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JST/NIRSpec G395H reveals partially dissociated atmosphere
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WASP-121 b Bacic data: Observation
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WASP-121 b is an Ultra-Hot Jupiter (UHJ) that orbits its F-type host star in —0.5F
extremely close proximity. Its atmospheric temperatures are high enough to ;
vaporize most elements, yielding the opportunity to investigate the planet’s
complete chemical inventory and subsequently to constrain its formation
and migration to its current orbit.

WASP-121 b’s dayside is hot enough to dissociate most molecules, including
H,, but excluding CO, in the atmosphere. On the nightside, temperatures are
ow enough for molecules to recombine, leading to a substantial chemical
neterogeneity between hemispheres (Parmentier et al. 2020). Therefore,
this heterogeneity must be carefully accounted for to quantify the planet’s
chemistry.
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Transmission Spectrum BJDrog — 2459860 (day)
Program GO-1729 (Pl: Evans-Soma, co-Pl: Kataria) was dedicated to
1.65 observing a full phase curve of WASP-121 b using JWST/NIRSpec G395H,
| including one transit. Over the 37.8 hour long observation, the spectra were
1.60 - ‘ i ” ! ) m | dispersed over the instrument’s NRS1 and NRS2 detectors ranging from
< \ | ﬂ'u M lf} l ’ l‘w "l 2.54 — 3.72 um and from 3.82 — 5.15 um, respectively. An analysis of the
51551 | Hlmlﬂ".m\ .| l'l I\M '“'IWN ll ” white light curves of the observations (see Fig. above) was published by
o W) WWU 'MI ] |}' l| N h WM "'i :-'fl Tt L k ‘l -.'i.l' “M I Mikal-Evans et al. (2023).
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-------- No dissociation (Pluriel et al. 2020)
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—— H>0 & H> dissociation (Pluriel et al. 2020)
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We took two different approaches to model the light curves:
1. Transit-only analysis: We analyzed the transit by cutting out the data 1000~
from 3.5 h before to 3.5 h after the transit midtime S 500-
2. Phase curve analysis: A full analysis of the phase curve %
For the transit-only analysis, we modeled the out-of-transit flux using a s 0
second-order polynomial in time to grasp the curvature caused by the < 500 -
planet’s phase curve around the transit. The phase curve curvature, 3.0 35 40 45 5 0
however, is correlated with the transit depth, as a stronger curvature would Wavelength [um]
reach lower fluxes during transit. This leads to larger uncertainties on the Post-processed GCM spectra including varying degrees of thermal
transmission spectrum Compared to the full phase curve ana|y5i5 which dissociation (PIurieI et al. 2020) reveal that both HZO and H2 dissociation are
constrains the phase curve curvature more tightly. required to match the observations, because:
flattens out the H,O absorption feature on NRS1 due
CO N CI U SiO ns to the decrease of H,0O’s abundance on the dayside. Thus, the observed

absorption feature mainly probes the planet’s nightside.
1. At JWST’s wavelengths, WASP-121 b’s phase curve is strongly curved and 2. H, dissociation inflates the CO absorption feature at A > 4.3 um. The

tight constraints on the curvature are needed to obtain a high-precision increase of the atmospheric scale height caused by H, dissociation
transmission spectrum. boosts absorption features of any molecule residing on the dayside. As

2. Including thermal dissociation of both H,0 and H, in GCM spectra is CO, unlike H,0, is abundant on the dayside, H, dissociation inflates CO’s
needed to match the observations. absorption feature but leaves the H,0 absorption signhal unchanged.

3. In NIRSpec’s wavelength range, the transmission spectrum is a Therefore, the transmission spectrum is a composite of atmospheric
composite of atmospheric opacities on both the dayside and the opacities on both the planet’s dayside and nightside, as the H,0O absorption
nightside due to absorption by H,O (dissociated on the dayside) and CO feature mostly originates from the nightside while the CO feature samples
(abundant on both hemispheres). both hemispheres.

Retrieva | Stu dy Check out poster #1223 by Joanna Barstow for an atmospheric retrieval study on this data set.
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