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can giant planets still host detectable satellites? 
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The puzzle: a possible volcanic moon?
WASP-49Ab sodium transient

Redshifted sodium transient

    Oza et al. 2024

Io-like volcanic source?

But can such a moon survive so close to the star?
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If the moon exists, it lives in a tiny dynamical niche

A possible moon must satisfy 
three constraints: 

avoid collision/disruption 

remain inside the stable 
circumplanetary region 

survive tidal and secular 
perturbations

Can real moons survive in this environment?
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Why WASP-49Ab is hostile to moons

Binary companion 

Secular perturbations

Strong planetary tides 

moon migration and loss

Relativistic precession 

may open resonant channels

A moon can survive only inside a narrow region of semi-major axes and eccentricities.
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Only a narrow dynamical niche remains

• Model includes: binary companion + J2, J4 + GR  

• Stable orbits are confined to a narrow a_s-e_s window. 

• These maps define a viability window, not the full evolutionary lifetime.

Orbital window: as-es Mass dependence: as-ms

Stability gives us the allowed room. Formation tells us why moons should be there in the first place.
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The formation expectation: giant planets should form moons

Formation provides moons; evolution decides which ones survive.
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Formation predicts moons — where are they?
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Giant planets should form moons — but Kepler did not reveal a clear exomoon 
population. 

Are they rare, hidden, or lost?

Kepler delivered 
many transiting 

planets

Short-period 
planets have many 
observed transits

Where are the moons?
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Tidal evolution sets the survival boundary

The Hill boundary defines the room; tides decide how long the moon can stay inside.

The moon may migrate outward,  
then return and fall onto the planet.

planet contracts and spins up

tidal torque weakens

The moon migrates outward, but  
the tidal torque weakens with time.

only some moon masses survive

Barnes & O’Brien 2002 Alvarado-Montes et al. 2017

So tidal migration turns moon survival into a stay-or-go problem.
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Tidal migration: should the moon stay or go?
Massive moons 

fast outward migration 
am > acrit 

escape / collision / ploonets

Low-mass moons 
slow outward migration 

am < acrit 
retained, but weak signals

Mass filters survival; size filters detectability.

Stability threshold, 
am= 0.48 RH 

crossing this line → loss
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Distance favours moon retention

• More distance means: 

• Farther from the star: 

• larger Hill sphere 

• weaker stellar tides 

• More room + weaker forcing → 
higher chance of retention

Sucerquia et al. 2018, 2019
Distance favours survival, but challenges detectability.
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indirect signature         survival test            claimed moon              claimed moon             JWST target

Exomoon searches across planetary orbital periods

WASP-49Ab K2-18b Kepler-1625 Kepler-1708 Kepler-167ee

Planet orbital period: from tidal hostility to survival

? ?? ? ? ??

2.8                  32.9                 287                  737                  1071        day

From WASP-49Ab to Kepler-167e, moon survival becomes dynamically more favourable but observationally more demanding.
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Kepler-167e: favourable for moons, difficult to confirm

Survival-friendly systems are not automatically detection-friendly. 

This motivates complementary signatures beyond photometry.

    Why Kepler-167e? 
long-period Jupiter analogue  

(Pp ~ 1071 d) 
large Hill sphere 

weak stellar tides 
WST/NIRSpec 60 h 

Why photometry remains 
ambiguous 

model dependence 
systematics 

starspots 
single-transit degeneracy

moon-like fits in some models
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Beyond photometry: the Exomoon Doppler Shadow XDS

A transiting moon removes light from a specific 
Doppler velocity.

Photometry asks: 
is there an extra dip? 

XDS asks: 
where is the missing light in velocity space?

time–velocity residual map
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Take-home message

Formation is natural: giant planets may form moons. 

Survival is selective: close-in giants can lose, eject, 
or transform them. 

long-period giants are better for survival, but harder 
to observe.  

New approaches are needed to detect and confirm 
exomoons. WASP-49Ab

Kepler-167e
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