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Probing astrochemistry directly from olbservations ¢

Chemistry )

Knowledge of chemistry and physics relies on thermochemical models that predict abundances
based on a chemical network



Probing astrochemistry directly from observations ¢

(  Chemistry )

What if we could probe directly from observations the formation rate of the species?
Use of formation-pumping processes



The Orion Bar — Interstellar laboratory
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The Onon Bor seen by ’rhe JWST
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Structure of the Orio
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Very rich spectra observed in the Orion Bar

NIRSpec
spectrum
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Rovibrational emission of OH detected in d203-506

Contamination Contamination
6by Hz 1-0 O4) by H21-0 O(5)

(=
2
~
>
-
=
>
=
n
-
)
4+
=

3.25

Wavelength (um) Zannese et al. 2024

Chemical pumping?
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Unvelling O-chemistry in action in d203-506

First evidence of chemical pumplng of OH by O+H,
o) 1 @ ”\ G
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Similarity between O-chemistry and C-chemistry

Gas phase oxygen chemistry

Co
—) ‘ Zannese et al. 2024

H,
O OH

Gas phase carbon chemistry

50 %" D &
' | /annese et al.
H, H, —Hz in prep
c CH,*

Chemical pumping in the carbbon chemistry ¢
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Detection of CH* rovibrational emission in

d203-506 and the Orion Bar
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Spatial distribution of CH*
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Bxclicliient o€

v=1

R T=847+23K |
N(CH ") = (33 +0.5)x10" cm 2l

Non-LTE |
Chemical pumping by 14772 119K

C++H, 2 i

(CH™ = (7.9 + 2.3)x10%cm?2

4000 5000 6000
000 4000 5000 6000 7000

Eup/k (K)

ISR 2R =NT -~ G0

Offset between v=1 and v=2 To(V=1)> Tpps ~ 600K and 7, (v=0)

Higher excitation in the PDR than in the disk 14



Evidence of chemical pumping of CH? In
el206-506 clpcliatinc @ientEels

L tesereax Analytic model of chemical pumping
N(H;) =(1.5+0.1) x10™ cm~2 8 reproduces nicely the observations of CH*In
both regions

Higher excitation of CH* in cooler gas
due to efficient UV pumping of H, in the PDR
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Estimation of the chemical and physical parameters

Intensity of the lines proportional to the formation
rate R:

R =k(T)N (Hy)x(C n,

Zanchet et al. 2013

Protoplanetary Faure et al. 2017
disk Neufeld et al. 2021
d203-506:

. s RE= g D e e s
% W \ s W *ny; = (1.0 +£ 0.5)x107 cm-3
DF3 /¢ ; \V i Same results for OH, CH* and H,
| N R A

Diss%?griﬁmif; e The Orion Bar:

*R=4x%x10¥cm=2g1
*ny = (8 +3)x10° cm?3
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Detection of CH;* rovibrational emission in @
d203-506 and the Orion Bar
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Chemical pumping for CH;*e
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front

« Follows the emission of H, and CH*

Disk Model T=700 K
Berné+23, Changala+23

Protoplanetary
disk

PDR

Zannese+ in

Intensity (MJy/sr)
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« Same as for CH*: higher excitation of CH;* in cooler gas
y, W Chemical pumping CH,* + H, ¢

A new system to study by molecular physicists
e 18




Take-nome message

Formation pumping processes used to probe astrochemistry in action

O
+ : E X ‘
e @ N
o¢ CH*
CH,* CH,*

» Diagnostics: formation rate, local density...
» More detections of excited hydride to come in other interstellar and

circumstellar regions
» Collaboration with molecular physicists vital in JWST era

19
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