: ESO



Globular clusters

e Dense spherical old (~10 Gyrs)
collections of stars orbiting the Galactic

center.

e High stellar densities toward their
centers, up to a million times local densit

around the sun.

e About 150-200 in our Galaxy, hundreds ti

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)

« Credit: Aaron Geller

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



Globular clusters: binary system factories
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Globular c

47 Tuc in optical - - -

MSP

lusters: binary system factories

Millisecond Pulsars: Descendants of
Neutron Star LMXBs

AM CVn?

-9

9LMXB| | ow-Mass X-ray Binaries: an NS or
a BH accreting from a low mass
companion

Ccv

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

47 Tuc in X rays (Chandra)

Ultra compact WD binaries, with
H-depleted companions

Active Binaries: two tidally locked
MS stars with active chromospheres

AB

Visualization courtesy of L. Rivera Sandoval



Globular clusters: binary system factories

A repeating fast radio burst source in a globular cluster
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The Observed Rate of Binary Black Hole Mergers can be Entirely Explained by Globular Clusters
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ABSTRACT

Since the first signal in 2015, the gravitational-wave (GW) detections of merging binary black holes
(BBHs) by the LIGO and Virgo collaborations (LVC) have completely transformed our understand-
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The BH conundrum in globular clusters

e GCs are Gyrs old —— plenty of BHs should have formed

e They are dense ——— plenty of encounters for BHs to form XRBs

All bright (Lx > 1e35 erg/s) accreting binaries |n G.CS ..'. : .

have been neutron star XRBs so far 7o

Confirmed via pulsation or X-ray bursts Bl o
(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 Galactlc GCs M22 and M62
(faint/inefficiently accreting BHs?) SRR TS ORI R )

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 Mo in 167 day orbit, 7.6 M in 2 day orbit )

Target star
with best fit

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

hundreds of faint (Lx < 1e35 erg/s) X-ray sources in Galactic GCs . v
Are BHs lurking among them? y
L
If so, how do we search for them? o ¢ “": o : .
&
’,
Core of Terzan 5 as seen in the X-rays .

(Chandra, Bahramian et al.)



Observational signatures of accreting BHs vs. NSs &’

e Accreting black holes have brighter radio emission
compared to neutron stars associated with jets

e Correlated with X-ray luminosity - iy
(linked to accretion rate) CE 180 Bafe pealy
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Jet vs. accretion in BHs and NSs
Rad|o - X_ray Ium|nOS|ty ! 1030 1031 1032 1033 1034 1035 1036‘ 1037 1038 1039
correlation in X-r‘ay binaries X-ray luminosity (1-10 keV, erg s’l)




The MAVERIC Survey e

Milky-way ATCA VLA Exploration of Radio-sources In Clusters

Arash Bahramian (ICRAR) Laura Shishkovsky (MSU)
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ATCA in New South Wales

VLA in New Mexico




The MAVERIC Survey e

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)

S ; ~ Terzan 5 as seen
2l .'-'.. a ¥ 4 3 in Radio (VLA, right)
- én.gt,.\; e s @ X-rays (Chandra, left)

_ x _l-"'-l & .
¥ i " -
S SEiat ; Bahramian et al. 2018

Urquhart et al. 2020




The MAVERIC Survey e
Surveying a sample of 50 nearby GCs

e Catalogs of radio sources (~2000 sources)

@ VLA
A ATCA
O VLA &ATCA

10T
Distance (kpc)




The MAVERIC Survey e
Surveying a sample of 50 nearby GCs

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

Confident
Marginal
Poor

Number of X-ray sources




47 Tuc X9 &'

e The brightest hard X-ray source in the cluster
e A bright blue star identified as the UV counterpart
e Significant variability in UV and X-rays

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

o‘ ':.. '. - , - : |
. . - - g ..
Core of 47 Tuc in X-rays - ¢ © ® 8 , X9 in UV
Chandra (2002) . , g Hubble (1990)
1i ‘



47 Tuc 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

. Core of 47 Tuc in radio
- . b 10 e ~ Miller-Jones et al. 2015



47 Tuc 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

. . . . 104 BH XRBs
C & O emission lines in UV and X-ray sp @ NS XRBs

CVs (at flare peak)

Detected as a bright radio source in the I T X9

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

X-ray luminosity (1-10 keV, erg s™1)

10% 100 10% 10% 10% 10%® 10% 107
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47 Tuc X9 &'

e The brightest hard X-ray source in the cluster

e A bright blue star identified as the UV counterpart

e C & O emission lines in UV an(
e Detected as a bright radio sou
e Radio vs. X-ray suggest a BH
e Orbital period of 28.2 min

Power (x107°)

X-ray power spectrum for X9 . 10~3
Bahramian et al. 2016 Frequency (Hz) 4 28.2 min



47 Tuc 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

Orbital period of 28.2 min

Evidence of photo-ionized overabundant oxygen

Featureless Optical spectrum

Black hole - C/O White dwarf




Formation of X9

47 Tuc X9

Ultracompact BH-WD binary e
In a dynamically active GC

BH+C/OWD

Tudor et al. 2018, Church et al. 2018



Some of the black holes found so far

M22-VLA1 (Strader+2012)

BH-red dwarf binary EIS{ ;I:ISS
ol S

CVs (at flare peak)

M62-VLA1 (Chomiuk+2013) MAVERIC BH candidates

BH-subgiant binary

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

M10 - VLA1 (Shishkovsky+2018)
BH-red straggler binary
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And many more under study.
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103() 1031 1032 1033 103-1 1035 1036’ 1037 1038 1039
X-ray luminosity (1-10 keV, erg s71)




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

Cluster density

NGC6626
=B

NGC5139

NGC639 NGC7099 p
N FT NGC6752
NGC5904 e —
NGC6121 G

Velocity dispersion

Encounter rate vs. #XRBs in Galactic GCs



What about the BH-XRBs alone?

No apparent connection between BH candidates and properties of clusters

(Preliminary results)

4.0 1.5 )

.5

GC Mass (log M)

-3 -2 -1 0 1 2
GC Stellar encounter rate (log Ty77ye = 3)




BHs in GCs

e They are lurking around in GCs in unusual configurations

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

e Currently no apparent link has been noticed

between BHs population and GC properties (observaf%nally)
More rigorous analysis underway ~

gy




