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TW Hya MIRI spectrum: Ions appear like in PDRs…

Henning et al.



James Webb Space Telescope (JWST): 
Orion bar Photon Dominated Region (PDR)



Formation of the Methyl Cation by Photochemistry in a Protoplanetary Disk
O. Berne, M.A. Martin Drumel, I. Schroetter, et al., Nature, , 621, 56–59 (2023)
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Formation of Small Hydrocarbons under
Interstellar Conditions

D. Gerlich and S. Horning, Chem. Rev. 92, (1992) 1509
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Leak-out Spectroscopy
Vibration to Translation Transfer

3. AB+(v=1)* + M       AB+(v=0) + M + Ekin

1. (AB+)* + He        AB+(low J) + He

2. AB+ + h  AB +(v=1)

40 K

P. Schmid, O. Asvany, T. Salomon, S. Thorwirth, and S. Schlemmer, J. Phys. Chem. A 2022, 126, 43, 8111–8117



Principle of Leak-Out Spectroscopy

Loss rate x 30

Cooling: Pulsed He, Leak-out: N2 buffer gas

P. Schmid, O. Asvany, T. Salomon, S. Thorwirth, and S. Schlemmer, J. Phys. Chem. A 2022, 126, 43, 8111–8117



Ro-vibrational Spectrum of l-C3H+

Cooling: Pulsed He, Leak-out: N2 buffer gas

Ttrap = Tbuffer = 40 K

Philipp Schmid, O. Asvany, T. Salomon, S. Thorwirth, and St. S., J. Phys. Chem. A 2022, 126, 43, 8111–8117
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Ro-vibrational Spectrum of l-C3H+

Cooling: Pulsed He, Leak-out: N2 buffer gas

Tkin = 
Tion = 62 KTrot = 50 K 

Ttrap = Tbuffer = 40 K

Philipp Schmid, O. Asvany, T. Salomon, S. Thorwirth, and St. S., J. Phys. Chem. A 2022, 126, 43, 8111–8117

Philipp Schmid
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Millimeter-IR Double Resonance
Rotational Spectrum of l-C3H+

C. Baddeliyanage et al. Journal of Molecular Spectroscopy, 407 (2025), 111978
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High-Resoution Laboratory Spectrum
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C2H+ 



Electron spin S = 1 (Σ= -1, 0, 1)
3Π electronic ground state, Λ = ±1

Ω= |Σ+Λ| = 0, 1, 2 (spin-orbit states), A= -36 cm-1

Open Shell Species: C2H+

H (I= 1/2)

K. Steenbakkers, et al., J. Phys. Chem. A, 130, 3163–3174 (2026) 



Finding C2H+ in Orion Bar

Traces PAHs
Traces molecular gas
Molecular ion ridge

λ-doubling ~ 200 MHz & HFSCH3
+, Berné et al. 2023 

● Characteristic fine structure pattern of
J = 2 – 3 rotational transition

2f-3f

2e-3e

Arshia Jacob APEX



Missing Ions 
in Laboratory and Space

Stephan Schlemmer
I. Physikalisches Institut, 

Universität zu Köln

 Laborastrophysics in Germany & Thomas Henning

 Ion Chemistry in Space  &  Dieter Gerlich

 Ion Spectroscopy &   Cologne 

Perspectives of Planet and Star Formation  25.06.2026



Thank you 
Thomas 
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