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NIRSpec spectrum of the d203-506 protoplanetary diskNIRSpec spectrum of the d203-506 protoplanetary disk
[Berné, Habart, Peeters et al. Science, 2024][Berné, Habart, Peeters et al. Science, 2024]



  

H2 transitionH2 transition

H2: a probe of photoevaporation mass lossH2: a probe of photoevaporation mass loss
[Berné, Habart, Peeters et al. Science, 2024][Berné, Habart, Peeters et al. Science, 2024]
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MIRI spectrumMIRI spectrum
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MIRI: first detection of the Methyl-Cation: CH3+MIRI: first detection of the Methyl-Cation: CH3+

[Berné, Martin-Drumel, Schroetter et al. Nature, 2023][Berné, Martin-Drumel, Schroetter et al. Nature, 2023]

Collaboration with spectroscopists : P. Bryan Changala, Ning L. Chen, Hai L. Le, Bérenger Gans, Kim 
Steenbakkers, Thomas Salomon, Luis Bonah, Marie-Aline Martin-Drumel, Ugo Jacovella, Séverine Boyé-

Péronne, Christian Alcaraz, Oskar Asvany, Sandra Brünken, Sven Thorwirth, Stephan Schlemmer

Collaboration with spectroscopists : P. Bryan Changala, Ning L. Chen, Hai L. Le, Bérenger Gans, Kim 
Steenbakkers, Thomas Salomon, Luis Bonah, Marie-Aline Martin-Drumel, Ugo Jacovella, Séverine Boyé-

Péronne, Christian Alcaraz, Oskar Asvany, Sandra Brünken, Sven Thorwirth, Stephan Schlemmer

[Changala et al. A&A 2023][Changala et al. A&A 2023]



  
PCMI2024PCMI2024

- Is a product of UV driven chemistry in the outer disk

- In d203-506, it is the 3rd most abundant species after H2 
and CO

 → The organic chemistry is probably strongly linked 
to CH3+, as predicted decades ago

  → Future survey with ALMA/NOEMA will search for the 
products of CH3+ in UV driven chemistry (collaboration with 
J. Goicoechea)
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[Berné, Martin-Drumel, Schroetter et al. Nature, 2023][Berné, Martin-Drumel, Schroetter et al. Nature, 2023]

hydrocarbonshydrocarbons

[I. Smith, Chem. Rev, 1992][I. Smith, Chem. Rev, 1992]

Methyl-Cation : CH3+Methyl-Cation : CH3+
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More details on outer diskMore details on outer disk
[Schroetter, Berné et al. in Prep.][Schroetter, Berné et al. in Prep.]
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- Water / CO absorption are seen against the 
viscously heated dust emission

TH2O = 850 +/- 250 K

TCO = 1650 +/- 450 K

- Temperature of molecules implies they are present in the inner 
0.05 au

NH2O = 9.1 +/- 1.4 x1017 cm-2

NCO = 1.6 +/- 0.3 x1018 cm-2

- In the inner disk, C/O ratio is 0.6 +/- 0.08

(Solar System has C/O ratio of 0.6 as well)
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PerspectivesPerspectives
Outer disk: UV is triggering physical (photoevaporation) and chemical (CH3+, PAHs) changes.

Inner disk: less affected by UV radiation  simple chemistry (water, CO), will eventually create terrestrial planets! →
NEW HINT on how our Solar System formed!

Our results opened-up new branches in observation:
 → the need for more spectroscopy on such objects 
 → people are looking for CH3+ in their data
 →Many more JWST proposals on PPDs (e.g. R. Boyden, N. Ballering) and with ALMA/NOEMA

Next February: 
~70 PPDs in Orion will be observed with NIRSpec 
(prog id 5547, Rogers, Berné, De Marchi, Schroetter)

Follow up with MIRI: 

” A MIRI spectroscopic atlas of irradiated disks in Orion”

Cycle 4 MIRI medium program submitted (PIs Schroetter+Berné+Boyden)
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