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Shu et al. (1979)

Contact binaries

Li et al. (2004)

• Contact binaries have complicated structure

• Thermal relaxation oscillations

• Evolution to small q



if Lspin > 1/3 Lorb → tidal instability
(Darwin 1879, Hut 1980)

Darwin instability

qcrit  0.1 for contact binaries
(Rasio 1994)



On what timescale does DI happen?

In the theory of equilibrium tides for nearly circular orbit:

Eggleton & Kiseleva-Eggleton (2001):

For a contact binary (Pejcha 2014):

“                                                                                      ”



Can we see Darwin instability in action?



Contact binaries have orbital period change timescales longer than about 105 years 

(consistent with thermal timescale processes)

Pietrukowicz et al. (2017) found one binary with timescale ~104 years



For how long can we see contact binary 

with orbital period change timescale <103 years?



Smartt (2009)

V1309 Sco – light curve

data from OGLE, ASAS, AAVSO (Tylenda et al. 2011)



Smartt (2009)

V1309 Sco – light curve

data from OGLE, ASAS, AAVSO (Tylenda et al. 2011)

short-period variability

slow rise to maximum



V1309 Sco – phased light curve

Data from Tylenda et al. (2011)



Period change accelerating

 

Much shorter than tidal 

(~1000 yrs) or thermal 

timescale (~106 yrs), but 

longer than dynamical (~1 d)

Data from Tylenda et al. (2011)

V1309 Sco – period change



Shu, Anderson & Lubow (1979)

“garden-sprinkler spiral”

Explaining rapidly accelerating period change

Bhattacharyya (2011)

Pejcha (2014), Pejcha et al. (2016a,b, 2017)



V1309 Sco – period change

Period change accelerating

 

Much shorter than tidal 

(~1000 yrs) or thermal 

timescale (~106 yrs), but 

longer than dynamical (~1 d)

Data from Tylenda et al. (2011)

The accelerating period decay phase might last only



How many soon-to-merge CBs can we see?

• Typical lifetime of CB: ~109 years

• Duration of high Pdot pre-merger phase: ~10 years

• Relative frequency of pre-merger CBs: 10-8

• ~1011 stars in the Milky Way

• CB frequency ~ 1/500 (Rucinski 2002) → ~2 × 108 CBs in the Milky Way

• →  only ~2 CBs in the Milky Way are currently undergoing high Pdot pre-

merger phase

Estimate 1:

Estimate 2:

• Kochanek et al. (2014): frequency of mergers in Milky Way 0.2 yr-1

(many NOT from Darwin instability)

• Duration of high Pdot pre-merger phase: ~10 years

• → only ~2 stars are currently undergoing high Pdot pre-merger phase

Need to monitor at least half of stars in the Milky Way



How can we identify soon-to-merge binaries?

Smartt (2009)
data from OGLE, ASAS, AAVSO (Tylenda et al. 2011)
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