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Cloud structure in the atmosphere of Venus. Credit: JAXA/ISAS/DARTS/Kevin M. Gill



Artist’s impression of iron rain in WASP-76b. Credit: ESO/M. Kornmesser (see Ehrenreich et al. 2020, Nature 580)



Schilling (1996, Science 273)



Schilling (1996, Science 273)



Credit: D. Brain, M. Chaffin, H. Egan, R. Ramstad, B. Jakosky, S. Curry, J. Luhmann, C. Dong, R. Yelle



MacLeod & Oklopčić (2022, AAS Journals in press, arXiv:2107.07534)

Simulations of an escaping atmosphere in the hot Jupiter WASP-107b



YOU WILL LOSE YOUR MAJESTIC FLUFF

HOT (SUB-)NEPTUNES, BEWARE
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* ASK YOUR NEAREST THEORETICIAN

YOU WILL LOSE YOUR MAJESTIC FLUFF

HOT (SUB-)NEPTUNES, BEWARE

• What are the timescales of mass loss and radius change? 

• What is the e"iciency of converting stellar irradiation into outflow? 

• How much does the internal energy from planet’s core contribute to evaporation? 

• And what about magnetic fields?!*



Ehrenreich et al. (2015, Nature 522)

Lyman-  transit spectroscopy of GJ 436 bα



Ehrenreich et al. (2015, Nature 522)

Lyman-  transit spectroscopy of GJ 436 bα

• Only the Hubble can observe 

• Low-mass stars are faint in UV 

• Interstellar medium attenuation



Transmission spectrum of an evaporating warm Neptune

METASTABLE HELIUM TRIPLET

Pallé et al. (2020, A&A 638)



Metastable He spectroscopy has become very productive and popular!
Orell-Miquel et al. (2022, A&A in press)
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(OPEN-SOURCE, OPEN-DATA, ETC.)

OPEN-POLICY TOOLS And many others!



FOR ATMOSPHERIC ESCAPE

OPEN-POLICY TOOLS

Lampón et al. (2020, A&A 636)

Oklopčić & Hirata (2018, ApJL 855)



Oklopčić & Hirata (2018, ApJL 855)
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p-winds
AN OPEN-SOURCE CODE TO MODEL 1D EXOPLANET OUTFLOWS



FORWARD MODELLING: ABSORPTION IN FUNCTION OF TRANSIT PHASE

p-winds

Dos Santos et al. (2022, A&A in press, arXiv:2111.11370)



RETRIEVALS: ATMOSPHERIC ESCAPE RATE AND OUTFLOW TEMPERATURE

p-winds

HAT-P-11 b

Dos Santos et al. (2022, A&A in press, arXiv:2111.11370)



* ASK YOUR NEAREST THEORETICIAN

YOU WILL LOSE YOUR MAJESTIC FLUFF

HOT (SUB-)NEPTUNES, BEWARE

• What are the timescales of mass loss and radius change? 

• What is the e"iciency of converting stellar irradiation into outflow? 

• How much does the internal energy from planet’s core contribute to evaporation? 
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RETRIEVALS: ATMOSPHERIC ESCAPE RATE AND OUTFLOW TEMPERATURE

p-winds

·m = 0.14+0.08
−0.04 M⊕ Gyr−1 ≈ 0.5 %+0.3%

−0.1% Gyr−1

HAT-P-11 b is, likely, stable against evaporation
Dos Santos et al. (2022, A&A in press, arXiv:2111.11370)



WARNING: PRELIMINARY RESULTS!

p-winds

CARMENES data is a kind courtesy of M. López-Puertas and M. Lampón 
Keck/NIRSPEC result is under review (Kirk, Dos Santos et al. 2022)



WARNING: PRELIMINARY RESULTS!

p-winds

Kirk, Dos Santos et al. (2022, AAS Journals under review)

WASP-52 b

WASP-52 b, observed with 
Keck/NIRSPEC 
Hot Jupiter

·m = 0.63+0.26
−0.21 M⊕ Gyr−1

·m ≈ 1.2 × 1011 g s−1or



WARNING: PRELIMINARY RESULTS!

p-winds

HD 209458 b

HD 209458 b, observed 
with CARMENES 
Hot Jupiter

·m = 0.08+0.12
−0.06 M⊕ Gyr−1

·m ≈ 1.5 × 1010 g s−1or

Data is courtesy of the M. López-Puertas and M. Lampón



WARNING: PRELIMINARY RESULTS!

p-winds

GJ 3470 b

GJ 3470 b, observed with 
CARMENES 
Warm Neptune

·m = 0.30+0.08
−0.06 M⊕ Gyr−1

·m ≈ 5.7 × 1010 g s−1
or

Data is courtesy of the M. López-Puertas and M. Lampón

·m ≈ 2 % Gyr−1



• FXUV vs. He absorption 

• FXUV/% vs. mass loss rate

Dos Santos et al. (2019, A&A 640)

SAMPLE-LEVEL TRENDS



Orell-Miquel et al. (2022, A&A in press)

SAMPLE-LEVEL TRENDS

• FXUV vs. He absorption 

• FXUV/% vs. mass loss rate



WARNING: PRELIMINARY RESULTS!

p-winds

Sample-level trends: 
• FXUV vs. He absorption 

• FXUV/% vs. mass loss rate

HD 209458 b

HAT-P-11 b

GJ 3470 b WASP-52 b

·m ∝ η
FXUV
ρbulk

Energy-limited  
mass loss formulation

pesky heating efficiency factor



p-winds

He narrow-band photometry 
yield a subset of self-consistent 
models (Vissapragada et al. 
2022, ApJ in press)

PUBLISHED RESULT!

HAT-P-11 b



p-winds
MORE RESULTS AND PROJECTS ARE IN THE PIPELINE!



FOR ATMOSPHERIC ESCAPE STUDIES

MORE OPEN-SOURCE CODES

Caldiroli et al. (2021, A&A 655)Ketzer & Poppenhaeger (2022, proceedings of the XMM-Newton Workshop 2021)



TAKE-HOME POINTS
• Hot Jupiters and (sub-)Neptunes are a laboratory to study atmospheric escape in 

exoplanets 

• The whole community benefits from open-policy initiatives 

• We need to analyze the sample of evaporating exoplanets with a common framework
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