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models from 
Miller-Ricci (Kempton) & Fortney (2010)

Monday, December 19, 2011



dense core with
puffy envelope

(primordial H/He? outgassed H2?)

GJ1214b’s big radius comes from
low density core

(water-world?)

see Adams et al. (2008), Rogers & Seager (2010), Nettelmann et al. (2011)
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observations of  GJ1214b’s
transmission spectrum

st
el

la
r 

va
ri

ab
ili

ty

see Kempton, Zahnle, & Fortney (2011), 
Crossfield et al. (2011)
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Hubble
Wide Field 
Camera 3

(WFC3)

three transits 
of

GJ1214b
with

1.1-1.7μm 
grism spectroscopy

(WFC3/IR G141;
 P.I. = Z. Berta)
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behind 
Earth

“ramp” 
could be caused by 

charge-trapping 
(i.e. persistence)
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a simple correction:
divide in-transit orbit
by out-of-transit orbits
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a simple correction:
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predicted RMS
= 385 ppm

= (3/2)1/2 x photon noise

measured RMS
= 373 ppm

WFC3 
GJ1214b
white light
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predicted RMS
= 385 ppm

= (3/2)1/2 x photon noise

measured RMS
= 373 ppm

WFC3 
GJ1214b
white light

We explore a 
physically motivated 
analytic ramp model;
parameters agree 

over multiple visits.

side note:
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before

after

WFC3 
GJ1214b
spectroscopic 
light curves

dividing 
by the

out-of-transit 
orbits

(photon-limited!)
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measuring GJ1214b’s WFC3 
transmission spectrum
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measuring GJ1214b’s WFC3 
transmission spectrum
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modeling GJ1214b’s WFC3 
transmission spectrum

 ruled out at 8.3σ 

models from 
Miller-Ricci (Kempton) 

& Fortney (2010)
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 ruled out at 6.2σ 

modeling GJ1214b’s WFC3 
transmission spectrum

no-methane atmosphere is 
difficult to sustain, even with 

extreme photochemistry see Kempton, 
Zahnle, & Fortney (2011)
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disfavored at 3.0σ 

modeling GJ1214b’s WFC3 
transmission spectrum

increasingly water-rich 
atmospheres have larger 
mean molecular weights models from 

Miller-Ricci (Kempton) 
& Fortney (2010)
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modeling GJ1214b’s WFC3 
transmission spectrum

consistent!
water fractions above 20% 
(70% by mass) are good fits to 

the WFC3 spectrum
models from 
Miller-Ricci (Kempton) & Fortney (2010)
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modeling GJ1214b’s WFC3 
transmission spectrum

consistent!
water fractions above 20% 
(70% by mass) are good fits to 

the WFC3 spectrum
models from 
Miller-Ricci (Kempton) & Fortney (2010)
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 ruled out at 5.8σ 

modeling GJ1214b’s WFC3 
transmission spectrum

200 mbar cloud layer 
invoked for flat spectrum 
in the optical (KCl, ZnS?) see Kempton, 

Zahnle, & Fortney (2011)
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modeling GJ1214b’s WFC3 
transmission spectrum

consistent! a cloud layer at higher 
altitudes would be necessary 

to mask WFC3 features
see Kempton, Zahnle, & Fortney (2011)
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WFC3 
observations 

suggest GJ1214b 
has a water-rich 
atmosphere (and 
interior!) or thick 
high altitude 

clouds.

(1)
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WFC3 can be a 
robust tool for 

studying exoplanet 
atmospheres; it is 
more stable than 

NICMOS.

(2)
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a nearly complete 
transmission spectrum 

of  a 2.7 R⊕ exoplanet

Berta et al. (soon to be submitted)
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Fig. 7.— The calculated T-P profile for GJ 1214b. Condensation curves for various molecules
are overplotted as indicated. Species whose condensation curves cross the T-P profile will
condense in GJ 1214b’s atmosphere at the pressure indicated. KCl and ZnS are predicted to

both condense at 500 mbar for solar composition. The condensation pressure drops for these
species drops to 200 mbar at 30 × solar metallicity (not shown). The CO/CH4 equilibrium

curve is also shown (dotted line), indicated that methane is predicted to be the dominant
equilibrium carbon-bearing species throughout GJ 1214b’s atmosphere.

optical

WFC3

see Kempton, Zahnle, & Fortney (2011)
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an analytic systematics model:
exponential ramp

(charge-trapping?)
+ 

visit-long slope
(?)
+ 

orbit-long slope
(focus/pointing drifts?)

WFC3 
GJ1214b
white light
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ramp parameters don’t 
vary from visit to visit!

(probably set by illumination 
cadence, which was the same 

across the 3 visits)*

WFC3 
GJ1214b
white light

* side note:
be nice 

to WFC3!
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The more 
light pixels 

receive, 
the worse 

their ramp.
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Positions + 
shapes vary, 
but they 
repeat from 
orbit to orbit 
within each 
visit.
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2 Berta et al.

Jupiters (e.g. Charbonneau et al. 2002; Pont et al. 2008;
Sing et al. 2011). While we may not be able to map
the composition of GJ1214b’s atmosphere as has been
done for those hot Jupiters, we will at least be able to
distinguish between broad hypotheses about its density.
To this end, recent spectroscopic observations by Bean

et al. (2010) with the Very Large Telescope found the
transmission spectrum of GJ1214b to be featureless be-
tween 0.78-1.0 µm, down to an amplitude that would
rule out cloud-free H2-rich atmospheric models. Broad-
band Spizer Space Telescope photometric transit mea-
surements at 3.6 and 4.5 µm by Désert et al. (2011)
showed a flat spectrum consistent with Bean et al. (2010),
as did high-resolution spectroscopy with NIRSPEC be-
tween 2.0 and 2.4 µm by Crossfield et al. (2011). In-
triguingly, the transit depth in K-band (2.2 µm) was
measured from CFHT by Croll et al. (2011) to be 0.1%
deeper than at other wavelengths, which would imply
a H2-rich atmosphere, in apparent contradiction to the
other studies.
As suggested by Crossfield et al. (2011), these seem-

ingly incongruous observations could potentially be
brought into agreement if GJ1214b’s atmosphere were
H2-rich but completely depleted in CH4. In such a sce-
nario, the molecular features that remain (predominantly
H2O) would fit the CFHT measurement, but be missed
by the NIRSPEC and Spitzer observations. Explaining
the flat VLT spectrum in this context would then re-
quire a scattering haze to smooth the spectrum at shorter
wavelengths (see Miller-Ricci Kempton et al. 2011).
Here, we present a new transmission spectrum of

GJ1214b spanning 1.1 to 1.7 µm, using the infrared slit-
less spectroscopy mode on the newly installed Wide Field
Camera 3 (WFC3) aboard the Hubble Space Telescope
(HST). Our WFC3 observations directly probe the pre-
dicted strong 1.15 and 1.4 µm water absorption features
in GJ1214b’s atmosphere (Miller-Ricci & Fortney 2010)
and provide a constraint on H2 content of GJ1214b’s
atmosphere that is robust to non-equilibrium methane
abundances and a definite test of the CH4-depleted hy-
pothesis. The features probed by WFC3 are the same
features that define the J andH band windows in the tel-
luric spectrum, and cannot be observed from the ground.
Bbecause this is one of the first published analyses of

high-cadence WFC3 observations of transiting exoplan-
ets, we include a detailed discussion of the performance
of WFC3 in this observational regime and the systematic
effects that are inherent to the instrument. Recent work
on WFC3’s predecessor NICMOS (Burke et al. 2010;
Gibson et al. 2011) has highlighted the importance of
characterizing instrumental systematics when interpret-
ing exoplanet results from HST observations. We hope
our vetting of WFC3’s infrared spectroscopy mode will
aid the planning and interpretation of future exoplanet
observations.
This paper is organized as follows: we describe our ob-

servations in §2, our method for extracting spectropho-
tometric light curves from them in §3, and our analy-
sis of these light curves in §4. We present the resulting
transmission spectrum and discuss its implications for
GJ1214b’s composition in §5, and conclude in §6.

2. OBSERVATIONS

1st order0th order direct
image

Figure 1. A 512x100 pixel cutout of a typical WFC3 G141 grism

exposure of the star GJ1214. The 0th and 1st order spectra are

labeled, and the start of the 2nd order spectrum is visible on the

right. The location of the star in the direct images (not shown

here) is marked with a circle.

We observed three transits of GJ1214b on UT 2010
October 8, 2011 March 28, and 2011 July 23 with the
G141 grism on WFC3’s infrared channel (HST Proposal
#GO-12251, P.I. = Z. Berta), obtaining simultaneous
multiwavelength spectrophotometry of each transit be-
tween 1.1 and 1.7 µm. WFC3 was installed during Ser-
vicing Mission 4 as the successor to both WFPC2 and
NICMOS, providing diffraction-limited imaging and low-
resolution grism spectroscopy from the ultraviolet to the
infrared. Its IR channel consists of a 1024 × 1024 pixel
Teledyne HgCdTe detector with a 1.7 µm cutoff that
can be paired with any of 15 passband filters or 2 low-
resolution grisms (Dressel et al. 2010). Each exposure
is compiled from multiple non-destructive readouts and
can consist of either the full array or a concentric, smaller
subarray.
Each visit consisted of four 96 minute long HST orbits,

each containing 45 minute gaps due to Earth occulta-
tions. Instrumental overheads between the occultations
are dominated by serial downloads of the WFC3 image
buffer, during which all science images are transferred to
the telescope’s solid state recorder. This buffer can hold
only two 16-readout, full-frame IR exposures before re-
quiring a download, which takes 6 minutes. Exposures
cannot be started nor stopped during a buffer download,
so parallel buffer downloads are impossible for short ex-
posures.
Subject to these constraints and the possible readout

sequences, we maximized the number of photons detected
per orbit while avoiding saturation by gathering expo-
sures using the 512 × 512 subarray with the RAPID
NSAMP=7 readout sequence, for an effective integration
time of 5.971 seconds per exposure. With this setting,
four 12-exposure batches, separated by buffer downloads,
were gathered per orbit resulting in an integration effi-
ciency of 10%. Although the brightest pixel in the 1st or-
der spectrum reaches 78% of saturation during this expo-
sure time, the WFC3’s multiple non-destructive readouts
enable the flux within each pixel to be estimated before
the onset of significant near-saturation nonlinearities.
Part of a typical G141 grism exposure of GJ1214 is

shown in Fig. 1. The 512 × 512 subarray allows both
the 0th and 1st order spectra to be recorded, and the
the 1st order spectrum to fall entirely within a single
amplifier quadrant of the detector. The 1st order spec-
trum has a dispersion in the x-direction of 4.65 nm/pixel;
the 0th order spectrum is only slightly dispersed by the
grism’s prism and is nearly a point source. Other stars
are present in the subarray’s 68� × 61� field of view, but
are too faint to provide useful diagnostics of systematic
trends that may exist in the data. We gathered direct
images in the F130N narrow-band filter; the direct im-
ages’ position relative to the grism images is also shown
in Fig. 1.

WFC3 is in focus.
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