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Transiting Exoplanet Science was not originally 
envisioned as a core capability of Hubble or Webb…

1992 - First Exoplanets 
Discovered

2000 – First Exoplanet 
Transit Detected  

1995 -First Exoplanet 
Around Sun-like Star 
Discovered

Recommended by 2000 Decadal
Launch set for 2021

Recommended/Approved in 1970’s
Launched in 1990



Transiting exoplanets offer a wealth of 
opportunities for further characterization

Atmospheric Transmission Thermal Emission and 
Reflected Light 



Hubble is currently the only space-based facility that 
provides spectroscopic capabilities for exoplanet 
characterization studies6 Wakeford et al.
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Fig. 6.— The complete transmission spectrum of WASP-39b (black points). This transmission spectrum incorporates data from HST
STIS and WFC3, Spitzer IRAC, and VLT FORS2 completing the spectrum from 0.3–5.0µm with currently available instruments. Using
the ATMO retrieval code, which implements an isothermal profile and equilibrium chemistry, we determine the best fit atmospheric model
(red) and show the 1, 2, and 3� confidence regions (dark to light blue) based on the retrieved parameters.
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Fig. 7.— Transmission spectral index diagram of �ZJ�LM ver-
sus H2O amplitude as defined in Sing et al. (2016). Black points
show the altitude di↵erence between the NIR and IR spectral fea-
tures (�ZJ�LM ) versus the H2O amplitude measured at 1.4µm,
each with 1� errorbars. Purple and grey lines show the model
trends for haze and clouds respectively. Red shows the trend for
sub- and super-solar metallicities. Green shows the model trend
for di↵erent C/O.

3.2. Goyal Forward Model Grid

We use the newly developed open source grid of for-
ward model transmission spectra produced using the 1D
radiative-convective equilibrium model ATMO (Amund-
sen et al. 2014; Tremblin et al. 2015, 2016; Drummond
et al. 2016) outlined in Goyal et al. (2017), to compare
to our measured transmission spectrum. Each model
assumes isothermal pressure-temperature (P-T) profiles

and equilibrium chemistry with rainout condensation. It
includes multi-gas Rayleigh scattering and high temper-
ature opacities due to H2O, CO2, CO, CH4, NH3, Na,
K, Li, Rb, Cs, TiO, VO, FeH, PH3, H2S, HCN, C2H2,
SO2, as well as H2-H2, H2-He collision-induced absorp-
tion (CIA). The grid consists of 6,272 model transmis-
sion spectra specifically for WASP-39b (i.e. with gravity,
Rp, etc. of WASP-39b), which explores a combination of
eight temperatures (516K, 666K, 741K, 816K, 966K,
1116K, 1266K, and 1416K), seven metallicities (0.005,
0.1, 1, 10, 50, 100, 200⇥ solar), seven C/O values (0.15,
0.35, 0.56, 0.70, 0.75, 1.0, and 1.5), four “haze” parame-
ters (1, 10, 150, and 1100), and four cloud parameters (0,
0.06, 0.2, and 1). In the Goyal grid the “haze” parame-
ter defines an enhanced Rayleigh-like scattering profile,
which increases the hydrogen cross section with a wave-
length dependent profile. The “cloud” parameter defines
a grey uniform scattering profile across all wavelengths
between 0 and 100% cloud opacity (see Goyal et al. 2017
for more details).
We fit each model to the transmission spectrum by only

allowing them to move in absolute altitude; we therefore
have one free parameter for each model fit. We use the L-
M routine MPFIT to determine the best fit altitude and
calculate the �2. We transform from �2 to probability
likelihood via the expression

p (x) = A exp

✓
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2
�2(x)

◆
, (2)

where x ⌘ {T, [M/H], C/O, H, C} are the temperature,
metallicity, carbon-to-oxygen ratio, haze, and cloud pa-
rameters respectively and A is a normalization constant.

Wakeford et al. (2018)



Webb+Hubble will provide precise compositional 
information for a large sample of giant exoplanets



Webb will provide our (nearly) first opportunity to 
obtain spectra of close-in exoplanets in the IR 



Hubble will provide our only access to UV and NUV 
wavelengths critical for understanding atmospheric 
chemistry and evolution 

!
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data from WCF3 and Spitzer, combining them with UV and optical observations to constrain the 
photochemistry, mass loss, and atmospheric scattering of exoplanets, all vital information that will 
be largely inaccessible to JWST or other facilities.  This survey aims to: (1) provide the first 
statistically compelling, uniform UV through IR study of clouds/hazes and chemical composition 
in exoplanetary atmospheres; (2) probe planetary mass loss across different environments and in 
the major three atmospheric chemical species (H, C, and O); and (3) provide a UVOIR legacy 
sample of transmission spectra for exoplanets that will be well-suited for follow up with 
JWST. As a by-product, the survey will also yield stellar UV flux of many exoplanet host stars, 
which is a key input information for planetary atmospheres.!

  
Figure 1.  Diagram of irradiated 
exoplanet atmospheric structure, 
illustrating which atmospheric 
layers are affected by different 
irradiation wavelengths.  The plots 
from Lavvas et al. (2014) show the 
temperature (left) and abundance of 
major species (right) vs pressure.   
 
 

Why observations in UV, optical and IR? 
Wide wavelength coverage is key to characterizing exoplanetary atmospheres.  Absorption 

cross sections of gases and condensates vary with wavelength; therefore, wavelength has a strong 
impact on the pressure levels at which stellar radiation is deposited and, in turn, on a multitude of 
physical and chemical processes.  With stellar irradiation being such a dominant factor, 
observations of highly irradiated exoplanets require a multi-wavelength approach and a 
large and diverse sample of planets to gain insight into the underlying physical processes that 
govern their atmospheres. As shown in Fig. 1, the characteristics of all parts of the planetary 
atmosphere are determined by their response to the intense stellar XUV-Optical-IR irradiation, 
from the bottom of the troposphere to the upper thermosphere and exosphere.  Atmospheric mass 
loss from exoplanets can be directly measured in the UV, and for small planets this loss can be 
significant and have a major impact on the evolution of the planet itself (Ehrenreich et al. 2015). 
Current theories of hot, gaseous exoplanets 
 Current theories of hot gaseous planets contain many open questions about their atmospheric 
characteristics (temperature, clouds, energy budget, atmospheric escape), their chemical 
abundances, and how they formed and evolved. All these questions are intertwined, and a 
comparative program like the one we propose here will be key to answering some of those 
questions.  The planets in our sample orbit close to their host stars, making them tidally locked and 
highly irradiated. Those factors affect the planets’ vertical and horizontal (day-to-night) 

Credit: Mercedes Lopez-Morales





Webb+Hubble will provide a holistic view into 
potentially habitable worlds 

Macdonald & Cowan (2019)

Macdonald & Cowan (2019)

Kreidberg & Loeb (2016)

?




