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A new ptocedure is proposed for neasuring the total cross sec-
tions for the charge exchange of ions with atons. the energr depen-

, dences of th€ resonant charge-exchange cross sections of the ions Ca+,
Sr+, and Ba+ are investigated in the range fron 6 to 1000 eV, where

' regular oscil l .ations are observed.

We report here data obtained for thq-fi{si tine on resonant charge exchange of alkaline-
earth elenent ions. To investigate thiS prdCes*, we used original apparatus that offers appre-
ciable advantages over the known nethods.- these-qdvantages are partiiularly nanifest at l;;
interacting-particlo energies. The idea of our neasurenent nethod is to use a quadrupole capaci-
tor as a detector of the slow charge-exchange ions (see Fig. l).

A cylindrical ion beam (2) properly shaped by an ion-optical system (l) passes along the
axis of a quadrupole capacitor and enters a deep Faraday cylinder (4). A bead of neutral atons
(5), shaped by a diffusion source (6), passes between the capacitor electrodes in a direction

perpendicular to the ion bean. T.he bean interac-
tion takes place in the region of their intersec-
tion. A'snall constant potential difference is
applied to the electrodes of the quadnrpole in such
a way that the potentials of two neighboring elec-
trodes are equal but opposite. firis produces in
the quadrupole space an electric f ield that is
transverse to tha ion bean and has a hyperbolic,
axially synnetrical distribution. Since there is
practically no field along and near the capacitor
axis, it is possible to pass through the capacitor
a beam of ions with very low energy, on the order
of several electron volts.

0n the other hand, the slow charge-exchange
ions produced by the coll isions, as weil as the
electrons and ions produced as a result of-the
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Fig. 1. Arrangenent of the charge-
exchange ion detector in the bean-
interaction region.



acconpanying inelastic processos, are
extracted bythe electric f ield that in-
creases in the direction towards the elec-
trodes of the quadrupole, and are gathered by
the corresponding electrode.-peirs. Thus, the
rnethod described above foe detecting charge-
exchange ions conrbiri'es the advantages of the
parallel-plate capacitor method and of the
cylinder nethod, and elirainates the short-
conings inherent in each individual nethod
t l l .

Measurenents of the resonant charge z
exchange of the ca+, sr+, and Ba+ ions were
nade in the kinetic-energy range fron 1000
to 6 eV at a primary-ion beam current
(2 - 8)x10-E A and at an energy scatter
2 - eY (at half-height of the distribution
function). The particle concentration in the I

atom bean, at the point of intersection, was
approxiurately 10 I l- cn- 3. The absolute cross
sections were obtained by calibrating the
neasuring apparatus against the known electron-
inpact ionization cross sections of the atoms
of the investigated elenents [2J. f ire error
in the deternination of the absolute values of
the charge-exchange cross sections was 50t,
whereas the error in the neasurenent of the relative energy dependence of the probabil ity of the
p r o c e s s w a s 2 - 6 % .

Ttre experimental results are shown in Fig. 2. We see that the effective cross section of
the resonant charge exchange increases on the whole npnotonically with decreasing interaction
enelgy, and reachis at an ion energy 6 eV values 2.2xIo- ltt cnz , z.7xlo-lu cm2, "na s.g*ro-ltf cn2
for Ca+, Sr+, and Ba+, respectively.

Another inportant result of out investigation is the observation of a clear-cut oscil latory
structure of the onergy dependence "r6:ta5,.c4oss section of the process for al1 three pairs of
the interacting particles. A remarkab,le feature of this structure is its exceedingly high regu-
larity, nanely, all i ts nurnerous maxina are eQuidistant when plotted against the reciprocal of
the veloc i ty  (see f ig .  5) .
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Fig. 2. Effective resonant charge-
exchange cross sections: l) Ba+ +
Br, 2) Sr+ + Sr, 5) Ca+ + Ca.
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Fig. 5. Cross section of resonant charge
exchange of the Ca+ ion as a function of
the reciprocal velocity.
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A p r e l i r n i n a r y a n a l y s i s o f t h e f i n e s t r u c t u r e o f t h e c r o s s s e c t i o n s o f t h e r e s o n a n t c h a r g e
exchange of the investigated ions has shown that the oscillating part of the energy dependence

of the cross section (which is the di.f ierence between the experinrental curve and its.snoothly-

varying conponent) ;; ;;;";criU"ed by a relatively simple analytic fornula of the type

Qo"  =A(a )  cos  (Pu - l  -  D  ) '

where v is the velocity of the incident ion, A(v) is the arnplitude, B is the frequency, and 6 is

the phase constant of iftu oscil lations. ttre vatues of all the pararneters in each conclete case

can be calculated trere with sufficient """rrt""y on the basis of the obtained experirnental data'

R c o l r y t e t e a n a l y s i s o f t h e n e a s u r e n e n t p r o c e d u r e . , a d e t a i l e d d i s c u s s i o n o f t h e T e s u l . t s
obtained on the resonant charge u*"rt."g"-oi i. i-ns.of alkaline-earth netal elernents, and the

interpretation of the oscil laiory strufture of the energy dependences of the process wil l be

given in subsequent PaPers.
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