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Galactic Low-mass Black Hole Binaries (LMBHB)

• Low mass companion

• 66 known Galactic LMBHB 

• All are transients

• Discovered by all sky X-ray monitors

Hynes+2010
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Done+2007

Peak X-ray flux = 6708 mCrab Peak X-ray flux = 21 mCrab
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LMBHB: X-ray Discovery

Dedicated monitoring of 
the Galactic Center

MAXI sensitivity threshold @ ~10mCrab 

Corral-Santana+2016
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LMBHB: X-ray Discovery

MAXI sensitivity threshold @ ~10mCrab 

Dedicated monitoring of 
the Galactic Center

SRG X-ray all-sky survey

8 epochs in 4 years 

Reach ~1μCrab in each epoch

eROSITA 
0.2—10 keV

ART-XC 
4—30 keV

Localize sources to ~ 5’’

• Find faint X-ray bursts at large distance

• Easy to associate with optical counterpartCorral-Santana+2016



Discovery of an Optical  
and X-ray Transient • ZTF 1st detection: Dec 2, 2019


• SRG discovery: Mar 18, 2020. ~1 mCrab. 
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AT2019wey



Galactic Origin  
E(B-V) ~0.8—1.3 mag

Blue continuum + 

Broad Balmer lines

Discovery of an Optical  
and X-ray Transient

• Swift/NuSTAR spectrum in Apr: power-law Γ~1.8

!7

AT2019wey



Galactic Origin  
E(B-V) ~0.8—1.3 mag

Discovery of an Optical  
and X-ray Transient
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AT2019wey

Comprehensive Multi- 
wavelength Follow-up

Radio: VLA/VLBA

X-ray: NICER/Swift/Chandra/NuSTAR, …
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X-ray Light Curve
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X-ray Light Curve X-ray properties consistent with LMBHB in the 

low/hard-state (LHS) or hard-intermediate state (HIMS)

Dim LHS  
(~1 mCrab)

Brightened  
LHS HIMS 

(~25 mCrab)Quiescence

Unique long rise time 
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• Most other LMBHBs: β ~ 0.6 (irradiation/jet)

• AT2019wey: β ~ 0.1 (???)

Origin of UV/optical emission in LHS & HIMS
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X-ray reprocessing at 
the outer accretion disk

Intrinsic thermal emission from  
accretion disk at Rin > 100 Rs

• Most other LMBHBs: β ~ 0.6 (irradiation/jet)

• AT2019wey: β ~ 0.1 (???)

Origin of UV/optical emission in LHS & HIMS
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The Population of LMBHBs with Faint X-ray Outbursts

Short-period (<10 h) binaries

Thank you!

Small disks Low accretion rates

Hot Accretion Flows

Bright Optical Outbursts

Wide-field optical Survey: 

ZTF, ATLAS, …

Faint prolonged X-ray Outbursts
SRG for discovery


Follow-up: Swift, Chandra, 
XMM, NICER, NuSTAR, …
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Back-up
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Optical: Variable Balmer

2020-09-12

KeckII-ESI

2020-03-23

KeckI-LRIS

NIR: Helium and Hydrogen

• Broad emission and absorption lines

• Observed in LMXB BHB & DN
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Orbital Modulation at 1.3 hr? Not conclusive…
ZTF deep drill observation


