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Abstract

We report measurements of the total and absolute differential electron loss cross sections of 2.0-5.0d®/ifOcollisions by N target at
scattering angles betweerB.2° < ® < 3.2° in the laboratory frame. The behavior of the absolute differential cross sections display an expected
decreasing behavior with increasing angle. The measured total electron loss cross section show a monotonically increasing behavior as a fun
of the incident kinetic energy and found to be within the order of magnitude betweéhartd 10-2* cn?.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction The lack of data at low-keV energies for electron loss pro-
cesses limits our ability to determine the chemical processes in
The importance of charge changing processes in keV atomiastrophysical plasmas and planetary objects.iéhs are pos-
collisions is well established, and these reactions have been stusibly present as one of the major magnetospheric ions (beside
ied very extensively both experimentally and theoretically. TheH™, and N") near the orbit of Titarj4] and as N is the ma-
bulk of the prior work has, however, focused on the simplest projor species in Titan’s atmosphere up to an altitude of 1700 km,
cesses and the most accessible collisions systems, while mdieerefore, in describing Titan's interaction with magnetospheric
technically formidable reactions, such as considered here, hawe solar wind ions, cross sections of-Qvith N as the target
received scant attention for the molecular target investigated iare important. The scatteredOion, which is also of particu-
this work. The only measurements of electron loss cross sectiohar importance in ionosphere physij&, has been studied with
of O* with N are those of Lo and Fitgl] at collisional ener- a large variety of spectroscopic methods, such as Auger elec-
gies above 60 keV. Fogel’ et 2] considered the possibility of tron spectroscopf], double charge transfer spectrosc¢ly
electron loss in reactions betweerf @nd N target, although translational energy loss spectroscdpy, photoion—photoion
their work was concerned in obtaining the equilibrium fractionscoincidence spectroscofy0] and photoelectron—photoelectron
for the neutral and charged products. Collisions between atomiooincidence spectroscopyl]. Although our experimental ap-
ions and neutral atoms and molecules are of considerable inparatus is incapable of resolving the different components of
portance and interest from a fundamental atomic physics poirthe O" ions produced by electron bombardment (electron en-
of view, equally, O —N collisional processes are of importance ergy well above the threshold for excited ion production), and in
to the field of aeronomjB,5] where O is the dominant ion in  light of the fact that in almost all the studies on state-selected O
the F region of the atmosphere. ions, in which metastable cross sections have been determined,
at some level, most of these studies, involved attenuation curve
technique, which it must be emphasized that it is not as pre-
cise as one would like. The use of such technique to derive total
* Corresponding author. Tel.: +52 7773297020; fax: +52 7773297040, Cr0Ss section is a matter of dispyfe?] due to elastic scatter-
E-mail address: foyousif@servm.fc.uaem.mx (F.B. Yousif). ing issues as well as due neglect of second-order effects. All
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that, plus the fact there is a complete lack of measured or calc3. Results and discussion
lated differential cross sections within the energies considered
in this investigation, motivated the measurements reported in Various reaction channels may be involved in collisions of
this work. Here, we report the measurements of the absolut®* ions with N,, some of which are
differential and total electron loss cross section of the reactiora)Jr o
O" + N2 — O?" + ... inthe energy range 2.0-5.0 keV. Nz > 07 -
Ot +N2 - O+ NJ

2. Experimental apparatus O" + Ny — OF + N; +e. and O +Ny— O +N,
The experimental apparatus and technique needed to gen&erresponding to projectile single electron loss (SEL), projec-
ate the fast ion beam were recently repoifte8]. Briefly, the  tile electron capture, target ionization and elastic process re-
O* ions formed in an arc discharge source containingg@  spectively. Our present investigation is concerned with the first
(99.99% purity) ation source pressures of 0.04—0.07 mTorr wertgaction channel (SEL).
accelerated to the desired energy and selected by a Wien velocity Absolute differential cross sections (DCS’s) data for SEL of
filter. The O ions were then allowed to pass through a serie™" ions impinging on N target have been obtained at labora-
of collimators before entering the gas target cell, which was dory angles-3.2° < @ < 3.2° and collisionenergies@ < E <
cylinder of 2.5 cm in length and diameter, with a 1 mm entrancéb.0 keV. Our DCS’s for SEL of @ in N, at laboratory energies
aperture, and a 2 mm wide, 6 mm long exit aperture. The targeif 2.0, 3.0,4.0and 5.0 keV are showrFig. 1, with the error bars
cell was located at the center of a rotatable, computer controlletgpresenting the reproducibility of the data. All the DCS’s for
vacuum chamber that moved the whole detector assembly, whichll the energies show a decrease with increasing angle. The SEL
was located 47 cm away from the target cell. A precision stepdata show slight structures inthe DCS’s, which tend to disappear
ping motor ensured a high repeatability in the positioning ofas the incident energy decreases. The limitation of the present
the chamber over a large series of measurements. The detecexperimental apparatus do not permit the evaluation of the O
assembly consisted of a Harrower-type parallel-plate analyzeromposition ions as to th&D and the?P low lying excited
and two channel-electron multipliers (CEMSs) attached to its existates and the ratio of the metastable states to that of the ground
ends. The O atoms passed straight through the analyzer. Sepastate. Theé D and the? P metastable states has been verified by
tion of charged particles occurred inside the analyzer, which wagumerous groupgL4—18]to compose the ®ions with the*s
setto detect the & ions (I (6) particles per unit solid angle per ground state ions in most of the ion sources employed. Stebbings
second detected at a laboratory aryleith respect to the inci- et al.[14] employed an ion source similar to that used in this
dent beam direction with the lateral CEM. A retractable Faradayvork. Their interpretation of the Oattenuation curve led them
Cup was located 33 cm away from the target cell, allowing théo suggest that the ion beam was composed mainly of ground
measurement of the incomingtQon-beam currentlg is the  state*s and metastable componéi, subsequent researchers
number of O ions incident per second on the target). Under thehave often agreed with this interpretation. Nevertheless it should
thin target conditions used in this experiment, the differentialboe noted that if both expected metastable comporfatand
cross sections for theZ formation were evaluated from the 2P are present and have similar cross sections then they are

measured quantities by the expression: indistinguishable. Lindsay et dl12] confirmed the results of

do(6) _ 1(0)

a@) = dond A o A A AARP AN
E 10° i:@ 0+ + N > 02+ : E: ; :ez 3

wheren is the number of target atoms per unit volume (typically "é oy 2 v E; 4 k:V

1.2 x 10*3atoms/cm) and!is the length of the scattering cham- ¢ i ¢ E=5keV 1

ber { = 2.5cm). The total cross sectian, for the production E L R ]

of the &' particles was obtained by the numerical integration @ 100 A I e * g E

of do/ds2 over all angles measured. For= 6,,, the differential S SPIAL JE e ¢ + +

cross sections vanish. Care was taken when the absolute dif- § 1 Wk & Yy i' T *f

ferential cross section was measured. The reported value of thea [ ® ARadg T v f%

angular distribution was obtained by measuringitwith and with- £ 10% ¢ **', SR " % L % E

out gas in the target cell with the same steady beam in order to 5 S R W ;&

eliminate the counting rate due to ionization of thé eam on € * 1 f T I f

the slits and those arising from background distributions. The E e % fff 4 I T .

estimated rms error is 15%, while the total cross sections were 5 10° £ f%' Y E

reproducible to within 15% from day to day. Several sources of T Y Y

systematic errors are present and have been discussed in a prev
ous papefl3]. The absolute error of the reported cross sections
is believed to be less t_han 15%. This estimate accounts for boffy. 1. pifferential cross sections for single electron loss 6f iOns in Ny
random and systematic errors. molecular target.

© (degrees)
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Stebbings et alf14] and agreed also with the composition of N T b L
the ion beam to be about 65% ground state and about 35% tha 40 [ " ]
of metastable speci€d. Since we are employing an electron -~
bombardment ion source similar to that used by Lindsay etal.,«~__ ¢ 1
therefore, itis assumed here that theions producedinourion  § '° F e Lo &Fit E
source are expected to be a mix of ground state and metastable?, | e p,‘;sem' :ata ]
at some unknown ratio. Our DCS's at 2.0keV show a mono- =10 E
tonic decrease with a constant slope up & that is followed i ]
by slower decrease within the flatter region 0% + —2.66°.
Similar trends are observed for impact energies 3-5 keV with
the limit of the constant slope moving toward smaller angular
limit. This limit is at about 05° for the higher impact energy of :
5keV. [ o
It is known that charge exchange cross section depend 0" e
markedly on the initial e_Iectronic state of tr_]e oxygen ion. The Energy (MeV)
O*(2D) metastable excited state is essentially in energy reso-
nance with the i (A?1T) and the charge exchange cross sectiorFig. 2. Total cross sections for single electron loss ofigns in N, molecular
is expected to be large, while there is approximately 2 eV betarget. Solid circles for present measurements, solid squares from Lo and Fite.
tween the O (*S) ground state energy and that of the nearest
N+ state ()@E“L) resulting in smaller cross section. However,
it is rather dlfflcult to speculate over the above mentioned beO"—N> system over a wide range of energies (2.0-3000 keV).
havior of the DCS’s and to relate the two different regions ofOur total cross sections for SEL off@N, system are found to
the DCS's to two different cross sections resulting from groundoe of the order of magnitude betweerr#®and 10-2* cn? and
and metastable states, since in fact for electron loss cross sectishow a monotonic increase with energy. An extrapolation of the
measurements reported here, the 2 eV available téfhstate  high energy experimental data of Lo and Hitg to low ener-
is relatively small in comparison to the second ionization energgies seem to overlap with the present measurements. Although
(35.11 eV) thatis required to remove the second electron in eled¥ quantitative data were measured by Fogel’ e[2lfor the
tron loss process. Therefore, unlike the electron capture procesglectron loss in O-N reactions, yet their finding within the
the influence of the initial state of the ions (ground or metastablenergy region of 12.3-46.2 keV showed that the relative amount
state) on the measured DCS’s is expected to be negligible araf the resulting doubly charged oxygen ions increased with the
both ground and excited states cross sections in collisions witheam energy in accordance with the monotonic increase in the
N, are expected to be the same. No other experimental or the6ross section observed in this work The expected monotonically
retical data exist with which to compare these differential croséncreasing behavior (Massey Critefid]) of the non-resonant
sections. O™—-N, system total cross section as a function of the incident
The differential cross sections were integrated to yield totaenergy would reach a maximumBax = 2.93 MeV, to be fol-
electron loss cross section. Scattered particles for 2 keV ionewed by an expected decrease (not showFign 2) in the cross
at 266° correspond to about 3% of those at near zero desection as predicted by Massg9]. This can be understood
grees. Smaller cross section and background effect preventdterm of momentum transfer and projectile—target interaction
any meaningfully measurements at scattering angle higher thdiine, for energies smaller thafinax Since smaller momentum
2.66° for this energy. Therefore, an extrapolation of the data atcan be transferred to the projectile electrons as the energy of the
2keV to angles higher than@° was performed in order to projectile decreases.
evaluate possible contributions to the total cross section at this
energy. The slope of the DCS'’s at 2keV between 1.8 a662 4 conclusion
was considered in the extrapolation up to Bitegration of ex-
trapolated data up to'yielded a total cross section thatwas 23%  The results of the presentwork can be summarized as follows:
higher than that resulting from the integration of the DCS’s up
to 2.66°. At higher collisional energies the signal a23is of
three orders of magnitude lower than that at zero degrees. Sca@ Absolute differential and total cross sections for SELTR-O
above 32° and up to 5 yielded no measurable signals and any N> collisions were obtained at scattering angles between
possible contribution to the total cross section at these energies —3.2° < ® < 3.2° inthe laboratory frame and at laboratory
is expected to be negligible. energies between 2.0 and 5.0 keV.
The total cross section are showrHig. 2with thatfor2keV  (b) The SEL cross sections are found to be of the order of mag-
being corrected for possible loss of signal. Measurements of Lo  nitude between 10 and 162Xcnm?, and show a mono-
and Fite[1] in the high energy region are also displaye#ig. 2 tonically increasing behavior as a function of the incident
The error bars are given to indicate the maximum reproducibility — energy.
ofthe datainthe present energy range (19%@). 2, manifestthe  (c) The measured total SEL cross sections are expected to be
overall general shape of the curve of SEL cross sections for the independent of the initial state of the Gons.
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