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Photoionization cross sections of the ground and first excited states of the OH radical

Kedong Wang ,* Jie Liu, Haoxing Zhang, and Yufang Liu
School of Physics, Henan Normal University, Xinxiang 453007, People’s Republic of China

(Received 18 February 2021; accepted 18 May 2021; published 1 June 2021)

We present a comprehensive study of photoionization of OH radicals from the ground and first excited
electronic states. Cross sections and asymmetry parameters for the valence orbitals are reported for photon
energies from near the threshold to 60 eV. The calculations have been performed with the R-matrix method.
Two different continuum basis types, namely, the Gaussian and B-spline bases, are used to assess the quality of
the description of the continuum. The results show both types of continuum bases provide a similar quality
description in the near threshold resonant region, but the latter can predict more reliable photoionization
observables in higher-energy regions. Our calculations are compared with available experimental and theoretical
results, and the discussions are provided.
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I. INTRODUCTION

The removal of an electron from an atom or molecule by
the action of light, photoionization, is an important process
in modeling and understanding aeronomy, planetary science,
radiation chemistry and physics, and industrial plasma [1].
It is the primary source of ions produced in the interstellar
medium and the upper atmosphere of astral bodies. Accurate
and reliable photoionization data are required to interpret the
chemical and physical properties and reaction pathways in
these environments such as planetary atmospheres, interstellar
molecular clouds, and solar nebulas [2]. Photoionization itself
is a highly correlated process that provides a rigorous test for
theories and computational methods, thereby supporting their
further development.

The hydroxyl radical, OH, is one of the most important free
radicals in the atmosphere [3], combustion oxidation [4], and
in the interstellar medium [5]. As a second-row hydride, OH
has served as an important benchmark for fundamental studies
of electronic spectroscopy and structure. Accurate spectro-
scopic information has been obtained about its low-lying
electronic states. For the ionization process, three experimen-
tal studies have reported the relative photoionization spectra
of the hydroxyl radical in the VUV range. van Lonkhuyzen
and de Lange [6] have employed techniques of ultraviolet
photoelectron spectroscopy to determine the ionization poten-
tials leading to the four low-lying ionic states. Dehmer [7]
recorded spectra with a resolution of 1–3 meV for the photon
energy range from 13.0 to 16.5 eV. This spectrum agrees with
a later spectrum from Cutler et al. [8] obtained between 13.1
and 18.2 eV at a resolution of 1 meV. Recently, the absolute
photoionization cross section of the OH radical has been
measured. Dodson et al. [9] deduced the cross section from
the analysis of time-resolved radical-kinetics measurements
of a multireaction network in which OH is produced in the
reaction of O(1D) with H2O. The absolute cross section of
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OH was determined relative to that of O(3P). Their work was
supported by new theoretical calculations of the OH cross sec-
tion using equation-of-motion coupled-cluster Dyson orbitals
and a Coulomb photoelectron wave function. Subsequently,
Harper et al. [10] determined the absolute photoionization
cross section by a different method. They produced the OH
radical via H abstraction of H2O by F atoms (H2O + F → HO
+ HF), and set it to an absolute cross-section scale using the
known cross sections of H2O and O. However, the resulting
cross section values from Harper et al. [10] differ by approxi-
mately a factor 2 from the measurement of Dodson et al. [9],
which is somewhat greater than the combined uncertainties of
the measurements. This indicates that further investigations of
photoionization cross section, such as theoretical calculations,
are needed.

On the theoretical side, the photoionization spectra of the
OH radical were reported by several groups. A study by
Stephens and McKoy [11], based on the Schwinger varia-
tional method using multiplet-specific Hartree-Fock (MSHF)
potentials and numerical continuum orbitals, predicted cross
sections and photoelectron angular distributions for the 3σ

and 1π levels of OH. However, it was pointed out that sig-
nificant deviations could occur due to the correlation not
being included in the approach [12]. Later Veseth and Kelly
[12] reinvestigated the photoionization cross section of OH
by an integral equation approach with many-body pertur-
bation theory, taking into account single-electron excitation
and molecular polarization. However, the strong interaction
between the filled 3σ shell and the open 1π shell leads to
problems with the convergence of the perturbation expansion
and they had to use a model Hamiltonian. Finally, based on
total transition probability between two electronic molecu-
lar levels determined from vibrational transition probabilities
and Hönl-London factors, Riahi et al. [13] reported the pho-
toionization cross sections from the ground state of OH to
the first excited state. All these calculations predicted sparse
spectra, and no study provided much detail near the ionization
threshold.
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The goal of the present work was to carry out a comprehen-
sive study of photoinduced cross sections of OH radicals. Here
we employ a multichannel, wave-function based, R-matrix
approach [14], which uses the configuration interaction (CI)
method to describe electronic correlation. The other purpose
of this paper is to explore the advantages of using different
continuum descriptions in R-matrix calculations. The perfor-
mance of this method using Gaussian-type orbitals (GTOs)
for continuum descriptions has recently been demonstrated in
studies of photoionization of NO2 [15], CO [16], and H2O
[17]. However, recent efforts were directed toward the ex-
tension of the UKRMOL+ code [14] to make it possible to
use B-spline type orbitals (BTOs). So far only one publica-
tion [18] has presented multichannel R-matrix photoionization
cross section determined using BTOs. A comparison of these
two continuum basis types has been made in the present work.

This paper is organized as follows. Section II describes the
computational method for the structure and the photoioniza-
tion processes. Some tests of various models for the studied
photoionization cross section are described in Sec. III. This is
followed by a presentation of the final result and discussion in
Sec. IV, and finally the conclusions in Sec. V.

II. COMPUTATIONAL DETAILS

A. Theoretical method

The photoionization cross sections in the length gauge are
given by [19,20]

dσi f

dk f
= 4π2αa0

2ω|di f (k f )·ε̂|2, (1)

where α is the fine structure constant, a0 is the Bohr radius, ω

is the photon energy in atomic units, and ε is the polarization
vector of the ionizing light in the molecular frame. di f (k f ) is
the molecular frame transition dipole between the initial state,
i, and a single continuum state, j, as a function of the ejected
electron momentum, k f .

If the molecular frame cannot be recovered, Eq. (1) must be
orientationally averaged and in the case of a linearly polarized
laser field one obtains(

dσi f

dk f

)
= σi f

4π
[1 + βP2(cos θ )], (2)

where β is the asymmetry parameter, σi f is the partial pho-
toionization cross section, P2 is the second-order legendre
polynomial, and θ is the electron ejection angle between the
photoelectron emission direction and photon polarization di-
rection in the case of linear polarization. In the present paper,
an R-matrix calculation is used to present the bound and the
continuum wave functions in Eq. (1).

In an R-matrix approach [21], the configuration space of
the scattering system is divided into two spatial regions: an
inner region and an outer region. The inner region radius
is chosen such that all short-range interactions are con-
tained within it. The target wave function and corresponding
charge density are assumed to be completely included in
this sphere, and the electron-target interaction is represented
through exchange and correlation potentials. In the outer
region, long-range multipolar interactions of the scattering

electrons with different target states are considered by using
a single center close-coupling (CC) approximation. At the
interface, energy-independent solutions from the inner region
are used to construct an energy-dependent R matrix.

In the inner region, both the continuum and the bound-state
wave functions are given in terms of the basis functions,
ψN

k , as



(−)N
f (k f ) =

∑
k

A(−)
f k (k f )ψN

k (x1, . . . , xN ), (3)

�N
i =

∑
k

Bikψ
N
k (x1, . . . , xN ), (4)

where A(−)
f k (k f ) and Bik are energy-dependent expansion coef-

ficients determined from matching the wave functions (3) and
(4) to the well-known asymptotic solutions of the system, and
xi stands for the space-spin coordinates of the ith electron.
The R-matrix basis functions ψN

k in turn are written in the
close-coupling form


N
k (x1, . . . , xN ) = A

∑
i j

ai jkφ
N−1
i (x1, . . . , xN−1)ηi j (xN )

+
∑

p

bkpχ
(N )
p (x1, . . . , xN ). (5)

Here, ηi j are the continuum orbitals orthogonalized with re-
spect to the target orbitals, and A is an antisymmetrization
operator. Coefficients ai jk and bkp are variational parameters
determined by the matrix diagonalization. The summation
in the second term of Eq. (5) runs over configurations χp,
where all electrons are placed in target-occupied and virtual
molecular orbitals. The choice of appropriate χp is crucial.
These are L2 configurations and are needed to account for po-
larization and for correlation effects arising from excitations
in the neutral molecule.

To calculate the photoionization of OH radicals with the
UKRMOL+ package [14], we first construct the molecular or-
bitals that ensure a good description of both continuum and
bound wave functions. Then we construct the target state
wave functions with sufficient quality. Finally, we generate the
continuum orbitals.

B. Target model

For the two electronic states of OH radicals that are inves-
tigated in the present work, the multichannel close-coupling
calculations were performed at the corresponding equilibrium
geometries, namely, Re = 0.9697 Å for the X 2� ground state
and Re = 1.0121 Å for the A 2�+ excited state [22]. The
Hartree-Fock electronic configuration for the ground state of
OH radicals is 1σ 22σ 23σ 21π3, and that for the first excited
state is 1σ 22σ 23σ 11π4 [23]. The molecular orbitals were
generated using the MOLPRO suite of programs [24] with the
self-consistent field Hartree-Fock method. Three different ba-
sis sets including 6-31G∗∗, 6-311G∗, and 6-31 + G∗∗ were
tested to obtain accurate target orbitals. The complete active
space (CAS) CI method was used to deal with photoionization
of the OH radical. In the CAS-CI model, four electrons in
the inner molecule orbitals 1σ and 2σ are frozen, and the
remaining five electrons are allowed to occupy freely all the
other available molecule orbitals.
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TABLE I. Vertical ionization potentials (in eV) for OH radicals
obtained with 6-31G** (BS1), 6-311G* (BS2), and 6-31+G** (BS3)
basis sets.

State BS1 BS2 BS3 Expt. Principal CSF

X 3�− 12.80 12.83 12.87 13.01a,b (1π )−1

12.96c

a 1� 15.10 15.13 15.18 15.17a,b (1π )−1

b 1�+ 16.79 16.84 16.89 16.61a (1π )−1

16.48b

A 3� 16.82 16.86 16.86 16.48a (3σ )−1

16.17b

c 1� 19.21 19.30 19.30 19.21b (3σ )−1

d 1�+ 24.67 24.77 24.75 (3σ )−1(1π )−1(4σ )+1

B 3� 29.89 29.64 29.87 (1π )−2(4σ )+1

C 3�− 30.24 29.93 30.12 (3σ )−1(1π )−1(4σ )+1

e 1� 30.75 30.46 30.72 (1π )−2(4σ )+1

D 3� 31.92 31.67 31.94 (3σ )−1(1π )−1(4σ )+1

aFrom Ref. [6].
bFrom Ref. [8].
cFrom Ref. [7].

The calculated vertical ionization potential (IPs) for the
first ten low-lying states are tabulated in Table I, together with
the previous experimental results [6–8] for comparison. As
shown in the table, both 6-31G∗∗ and 6-311G∗ basis sets pre-
dict very similar IPs. The values are in fair agreement with the
experimental results [6–8], though ours are 0.2–0.7 eV higher.
The 6-31 + G∗∗ basis set including the diffuse functions does
not improve the IPs, but required the use of a larger R-matrix
radius and thus more computational resources. To balance the
computational cost and the quantity of the target description,
we chose to use the 6-311G∗ basis set in the photoionization
calculations.

In Table I, we give the orbital occupation differences be-
tween the HF neutral target wave function and the principal
configuration state functions (CSFs) of the ion states. It is
clearly evident that removal of a single electron gives rise
to various states. Some of the configurations have the same
primary configuration and differ by their spin symmetry.
We observe that the triplet states lie energetically lower than
the singlet states in agreement with Hund’s rule.

C. Inner and outer regions

In the inner region, the continuum orbital is commonly
constructed from GTOs centered on the center of mass of the
system. GTOs are not suitable to represent the highly oscil-
lating behavior of the true continuum functions both over an
extended radical range and when higher values of the photon
energy need to be considered. Therefore the size of R-matrix
spheres is limited and the collision energies that can be treated
are restricted. The suitable base for this task is to use B-spline
functions. In the present work, both types of continuum bases
(GTO and BTO) are tested. The orthogonalization deletion
threshold for GTOs is 10−9 and that for BTOs is 10−5. The
value of the R-matrix radius taken to enclose the total charge
of the target inside the inner region was 15a0. The maximum
angular momenta lmax = 4 and 5 were used to check the

FIG. 1. Total photoionization cross sections calculated with GTO
and BTO and different partial waves for l = 4 and 5, from the X 2�

ground state (upper panel) and the first excited state A 2�+ (lower
panel) of OH radicals.

convergence of partial wave expansion. In BTO calculations,
the B splines of order 6 are employed, and the number of
radical B splines in the basis is 20. The first two radical B
splines are not included in the basis due to them having a
nonzero first derivative at the starting point.

In the present calculations, the L2 configurations in Eq. (5)
can be written in two classes, (core)4(CAS)4(virtual)1 and
(core)4(CAS)5. Here the active space is composed of 3σ -10σ ,
1π -4π , and 1δ orbitals. The inclusion of a large number of
target states was necessary to converge the close-coupling
expansion and to avoid any unphysical pseudoresonances
that may otherwise appear at higher energies related to
target states left out of the expansion. The different num-
bers of the target states were included in the close-coupling
calculations to test the convergence of the close-coupling
expansion.

III. TESTS OF MODELS

Our total photoionization cross sections from the ground
state and the first excited state of OH radicals with GTO
for partial waves up to l = 4 and BTO for l = 4 and 5, are
presented in the upper and lower panels of Fig. 1. As shown
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in the picture, the total cross sections with BTO base show
the negligible differences between the partial waves up to
l = 4 and l = 5. This indicates that lmax = 4 is sufficient to
obtain converged photoionization results for OH in the present
calculations.

Both GTO and BTO produce almost the same results in the
low-energy region below 25 eV for photoionization from
the ground state and below 20 eV for photoionization from
the first excited state. While at the higher photon energy, the
cross sections for GTO basis begin to oscillate along the
cross section for the BTO basis, indicating the GTO basis
may be not good enough to describe the continuum states.
Indeed, standard GTO basis functions are characterized by
their exponential decrease that does not make them suitable
to describe the oscillatory behavior of the continuum wave
function up to large distances from the parent ion. Recent
studies, performed by Ruberti et al. [25] using the highly
correlated algebraic diagrammatic construction and by Cukras
et al. [26] using linear response coupled cluster methods for
electronic excitations in conjunction with the Stieltjes imag-
ing technique, indicated that the use of GTOs in molecular
photoionization cross-section calculations leads to the onset
of major inaccuracies in the calculated cross sections at about
70 eV above ionization threshold. Moreover, these studies
showed that even very careful GTO selections cannot afford
high-energy features and high resolution. In contrast, BTO ba-
sis functions are very flexible and accurately describe both the
bound and continuum states with minimal numerical depen-
dencies, and are becoming popular for continuum calculations
[27]. We expect the present BTO results are reliable. Figure 1
shows our cross section for the BTO basis.

Figure 2 illustrates the effect of including more target states
in the CC expansion. Three models including 9, 40, and 80
target states are used in the CC expansion for photoionization
from the ground state and the first excited state. Of the nine
target states three states are in 1A1 symmetry, and each one
is in 1B1, 1B2, 1A2,

3B1, 3B2, and 3A2 symmetries. These
target states correspond to the first six states in Table I in
the C∞V point group. For the 40 target states CC model, the
calculation includes each 5 target states in every singlet and
triplet symmetry and for the 80 target states model it includes
each 10 target states in eight symmetries. For photoionization
from the ground state, total cross sections in the 40 states CC
model and the 80 states CC model are slightly lower than that
in the 9 states CC model. But for photoionization from the
first excited state, the cross sections calculated with 40 states
and 80 states are much bigger. In order to clarify these large
differences, we also perform the 14 states CC calculations for
the photoionization from the first excited state. Here the 14
target states in the C2V point group correspond to the first 9
states in Table I. As shown in Fig. 2, clearly, with increasing
the target states to 14 states in the CC calculation, the total
cross section increases and shows smaller difference when
comparing with 80 states CC results. The retention of a large
number of electronic channels in the CC model provides the
necessary polarization potential in an ab initio way, which is
crucial for determining the cross section. The great similarity
of the curves corresponding to the 40 states and the 80 states
CC models provides an indication that a good convergence
with respect to multichannel coupling has been achieved to

FIG. 2. Total photoionization cross sections calculated with three
different models: 9 states, 40 states, and 80 states CC calculations
from the X 2� ground state (upper panel) and the first excited state
A 2�+ (lower panel) of OH radicals.

the photoionization from the ground state and the first excited
state of OH radical. Much sharper peaks are observed at
higher energies in 9 states CC cross sections from the first
excited state, which might be pseudoresonances. This reveals
that multichannel coupling effects on the cross section are
more important for ionization from the excited state than from
the ground state.

As shown above, the CC model including 80 target states
with the BTO continuum and angular momentum up to l = 5
is our best model to describe the photoionization of OH rad-
ical. And then we will discuss the results from this model in
the following section.

IV. RESULTS AND DISCUSSIONS

The total photoionization cross sections from the X 2�

ground state of OH radicals in the energy region 13–15.1 eV
are shown in Fig. 3(a), with the available experimental results
for comparison. In general, our results are a little higher than
the cross sections measured by Dodson et al. [9] from the
threshold to 14.21 eV, but slightly lower than the measure-
ments of Harper et al. [10] in the energy region 13–15.1 eV
except for the resonant region. The relative photoionization
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FIG. 3. Total photoionization cross sections from the X 2�

ground state of OH radicals calculated with our best model in the
energy range (a) 13–15.1 eV (the gray-shaded area defines the 2σ un-
certainties) and (b) 10–60 eV. Comparison with the available results.

spectra of OH radicals measured by Dehmer et al. [7] and
Culter et al. [8] have a similar shape to the results of Harper
et al. [10], and are not discussed in the present paper.

As shown in Fig. 3(a), our calculations predict several
resonancelike features in the total photoionization cross sec-
tion. In addition to the minimum at 14.1 eV, there are three
peaks around 13.55, 13.79, and 14.19 eV, which are in good
agreement with the experimental results of Dodson et al. [9]
as well as Harper et al. [10]. We used a fine mesh for photon
energies in steps of 0.04 eV to scan and properly separate the
possible resonance structures. The first broad autoionization
peak splits into two subpeaks centered at 13.51 and 13.59 eV,
which agrees well with the higher-resolution spectra of Harper
et al. [10]. The resonances in multichannel scattering are
characterized not only by the corresponding structures in the
cross sections but also—more important for their analysis—
by the sudden jump of the eigenphase sum by π radians over
a relatively narrow energy range. By analyzing the eigenphase
sums, the first subpeak located at 13.51 eV is from the A1 and
A2 symmetries and the second subpeak at 13.59 eV is from the
B2 symmetry. Both are termed as shape resonances. The peaks
at 13.79 and 14.19 eV belong to shape resonances with B2

and A2 symmetries, respectively. At higher photon energies,
the present cross sections also show several prominent peaks,
supporting the work of Harper et al. [10].

In Fig. 3(b) the present total photoionization cross sections
are compared with the previous theoretical results of Stephen
et al. [11] obtained by using MSHF potentials and numerical
photoelectron continuum orbitals and Veseth et al. [12] ob-
tained with the many-body perturbation theory in the energy
region between 10 and 60 eV. All the theoretical profiles show
a common behavior: the cross sections increase at threshold
until reaching their maximum, and then gradually decrease at
the higher excited energy. Strong electron correlation includ-
ing in the present calculations causes two dramatic changes
in the total cross section, as can be seen by comparing the
MSHF profile with our multichannel results. On the one hand,
the cross-sectional maximum shifts toward the threshold. The
maximum in the cross section of 21.0 Mb at about 21.4 eV of
photon energy computed at the MSHF level drops to 16.8 Mb
at about 19.5 eV in our multichannel results. On the other
hand, the MSHF results display larger cross sections in the
energy region from 20 to 42 eV, but become smaller at the
higher photon energies between 42 and 50 eV. The theoretical
results obtained by Veseth et al. [12] are a little higher than
our results at the photon energy beyond 22 eV. Dodson et al.
[9] and Harper et al. [10] have noted that the calculated cross
sections of Veseth et al. contain the nonionization processes,
which leads to a larger cross section in their calculations.

Figure 4 presents the partial cross section and asymmetry
parameter for photoionization from the ground state of OH
leading to the X 3�− state of OH+ ions. A comparison is made
between our results and the theoretical work of Stephen et al.
[11] and Riahi et al. [13]. Up to 20 eV, the present cross
sections are consistent with the theoretical cross section of
Stephen et al. and Riahi et al. In the energy range 20–40 eV,
our result is consistently below the other theoretical ones.
In the energy range 40–50 eV, the differences between them
become very small. A comparison between our results and
the calculations of Stephen et al. [11] suggests the inclusion
of the correlation effects cause a shift of the MSHF profile
toward threshold together with a loss of intensity in the overall
process. Similar to the calculated cross section, our asymme-
try parameter has numerous sharp peaks, while the MSHF
asymmetry parameter is very smooth. In the energy region
20–50 eV, our asymmetry parameter is sizably larger than the
MSHF asymmetry parameter. With respect to the behavior
of the cross section, the asymmetry parameter is seen to be
more affected by electron correlation effects, as can be judged
from the overall large differences between our results and
the calculations of Stephen et al. Above 50 eV, there are no
available theoretical or experimental data for comparison. For
the purpose of clarifying these differences, an extra calcula-
tion is also carried out with the larger basis set 6-311G**.
The obtained cross sections and asymmetry parameters show
almost the same shape as with the results with the 6-311G*
basis set. This means the differences from the basis sets can
be ruled out.

Figures 5 and 6 show cross sections and asymmetry param-
eters for ionization from the ground state of OH leading to the
a 1� and b 1�+ states of OH+ ions, respectively, with the pre-
vious theoretical results of Stephen et al. [11]. Compared with
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FIG. 4. Photoionization cross section and asymmetry parameter
for ionization from the ground state of OH leading to the X 3�− state
of OH+ ions.

the results of Stephen et al., our photoionization observables
leading to the a 1� state of OH+ ions show a consistent trend
as those to the X 3�− state. In the case of photoionization lead-
ing to the b 1�+ state of OH+ ions, both cross sections show
a resonant behavior with maxima centered at about the same
photon energy 22.7 eV. In the energy region below 40 eV, our
cross sections are lower. But with the photon energy beyond
40 eV it is reversed and the present results are a bit higher.
As shown in Fig. 6(b), both the asymmetry parameters show
the monotonic increase to a limited value of 1.3, the MSHF
profile lying consistently above our multichannel results.

Now we compare the calculated partial cross section with
the experimental data. The He Iα photoelectron spectroscopy
of OH radicals has been measured by van Lonkhuyzen and de
Lange [6]. They obtain the relative intensities of X 3�−, a 1�,
and b 1�+ states of OH+ ions to be 2.9 ± 0.2, 1.6 ± 0.2, and
1.0 ± 0.2, respectively, at a photon energy of 21.2 eV. At this
photon energy, our X 3�−/b 1�+, and a 1�/b 1�+ branching
ratios are 2.8 and 2.1, respectively, in reasonable agreement
with the experimental values when taking the combined errors
of the relative intensities into account.

Finally, Fig. 7 depicts photoionization cross sections and
asymmetry parameters for ionization from the A 2�+ excited

FIG. 5. Photoionization cross section and asymmetry parameter
for ionization from the ground state of OH leading to the a 1� state
of OH+ ions.

state of OH leading to the A 3�, B 3�, and C 3�− states of
OH+ ions. The magnitude of cross section for the A state
decreases slowly from 15 Mb above the threshold to 2 MB
at an energy of 60 eV. The cross section for the B and C
states are relatively flat above threshold and are similar to
each other. The same trend is observed for B and C states,
where both magnitudes change from about 3 Mb near the
threshold to 1 MB at an energy of 60 eV. The asymmetry
parameters for both A and B states have remarkably similar
shapes and magnitudes, starting from −0.5 near the thresholds
and increasing monotonically to 1.5 around 60 eV. For the
C state, the asymmetry parameter decreases rapidly near the
threshold and then increases slowly to 1 at an energy of 60 eV.

V. SUMMARY

We performed a detailed study of photoionization of the
ground and first excited state of OH radicals, and presented
results for the total as well as partial cross sections and asym-
metry parameters. The calculations were performed with the
multichannel R-matrix method with configuration interaction.
With the CAS-CI model using the 6-311G∗ basis set, the GTO
continuum basis provides a similar quality of description as
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FIG. 6. Photoionization cross section and asymmetry parameter
for ionization from the ground state of OH leading to the b 1�+ state
of OH+ ions.

the BTO base up to 25 eV for ground state, and up to 20 eV for
first excited state. While at higher energy region, oscillatory
behavior appearing in the cross section of GTO basis indicates
it may be not stable. A comparison of the total cross section
from the ground and first excited states in the partial waves
between lmax = 4 and 5 shows the convergence for partial
waves lmax = 4. The importance of including the correlation
effects has been revealed by comparing with existing theoret-
ical calculations based on the MSHF method.

Inclusion of more states in the CC expansion has small
effects on the total cross section for ground state. While the
study of photoionization from the first excited state of OH
radicals has revealed the presence of strong multichannel
coupling effects, which dramatically affects the cross sections
when compared to the 9 states CC results.

Experimental measurements of the photoionization dy-
namical parameters, such as partial cross sections and

FIG. 7. Photoionization cross section and asymmetry parameter
for ionization from the A 2�+ excited state of OH leading to the A 3�,
B 3�, and C 3�− states of OH+ ions.

asymmetry parameters, are needed in order to test and verify
the role played by the various types of many-bady effects in
the photoeffect of such a molecular system. But they are chal-
lenging, in particular, for free radicals and therefore are often
missing or are found in the literature within a wide range.
We provide higher level calculations of the cross section,
as well as for calculations that include resonant excitation
processes. And our calculations enlighten the disagreement
between the two different experimental approaches. We hope
that the dearth of data on the photon and OH radicals scat-
tering system encourages further experimental and theoretical
investigations. Such data sets are needed in a variety of appli-
cations from aeronomy to plasma modeling.
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