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Some atomic collision experiments lead to ions having identical g/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+) producing A» * (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 * and N jons, is reported

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

INTRODUCTION

Electron impact ionization of molecular ions is an important process in astrophys-
ics, the Earth’s atmosphere and any laboratory plasma. Its investigation is related to a
number of experimental difficulties as a consequence of the more 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 to mass ratios, as
well as average velocity, and cannot be separated. Here recent experimental progress
in overcoming some of these difficulties will be reported.

EXPERIMENT AND 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 4 keV, Fig. 1. The beam was selected
by a 30° magnetic analyzer, 3, and crossed at right angles with an animated! electron
* Dedicated to Professor Slobodan Ribnikar on the occasion of his 70 birthday
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beam, 6. After the collision, the product ions were sclected by a 90° magnetic
analyzer, 8, focused by a 90° 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 N, ions.
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Fig. 1. Experimental set up: 1-ion source, 2—clectrostatic lenses, 3—separation magnet, 4,5—-apper-
tures, 6—clectron gun, 7—deflector, 8—mass spectrometer, 9—Faraday cup, 10-hemispherical deflec-
tor, 11—detector.

Due to the transfer of internal energy to the kinetic energy, the dissociation
fragments have a wide 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
analyzing magnetic 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
the width of the slit. However, for dissociation fragments, the profile of the magnetic
scan of the cross section is much wider and does not exhibit a plateau, indicating
that the size of the beam was 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 the measured
cross section as apparent, and determine the real cross section from there.
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Fig. 2. Signal transmission by: a) wide and b) narrow slit (see text).

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 beam profile with 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 clegant and direct procedure is possible. It is related to the
way the profile is actually obtained. When the center of the beam reaches 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 § mm
(slit width) or equivalent in AB from the first point. From this point, the signal needs
to be corrected by the amount which was obtained so far, i.e., increased for the value
at B-AB. 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, 0;, 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:

0,(B) = 0,(B) + 0(B-AB) (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 G, at B and this value
gives the transmission efficiency. In our previous measurements of asymmetric
dissociative ionizationZ-3 this efficiency was determined to be 50.0 % for C2* from
CO™, 46.6 % for O2* from CO™, 35.8 % for N2* from Np* and 42.0 % for O2* from
O,". Another similar experiment has recently been performed on cross section
measurements for DT production* from CD*. In this experiment, the analyzing
electric field was fixed and the detector was moved with a high precision in the plane
of dispersion, from where the total signal was inferred.
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SEPARATION OF IONS WITH THE SAME QO/M RATIO

In the case of electron impact on homonuclear diatomic molecular monoca-
tion, such as N, and O,", different particles with the same g/m ratio can be
produced. For instance, for N2+, the following reactions, among the others, are
possible:

S R N (2a)
SN +N+e (2b)
SN N+ 2e” (2¢)

where the first represents simple ionization, the second is dissociation and the last
one is dissociative ionization. Here, preliminary results of cross sectlons measure-
ments for electron 1mPact on the nitrogen monocation, producing N2 TandN* ions,
are reported. Both N' nad Nz ions have the same ratio of q/m =1/14.

From our previous experience on dissociative ionization®> 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 the mass
analyzer magnetic field, simultancously measuring the apparent cross section, was
made. The result is shown in Fig, 3.
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Fig. 3. Apparent cross section versus analyzer magnetic field for N2 "

The apparent cross section exhibits two contributions. The lower wide contri-
bution is from N jons, which have a larger energy distribution due to their
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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%x107!7 cm? and for N production 5.3%10~!7 cm?, at an energy of 150 eV.

This is only the first preliminary result and some discrepancies with previous
measurements>-° 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 (2¢). 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.
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Fig. 4. Separated contributions to the apparent cross sections.

This procedure was performed for various electron energies in order to
determine the behavior of the cross section with energy. Also, systematic cross
sections measurements were performed for fixed selected magnetic 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 ¢V, and maximum value of 5.8x107!7 cm?
at 120 eV. The cross section for dissociative ionization has the same value of the
threshold energy and its maximum of 2x10717 cm? lies at 100 ¢V. The cross section
for dissociative excitation or dissociation has a threshold energy of 9 ¢V and a
maximum of 8x10~17 cm? at 28 eV.
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The cross sections for asymmetric dissociative ionization were also measured.
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.? 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.

U3BOJI

PABJIBAJABE JOHA NCTOTI' OMTHOCA MACE 1 HAEJIEKTPUCAIBA
N3 CYOJAPHOT EKCITEPUMEHTA

JIPATOJbYB C. BENIW'h 1 PIERRE DEFRANCE”

Qusuuxu ¢paxyaitieiti, Citipydeniticku itipz 16, 11000 Beozpao, Jyzocaasuja u *Departement de Physique, Universite
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Y HEeKUM aTOMCKMM CYy/JapHAM EKCIIEPUMEHTHMA HACTA]Y JOHU Ca MJICHTUYHUM OJIHOCOM
Mace ¢ HaeJeKTpHucama, M/(, Kao U CpeAmOoM Op3MHOM, TAKO Jja HX je CTaHJApJHUM EJICK-
TPUYHAM W MarHeTHUM aHaJIW3aToOpuMa HeMoryhe moceGHO mpeHTH(UKOBaTH. TakBa cH-
Tyanuja ce jaBlba, Ha IPAUMeP, IPH HHTEPAKIUjH eIeKTPOHA ca MOJIEKYJICKIM MOHOKATjOHOM
(A2*) npu yemy HacTajy A%t (U3 qUpEKTHe joHU3am@je) 1 A* (43 AUCOLMjalHje UM JUCOIH-
jaruBee jom3aumje). Ycnen rpancdepa yHyTPAIIbhe SHEPruje Y KHHETHUKY eHeprujy (par-
MEHaTa, OBH OOMYHO MMajy NIMPOKY EHEPTUJCKY U yraOHy JUCTPUOYLH]Y Y 1a60paTOPHjCKOM
CHCTEMY, y OJIHOCY Ha IIPOJIYKTE AUpEKTHE joHn3anuje. Kopuirhemem noce 6GHO KOHCTPYUCAHOT
eKcIepuMeHTaTHOT ypebaja, oMmoryheHo je pa3fBajame npoayKaTa joHu3anmje u (pparMenara
puconmjanygje. OBJIe Cy CAONMIITEHN IPETUMAHAPHE PE3yIITaTh Mepera e(peKTHBHAX IpeceKa
3a HHTEPAKIIMjy ENEKTPOHA ca MOHOKATjOHOM a30Ta, y3 npoxpykuujy No2* u N* jona.

(ITpumsbeno 27. okrpoGpa 1999, pesupupano 24. pebpyapa 2000)

REFERENCES

1. P. Defrance, F. Brouillard, W. Claeys, G. Van Wassenhove, J. Phys. B.: At. Mol. Opt. Phys. 14
(1981) 103

2.D.S. Belic, A. Siari, D. J. Yu, P. Defrance, J. Phys. B.: At. Mol. Opt. Phys. 30 (1997) 5535

3. A. Siari, D. S. Belic, P. Defrance, XX ICPEAC, (1997) Vienna, Austria, Abstracts of Contributed
Papers, FR 007

4. N. Djuric, Y. S. Chung, B. Wallbank, G. H. Dunn, Phys. Rev. A. 56 (1997) 2887

5. B. Van Zyl, G. H. Dunn, Phys. Rev. 163 (1967) 43

6. J. R. Peterson, A Le Padelec, H. Danared, G. H. Dunn, M. Larson, R. Peverall, C. Stromholm, S.
Rosen, M. af Ugglas, W. J. van der Zande, J. Chem. Phys. 108 (1998) 1978.



