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tidal decay outer companions
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Reviews: Mazeh 08, Ogilvie 14.  Tidal stability: Levrard+09; Matsumura+10.  Merger scenarios:  Metzger+12.
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See: Ragozzine & Wolf 09.



outer companions

WASP-81: Triaud+17.

(Mouter, aouter, eouter)
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infer



We are measuring transit times of close-in hot 
Jupiters for which many pre-TESS observations exist.
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pre-TESS prediction



Global offset to explain WASP-4:
prob < 1 part in 10 billion
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Deformity in light curve?

Errors in pre-TESS data?



82 ± 12 seconds
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  = -12.6 ± 1.2 millisec/yr·P



Ṗ
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c
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We could not distinguish between
(a) tidal decay,

(b) apsidal precession,
(c) line of sight acceleration due to an outer companion. 

A constant period was ruled out.

Bouma+2019, AJ, 157, 217



Since publishing, there have been  
two important developments.
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Hot Jupiter timing studies can reveal period changes due to 
(a) tidal decay, (b) apsidal precession, & (c) outer companions.   

WASP-4b arrived early, and has a shrinking period.

This is extremely unlikely to be a TESS timestamp offset  
(corroborated by Southworth+2019).

The extended RV baseline suggests an outer companion  
might explain the timing variations.

Bouma+2019, AJ, 157, 217luke@astro.princeton.edu

mailto:luke@astro.princeton.edu


bonus



No obvious indications of photometric binarity

Counts from Gaia-DR2, requiring

* parallax SNR>20 * measured parallax within 0.2 mas of WASP-4's (3.71 mas) 

* galactic latitude within 10 degrees of WASP-4's (-68 degrees latitude).




Most hot Jupiters are expected to be unstable to tidal decay.

Counselman ’73; Hut ’80; Levrard+09; Matsumura+10.

(Orbital angular momentum) / (3 ⨉ total spin angular momentum )
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1. Tidal decay would imply “observing at a special time”

Ṗ = �12.6± 1.2ms yr�1,

P/Ṗ = 9.2Myr,

Q0
? = (2.9± 0.3)⇥ 104

<latexit sha1_base64="8xw17KqUWcdz0mlfyDIuS4UK7aE="></latexit><latexit sha1_base64="8xw17KqUWcdz0mlfyDIuS4UK7aE="></latexit><latexit sha1_base64="8xw17KqUWcdz0mlfyDIuS4UK7aE="></latexit><latexit sha1_base64="8xw17KqUWcdz0mlfyDIuS4UK7aE="></latexit>

2. Tidal decay (+ equilibrium tidal theory) would imply a 
surprising amount of friction inside the star.

Ṗ = �12.6± 1.2ms yr�1,

P/Ṗ = 9.2Myr,

Q0
? = (2.9± 0.3)⇥ 104
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3. If WASP-4 is decaying, why aren’t other hot Jupiters decaying too?

Bonomo+17; Bouma+19 (subm.)



Apsidal precession gives a plausible (but uncertain) Love number. 
However, the implied eccentricity (e≈10-3) requires explanation.

Data:
Bonomo+17
Bouma+19 (subm.)

How to stay eccentric:
Mardling 07
Lidov, Kozai 62



a/R★ 5.45 ± 0.03

Teff [K] 5400 ± 90

M★ [M☉] 0.864

Rp [RJup] 1.32 ± 0.04

Mp [MJup] 1.19 ± 0.09

WASP-4 is on the M.S., ruling out some tidal decay mechanisms.

see Weinberg+17; Bailey & Goodman 19



Dawson+2019


