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Some atomic collision experiments lead to ions having identical q/m ratio, as
well as average velocity, so that standard electric and magnetic analyzers are not able
to identify them separately. This situation occurs, for instance, in electron interaction
with molecular monocations (A2

+
) producingA2

2+
(direct ionization) and A

+
(dissocia-

tion or dissociative ionization).Due to the transfer of internal energy to the kinetic energy
of the fragments, they usually have a wider angular and energy distribution in the
laboratory frame, compared to direct ionization. By use of a specially designed animated
crossed beams apparatus, we are able to separate ionization and dissociation fragments.
Here the preliminary results of cross sections measurements for electron impact on the

nitrogen monocation, producing N2
2+
and N

+
ions, is reported

Keywords: ionization, dissociation,molecule,monocation,mass analyzer, cross section,
transmission efficiency.

INTRODUCTION

Electron impact ionizationofmolecular ions is an importantprocess inastrophys-
ics, the Earth�s atmosphere and any laboratory plasma. Its investigation is related to a
number of experimental difficulties as a consequence of themore complex structure of
molecular ions compared to atomic species. Furthermore, the ionization process is
usually followed by dissociation to energetic fragments, which are difficult to collect
after collision. In some cases the produced ions have identical charge tomass ratios, as
well as average velocity, and cannot be separated. Here recent experimental progress
in overcoming some of these difficulties will be reported.

EXPERIMENTAND TRANSMISSION EFFICIENCY

The measurements were performed using the animated crossed beams technique,
in the energy range from the threshold to about 2 keV. The primary ion beam, produced
in a small Penning ion source, 1,was accelerated to 4keV, Fig. 1.The beamwas selected
by a 30º magnetic analyzer, 3, and crossed at right angles with an animated1 electron
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beam, 6. After the collision, the product ions were selected by a 90º magnetic
analyzer, 8, focused by a 90º spherical deflector, 10, and detected by a multichannel
plate detector, 11. The cross sections were determined by a standard procedure,
described elsewhere.2 The experiments were performed on CO+ and N2

+ ions.

Due to the transfer of internal energy to the kinetic energy, the dissociation
fragments have awide energy and angular distribution, in the laboratory frame.After
dispersion in the analyzing magnet, the spatial distribution in the dispersion (hori-
zontal) plane is sufficiently large to prevent the total collection of product fragments,
due to the limited size of the detector. In fact, the size of the detector is not the actual
limiter, but rather the vertical slit placed at the exit of the magnetic analyzer in order
to prevent detection of particles scattered from the surfaces and particularly from
the edges of the detector. This slit is 8 mm wide (relative to the detector diameter
of 25 mm), which is wide enough to ensure total transmission of direct ionization
events, either atomic or molecular. This can be confirmed by a careful scan of the
analyzingmagnetic field, Fig. 2a. The signal count rate or cross section as a function
of the magnetic field strength exhibits a wide plateau, which is the usual test for the
total collection of ions, systematically performed for all focussing or deflecting ion
beam transport elements. At the beginning and end of this profile, the first derivative
gives the energy distribution or actual spatial size of the beam, in terms of slit width.
For atomic species (or primary beam), this size is usually a few times smaller than
thewidth of the slit. However, for dissociation fragments, the profile of themagnetic
scan of the cross section is much wider and does not exhibit a plateau, indicating
that the size of the beamwas larger than the defining slit, and, thus, that the collection
was not complete. Only a fraction of product charged fragments is collected at any
beam position and this need to be corrected. The ratio of the collected and the actual
number of particles is called the transmission efficiency. Let us refer to themeasured
cross section as apparent, and determine the real cross section from there.

Fig. 1. Experimental set up:1�ion source, 2�electrostatic lenses, 3�separation magnet, 4,5�apper-

tures, 6�electron gun, 7�deflector, 8�mass spectrometer, 9�Faraday cup, 10�hemispherical deflec-

tor, 11�detector.

440 BELI] and DEFRANCE



Assuming that the change of the magnetic field does not influence the beam
size significantly, since the scan occurs at only few % of the expected field value,
a steady beam sweeping across the slit from one side to the another, say from left
to right, in equal steps, can be imagined. One way to determine the transmission is
to choose a beamprofilewith a few fitting parameters and to integrate the part which
passes the slit while moving the beam, until the apparent profile is reproduced.
However, another, more elegant and direct procedure is possible. It is related to the
way theprofile is actually obtained.When the center of the beamreaches the position
where its low energy side enters the slit, a signal will start to appear. This will
increase until the low energy side reaches the right edge of the slit, where it gets
lost, and the profile generally falls off, Fig. 2b. This point is at the distance of 8 mm

(slit width) or equivalent in∆B from the first point. From this point, the signal needs
to be corrected by the amount whichwas obtained so far, i.e., increased for the value

at B�∆B. Following this procedure the correction to the existence of the right edge

can be performed and at the right side it leads to the real signal, σr, which would be
obtained if there were not a right edge of the slit. A simple formula relates the real
signal to the apparent one:

σ
r
(B) = σ

a
(B) + σ

r
(B�∆B) (1)

The maximum at the right side, at the higher magnetic field B, reaches a

plateau which represents the total real signal and the ratio of σa at B0 and this value
gives the transmission efficiency. In our previous measurements of asymmetric
dissociative ionization2,3 this efficiency was determined to be 50.0 % for C2+ from

CO+, 46.6 % for O2+ from CO+, 35.8 % for N2+ fromN2
+ and 42.0 % for O2+ from

O2
+. Another similar experiment has recently been performed on cross section

measurements for D+ production4 from CD+. In this experiment, the analyzing
electric fieldwas fixed and the detectorwasmovedwith a high precision in the plane
of dispersion, from where the total signal was inferred.

Fig. 2. Signal transmission by: a) wide and b) narrow slit (see text).
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SEPARATION OF IONS WITH THE SAME Q/M RATIO

In the case of electron impact on homonuclear diatomic molecular monoca-

tion, such as N
2
+ and O

2
+, different particles with the same q/m ratio can be

produced. For instance, for N
2
+, the following reactions, among the others, are

possible:

e
�

+ N2

+ → N2

2+
+ 2e

� (2a)

→ N
+
+ N + e

� (2b)

→ N
+
+ N

+
+ 2e

� (2c)

where the first represents simple ionization, the second is dissociation and the last

one is dissociative ionization. Here, preliminary results of cross sections measure-

ments for electron impact on the nitrogenmonocation, producingN
2

2+
and N

+
ions,

are reported. Both N
+
nad N

2

2+
ions have the same ratio of q/m = 1/14.

From our previous experience on dissociative ionization2,3 we have learned

that, due to the transfer of internal energy into the fragments kinetic energy in the

laboratory frame, the fragments have a wide energy distribution. However, the

energy of the product dication from simple ionization remains unchanged. Thus, by

an energy analysis, the products can be separated. For this reason, a scan of themass

analyzer magnetic field, simultaneously measuring the apparent cross section, was

made. The result is shown in Fig. 3.

The apparent cross section exhibits two contributions. The lower wide contri-

bution is from N+ ions, which have a larger energy distribution due to their

Fig. 3. Apparent cross section versus analyzer magnetic field for N2
+
.
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dissociation origin. The upper narrow distribution corresponds to simple ionization,

since its FWHM is the same as that of the primary beam. By the simple numerical

procedure discussed above, the cross sections for simple ionization were estimated

to be 6.5××10�17 cm2 and for N+ production 5.3××10�17 cm2, at an energy of 150 eV.

This is only the first preliminary result and some discrepancies with previous

measurements5,6 need to be resolved.

By a careful analysis of the curve shown in Fig. 3, three existing contributions

can in fact be identified, corresponding to processes (2a), (2b) and (2c). Their forms

are shown in Fig. 4. Curve 3 represents dissociative ionization. Curve 2 is the fit

and 2� represents dissociation (2b). Curve 1 is again the fit and 1� represents the net

contribution of direct ionization process.

This procedure was performed for various electron energies in order to

determine the behavior of the cross section with energy. Also, systematic cross

sectionsmeasurementswere performed for fixed selectedmagnetic field values, e.g.

at the cross section maximum of Fig. 3, as well as for some selected values to the

left and right of the maximum. From all these measurements, after corrections to

the transmission functions, absolute cross sections for various processes were

inferred, in the energy range from the threshold to 2 keV. The cross section for direct

ionization has a threshold energy of 30 eV, and maximum value of 5.8××10�17 cm2

at 120 eV. The cross section for dissociative ionization has the same value of the

threshold energy and its maximum of 2×10�17 cm2 lies at 100 eV. The cross section

for dissociative excitation or dissociation has a threshold energy of 9 eV and a

maximum of 8×10�17 cm2
at 28 eV.

Fig. 4. Separated contributions to the apparent cross sections.
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The cross sections for asymmetric dissociative ionizationwere alsomeasured.

This process refers to dissociative ionization leading to the fragments N2+ + N. The

cross sections for this process were measured using the same experimental device

and have already been published.2 In this case the measurements are relatively

simple, since the product N2+ ions do not interfere with any other fragments. The

cross sections for this process are one order of magnitude lower than the corss

sections for the other processes.

To the best of our knowledge, no other measurements or theoretical predic-

tions have been published, which can be directly compared with our results.

I Z V O D

RAZDVAJAWE JONAISTOG ODNOSAMASE INAELEKTRISAWA

IZ SUDARNOG EKSPERIMENTA

DRAGOQUB S. BELI] i PIERRE DEFRANCE*

Fizi~ki fakultet, Strudentski trg 16, 11000 Beograd, Jugoslavija i *Departement de Physique, Universite
Catholique de Louvain, Chemin du Cyclotron 2, B-1348, Louvain-La-Neuve, Belgija

U nekim atomskim sudarnim eksperimentima nastaju joni sa identi~nim odnosom

mase i naelektrisawa, m/q, kao i sredwom brzinom, tako da ih je standardnim elek-

tri~nim i magnetnim analizatorima nemogu}e posebno identifikovati. Takva si-

tuacija se javqa, na primer, pri interakciji elektrona sa molekulskim monokatjonom

(A2
+) pri ~emu nastaju A2

2+ (iz direktne jonizacije) i A+ (iz disocijacije ili disoci-

jativne jonizacije). Usled transfera unutra{we energije u kineti~ku energiju frag-

menata, ovi obi~no imaju {iroku energijsku i ugaonu distribuciju u laboratorijskom

sistemu, u odnosunaproduktedirektne jonizacije.Kori{}ewemposebnokonstruisanog

eksperimentalnog ure|aja, omogu}eno je razdvajawe produkata jonizacije i fragmenata

disocijacije. Ovde su saop{teni preliminarni rezultati merewa efektivnih preseka

za interakciju elektrona sa monokatjonom azota, uz produkciju N2
2+
i N+ jona.

(Primqeno 27. oktrobra 1999, revidirano 24. februara 2000)
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