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INVESTIGATIONS OF EIECTRON AND ION COLLISTONS
-SSR~

[Folloving 18 a trazslation of an articls by L. A. Sepa,
Doctor of Physicomathsmatical Sciences, in Vestnik AN
S9SR (Eereld of the Academy of Sciences USEH), No. 12,
Moscow, 1959, Pagss 94-55

The etudy of the processes ocourring in collisious of elsctrons
end icas with the atoms and molecules of gases conetitutes one of ihe
most important fields of gas elecironics, Interest in this field has
grown, particularly in recent ysars, in coaection with the extensiva
developmsnt of the physics of hob plasus, aetrophysice, and the physics
and tochnology of accelerating charged perticlec. Understanding the
elemsntary processes wihich take place in electron and ioa collisions
is also very important in studying electrical phonomsne in all layers
of the almoaphere (storm dlscharges, piysics of the ionosphers), and
the development of lonic instruments of different tyres for meass
Bpeciurescopy, radiation chamisiry, ste.

The First All-Union Conference on Electron and Ton Collisions,
held in Rige in the period 26 Juuc--3 July, aroussd great intersst
among the physicists of the nation.

The Confersnce devoted 1ts main attontion to the following
rroblems: ths collision of slectrons with avoms, chiefly from the
viewpoint of determining tie functions of excita’icn end lonizetion;
inelastic collisions of poeitive ioms with atoms angd molecules;
chargse ~exchange, perticularly resonance; and the formation of negative
lons. The discusaion: of all these probdloms wae interesting and frult-
ful, and good contact was established betweon itheoretical and expori-
mental scientists. The symposium also proceeded in a vary lively
mannar, Certain problems which had eroused the groeatest Interest at
the conference were discuesod here: the icnizetion of heavy particles
near the energy threshold, remszied ionization by elsctronic impacis,
and resonance charge-sxchange,

The Conference wes opered with s survsy paper by L. A, Vaynshtoym
devoted to gomeral quanitum mochanics methods FTor calculating functions
of the excitation of atoms by electroaic impact, The mcthcds developed
recently for such calculations take into account ths pocBibility of
ugling olectronic computers and permit computing with high accuracy,

The results of concerete calculations of excitetion functions were
elso given in & auxbsr of ths ctlex papers (3, G. Dolgov and L. A.
Vaynsateyn, V. Ya. Vel'dre, R, Ya. Damburg, V. Ya, Kravchenko, R. Peterkop).
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Electron collisions were also touched upon in the paper by

Yu. N. Demkov "Variationel Methods in the Theory of Colliziouns,"
Papers on the experimental study of the excitation functions of
certain atoms and molecuies were heard with interest. Here mentlon
should be mede of the research done by I. P. Bogdanove, who applied
an original method for measuring excitation functions at levels with
low threshold energles.

The extensive experimental studiss of inelastic coilisions of
hsavy particles (ions, atr:i,and molecules) carried out in the
Phrsico-Tochaical Insbitute of the /cademy of Sciences USSR under
the leadership of V., M. Dukeliskiy and N. V., Fedorenko have attracted
attention for & long tims, hoth in the Soviet Union and abroad.

M. V. Fslorexnko gave a survey of the expsrimental data obtained as
e result of investigeting ionlzatlon in ion-atom collisions in a
region of emcrglss in the thousanis of electron volts.

G. F. Drukarev reportad oa thaorstical methoiz for calculating
effective cross sections (comstituting measvres of the probability
of the process) of the processas of the collisions of hsavy particles.
Tt 13 necessary to note, however, tkat the quantuw mechanics theory
of these processes, wiick play an imporiant rols in the operetion
of the instruments ussd in carrying out expsriments o2 controlled
thermonuclear reactions, is very little devsloped. Noticesble succees
¥n3 beon obtained in recent years in this field by the Sovist theoret-
ical puraicist 0. B, Fireov, who bas constructed an appreximate
guantun mechenics thsory which gives a general formula of the elfective
jonizaticn croze section ae & function of tae velocity of the ious.
/8 shown in N. V. Fedorenko's paper, 0. B, Firsor's formule egrees
in a qualitatively satisfactory mannsr with the eupmwimental data
for a fairly large number of the procss3ss that were studiszd. Co-
workers In the laboratories of N. V., FeCorenko and V. M, Dukel'skiy
(V. V. Afrosimov, I. P, Flele, ¥Yu, F. Bydin, and othare) presented
a number of papers on the study of certaln types of collisions of
heavy particles (lonization of fas® elkall atoms in collisions with
molecular gases, formation of multi-charge ione, and scattering of
malti-charge ions accempanied by the capturs of electrons).

The process of chawrgs-exchange between the ion end the neutral
aton (charge-ezchange) rlays en important pert in gas electronics.
The caee of resomence chargs-exchznge, in whiclh the ion and the
atom belong %o the same gas, is of particular intsrest. The papers
by A. M. Bukhteyev and Yu. F. Bydin, R. M. Kusknir ead I. M. Buchma,
and P, V. Chikvasell were devoted bto the investigation of resonance
charge-exchange in pairs of alkull metals for which, according to
theory, the probabilidy of chergs-exchange 18 particularly great,
Tpere 18 a noticeable divergence in the data cobtained in this re-
search, but they support ths conclusions of the theory botk in the
order of values and in tlie cobserved patterus,



The paper by Ya. M. Fogel' and his co-workers was concexrned with
the investigation of the formaticn of negative ions and their collisions
with gas atoms. In analyzing the results obtained, Ya. M, Fogel!
showed tiat the patterns of negative ion formation fitted well in the
framework of Messi's adiabatic hypothesis. Tha problem of the treat-
ment and applicability of this hypothesis was the oblect of the
discussion initiated by the short paper given by G. F. Dukel'skiy
establishing the connection betwoen the characteristic dimension con~
tained in Messi's criterion and the most probable veluve of the trans-
mitisd impulse,

Several papers on individusl problems were also read at the
coaference: on the trancfer of energy in molecular collisious
(Yo. V. Stupochenko end A, I, Osipov), on the theory of cscillatory
relazation and thermal decay of diatomic molscules (3. D. Sckelov
an? Ye. Ye. Nikitin), on the role of step processsz in the formation
of protons in ionic sources (M. D. Gebovich), and others.

The conteat of the papors pressnteld at the conference ani thelr
diecuesion showed that Soviet sclentists Lave schisved significant
progress in this important fisld of thsoretical and exverimental
physice. The theory of & number of processes was developsd markedly.
Origical experimental methods were worked ont and epplisd which were
freguently more highly perfected than those in foreilgn laboratories,

It is especlaelly moteworthy that several scilentific eschoole were es-
tebiished in the field of resscarch in electreon and etom ccllisions
(Moscow and Leningrad Universitiss, the Physice Institute imeci Leobedev,
ths Lenirgrad end Khar'kev Physico-Technical Institutes, the Institute
of Phyeics of the Academy of Sclences of the Latvian SSR, and otkers).
At the sams time, sach of them is developing ite own obJectives and
nsthods, and is training young scientists.

In spite of the progress noted nere, howsver, it is not possible
to consider the development of the physics of electron and atonm
collisions as adequate. Not enough attention has been devoted to
many processes of electron collisions (the excitation of energy levels
of ions by electron impacts, the radiation given off in the collision
of heavy particles, and others). Little work has been done on collisims
of particles with very low energles (close to thermal),

The delegetes to the Conferance directsd attention in the resolus
tions they adopted to tho shortcomings enumerated ebove and recommended
concrete wvays for eliminating them. Plans were made to convene
moetings eimiler to this conference periodically and to establish a
coordinating council on electron and ion collisions in the Depertment
of Physical and Mathematical Sciences of the Academy of Scisnces USSR,
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