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1. Introduction

Nitric oxide (NO) and its ions are ubiquitous in many gas phase
plasmas, either as a dissociation by-product from NO, or as a resid-
ual gas in vacuum systems. After O, the nitroxyl anion (NO~)is the
most abundant anion in swarm measurements of NO,-He mixtures
[1]. It also appears as a result of electronic collisions with NO, [2].
The weakly attached electron in NO~ is a source of free thermal
electrons that in film deposition plasma applications [3| may be
the outset of electric breakdowns [4].

In cold plasma physics, the process of collision electron detach-
ment (CED) from negatively charged species is a fundamental
phenomenon. The ability to control the dielectric strength of gas
mixtures depends on comprehending the relation of the effec-
tive electron detachment to the effective electron attachment
coefficients [5].

NO~ has been used to benchmark electron affinity measure-
ments by photodetachment [6-8] and by electron scattering tech-
niques [9], and also in laser induced vibrational auto-detachment
measurements [10]. In addition, ion mobility parameters of this
particular anion have been studied in low temperature plasmas
[1,11]. From a fundamental point of view, state-of-the-art quan-
tum mechanical calculations [12] are still challenged to describe the
physical processes that determine the stability of molecular anions.
Despite its relevance in cold plasma and in fundamental physics, to
our knowledge, no attempt to measure the collisional electronic
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detachment cross-section has been made for this archetypical
anion.

In this paper, we offer a study based on measurements of the
collisional detachment cross-section of NO~ on O, and N, gases
below 10keV kinetic collision energy.

2. Experiment

The experimental method consists in generating a beam of NO~
that passes through a gas-cell filled with either O, and N, high
purity gases. The pressure in the gas-cell was maintained low
enough for the signal to be proportional to the gas-cell pressure
and high enough to get a good signal. As a result of the interac-
tion, the negative NO~ ions (parent ion beam) may loose electrons
or dissociate. The resulting neutral molecules or fragments were
counted and the cross-section was derived from the intensities of
the ion beam and the resulting neutral molecules and fragments
count-rate as a function of the gas target density () in the gas-cell.
Descriptions of the present experiment are also given in references
[13,14]. Here we provide a description with more details that are
relevant to the present experiment.

This study was carried out using an electrostatic accelerator
designed to operate at kinetic energies below 10 keV; a schematic
drawing is shown in Fig. 1. The ion beam of NO~ was produced
by injecting a mixture of three parts per million of NO, in N, into
the ion source chamber and kept at constant flux pressure. The ion
source assembly was acceleration voltage-biased such that the neg-
ative ions produced inside were repelled to an Einzel lens set. These
negative ions were mass separated by a magnetic field perpendic-
ular to the ions’ trajectory. Small adjustments in the trajectory of
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Fig. 1. Schematic drawing of the electrostatic accelerator taken from reference [ 14].

the ion beam were performed with the aid of two sets of voltage-
biased parallel plates with electric fields perpendicular to the beam
trajectory (steering plates in Fig. 1). The input and output collima-
tor orifices in the gas-cell had diameters of 1.0mm and 1.5 mm
respectively. Finally, a set of x —y linear motion slits placed after
the analyzing magnet were used to control the ion beam width and
to monitor its profile. The ion beam width was typically 0.5 mm.

The neutral molecules and fragments resulting from collisions
in the gas-cell were separated from the parent ion beam by a per-
pendicular electric field (analyzing plates in Fig. 1) that was also
used to direct ions to a channel electron multiplier (CEM) located
in one side of the accelerator axis. Neutral molecules and fragments
were detected and counted with an identical CEM facing the axis
of the accelerator.

To check the collection efficiency of the fragments and neutral
particles by the CEM detectors, tests that recorded the parent ion
beam intensity and charged fragments after being scattered as a
function of the electric field in the analyzing plates were performed.
These tests systematically exhibited an intensity plateau, thereby
showing that the resulting particles spread were smaller than the
CEMs collection aperture after dispersion in the gas-cell. The CEMs
aperture widths were 0.7 cm.

In the present experiments, it was important to operate the
CEMs under similar gain and efficiency conditions. To verify these
requirements, the counting rate in the central CEM was measured
with analyzing plates electric field set to zero; this gives the over-
all count rate: neutral particles plus the negative parent ion beam.
With the electric field on, the lateral CEM count rate corresponds
to the parent ion beam; this count rate plus the central CEM count
rate (neutral particles) were verified to be comparable to the cen-
tral CEM total counting rate. This check was performed with the
gas-cell empty. The CEMs bias voltage gains were also adjusted for
maximum count rates.

The systematic uncertainties in this experiment arise mainly
from the gas-cell pressure and temperature measurements that
propagate a 10% systematic uncertainty to the cross-sections.
The kinetic acceleration energy measurement has a maximum
5% uncertainty. The ion source assembly was located in a region
where the base pressure was 8 x 10~4 Pa without gas load. With
gas load, the operation pressure in this section of the accelera-
tor was 5 x 10-2 Pa. The pressure in the detection chamber was
5x 107> Pa. The pressure in the gas-cell was measured with an
absolute calibrated Baratron.

To calibrate this experiment, we measured electron detachment
cross-sections for collisions of H~ with O, in the energy range of
1keVto10keV and compared tovalues by Allenetal.[15] who mea-
sured with an ionization gas-cell. We also measured well known
electron capture cross-sections of protons on Ne and CH, in the
energy range of 2 keV to 10 keV and compared with measurements
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Fig. 2. Example of a signal growth rate curve for NO~ + O, — NO" + 0; +e". The
dotted line represents a second order minimum square fit of Eq. (3) to the data. This
example corresponds to 5 keV kinetic energy.

by Kusakabeetal.[16],Allison[17],Rudd [18] and Lindsay etal.[19].
Our results were in agreement with these previous measurements.
To study the collisional electron detachment cross-section we
chose two different techniques, the signal growth rate method
(SGR) and the beam attenuation technique (BAT). The SGR method
is based on the solutions to the equilibrium equations for the frac-
tion of neutral particles to the number of anions in the ion beam Fy
as a function of the target density 7. Fy is derived from
Fo= 0D (1)
1
where I is the signal count rate of neutral particles resulting from
the interaction with the gas, I, and [; are the signal count rates
resulting from the interaction with the vacuum residual gas and
ions in the parent ion beam respectively. 7 is defined as

_LP

”—ﬁ (2)

where /¢ is effective length, P the pressure and T the temperature of
the gas-cell. « is Boltzman'’s constant.

The SGR method is described in a more detailed manner in ref-
erences [13,15,20]. In this method it is assumed that the fraction
Fy of neutral particles formed after the ion beam looses an elec-
tron by collisions with the gas is a function of the initial parent ion
beam intensity and the target density. In the present case, we have
derived the single detachment cross-section o_1g from the second
order approximation to Fy

Fo =O‘_107T+S7T2, (3)

where o_qg is the single collision detachment cross-section and 7
the target density. & accounts for product contributions to Fy from
other processes such as double electronic detachment (o_190_11)
and fragmentation when the parent ion beam can be considered as
composed of only one charge state, as in the present case.

An example of a growth rate curve of the present data is shown
in Fig. 2. To check the second order correction contribution, we
derived additional SGR cross-sections from first order fits to the Fy
versus 7 in a much lower gas-cell pressure regime (linear) for a set
of selected cases and compared them with the present second order
fits as given by Eq. (3). Systematically, cross-sections derived from
second order corrected fits were higher; the difference between
the two approaches accounted for an average of 20% in the case of
the O, target and for an average of 10% in the case of N, target.
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