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�
� As a WD gains mass at a high rate, it also gains angular 

momentum, and spins up. 
� The critical mass increases.
� When mass transfer slows down or stops, the WD can spin down 

and if it has enough mass, it will explode.
� The companion may be a WD, brown dwarf, or low-mass star.
� This changes both the immediate pre-explosion and the post-

explosion signatures.
� The WD’s  mass may exceed the Chandrasekhar limit. (But see Piro

2008.)
Di Stefano, Voss, Claeys 2011
Yoon & Langer 2005

Spin-Up/Spin-Down



�

AE Aquari

Spin period is  33.06 s and the WD is spinning down.
Past epoch of high-accretion mass increase. WD analog of  
recycled pulsars (Meintjes 2002;  Ikhsanov+2004)
Sub-Chandrasekhar, but an analog of the spin-up/spin-down
SN Ia model.
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�

These events occur in binaries as well, and can influence the state of accreting WDs.
Di Stefano, Fisher, Guillochon, Steiner arXiv:1501.07837
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� Candidates for the
Immediate Progenitors

The WD gains mass and
angular momentum.

In each case feel free to 
add a star.

Or possibly to subtract one.

In all cases there is an epoch 
of high lumnosity.



And some SSSs are steady. Could they be the systems we seek?
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Supersoft X-ray Sources
� Discovered in the early 1990s.
� They have luminosities, temperatures and radii expected 

of hot white dwarfs.

€ 

€ 



�



�



�



�



�
� The power must emerge in some waveband.

� The binaries are likely highly variable in UV and 
optical wavebands.

� LSST has the capability to discover them—but as 
variables. 

� This includes CVs, symbiotics, novae, nuclear-
burning WDs.
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SDSS J065133.338+284423.37 

Brown et al. 2011

CO-WD + He-WD
Total mass: 0.8 solar masses
Will merge in 0.9 Myr.
AM CVn? Fast rotating WD?
Underluminous Sne Ia?

One of 6 eclipsing double 
WD  binaries. 



�
KOI-3278



�
KOI-3278

Lensing of a star by an orbiting WD.         Eclipse of the WD
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Moe and Di Stefano 2013, 2015, 2016
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�
Mass of Sirius B = 0.978 M_sun
R_max = 958 R_sun
a_fill = 11.8 AU
a_peri = 11.7 AU
Mass of Sirius A= 2.02 M_sun
R_max= 358 R_sun
a_fill/a_peri=0.37
Fraction needed for Sirius B to reach 1.4 M_sun = 0.28
Mdot ~ 10^-6 M_sun/yr
Sirius A + Sirius B à symbiotic
Sne Ia candidate

Et tu, Sirius?
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CRTS, PTF, Pan-STARRS, LSST
can establish the branching ratios

and resolve the key physical issues.



�
� ~250,000 Type Ia Sne per year (Garnevich)

�~1000 per year with z < 0.2

� What will be the clues to the progenitor models?   
Will we develop a large enough  sample to 
derive relative  contributions of different 
models?

LSST



�
� ~250,000 Type Ia Sne per year (Garnevich)

Some progenitor clues may be detected
by LSST through its sensitivity to 
variations– the same sensitivity that 
allows it to detect Sne.

Pre-explosion events.
Interactions of SN with stellar companion.
These provide concrete clues to the nature of the
progenitor.
Do existing time series already contain clues?

LSST



�
� ~1000 per year with z < 0.2

Greater likelihood of detecting variations.
At least a handful will be in galaxies within
10-20 pc, where pre-explosion variations can be
more easily detectable and counterpart 
identification may be possible.
Provide the most important opportunities for progenitor 
studies.
We need to prepare—using existing wide-field data, and 
simulations to compute best pre-explosion depth and 
cadence.

LSST



�

�~1000 per year with z < 0.2
It is possible that an event will occur in the
Local Group. 

LSST



�

�~1000 per year with z < 0.2
It is possible that one or more events will occur in 
the Local Group. 
We need a strategy to prepare; 
the strategy may be different for M31,
LMC, SMC, smaller dwarf galaxies,
the Milky Way. 

LSST
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�
Designed to ensure that LSST 

(1) probe for progenitors in as many ways as possible, 
(2) establish the statistics of successful SNe~Ia in 

different channels, and
(3) provide consistency checks among binaries in the 

Local Group, 
(4) produce rate predictions for AIC, Type Ib, Ic, Ibc

supernovae, gamma ray bursts, compact-object 
mergers.

Action Items



�
� Conduct tests: can the combination of data from past 

and ongoing wide field surveys detect pre-explosion 
variability at the sites of SNe Ia?

� Test via simulation in nearby galaxies.

� What is needed for LSST to create the needed light 
curves post expolsions that occur during the era of 
LSST? Use the results to draw up suggestions for 
LSST’s first 1-2 years of observations.

Action Items



�
� Current and past surveys: do they tell us the 

populations of novae? Recurrent novae? Blue 
stragglers? Symbiotics? Common envelopes?

� What are the differences in these populations 
comparing: globular clusters to the disk? Dwarf 
galaxies to the disk? Open clusters to globular 
clusters?

� What are the gaps? How can LSST fill them?

Action Items


