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Abstract

Collisions of the slow molecular hydrogen ions;Hon H,, O, and N, diatomic molecules in the energy range 700-2000€eV have been
studied experimentally using the time-of-flight technique. The total cross sections farvith H,, O, and N, are found to be in the range of
(1.7940.27-2.78: 0.42)A2, (3.434+ 0.51-5.15+ 0.78)A2 and (3.46+ 0.52-5.03k 0.75)A?, respectively. The measured electron capture cross
sections show a slowly increasing behavior as a function of the incident energy. The measured cross sectiowitlfidrjisystems are compared
with the existing data.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Single electron capture constitutes the dominant charge trans-
fer process in slow collisions between charged ions and neutral
Investigations of charge exchange reactions in ion—atongas molecules. At low impact energies, total capture cross sec-
ion—molecule and more recently ion—ion collisions are of fun-tions are dominated by capture from outermost target shell. How-
damental interest in detailed understanding of collisions mechaever, as the projectile energy increases, capture from inner shells
nisms involved. Theses reactions are also of great importance plays the main role until at high energies charge exchange from
of variety of research fields, such as the description of manyhe K-shell dominates. In general, cross sections for processes
astrophysical and terrestrial environmefit$ and controlled in which more than one electron is captured are considerably
thermonuclear fusion or ion accelerator technolfflyCharge  smaller than single electron capture proce$ges
transfer with molecular targets has received considerable experi- During a collision between a charged projectile and a target
mental attention. Numerous measurements have been made wittolecule an electron of the target molecule can be captured by
ion beam3-9], flow tubeq10] and ion trap$11]. Model com-  the projectile into the ground state or into an excited state:
putations of electron capture in low-energy multiply charged
ion—atom collisions have progressed to an advanced state, bei
successfully able to reproduce the available data on differen-
tial and total cross sections, studies of ion—molecule collision'2” +N2— Hz+N2" +AE
are considered in an early or partially developed stage. Exper-
imental methods combined with theoretical calculations fromH2" + 02— H2+ 02" + AE.
Landau—Zener model to ab-initio molecular expansion meth-
ods within either time-dependent or time-independent coIIisiorbe
treatment[12-16] provide a comprehensive study of these

Y4+ H2— Ha+Ht +AE

The energy defectAE is determined by the difference
tween the recombination energy, which is released after the
capture of an electron by the projectile, and the energy needed to

reactions. ionize the target molecules. At low impact energy, the reaction
window of single electron capture favors moderately exothermic

reactions over endothermic or strongly exothermic reactions. At
E-mail address: ahasan@aus.edu. this low impact energy regime, electron capture takes place very
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effectively through pseudocrossings of the adiabatic potentiadetection efficiency of detector ahis the geometric length of

energy curves describing the initial and final molecular systemthe target cell. For the efficiency of the channel-plate detector
The lack of extensive total cross-section measurements fdB2.4%), we used the product of the active area ratio of the first

the collisions of H* with atomic and molecular targets has sug-channel-plate from the manufacturer’s manual, which is 60%,

gested more work is necessary in order to obtain accurate dasgmd the transmission of the grids at the entrance of the detector,

at low impact energies. Therefore, the main goal of this article isvhich is 54%[17,18].

to provide reliable measurements for single electron capture by

charged ions in collision with neutral diatomic molecules. We2.3. Error estimate

illustrate this by measuring the absolute total cross sections of

H2" on Hz, Oz and N collisions. The energy range covered by  The total uncertainties are estimated at 85% confidence level.

the present experimental study is between 0.7 and 2 keV. Thegthe total uncertainty corresponds to quadrature sum of the sta-

total cross sections will be compared with the existing experitistical and systematic errors. The errors mainly originated from

mental and theoretical data. the fluctuation of the data, the gas target pressure stability in the
measurements, the absolute transmission of the meshes and that

2. Experimental set-up and procedure of the detection efficiency of the microchannel plate. The counts
from the background gas were measured without theibihns

2.1. General and were usually less than 5%. These counts were subtracted

from the data.

Details of the experimental arrangement have been given pre-
viously [3—7], so the experimental set-up will be described here3. Results and discussion
briefly. Hy* ions were produced in the recoil ion source (RIS) in
collision of F** beam with B molecular gas. The recoilHl ions Table 1llists the measured absolute total cross sections and
were extracted, accelerated and passed through the first acceltre total uncertainties for single electron capture by kbns
ating unit (Einzel-type lens) by an applied electric field which isfrom Hp, O and N> molecular gases as a function of collision
transverse to the® beam direction. After that, the collimated energies. The energy dependence of single electron capture cross
recoil H,* ions were directed into differentially pumped target section is shown irFig. 1 The total cross sections obtained
cell where capture phenomena took place to foH‘fn The gas- exhibit a monotonically increasing behavior as a function of
target cell was a 5.8-cm long cylinder cell with entrance and exithe impact energy. This behavior is typical of single electron
apertures of 1 and 2.5 mm in diameter, respectively. The gas tagapture cross sections between singly charged ions and neutral
get was kept low enough (typically0.6 mTorr) to ensure single molecules for which capture is usually favored only between
collision conditions. The target cell was field-free to avoid anatomic ground states. This can be understood from the reaction
undesired deflection of slow, highly charged ions. After leav-window, which get boarder with increasing energy.
ing the gas-target cell, the emergent ions travelled through the
second acceleration unit, which is identical to the first accel3.1. H,"-H>
eration unit, to a position sensitive channel-plate detector via
a parallel-plate electrostatic analyzer. The neutral beamgof Fig. 2 shows the values for total cross sections measured in
passed straight through the analyzer, where as the separationthfs investigation and the results of earlier studies. It can be
charged ions occurred inside the analyzer. The analyzer volioted that first, in the energy range 600—2000 eV, the present
age was set to detect thesHions. The ions were analyzed
according to their time-of-flight which is proportionglm/q  Taple 1
(mass-to-charge ratio). The use of the electrostatic analyzer irists the measured absolute total cross sectids4nd the total uncertainties
conjunction with the TOF technique allows one to identify the(15%) for single electron capture bysHions from H, Oz and N> molecular

various events associated with the charged ions. gases

E (eV) OHy+ Hay OHy+.0, OHy+ Ny

2.2. Evaluating of the absolute total cross section 700 1.79 3.43 3.46

800 1.91 37 3.61

Thin target conditions were used in this experiment, the abso-200 2.01 3.89 3.73

lute total single electron capture cross sections for formation oﬂgg ;1 9 i'cl)i g'gg

Hj; were evaluated by the following expression: 1200 205 4.26 414

0 1300 2.36 4.41 4.23

_ 1400 2.44 451 4.38

"~ Nnel 1500 2.52 4.63 4.48

1600 2.56 475 454

whereH? is the total number of the neutral everits the mea- 1700 2.64 4.88 4.69

sured number of incident iong, the number of gas particles 1800 ;;5 ;‘-g; j-;i

per cnt in the collision target cell and is related the measure 000 278 515 5 03

pressurg in Pa according ta = 2.45x 10%p (at 22°C), ¢ the
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Fig. 1. Total cross sections for one-electron capture pYieins from H, (M),

O, (@) and N> (o) molecular gases.

and the previous measured cross sectid®s21,25]increase

slowly as the collision energy increases. Second, without exce
tion, it is visible that there are discrepancies in the results with
one another. These discrepancies may be due to random expe
mental errors, the differences in ion source operating conditions
and the collection of slow ions. The use of energy sensitiv
detectors plays a significant role in eliminating this source oﬁ
error. Third, there are significant deviations between experi:
mental measurements theoretical calculation by Gurnee—Mag
[23]. The Gurnee—Magee calculation pertains to the single re

onant process:

Hyt™ (v =0)+Hz (v =0) = Hy (v =0)+Hy" (v=0).

This result suggests the inadequacy of collisional wave func
tion employed in this calculation. Leventhal-Moran-Friedman
[22] took into account the vibrational states of the incident ions
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Fig. 3. Plot of total cross sections vs. the ion energy for one-electron capture by
H,* ions from No. P: present experimental result; RS, Ropke ef24].

They considered the initial #1 ions are in Franck-Condon dis-
tribution of vibrational states. The final vibrational distribution
of the product H molecules produced by charge transfer was
then taken simply to be the sum of all translational probabilities

Krom Hot (v = j) to Hp (v’f/ = j) which have the same value

of j. Theory significantly overestimates the cross section. Last,
[lis apparent in these valu¢$9,21] that there is a minimum

in the cross section around 500 eV. Below this energy, the cross
ection behaves in a manner characteristic of resonance while at
igher energies non-resonant behavior becomes dominant and
the cross section increases with increasing energy.

ee

S_
3.2. Hy"-N,

The present low-energy data and the high-energy measure-
ments[27] are shown inFig. 3. It can be seen that; first the
present measurements slowly increase with increasing incident
energies. Second, the high-energy data are inconsistent with one
another.

3.3. H"-0;

The dependence of the measured cross sections on the colli-
sion energy is shown iiRig. 1. These total single electron capture
cross sections display slowly increasing behavior with increas-
ing impact energies. Unfortunately, lack of experimental and
theoretical data prohibits significant and direct comparison with
present data.

4. Conclusion

We have presented the total electron capture cross sections
for Ho™ ions with H, O, and N, reactions at collision energies
between 0.7 and 2.0 keV. The results of this investigation can be
summarized as follows:

Fig. 2. Plot of total cross sections vs. the ion energy for one-electron capture by
H,* ions from H. P: present experimental result; K: Koopnjf]; VB: Vance
et al.[20]; HA: Howard et al[21]; LMF-L: calculation corrected for Langevin
orbiting cross section (see RE#2,23)); LMF: Leventhal et al[22], GM: Gurnee
et al.[23]; M: McClure[24]; CL: Latimer et al[25]; AF: Afrosimov et al.[26].

(a) The total cross sections for single electron capture were
obtained for H* with Hy, O, and N and found to be
in the range of (1.7%0.27-2.78+ 0.42)A?, (3.434+ 0.51—
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5.1540.78)A2 and (3.46k 0.52-5.03: 0.75)A2, respec-  [31 AT. Hasan, J. Electron. Spectrosc. Relat. Phenom. V135 (2004)
- 159.
b 'E;_\;]ely' d d f total ti . it r{4] A.T. Hasan, et al., Int. J. Mol. Sci. V4 (2003) 284.
( ) . e ener_gy epeﬁ ence ot total cross sections Is quite co 5] A.T. Hasan, et al., Nucl. Instrum. Methods B198 (2002) 1.
sistent with experimental results of Koopn{d®], Howard  [6] A.T. Hasan, et al., Int. J. Mod. Phys. E V11 (2002) 567.
et al.[21] and Latimer et al[25]. [7] A.T. Hasan, Eur. Phys. J. D35 (2005) 461.
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. - . . ... [10] D. Smith, et al., Mon. Not. R. Astron. Soc. 197 (1981) 377.
this reason, it is quite conceivable that further work will

) . . [11] D.A. Church, et al., Phys. Rev. A40 (1989) 54.
have to be carried out in order to produce reliable data fof12] A salop, et al., Phys. Rev. A13 (1976) 1312.
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