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Type-la supernovae are important
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Type-la supernovae are important

- Major source of heavy
elements
- Standard candles
- Dark energy

But, nobody knows exactly
WHAT is exploding and HOW.

This is the Type-la Supernova
(SN Ia) Progenitor Problem.

(Maoz et al. 2014, ARAA)



"Single degenerate” (SD; Whelan & Iben 1974)

Main-sequence,
subgiant, red giant,
or "helium star”




"Double degenerate” (DD; wWebbink 1984, Iben & Tutukov 1984)




"Double degenerate” (DD; wWebbink 1984, Iben & Tutukov 1984)

If correct, there should be enough close double WD
systems to reproduce the Milky Way SN la rate




Gravitational wave (GW) foreground

Milky Way double WDs will also constitute the main GW
foreground for LISA.

Assume a close-orbit double WD, e.g.:

0.7Mg 4 0.7 Mg Rwp =R /100
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Gravitational wave (GW) foreground

Milky Way double WDs will also constitute the main GW
foreground for LISA.

Assume a close-orbit double WD, e.g.:

0.7Mg 4 0.7 Mg Rwp =R /100
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e.g fora < 0.3Rg:
P < 04 h, VOI’b > 470 |<m/S, tmerge < 18 Myr
f>1.5mHz

at 100 pc, h =5 x 10~



Gravitational wave foreground
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Gravitational wave foreground

Predicted WD GW foreground is based on highly uncertain
models of the double-WD population.
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The search for double WDs

One method: look for eclipsing double WDs in photometric

surveys.
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The search for double WDs
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SDSS J1152+0248: an
eclipsing double WD
found in Kepler K2 data.

P~24h

0.47 Mg + 0.44 Mg
a~ 0.9Rg

D ~ 500 pc

tmerge ~ 460 Myr

Hallakoun et al. 2016



The search for double WDs

A more efficient way: look for radial velocity (RV) variations in
WD spectra.

A typical WD spectrum from SDSS:
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Characterizing the double-WD population using SDSS

All SDSS spectra, including ~ 20,000 WDs, have spectra from
multiple (2 — 3) epochs:
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Characterizing the double-WD population using SDSS

Observed RV distribution for ~ 4,000 WDs discriminates
among models:
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Simulating the local double-WD population
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Simulating the local double-WD population

OC]cbin

the fraction of all WDs
in binaries within x AU
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Simulating the local double-WD population
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Simulating the local double-WD population

dn
dag

the separation distribution
of double WDs at birth
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Simulating the local double-WD population

a

A
B2

after 10 Gyr of constant star
formation rate:
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Simulating the local double-WD population
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Simulating the local double-WD population
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Simulating the local double-WD population
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Characterizing the double-WD population using SDSS

The ARVpax distribution is affected by two parameters:
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Characterizing the double-WD population using SDSS

Maoz et al. 2012, E Mergers yr' M/ (::lzn/s,uper_Ch).\<<
/- — 10

Badenes & Maoz 2012: E_ /_ _ 1o
1;_ / 107
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7 TZ 3
>100% binarity J3
\( . E

Merger rate > WD :
formation rate E

0.01 0.10
f_(within 0.05 AU)
= Total WD merger rate ~ 1 x 10~ yr=" M7’
= SN la rate per stellar mass in Sbc galaxies (Milky Way)!

(But uncertain: maybe 10x lower or 50x higher)
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The SPY sample

The ESO VLT Supernova-la Progenitor surveY (SPY; 2001-2003, PI:
Napiwotzki)

- High S/N spectra

- 1—2kms~'RV
resolution
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The SPY sample

The ESO VLT Supernova-la Progenitor surveY (SPY; 2001-2003, PI:
Napiwotzki)
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The SPY sample

The ESO VLT Supernova-la Progenitor surveY (SPY; 2001-2003, PI:

Napiwotzki)
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Characterizing the double-WD population using SPY

Only 439 WDs, but 1 —2kms~" RV resolution.
Sensitive to double WDs out to 4 AU:

Maoz & Hallakoun 2017: ]
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Characterizing the double-WD population using SPY

Only 439 WDs, but 1 —2kms~' RV resolution.
Sensitive to double WDs out to 4 AU:

Maoz & Hallakoun 2017:

1% 10/“‘
.
-0.8 F

26F _—" W‘/

0.06 0.07 0.08 009 0.1 0.11 0.12 0.13 0.14 0.15

i (within 4 AU) 16




Characterizing the double-WD population using SPY

Only 439 WDs, but 1 —2kms~' RV resolution.
Sensitive to double WDs out to 4 AU:

Maoz & Hallakoun 2017:
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Characterizing the double-WD population using SPY

Only 439 WDs, but 1 —2kms~' RV resolution.
Sensitive to double WDs out to 4 AU:

Maoz & Hallakoun 2017: L oy

WD merger rate T
=(1—-70)x SN la e
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Conclusions

-.'iAbduT 10% of WDs are in double-WD binaries with a < 4AU.

m—

-

ates ongoing.

Mikly 1—100) /century. If a fraction
of the mergers can make a SN Ia, there may be enough to
reproduce the SN la rate.

Maoz & Hallakoun, MNRAS, 2017, 467 (2): 1414-14




