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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☉



GAIA DR2 
HR Diagram

Burdge et al. 2020, ApJ, 905, 32

Close Binaries  
in 

HR Valley

White Dwarfs

Main Sequence



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

244 Stars are observable 
From Kiso / Tomoe-Gosen



16 nights of Lick (3m) Observing Log : DESI SV 
Data Release (summer)

Apr 2022 Apr 2023



Cataclysmic Variables (CV)

Mark Garlick



Cataclysmic Variables (CV)

Mark Garlick



Cataclysmic Variables (CV)

Mark Garlick

Mirko Salewski



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



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

Roughly 
5%

1000 WDs

§3 : Spectroscopic Binaries 



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

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

120 1.63 x 108 1955.5 200,000

60 2.57 x 107 307.9 30,000

15 6.39 x 105 7.63 800

7 8.30 x 104 1.00 100

3 8.67 x 103 0.10 10

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



A Pilot Study for Time Domain Spectroscopy

RR Lyrae

Cepheid Variables

Age-Metallicity 
dependece 
is addressed by 
photometry but not 
Spectroscopy

CV 
WD-BH, NS-BH 
RR Lyrae 
Cepheid Variables 
Supernovae

DESI-II Bright Time 
2026?  
+ZTF-III / Tomoe-Gosen



§3 New LTCV Fitter (SALT=>NaCl) 
By Guy Augarde et al. (LPNHE team)

SALT4 (Augarde et al)

4

● These de G. Augarde
○ modélisation empirique de l'évolution 

spectrophotométrique des SNe Ia
○ update de “SALT2” (developpé au LPNHE)
○ ingrédient essentiel de la mesure des 

distances aux SNe
■ K-corrections
■ observables de standardisation

● Objectifs: 
○ corriger limitations SALT2 
○ (lot d’entrainement x 5 en 10 ans)
○ nouvelles observables de standardisation



Time Series (1st :94%, 2nd:4%, 3rd:1%)



Towards ZTF-III, LS4, LSST 
LTCV Fits to all types of SNe

SN II-P

SN Ib SN II

SNIbc



§4 Future Prospects towards 2025 : Summary

Simultaneous Observation with: 
Euclid, YJH-band Observations 
Roman, NIR Observations (Wide) 
JWST footprints (See Roman Science Pitch)

Spectroscopic Follow-up : Time Series 
Pilot Survey by Lick / KAST 
DESI-II Bright Time Plan (2026-) 

Period < 3 min : Tomoe + Spectral Time Series 
CV (HR Valley : 244 Stars) 
WD-WD, WD-BH, WD-NS Binaries (4198 WDs)



Back-up slides




