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1 Introduction

• This paper will demonstrate the utility of photodis-
sociation cross section calculations that are based on
the coupled-channel Schrödinger equation (CSE) tech-
nique.

• There is an increasing demand for a knowledge of the
temperature dependence of the O2 Schumann-Runge
continuum (SRC) photoabsorption cross section, for
use in planetary atmospheric models. However, there
are only limited experimental measurements of the
temperature variation of the O2 SRC cross section,1–5

reflecting the difficulties in undertaking such measure-
ments covering a wide range of thermodynamic condi-
tions.

• The CSE calculations provide a physical description
of photodissociation at the quantum mechanical level,
giving considerable insight into the nature of the tem-
perature dependence of the O2 Schumann-Runge con-
tinuum, defining limits for the possible temperature
variation.

2 Coupled-channel Schr̈odinger
Equation (CSE) model
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Temperature dependance
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interaction matrix radial wavefunctions
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Minimal CSE model for the3Σ−
u −3 Σ−

g transition. The main
features of the whole spectrum are reproduced using a model
incorporating only one Rydberg and one valence state.6 The
Rydberg transition borrows intensity from the valence transi-
tion, which is demonstrated by the respective transition mo-
ment magnitudes.
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Minimal CSE model for the3Πu−
3 Σ−

g transition. The main
features of the spectrum are reproduced with two Rydberg
and one valence state.6 The valence transition borrows in-
tensity from the Rydberg transition.
CSE model implicitly characterizes the interference between
Rydberg (bound) levels and the valence (continuum).6

4 Temperature Dependence

• Calculated3Σ−
u − X3Σ−

g cross sec-
tion is effectively a reflection of the
ground vibrational state, collapsing
at short wavelengths, because of the
Rydberg-valence interaction. The
Rydberg transition, also adding res-
onance stucture in the short wave-
length region. Within the SRC the
node structure of hot vibrational lev-
els yields a dramatic change in the
rovibrational cross section.
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• Calculated cross section agrees
favourably with the experimental
data.
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5 Total cross section 295 K and 90 K

Total cross section- add3Σ−
u and3Πu cross sections

1300 1400 1500 1600 1700
Wavelength (Å)

0

50

100

150

C
ro

ss
 S

ec
tio

n 
(1

0-1
9  c

m
2 ) CSE 295K 

3Σ
u

-
+
3Π

u
CSE 90K
Gibson et al. [2]
Wang et al. [4]
Yoshino 295K
Yoshino 90K

The CSE calculation of the SRC cross section compared with experimental measurements. On this
scale the CSE 90 K cross section virtually overlaps the 295 K values, in contrast to the experimental
measurement. For the CSE model calculations, the more rounded collapse of the SRC is indicative
of the constant coupling used for this model.

6 Discussion/Conclusions

• CSE calculations provide a physically-based quantum mechanical model of photoabsorption and photodissoci-
ation. For O2 the CSE model accurately reproduces the SRC cross section, and in particular, accounts for the
collapse of the continuum at short wavelengths, arsing fromthe Rydberg-valence interaction of3Σ−

u electronic
states.

• The temperature dependence of the O2 Schumann-Runge continuum reflects the character of the dominantly
weighted ground vibrational state.

– Low temperature, below 300 K, variation arises from the displacement of the v′′ = 0 “bell” to longer wave-
length, as higherJ′′ becomes energetically accessible. For increasing temperature the cross section should
increase for wavelengths above∼1420Å and decrease for the shorter wavelengths (top right figure of panel
4).

– At higher temperatures, v′′ transitions above v′′=0 contribute. The wavefunction nodal structure may yield a
decreasing cross section with increasing temperature, e.g. at 1488.7Å(top left figure of panel 4).

• Complex temperature dependent behavour in the cross section occurs for wavelengths below 1350̊A as this
region is influenced by transitions into3Σ−

u and3Πu Rydberg states. The correct description of the cross section
in this region would require a full rotational manifold of transitions, corresponding to allowed branch transitions.
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