
(Cowan & Agol 2011b)
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From {Tb} to Teff (pretty good)

(Splinter et al. 2025)
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(A Complication for Hot Planets)



Solar System Planets are “double-humped”



“longwave”

“shortwave”

Hot Jupiters are “single-humped”

total



Keating & Cowan (2017)

Sometimes we see 

reflection where we 

don’t expect it…
WASP-43b



Bell et al. (2017)

Other times we don’t 

see reflection where 

we do expect it… WASP-12b



von Essen et al. (2020)

For the hottest planets 

the optical still probes 

thermal emission…

KELT-1b



Demory et al. (2013)

Kepler-7b

For cooler planets 

only reflected light 

is detected



Two-Slice Models
(Cowan & Agol 2011b;

Schwartz & Cowan 2015; 
Schwartz et al. 2017;

Bell et al. 2021; Dang et al. 2024)



Analytic Interlude:

Two-Slice Model



HD 209458b is Good at Moving Heat

Day-Side: Eclipse
1 MIR Measurement
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Diurnal Contrast: Phases
1 MIR Measurement

Albedo: Eclipse
1 Opt Measurement
(assuming AB=Ag)



WASP-12b is Bad at Moving Heat

Day-Side: Eclipses
8 NIR-MIR Measurements
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Diurnal Contrast: Phases
2 MIR Measurements



Schwartz & Cowan (2015)

Bond Albedo from 

Thermal Phases



Schwartz & 

Cowan (2015)

“The Albedo Problem”

Crossfield (2015)





Choice of Data Reduction 
& Analysis Dominates Error



Energy Balance Models*
(Cowan & Agol 2011a;

Bell & Cowan 2018)

*EBMs have been widely used to understand Earth’s climate 

since the 1960s, see review by North (2024)


