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Abstract

Absolute differential and total cross sections for dissociative capturg®oihbir to produce H, at projectile energies between 1.0 and 5.0 keV
and for scattering angles from4° to 4 were measured. The absolute total cross sections (TCS) for the dissociative capture to produee H
of the order of magnitude of 16" cn? and our measurements appear to merge well with previous experimental results. The measured TCS a
one order of magnitude lower than the dissociative capture for the formatiofatbkhs. The angular distributions of the Ftagment show a
monotonic decrease in the differential cross sections with increasing angle and several interesting structures are observed, which gire inform:
on the production of H, i.e., attributed to the predissociative states ¢f idteracting with the target and with the two electron capture to form the
excited state bi~.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction gies. We suggested that the dissociative capture (DC) strongly
favors molecules aligned along their velocity directiéh=0).

Among the many interactions and dynamical processes foundery little information is available regarding the cross sections

in nature, the dissociative capture processes)0fiehsin colli-  for the dissociation capture of the formation of ftagmen{6].

sion with atoms are one the most fundamental onesin “moleculdn this paper we present absolute total and angular cross sections

ion-atom” collisions. Therefore, electron capture in collisions ofof the DC to produce H ions by the collision of H" on A, i.e.,

ions with atoms in the low-keV-energy region has been one of N B

the most active research areas for a long fitr€’], experimen- Ho" +Ar — H - (1)

tally and theoretically, in atomic and molecular physics. Thisyt he incident energies between 1.0 and 5.0keV, and for scat-

research provides fundamental information in atomic and m°|e°(ering angles from-4° to 4°.

ular spectroscopy and many-body collision dynamics. The study

of dissociative capture is also important in applications such

astrophysic$8], plasma modelingf] and fusion researdi0].

The dissociation of the 1 ion, the simplest molecular ion, has

long been investigated but little attention has been paid to the di%-a

sociative capture process to produceidns[6,7,11] Recently

we have reportedb] measurements of the absolute total and

angular cross sections of the dissociative capture to prodfice

fragments by the collision of #t on Ar atoms at low-keV ener-

a3, Experiment

The experimental apparatusiq. 1) and technique were the
me as those described in detail elsewfidrdhe H* molecu-
lar ions were produced in a Colutron type ion source containing
mixture of 75% H gas (ultra high purity), and 25% Ar to
nhance ion production.#4 ions were extracted and acceler-
ated from 1.0 to 5.0keV. lons were focused by an Einzel lens
and directed to a Wien velocity filter in order to obtain an ana-
* Corresponding author. Tel.: +52 777 3291759; fax: +52 777 3297753.  lyzed H* beam at the desired velocity. The ions passed between
E-mail address: hm@fis.unam.mx (H. Mainez). cylindrical electrostatic defections plates, which were used both
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Fig. 1. Schematic diagram of the experimental apparatus.

to steer the beam and to bend it by 10he collimated HH* beam  are:

entered the interaction cell, which housed a gas target cell, where + Orns . 0 0 .

the dissociation phenomena took place to form H* or HO.  Hz2" +Ar — (H2')" + Ar™ — H- 4+ H"+ Ar (3)
The detector assembly rotated about the center of the gas targegt+ Oy + + 0 +

cell so that angular distributions could be obtained. Thedi$- q% AN = () + A = HEA RO A +e @)
sociation fragments, separated by & garabolic electrostatic H,* + Ar — (HZO)* S Art > HF+HT+Art +2e (5)
analyzer, were counted by channel electron multipliers (CEMSs).

The measured quantities wegs the number of i ionsinci- ~ Hz2™ +Ar — (H2?)* +Arf — H™ +HT + Art (6)
dent per unit area per secondthe number of argon atoms per
unit volume; L the effective length of the scattering chamber;

1(6) is the number of H fragments per unit solid angleqq) per All of the above processes contribute to the measured signals
second detected at angt§) (vith respect to the incident beam ¢ h610ns, negative hydrogen and neutral atoms produced in

direction. Thin target conditions were used in this experimentine pc process. The present experimental TCS for the produc-
The absolute differential cross sections (DCS) for the formasig, of the H- fragment (processe$) and (7)) are shown in

tion of H~ were evaluated from the measured quantities by thgig_ 2together with Fedorenko’s et 46] results for 12 keV. In

Hot +Ar — (H2")*+Ar?t — H™ +HO+ Ar?* @)

expression: the present experiment it was only possible to measure the DCSs

do 1) until ®max. For® > ®naxthe DCSs drop below the experimental

a0 = 7Ll (2)  detectionlimit, and it was therefore necessary to perform a sim-
nLlg

ple power-law extrapolation in order to obtain an upper limit of
this contribution for all the energies, this was ok 20-1° cn?,
. 0 : :
ions were obtained by numerical integration efd2 over all which is Ie_ss than a 10% for energies ab(_)ve 2keV. The integral
cross sections are therefore, for all practical purposes, equal to

measured angles. :
The overall uncertainties were 15%, which arise from: thethe absolute TCSs. The absolute TCS for the formation'of H

effective length of the target cell (3%); density determination' of the order ofénagnltude cle Ié.7 et Althoggrjlh thz presEn,t

(7%); measurements of the incident ion current (2%); detectorr’r:e%suremletnts.t 0 notdg)lver ap in inttargtyﬂ\:wt Fe otrersj ols tet

calibration (3%). The absolute TCSs were reproducible to Within";l_(':[S ]f results, 1t 1S readily apparent that the present absolute

10%. CS for the dissociative capture to produce Hre cons!stent
with Fedorenko's et a[6] results. For the moleculardi ions
incidenton Ar at low energies, procg83is the dominant disso-

3. Results and discussion ciative capture mechanism, analogous to the case of an incident
atomic beam. On the other hand, proce¢6and(7) require an

Five processes can be produced by the dissociative captureioteraction with the tightly bound target core electrons in order
the molecular hydrogen#! in collisions with Ar atoms, which  to obtain the necessary energy transfer (>17.32 and >13.39 eV,

The total cross sections (TCS) for the production of the H
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Fig. 2. Absolute total cross section for the production of flAagments from
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collisions of B* on Ar.

respectively). This fact advises a weaker probability for the pro
duction of the H fragment, which is consistent with the present
results. Previous measurements reported byiMeztand Yousif

[5] for the TCS of procesg) indicate an order of magnitude of
1016 ¢, which is about ten times bigger than that reported i

this paper for the formation of the Hfragment.

Fig. Sillustrates typical DCS of the H fragment for H*
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Fig. 4. Scaled angular distribution.

as shown inFig. 4. The solid line ofFig. 4 is an average of
all the measured angular distributions together with the statis-
tical error. As can be seen in the figure, a clear structure (label
“a” in Fig. 4) was observed which can be correlated with the
value of Eg when the maximum is reached in each structure;
"that value is 2.71eV (8.9 keV d&gand two vestige of struc-
tures (labels “b” and “c” inFig. 4) are notice between 4.05
and 6.56 eV (13.29 and 21.52 keV dggand 9.66 and 12.08 eV

incident on Ar gas target at the collision energy between 1'?31.74 and 39.64 keV dé) Some of these structures have been

and 5.0 keV. It can be seen that tis formed mainly in the for-

observed previously in the dissociation oftbn Mg[11] (4.0,

ward direction, and several defined structures appear at anglg& and 12.1eV), and in # on Kr [7] (4.0 and 7.3 eV). Peter-

different from @. It well known that a peak in the angular distri-

son and Bagl2] observed between 7.0 and 8.0 eV the same type

bution for a fragment can be interpreted as due to a singularit}sf structures in the B +Cs system. They concluded that this

in the Jacobean of a transformatipf11]. So, the dissocia-
tion energy can be determined from the location of the peaifepulsive Bx,

peak is caused by the predissociation of thH ¢state into the
*. This in turn was based on the research of de

— P2 ; incinht i iai
Eq = Efeq T0 gain more insight into the collision processes g, iy et al.[1] who used different gas targets. They found that
and to derive information about some features of the molecuthe structure between 7.2 and 10.0 eV was always present with

lar interaction involved, the measured angular distributions ar
replotted in terms of the scaled variablg® and (1E) do/dQ2
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Fig. 3. Angular distributions for the formation of Hragment from collisions

of Ho* on Ar.

Bifferent intensities according to the characteristics of the gas
target; the structure at 4.0 eV appears in Mg and Kr targets and
we have found it is also present in an Ar target between 4.05
and 6.56 eV. We feel that the agreement between these released
kinetic energies and thed values found, yield to assure that a
single electron is transferred from the Ar atom to the molecular
ion leading to excited products, that can capture another electron
in the way out of the cell producing theHi.e.,

Hat(X22gh) + Ar — H(3my) + Art

— HO°= ") + Art > HO4HO+ Art (8)
followed by
HO+ Ar — H™ +Ar" (9)

This interpretation is the same as that of Peterson andB3e

for Do* + Cs. For the peak at 2.71 eV, the possible explanation is
to consider the double electron capture of thé (-}(22g+) tothe
repulsive state bi- (b+ e—229+) at the internuclear separation
of 1.2A,which give a dissociation energy of approximately 2 eV
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(see potential energy curves of REf3]), i.e., followed by H+ Ar— H™ + Kr* is suitable and can explain the
2 _ ) 2 presence of the structures at the same dissociation energy as
Hz" (X 29+) +A > Ha(b+e 29+) + A those due to the predissociation. While the structure at 2.1 eV is
— H™ +HO+Ar?+ (10)  attributed to come from the processHX?2q") + Ar — Hp~
_ _ o (b+e 254" +Ar2* — H~ +H® + Ar?*, which is the cause of
Since the DCSs and TCS contain contributions from the tWoge shape of the absolute total cross section. The TCS for the
dissociation channel; those are reactid8} follows by (9)  formation of H- are of the order of magnitude of 1 cn? and

and (10); from the present work, it was not possible to iden- o+ measurements appear to merge well with previous experi-
tify the contributions of them. The contributions of the mech- antal result.

anisms involved in the formation of Hrequire a careful
study of the molecular potential energy curves of the collisio
system.
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the low-energy behavior in asymmetric charge—transfer colli-

sions, they can be discussed in terms of the enEggst which
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