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N2* formation in collisions between N ions and rare gases
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Total cross sections for single-electron loss 6f lns impinging on Ne, Kr, and Xe were measured in the
energy range from 1.5 to 5.0 keV. The measured electron-loss cross sections show a monotonically increasing
behavior as a function of energy of the incident beam for all the targets studied. Our results are compared with
previous experimental data and are found to be in excellent agreement.
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I. INTRODUCTION mTorr were accelerated to 1.5-5.0 keV and selected by a
Wien velocity filter. The N ions were then allowed to pass
Since N* is only 44 eV above its neutral ground state, it through a series of collimators before entering the gas target
can easily be produced by a variety of mechanisms, such a=ll, which was a cylinder of 2.5 cm in length and diameter,
electron-impact ionization, dielectronic recombination,with a 1-mm entrance aperture, and a 2-mm-wide, 6-mm-
photoionization, and charge transfer. Electron-transfer collilong exit aperture. The target cell was located at the center of
sions with helium, atomic and molecular hydrogen, nitrogena rotatable, computer-controlled vacuum chamber that
carbon monoxide, and other molecules at mean collision ermoved the whole detector assembly, which was located 47
ergies of a few eV can play an interesting role in regulatingcm away from the target cell. A precision stepping motor
the energy, and therefore the characteristics of the plasma gnsured a high repeatability in the positioning of the chamber
these regions of energy. over a large series of measurements. The detector assembly
There are a few experimenfd—4] where the single- consisted of a Harrower-type parallel-plate analyzer and two
electron-loss(SEL) cross sections of Nions in collision  channel-electron multiplierSCEMs) attached to its exit
with targets of rare-gas atoms have been measured. Lo amuds. The R atoms passed straight through the analyzer.
Fite [1] reviewed SEL cross sections of'Nions passing Separation of charged particles occurred inside the analyzer,
through gases. Vujoviet al. [3] measured the SEL cross which was set to detect the?N ions. 1(6) represents the
section in the energy range 2—30 keV for the ground state gbarticles per unit solid angle per second detected at a labo-
N* ions, and in the range 5—20 keV for metastable-state N ratory angleé with respect to the incident beam direction
ions in collision with inert gases. Hird and S[&] measured with the lateral CEM. A retractable Faraday cup was located
the SEL of N in Ne, Ar, and Kr between 35 and 140 keV. 33 cm away from the target cell, allowing the measurement
Pivovar, Novikov, and Dolgoy4] carried out measurements of the incoming N ion-beam currentlg is the number of
of the SEL of N" ions on Ne, Ar, and Kr atoms in the energy N ions incident per second on the taiget
range 250—1400 keV and Dmitriest al. [5] reported mea- Under the thin-target conditions used in this experiment,
surements of SEL cross sections of Mns on He, Ne, and the differential cross sections for’Nformation were evalu-
Kr for energies between 500 and 2400 keV. However, for Neated from the measured quantities by the expression
as a target, there is a systematic disagreement by about 50%
between the results of Lo and Fit&] and Pivovaret al. [4] do(6) 1(6)
above 300 keV, where the two sets of data overlap; and the a0 lonl
results of Vujovicet al. [3] are in good agreement with the
results of Hird and Suk2], while those of Lo and Fitl] are  wheren is the number of target atoms per unit volurtpi-
30% Iower. In .addltlon, there is no measurement of S,E!-cally 1.2x 10"atoms/cr) and! is the length of the scatter-
cross sections in the Iow-ke\_/_energy range. Therefore it I$ng chamber (=2.5 cm). The total cross sectian, for the
important to carry out additional measurements for theproduction of N* particles was obtained by the numerical

N*—rare—gas—atom colli;ions at lower energies using a diﬁerintegration ofda/dQ over all angles measured; this is
ent experimental technique.

The present work is intended to investigate the depen- om dor
dence of the single-electron-loss cross sections 0bN the 0'=27Tf ——sin(6)dé.
physical parametéet (incident energy Data were measured o dQ
for 1.5-5.0 keV.

For 6> 6, the differential cross sections vanish.
Extreme care was taken when the absolute differential
cross section was measured. The reported value of the angu-
The experimental apparatus and technique needed to gelar distribution was obtained by measuring it with and with-
erate the fast-ion beam were recently repofftef Briefly,  out gas in the target cell with the same steady beam in order
the N' ions formed in an arc-discharge source containing N to eliminate the counts due to ionization of thé Keam on
gas (99.99% purity at ion-source pressures of 0.04-0.07the slits and those arising from background distributions.

Il. EXPERIMENT
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FIG. 1. Differential cross sections for single-electron loss &f N
ions in Ne, Kr, and Xe at 3.0 keV.

The estimated rms error is 15%, while the total cross sec-
tions were reproducible to within 10% from day to day.

Changes were not observed in the values of the absolute
differential and total cross sections with respect to the ion-
source conditions. Also, no variation in the distributions was
detected over a target-pressure range of 0.2—0.6 mTorr.

Several sources of systematic error are present and have
been discussed in a previous pap&r The absolute error of
the reported cross sections is believed to be less G0,
This estimate accounts for both random and systematic
errors.

Ill. RESULTS AND DISCUSSION

Data for absolute differential cross sectioiidCS'’s) for
SEL of N ions impinging on Ne, Kr, and Xe were obtained
at laboratory angles-3°<6<3° and collision energies
1.5<E=<b5.0keV. We show in Fig. 1 our DCS'’s for SEL of
N* in Ne, Kr, and Xe at the collision energy of 3.0 keV. The
behavior of the DCS’s is qualitatively identical for all the
energies for each of the targets studied. All curves plotted in
Fig. 1 show a monotonic decrease in the DCS with increas-
ing angle. The differential cross sections were integrated to
yield total cross sections. Figure&@2-2(c) show a compari-
son of our values for the total cross sections for the three
collision systems with the data of various other groups. The
error bars are given to indicate the maximum reproducibility
of the data in the present energy rar@&%.

The total cross sections obtained for SEL of Mns col-
liding with Ne are compared to experimental data in Fig.
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FIG. 2. Total cross sections for single-electron loss 6fibins

2(a). We have included data over a wide range of energies g, atoms: (a) Ne: (b) Kr: (c) Xe.

show the overall shape of the curve. Our results agree well

with the measurement of Vujoviet al. [3] at 5 keV and  sults. These include measurements of Hird and §2ik
merge smoothly into their cross sections at energies great@ivovaret al. [4], and Dmitrievet al. [5]. Although there is
than 5 keV. These results give the general shape of the wholsverlap of two sets of data at high energiBs/ovaret al.[4]

curve of single-electron-loss cross sections for the-Ne
system over a wide range of energi@s5—1400 keV.

In Fig. 2(b) the total cross section obtained for SEL of N
ions colliding with Kr is shown as a function of collision
energy. Also shown in Fig.(B) are other experimental re-

and Dmitrievet al. [5]), the shapes of the cross-section data
of Refs.[2], [4], and[5] and the present measurements indi-
cate that the data from all four measurements are mutually
consistent.

For N"-Xe systems, our total cross sections for SEL of
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N ions colliding with Xe are found to be of order of mag- (& Absolute differential and total cross sections for SEL

nitude between 10 and 10 2A2 and show a monotonically in N*-atom collisions were obtained at laboratory energies

increasing behavior as a function of the incident engege  between 1.5 and 5.0 keV.

Fig. 2(c)]. We are aware of no previous experimental or the- (b) The SEL cross sections for all the targets studied are

oretical data with which to compare the present results.  found to be of order of magnitude between f0and
The shape of the cross section for all three reactiond0 ?AZ?, and show a monotonically increasing behavior as a

shows a monotonically increasing behavior as a function ofunction of the incident energy.

the incident energy. This behavior can be explained qualita- () Our present total cross sections are in good agreement

tively in terms of momentum transfer and projectile-targetwith an extrapolation to higher-energy data of previous ex-

interaction time. For energies smaller thep,, (the energy ~ periments.

at which the cross section is maximumsmaller momentum

can be transferred to the projectile electrons as the energy of ACKNOWLEDGMENTS
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