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signatures imposed on stellar light transmitted through the planet's atmosphere during 
transit. The emission 
spectrum of the planet can 
also be measured using the 
secondary eclipse 
technique. Emission 
spectra produce potentially 
larger signals than 
transmission spectra at 
infrared wavelengths. 
However, features in 
transmission spectra will 
be present even in the 
extreme case when the 
atmospheric temperature 
profile of the exoplanet is 
isothermal - which would 
produce a featureless 
spectrum in emission. Gas 
giant planets will present 
many molecular features 
(H2, CO, H2O, CH4), 
strong atomic lines (Na, 

K), and a spectral shape (due to Rayleigh scattering) that leave distinct imprints on 
transmission spectra. High quality spectra also probe energy redistribution within the 
atmospheres (see Figure 2). With its large collecting area JWST will be able to conduct 
detailed comparative studies of gas giant atmospheres and their 
composition

 

Figure 3: On the left Simulation of a Kepler hot Jupiter emission observation with JWST. The 
red curve is a model by Seager et al. (2005, ApJ, 632, 1122) of thermal emission from HD 
209459b. The parent star has  K=12, V=13.4 to simulate a hot Jupiter found by Kepler.  The 
simulated G395H observation (in black) has been numerically degraded from R=2700 to 
R=100. On the right is a NIRSpec simulation of a Kepler transiting hot Jupiter transmission 
observation with JWST, based on a planetary atmosphere transmission model (Brown 2001) 
for HD 209458b (in blue). The parent star is star  K=12, V=13.4. The simulated observation 
(in black) has been numerically degraded from R=2700 to R=100,  and a 6 hour exposure, 
centered on a 2 hour planetary transit. Courtesy Jeff Valenti. 

 
 

Figure 2:  Model infrared spectrum of HD189733b, with Spitzer 
spectroscopic points shown in red. Overlaid are red arrows 
showing the coverage of NIRCam, NIRSpec and MIRI 
spectroscopic modes. Courtesy T. Greene and D. 
Charbonneau 
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both in transmission and emission, including many of the transiting gas giants discovered 
by Kepler. The NIRSpec team simulated JWST observations of a transiting gas giant 
planet of the kind that would be found by Kepler. These simulations are shown in Figure 
3. MIRI will complement NIRcam and can also obtain quality R~100 spectra of gas giant 
planets in a single transit over the 5 µm to 10 µm bandpass.  
 
JWST will be capable of R=100 – 3000 follow-up spectroscopy of gas giants expected to 
be found by ground and space-based surveys over the 0.7 µm to 10 µm wavelength 
range. For exoplanets with bright parent stars, it can deliver R~2700 spectra from 1µm - 
5µm wavelength range, and for the first time provide high quality line diagnostic of these 
exoplanets.  

Radial velocity surveys are starting to find intermediate mass planets, and in the coming 
decade transiting planets surveys will find many more transiting intermediate mass 
planets that can be observed in emission and transmission with JWST. Currently, GJ 
436b is the only example of a hot Neptune, with a mass 0.072 MJ, and a period of 2.6 
days. In Figure 4 we show a simulated NIRSpec observation of GJ 436, combining 
transits to achieve a R-300 spectrum. 
 
Charbonneau et al. (2008c) and Charbonneau and Deming (2007) have identified the 
opportunity presented by observing transiting exoplanets around late spectral-type stars. 
The relatively small stellar radius yields transit depths that can potentially enable low-
resolution spectral characterization of some superearth atmospheres, in emission and 
transmission. In Figure 5 we use a model superearth spectrum generated by Miller-Ricci 
et al. (2009) to show the simulated transmission spectrum observed for a hydrogen rich 
R=1.3REarth superearth obtained with NIRSpec.  

Figure 4: Simulated NIRSpec and NIRCam spectra of GJ 436b’s hot Neptune, combining four transit 
observations (simulated spectrum of GJ 436b was provided by Sara Seager). The simulation includes the 
effects of real contributions from pointing jitter, flat field errors and pixel response functions. In the plots 
the exoplanet spectrum is shown in red and the blue points are the simulated observations with error bars. 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Summary 
JWST provides a unique facility that will serve through the next decade as the mainstay 
for characterization of transiting exoplanets. The main transit studies that JWST will be 
able to undertake are summarized in Table 2.  
 

 

Figure 5: A Simulated NIRSpec spectrum (Clampin 2009) of a hydrogen rich superearth exoplanet 
combining 20 transit observations. The simulation includes the effects of real contributions from 
pointing jitter, flat field errors and pixel response functions. The simulated exoplanet spectrum was 
provided by Miller-Ricci and Seager (Miller-Ricci et al 2009), and assumes the parent star has the 
properties of Gl 581 (d = 6pc , V=10.3). The exoplanet spectrum is shown in red and the blue points 
are the simulated observation with error bars. 

 
 

Table 2: Exoplanet transit investigations enabled by JWST 
Application Exoplanet Type R Science 
Transit light 
curves 

- Gas Giants 
- Intermediate mass 
- Superearths   
  and terrestrial  
  planets 

5 
5 
5 
 

- Exoplanet properties (with RV data)  
  .e.g. Mass, radius   physical structure 
- Detection of terrestrial planet transits 
- Transit timing: detection of unseen    
  planets 

Phase  light 
curves 

- Gas Giants 
- Hot Neptunes 

5 
5 
 

- Day to night emission mapping: 
dynamical models of exoplanet 
atmospheres 

Transmission 
Spectroscopy 

- Gas Giants 
- Gas giants 
- Intermediate mass 
- Superearths 

3000 
100-500 
100-500 
≤100 

Spectral line diagnostics 
- atmospheric composition  
  e.g. C, CO2, Ch4 
- follow-up of survey detections 
  e.g. Kepler, TESS 

Emission 
Spectroscopy 

- Gas Giants 
- Gas giants 
- Intermediate mass 
- Superearths 

3000 
100-500 
100-500 
≤100- 

- Spectral line diagnostics 
- Planet temperature measurements 
-- follow-up survey detections 
   e.g. Kepler, TESS 
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