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Prioritizing High-Precision Photometric
Monitoring of Exoplanet and Brown Dwarf
Companions with JWST
Thematic Areas (Check all that apply):

⊠ (Theme A) Key science themes that should be prioritized for future JWST and
HST observations
⊠ (Theme B) Advice on optimal timing for substantive follow-up observations
and mechanisms for enabling exoplanet science with HST and/or JWST
□ (Theme C) The appropriate scale of resources likely required to support
exoplanet science with HST and/or JWST
□ (Theme D) A specific concept for a large-scale (∼500 hours) Director’s
Discretionary exoplanet program to start implementation by JWST Cycle 3.

Summary: We advocate for the prioritization of high-precision photometric mon-
itoring of exoplanet and brown dwarf companions to detect brightness variability
arising from features in their atmospheres. Measurements of photometric variabil-
ity provide not only an insight into the physical appearances of these companions,
but are also a direct probe of their atmospheric structures and dynamics, and yield
valuable estimates of their rotation periods. JWST is uniquely capable of mon-
itoring faint exoplanet companions over their full rotation periods, thanks to its
inherent stability and powerful high-contrast coronagraphic imaging modes. Ro-
tation period measurements can be further combined with measurements of v sin i
obtained using high-resolution spectroscopy to infer the viewing angle of a com-
panion. Photometric monitoring over multiple rotation periods and at multiple
epochs will allow both short- and long-term time evolution in variability signals
to be traced. Furthermore, the differences between the layers in a companion’s
atmosphere can be probed by obtaining simultaneous photometric monitoring at
different wavelengths through NIRCam dual-band coronagraphy. Overall, JWST
will reach the highest sensitivities to variability to date and enable the light curves
of substellar companions to be characterised with unprecedented cadence and pre-
cision at the sub-percent level.
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Anticipated Science Objectives: Time-resolved photometric monitoring has re-
vealed periodic variations in the light curves of brown dwarfs and exoplanet ana-
logues, with young objects close to the L/T transition showing the highest variabil-
ity rates (see Fig. 1) [1, 2]. Most young, giant, directly-imaged exoplanets possess
similar temperatures and surface gravities to L/T dwarfs, and thus are expected to
show similarly high levels of variability. However, the high-contrasts and close an-
gular separations of these companions have made it challenging to detect them at
a sufficiently high signal-to-noise to measure their variability. Furthermore, while
substellar objects are fast rotators (typically 3-20 h, [3]), ground-based observa-
tions can rarely cover their complete rotation periods. JWST is the only facility
capable of high-precision photometric monitoring of exoplanet companions over
their full periods. Positive detections of variability in the light curves of compan-
ions observed with JWST will yield estimates of their periods, and simultaneous
monitoring at different wavelengths will allow us to probe different layers of their
atmospheres and hence gain new insights into their 3D structure (Fig. 2).

Urgency: Initial photometric monitoring observations should ideally be per-
formed early in JWST’s lifetime to allow additional observations of variable com-
panions in future cycles. This will enable the characterisation of long-term vari-
ability trends arising from evolving weather systems or cloud bands which rotate
within the companion’s atmosphere and produce waves on a global scale [4, 5].

Risk/Feasibility: The level of photometric stability as a function of time that
can be achieved using JWST’s coronagraphic modes has yet to be empirically
measured, so the variability amplitudes that can be reached with this technique
remain uncertain. However, similar space-based variability observations with HST
and Spitzer have proven highly successful, reaching sensitivities to variability at
the ∼0.1-1% level [e.g. 1, 2, 6, 7]. Moreover, non-detections of variability place
valuable constraints on variability occurrence rates and the atmospheric properties
of companions.

Timeliness: Variability measurements of exoplanetary companions will inform
observations with the upcoming Extremely Large Telescopes (ELTs), the large
mirror diameters of which will enable photometric monitoring of similar compan-
ions at closer angular separations.

Cannot be accomplished in the normal GO cycle: Long-term variability
trends can only be detected through photometric monitoring observations obtained
at multiple epochs. Efforts to characterise variable targets would therefore benefit
from an observing strategy covering several cycles.
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Figure 1: Left: Variability light curves for different classes of brown dwarf observed with Spitzer.
Many objects vary at the ≥ 1% level. Right: Variability detections for brown dwarfs of different
spectral classes. Objects close to the L/T transition show the highest variability rates and ampli-
tudes. Directly imaged exoplanets have similar temperatures and low surface gravities to these
objects, and so are expected to be similarly highly variable. Figures adapted from [1, 8].

Figure 2: Different wavelengths probe different layers of an exoplanet’s atmosphere. Hence, simul-
taneous monitoring in different bands can provide valuable information about their 3D structure.
Figure adapted from [9].
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