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Time-series spectroscopy:
Compare spectrum in/out of transit or
secondary eclipse to isolate planet
contribution

Transit geometry:
Apparent radius is proportional to the

scale-height H:

-Strong dependenceon 1, g, m

-Degeneracy between abundances and
pressure of continuum

Transit
time-series



Transmission spectroscopy
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AXxis inverted

Low-resolution spectroscopy

0.152 35
| 4
— ) 3
L2
T 0.148 "3
— Y R2)
pramr — Q
s "o
& S
-"CZ)' 0.146 —H-0 — o &L
L
- , {_ -1
0.144
-2
WASP-39 b
01 49 Wakeford et al. Ad (2017) .3
0.3 0.4 0.5 1 1.5 2 3 4 o

Wavelength (l-lm)



High-resolution spectroscopy
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Flux

Cross-correlation spectroscopy
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Why study odd-ball ultra-hot Jupiters?

Observationally favourable:
Bright stars
Large scale heights, inflated atmospheres
Many absorbers in NUV/VIS/NIR
Strong thermal flux with good NIR contrast
Thermal inversions (line emission)

Reduced chemical complexity:
Short chemical time-scale -> Equilibrium chemistry
No clouds
Few molecules



R,/Rs

WASP-121 b

Transmission spectrum HST WFC3+STIS
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Rp/Rs

WASP-121 b

Transmission spectrum HST WFC3+STIS
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WASP-121 b
Transmission spectrum HST WFC3+STIS

VO without TiO?
TiO condensation?

Image credit: Fvans et al. (2018)



Normalised flux

High resolution cross-correlation spectroscopy
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Missing Inflated
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Non-detection
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Pressure (bar)
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Where is this happening?
Terminator or hemispheric?
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Time-series spectroscopy:
Compare spectrum in/out of transit or
secondary eclipse to isolate planet
contribution

Transit geometry:
Apparent radius is proportional to the

scale-height H:

-Strong dependenceon 1, g, m

-Degeneracy between abundances and
pressure of continuum

Transit
time-series



Time-series spectroscopy:

Day-side Compare spectrum in/out of transit or
time-series secondary eclipse to isolate planet

contribution

Thermal emission:
Spectral lines due to temperature
differences in emitting gas.

-3D distributions may be (more) important

Knutson et al. (2007)



Thermal flux contrast flux (Fp/F «)

Thermal emission spectroscopy
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Implications

1) Concepts like ‘metallicity’ or ‘abundance’
Atmosphere may not be representative of bulk
No single value (global distributions)

2) No ‘continuum of planets’:
Sharp chemical transitions
GCMs & condensation physics needed

3) Ground and space are complementary
Prepare for JWST-era and ELT
Translate to small planets?
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