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- Charge exchange

< Molecular rovibrational excitation
< Photodissociation

< Radiative association

< Molecular (diatomics) line lists

< Applications: astrophysics, cold collisions, quantum
simulation




Fine-Structure Excitation

- Collision of an ion X of charge g (or a neutral) with e- or
heavy particle X(nILJ)+Y — X(nILJ')+Y

- Important in a variety of cool and molecular
environments:

< Level populations (non-LTE emission spectra)

< Radiative cooling

< Temperature, density, radiation diagnostics

< Many lines observable by Spitzer, SOFIA, Herschel
< No comprehensive data compilation
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Example Spectra
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Key Fine-structure
Diagnostics
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Temperature-Density
Diagnostic

- O2* line ratios
combined
with
forbidden
lines

< Comparison
to planetary
nebulae
observations
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UV irradiated
cavity walls, disk
surface:
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Far-IR -- mm Spectroscopy Platforms

L] L] IIIT'III LI 1 TT'II'I'II

‘sl ol :ICII]

FIFILS . SOFIA

—

SPIRE

SAFIRE

E [Nell]

Spitzer + ¥
LFl‘ P “Herschel 2=0.5

‘FTS w/clrrent detectﬁrs

’E + tz=1

SF’lCAf’SAFARI :
- BG-limited FTS. - -
i —— '*r',

NH
é
2
=
=
w
C
©
w
©
£
3
e
=
s)
T
L

Qrﬂtlng with NTD detectors dﬁtE{:tl‘Jr'S

ﬂ'&

» R=1000 BG limit
ALMA

1000

Wavelength [uum]




Databases?
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Fine-structure excitation:
Needs

Ne II 12.81 um emissivity

< [Nelll] and [Nell] lines
observed in protoplanetary
disks with Spitzer

< H collisional rates needed

[Nelll[Nell]

< [Nelll}/[Nell] ratio used as a
diagnostic of AGNs

< Usually only e-collisions

considered

o

Ne*+ H, Ne?* + H
protoplanetary disks
(Meijerink et al. 2007)

e

Ne*+H,Ho,
Ne?* + H,H2 in XDRs
(Abel 2008)

ST 25.25 um emissivity

= [Sl] observed in proto-
planetary disks

< H collisional rates needed

@

S+ H
protoplanetary disks
(Meijerink et al. 2007)




Summary - Needs

(- Fine-structure excitation by electrons:
< @alculations ior © and' € need revisiting
< Neonioens ook in'good shape
= @ther possibilities: N2, Ar2*, Al, and S
< Eurther work on: Ee, Ee’, Fez" 2?2?27
< Fine-structure excitation by heavy particles
< Calculations for © and C with Hz, He, H™ need revisiting

< O + H* (later € + HY) In collaboration with David Schultz and
Yong VWu

< G + Hz should be revisited




Summary - Needs

f
< Fine-structure excitation by heavy particles (cont'd):

< @alculations of H collisions needed for S, Si, Fe, Al, Ne*, N*,
Fet, Nezt 02+, Fe2t Szt

< @alculations of He and Hz collisions needed for S, Si, Al ,Fe,
Ne*, N*, Fet, Ne?*

< @alculations of H* collisions needed for S and Fe

< Consideration of internuclear-dependent spin-orbit coupling
< Compilations needed
< Measurements needed
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Fine-structure excitation:
Highlights
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