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Star-formation in Ophiuchus / Herschel

ESA/Herschel/NASA/JPL-Caltech
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Another Far-Infrared Opportunity
What are the origins of planetary atmospheres and biospheres? 
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Sing+ 2024
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Volatile depletion in the Earthõs mantle

Pontoppidan 2014

Nitrogen depleted by 6 
orders of magnitude
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Where is the planet-forming region?

Mordasini+ 2009
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ALMA does not resolve water snowlines

Saturn
Uranus

Kuiper Belt

CO snow-line

CO2 snow-line
Water snow-line

AS 209 / DSHARP
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Earth

Resolved line imaging with ALMA

https://exoplanetarchive.ipac.caltech.edu
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Miotello et al. 2023

Anatomy of a protoplanetary disk
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Revealing the planet-forming water in the Spitzer legacy surveys
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~400 protoplanetary disks observed with JWST by cycle 4 (>1000 hours)

JDISCS/Arulanantham et al. 2025
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JDISCS/Banzatti + 2023

Enrichment of water by pebble drift
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Pebble drift relative to small grains

ALMA/DSHARP ï mm dust

VLT SPHERE ï micron dust/gas
Avenhaus+ 2018
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Evolution of volati le reservoir 

Kalyaan+ 23
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Different carbon-chemistry in very low-mass disks

MINDS/Arabhavi+ 2024
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Different carbon-chemistry in very low-mass disks

MINDS/Grant+ 2025
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JWST does not trace the snowline / giant planet-forming regions

JWST Far-Infrared

Snowline
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Total disk gas masses are uncertain ï 112 micron HD best mass tracer

3 detections of HD with Herschel-PACS / Bergin+ 2013
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2020 Astrophysics Decadal Origins Space Telescope concept


