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ABSTRACT

WASP-39 b has rapidly evolved into a benchmark planet for observational and theoretical studies of hot exoplanet atmospheres. The reasons are

clear. This planet has yielded the most precisely measured transmission spectrum to date, leading to a spectral detection of CO2 at an unprecedented

significance of 26 sigma, and the first evidence of photochemistry occurring on an exoplanet through the detection of SO2. Such a rich dataset
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1 NIRSpec Bright Object Time Series (1) WASP-39
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demands an equally rich context in order to provide a suitable interpretation of the physical and photochemical phenomena occurring in its

atmosphere. Currently, such context is still lacking, given that the thermal structure of WASP-39 b is unconstrained.

 

We propose to observe an emission spectrum of WASP-39 b using JWST/NIRSpec G395H in order to constrain the vertical temperature-pressure

profile, and to measure the abundances of SO2 and CO2 at the planetary day side. With this observation, we will be able to determine the day-side

temperature, energy redistribution, and vertical thermal gradient of WASP-39 b, thereby confirming or ruling out the formation of a stratosphere

through heating by sulfuric species. In tandem with the measured SO2 and CO2 abundances, we will leverage this thermodynamic context to provide

a precise estimate of the metallicity, and investigate the production and transport of photochemical species in exoplanet atmospheres in further detail.

 

OBSERVING DESCRIPTION

We request to observe a single secondary eclipse of WASP-39 b with the NIRSpec G395H/F290LP grating and filter configuration, in the Bright

Object Time Series (BOTS) mode. The wavelength range is 2.8 to 5.2 micron.

The eclipse duration of WASP-39 b is 2.8032 hours and we require an out-of-eclipse baseline observation of 1.15 times this amount. This amounts to

a total observation request (not including overheads) of 6.03 hours. We adopt the NRSRAPID readout pattern with 70 groups per integration, which

gives a maximum saturation of 78 %.

We do not require a separate acquisition target, but use WASP-39 itself for target acquisition (noting that saturation of the central pixel is not

detrimental toward the target acquisition).

The instrument, mode, integration, and TA settings are the same as those used for the succesful transit observation of WASP-39 b in ERS programme

1366. The requested observation would yield the first eclipse measurement of WASP-39 b with JWST.
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(1) WASP-39 RA: 14 29 18.3955 (217.3266479d)

Dec: -03 26 40.20 (-3.44450d)

Equinox: J2000

Proper Motion RA: -0.0012716973645945132 sec of
time/yr

Proper Motion Dec: 4.37E-4 arcsec/yr

Epoch of Position: 2015.5

Comments: This object was generated by the targetselector and retrieved from the SIMBAD database.
Category=Star
Description=[Exoplanet Systems, Exoplanets]
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Proposal 5634, Observation 1 Thu Dec 19 22:00:37 GMT 2024

Diagnostic Status: Warning

Observing Template: NIRSpec Bright Object Time Series

Comments: The orbital period adopted in the scheduling constraints is taken from Ivshina & Winn (2022). The zero phase corresponds to the transit mid-point from the same publication. We adopt zero eccentricity, as
a previous study (Kammer+2015) found a tightly-constrained eccentricity that is consistent with e=0.

The starting phase range corresponds to a one hour window in order to avoid the 1hr scheduling overhead penalty.

IMPORTANT EDIT (19/12/2024): An error was found and corrected. The previously submitted phase range assumed that the zero-phase corresponded to the eclipse time, but mistakenly the transit epoch was
specified. Now, after the correction, the phase range is defined with respect to the given transit epoch.
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ic
s (Observation 1) Warning (Form): Exposure Duration exceeds the limit of 10000.0 seconds. Above this limit it is possible that a High Gain Antenna move may occur during the exposure.

(Visit 1:1) Warning (Form): Overheads are provisional until the Visit Planner has been run.
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(1) WASP-39 RA: 14 29 18.3955 (217.3266479d)

Dec: -03 26 40.20 (-3.44450d)

Equinox: J2000

Proper Motion RA: -0.0012716973645945132 sec of
time/yr

Proper Motion Dec: 4.37E-4 arcsec/yr

Epoch of Position: 2015.5

Comments: This object was generated by the targetselector and retrieved from the SIMBAD database.
Category=Star
Description=[Exoplanet Systems, Exoplanets]
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n # Target TA Method Subarray Filter Readout Pattern Groups/Int Integrations/Exp Total
Integrations

Total Exposure
Time

ETC Wkbk.Calc
ID

1 1 WASP-39 WATA SUB32 F110W NRSRAPID 3 1 1 0.08 177126.2
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te Subarray

SUB2048
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ts # Grating/Filter Readout Pattern Groups/Int Integrations/Exp Exposures/Dith Total Dithers Total Integrations Total Exposure

Time
ETC Wkbk.Calc
ID

1 G395H/F290LP NRSRAPID 70 339 1 1 339 21717.181 177126.1
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ts Phase 0.463901 to 0.474175 with period 4.05527892 Days and zero-phase 2456401.39684 HJD
Time Series Observation
No Parallel Attachments
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