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Close Binary Systems :  
1. Gravitational Wave Source 
2. Progenitor of Type Ia Supernova

2015

White Dwarf-White Dwarf:  
Double Degenerate System

White Dwarf-Main Sequence Star:  
Single Degenerate System

300 New High-z SNeIa

HSC



 §1 : Close Binaries
Zwicky Transient Facility (ZTF) :  
Northern Hemisphere Sky Survey

GW release  
over 10 years LISA Sensitivity

Burdge et al. 2019, Nature, 571, 528 

Eclipsing Binary 
6.9min Period

M1: 0.61 M☉ 
M2: 0.21 M☉



How to find a Close Binary Systems? 
Eclipsing Binaries

Spectroscopic Follow-up & 
Confirmation  

From ZTF Imaging,  
Eclipsing binary candidates 
Burdge et al. 2020, ApJ, 905, 32

Light Curve Periodicity Identify with Stellar Spectra

ZTF Camera: FoV: 45 deg2 SED Machine



Burdge et al. 2020, ApJ, 905, 32

20 Binary Systems with Period < 1 hour



GAIA DR2 
HR Diagram

Burdge et al. 2020, ApJ, 905, 32

Close Binaries  
in 

HR Valley

White Dwarfs

Main Sequence



1,027,672 Stars visible from Tomoe-Gosen
DEC > -30,  m < 17th mag from GAIA DR3



244 Stars are observable 
From Kiso / Tomoe-Gosen



Back on the Envelope Estimate 
0.7 Solar Mass Binary => 2.0 Roche Limit

Period (Min) Time to Merge (Year) Relative Fraction

120 1.63 x 108 1955.5

60 2.57 x 107 307.9

15 6.39 x 105 7.63

7 8.30 x 104 1.00

3 8.67 x 103 0.10

244 Targets x 5% (eclipsing fraction based on TESS)  
=>12 Systems



§2 : White Dwarf Binaries

Q Branch

DA / DB split Cooling

Delayed 
Cooling

By Sihao ChengWhite Dwarf HR diagram



M=1.3 M=1.2 M=1.0

M=0.8
M=0.6
M=0.4

M=0.2

Finding Companions





White Dwarf Resolved Binaries

P=120 min  :  Distance=0.003AU



Burdge et al. 2020, ApJ, 905, 32

20 Binary Systems with Period < 1 hour
Finding Unresolved WD Binaries 



Finding Unresolved WD Binaries 
SDSS 26,801 Spectra Entropy based Kullback-Leibler divergence 

Roughly 
5%

1000 WDs

§3 : Spectroscopic Binaries 



Back on the Envelope Calculation
• Closest Black Hole Candidate => 290 pc 

• 108 Black Holes in Milky Way 

• Roughly 1/1000 

• Within 200pc, 1,807,116 GAIA stars 

• 2000 BHs? 

• Half of the population is in binary => 1000 BHs 

• Natural to believe “Blackhole - White Dwarf” Binary exists! 

 §4 : X-ray binaries



eROSITA Source

M=1.3 M=1.2 M=1.0

M=0.8
M=0.6
M=0.4

M=0.2

eROSITA Counter-Part 
8 Systems

Blackhole - White Dwarf  Candidate



Tomoe-Gozen Proposal
• Monitor 244 HR Valley Stars 

• 4198 White Dwarfs x eROSITA sources 

• 244+4198=4442 Stars to be recorded! 

• Spectroscopic Follow-up by Lick (KAST / APF)

Science Goals: 

Binary Census  = GW Background = SNIa Progenitor 

Discover Closest Blackhole through Binary Motion


