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Nao Suzuki (Lawrence Berkeley National Lab)

Close Binary Systems :
1. Gravitational Wave Source
2. Progenitor of Type la Supernova . §1: Recap : Close Binaries
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White Dwarf-White Dwartf:
Double Degenerate System

§2: Spectroscopic Binaries
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§4: Future Prospects
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§1 : Close Binaries

' /Zwicky Transient Facility (ZTF) :
FALM Northern Hemisphere Sky Survey

‘ M1:0.61 Mo

® 2021 M.

,\.-
)

b

Eehpsmg Blnary ‘ ,—‘N
6. 9m1n Period ] TR

mlhlphu

Burdge et al. 2019, Nature, 571, 528 & S5 Ugervzeis 23 i

10718 | + ‘

Year
2009 2011 2013 2015 2017 2019

P %
.

ZTF J1539+5027
6.9 min)

o

|
J
!

|
(5
o
o

. L d
HM Cancrt
(5.4 min)

N
o
e
o

GW release 1
over 10 years

Orbital phase shift, At/P

-2,000 -
-2,500

Eclipse arrival time deviaticn (s)
Gravitational-wave characteristic strain

Residuals (s)

Gravitational-wave frequency (Hz)

Epoch (hundreds of thousands of orbits)



GAIA DR2
HR Diagram

Close Binaries
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Figure &. Hertzsprung—Russell diagram illustrating the dereddened locations of 14 hinaries in the sample with spectroscopic distances (ZTF J0643-4+03 18 18 amittad,
as its modeling is ongoing). The red stars represent objects that are in our sample, with absolute luminosities calculated basec on their spectroscopic distances. Most
objects cluster between absolute magnitudes of €.5 and 10.0, with the exception of the systems containing either He-buming stars or voung and hot He WDs (which
contribute sign:ficant additional luminosity, dwarfing both the luminosity of the companinn WT) and any accretion lnminosity). The background color—magnitude
dizgram (CMT)) is the szmple of 211 stars in Gaia within [00 pe that have reliable astromelric solurons.

Burdge et al. 2020, AplJ, 905, 32




Tomoe-Gozen Proposal

Monitor 244 HR Valley Stars

WD 4198 Stars : parallax bNR>10 mG<17th mag Dec>-30

4198 White Dwarfs x eROSITA sources

244+4198=4442 Stars to be recorded!

Spectroscopic Follow-up by Lick (KAST / APF)

e m,,,\
244 Stars-are gf)séfwa'ble
From Kiso / Tomoe-Gosén .

Science Goals:

Binary Census = GW Background = SNIa Progenitor

Discover Closest Blackhole through Binary Motion



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

Table 2. 2023A [Pl Suzuki) : Log by Run [Internal Memo) @ Lick Observatory BLickDbservalory - Feb 25

Cal Irane updsts: From vwhat we undarstsnd tha craw trying to plow fot
stuck somet me during 1a¢ night, Afresh crew s onits way. CHF s now
manning tha barricade, Qur own eraws gre out plowing and 1ving,
Smphasize trying, tokeea up with the snawtall, Be safe, stay home,

Open Time seeing Pl Note Observers Suppaort

Rate

2023-02-24  KAS' 0% N Suznki  Heavy Snow NS
2023-02-26 KAST D% f Suzuki Heavy Snow NS
2023-03-26 KAST 80% 207 Suzuki Windy NSGMitaka [oA
2023-03-27 KAST 0% f Suzuki Storm NS@Mitaka [oA
2023-04-02 KAST 0% (A Suzuki Cloudy NS
2023-04-03 KAST 0% f Suzuki Cloudy NS
2023-04-04 KAST 0% Suzuki Cloudy NS

2023-04-30 KAST 0% Suzuki  Cloudy NS
2025-05-111 KAS' 0% i suzuki Clondy NS
2023-05-02 KAS'I 0% N snzuki High Humidity NS
2023-06-08 KAST 5% 207 Buzuki High Humidity NS
2023-06-09 KAST 0% A Suzuki  Clear / High Humidity NS
20230622 KAST NS
2023-06-23 KAST NS
2023-07-10 KAST NS
2023-07-23 KAST NS




Cataclysmic Variables (CV)
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Cataclysmic Variables (CV)
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Cataclysmic Variables (CV)

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

Temperature |K)
30000 7000 4000 3000

~ — GAIA : 1027672 Stars : parallax SNR>10 : mg<17th mag : Dec>-30
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Luminosity (Lg)




§3 : Spectroscopic Binaries

Finding Unresolved WD Binaries
SDSS 26,801 Spectra  Entropy based Kullback-Leibler divergence
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Back on the Envelope Estimate
0.7 Solar Mass Binary => 2.0 Roche Limit

Period (Min) Tim%t((;algerge Relative Fraction In MW
120 1.63 x 108 T 200,000
o0 2.57 x 107 307.9 30,000

| | 6.39x10> | = 7.63 SO0 .




A Pilot Study for Time Domain Spectroscopy

CV

WD-BH, NS-BH
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Cepheid Variables
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33 New LTCYV Fitter (SALT=>NaCl)

By Guy Augarde et al. (LPNHE team)

Astronomy & Astrophysics manuscript no. nacl ©ESO 2022
December 2, 2022

NaCl: Nouveaux algorithmes de Courbes de Lumiere

Guy Augarde'. Nicolas Reenault’. Marc Betoule'. and Sébastien Boneard'

LPNHE, (CNRS/IN2P3, Sorbonne Univel SALT4 (Augarde et al)

750035, Pans, France
N

1=0

1 t - tm,(m; A t - t’maw A CL by . .
obs(A, ) = Xo | M, : XM , cCL(33) E:L«%P.ANS i
bs(X2) 142 l 0( +z 1+z)+ ! 1( 142 1+Tz>1e i

v spectral s

&
B
4 f ool oo
‘ .
=== _~ 8000 .
29° 5 .20 4000_ &~
Mase * o

e These de G. Augarde
o modélisation empirique de I'évolution
spectrophotométrique des SNe Ia
update de “SALT2"” (developpé au LPNHE)
ingrédient essentiel de la mesure des
distances aux SNe
m K-corrections
m observables de standardisation
e Objectifs:
o corriger limitations SALT2
o (lot d’entrainement x 5 en 10 ans)

O NO alles observables de andardisati




Time Series (1st :94%, 2nd:4%, 3rd:1%
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Towards ZTF-III, LS4, LSST
LTCV Fits to all types of SNe
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§4 Future Prospects towards 2025 : Summary

> Plan

-~ -
Period < 3 min : Tomoe + Spectral Time Series
CV (HR Valley : 244 Stars)

WD-WD, WD-BH, WD-NS Binaries (4198 WDS)
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Back-up shides
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