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of rearrangement collisions requires that every new development in theory
be subjected to detailed experimental examination, to establish the
bounds of its validity, and point the way for further developments.

It has always been one of the main objectives of this experimental
program to perform just this kind of role, by including target molecules
for which some theoretical work has been done, and by attempting to
determine, as far as possible, the absolute cross sections for single,
well-defined, and simple rearrangement processes. In addition, we have
sought to cover systematically a sufficient variety of cases to reveal
any general patterns in the dependence of the cross sections on the
general properties of the projectile and target particles, and to provide
an empirical basis for extrapolation, for the estimation of probable
cross section values for a larger variety of cases. This was the basic
idea behind the use as projectiles, in the first phase of this work, of
both hydrogen and helium, in all of their possible charge states, and in
the choice of the array of target gases studied. The latter has included
He and Ar, as both the simplest noble gas molecule and another heavier
and more complex one, and Hy and Ny, representing the simplest diatomic
molecule and one heavier one. A few additional target molecules have
been included in the studies involving some, but not all, of the five

different projectile states.

IV. Total Cross Section Measurements

In the first phase of the present program, the quantities which were
directly measured, by a simple total-charge-collection method using a

parallel-plate geometry, were the cross sections for the gross total



production by the fast projectiles of slow positive ions and of free
electrons and/or negative ions. From our results and from such information
as was available on the same cases from elsewhere on the cross sections for
(a) electron stripping from the fast projectile, (b) electron capture by
the fast projectile, and (c¢) the relative production rates of multiply-
charged recoil ions, we made estimates of the cross sections for pure
ionization collisions. These results were compared with all available
theoretical results, with similar experimental results from elsewhere,

and with experimental results for electron bombardment of the same btargets;
finally, the results were further compared with each other, for all of the
several projectile states and target molecules studied.

All of the results from these early studies of total collision
cross sections have been published in the open literature2-6 and will
not be repeated in detail here. However, the following general remarks
are offered in summary of some of the conclusions which were drawn from
them.

Our results for five different projectile-particle states and a
variety of target molecules provided a standard set of data against which
one could test the general theoretical predictions of the Born and
Bethe-Born Approximations, as well as the specific predictions in those
cases for which they were available. By comparison of the cross sections
for simple ionization by H+ and He2+, together with published results for
electrons, it was showng-u that at sufficiently high impact velocities
the cross sections for these point-charge ilons depend only on the impact
velocity and the square of the ion charge, and are independent of the mass

of the ion. This finding confirmed a well known general prediction of the


















improvements in the recoil-ion analyzer, involving the additions of
magnetic shielding and an improved type of detector, to extend its
sensitivity to lower recoil-ion energies. Evaluation of the reassembled
analyzer should be accomplished shortly. There would then appear to be
no insurmountable difficulties in going on to perform the type of

coincidence studies described above.

VI. Publications

All the results of this work have been fully/documented in periodic
technical reports. Also the majority have been published in the open
literature; the few remaining results are being prepared for publication
at the present time. We have deliberately refrained from including
detailed presentation of data in this terminal report since all of the
work has been previously written up elsewhere.

The following is a listing of all publications and major reports
that have been generated by this project. We 1ist‘first full length
articles published in The Physical Review, including a final article
still in preparation. This 1s followed by a list of several papers
presented orally at major international conferences for which there is
a generally available volume of proceedings. While the texts published
therein have, in most cases, been technically designated as "abstracts",
they were of substantial length and detail, and included figures with
graphical presentations of results. Finally we list four Ph.D. theses
based on this research, which were submitted by their respective authors
in partial fulfillment of the requirements for the Ph.D. degree (all were

subsequently awarded this degree by the Georgia Institute of Technology).
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Papers Presented at International Conferences:

Bl1.

B2.

B3.

Bh.

B5.

B6.

Ph.D.

"Ionization Cross Sections for Protons Incident on He, Ne,
Ar, Hs, N5, Os, and CO," by J. W. Hooper, E. W. McDaniel,

D. W. Martin, and D. S. Harmer, Abstracts of Papers of the
2nd International Conference on the Physics of Electronic
and6Atomic Collisions, W. A. Benjamin, Inc., New York (1961),
p. O7.

"The Tonization by H TIons in the Energy Range 0.15-1.1 Mev,"
by E. W. McDaniel, J. W. Hooper, D. W. Martin, and D. W. Harmer,
Proc. Fifth International Conference on Ionization Phenomena

in Gases, Munich 1961, North-Holland Pub. Co., Amsterdam

(1962), p. 60.

"Production of Slow Electrons and Positive Ions in He, Ne,

Ar, Hs, Nz, Oz, and CO by Energetic Helium Ions," by D. W.
Martin, R. A. Langley, J. W. Hooper, D. S. Harmer, and E. W.
McDaniel, Proc. 3rd International Conference on the Physics

of Electronic and Atomic Collisions, London 1963, North-Holland
Pub. Co., Amsterdam (1964), p. 679.

"Ionization and Charge-Transfer Cross Sections for Fast Neutral
Helium Atoms (0.15 to 1.0 MeV)," by D. W. Martin, L. J. Puckett,
and G. O, Taylor, Abstracts of Papers of the IVth International
Conference on the Physics of Electronic and Atomic Collisions,
Quebec 1965, Science Bookcrafters, New York (1956), p. 280.

"Analysis of the Recoil Ions Produced by Fast Protoms," by
D. W. Martin, L. J. Puckett, and G. O. Taylor, Abstracts of
Papers of the Vih International Conference on the Physics of
Electronic and Atomic Collisions, Leningrad 1967, Publishing
House "Nauka'", Leningrad Section (1967), p. 207.

"Investigations of the Scattering of He+ by Noble Gases atb
High Energies," by G. O. Taylor, B. W. Griffiths, D. E.
Troyer, E. W. Thomas, and D. W. Martin, Abstracts of Papers
of the Sixth International Conference on the Physics of
Electronic and Atomic Collisions, M.I.T. 1969, MIT Press,
Cambridge (1969), p. 231.

Theses Issued by Georgia Tech as Reports:

Cl1.

"Ionization Cross Sections for Protons Incident on Helium,

Neon, Argon, Hydrogen, Nitrogen, Oxygen, and Carbon Monoxide

in the Energy Range 0.15-1.10 MeV," by John William Hopper (1961).
Adapted as Technical Status Report No. 7, Project B-176, -

"Tonization and Charge Transfer Cross Sections, Phases I and

II: H' Ions Incident of He, Ne, Ar, Hs, Ns, Os, and CO Targets,"

by E. W. McDaniel, J. W. Hooper, D. W. Martin, and D. S. Harmer

(June 1, 1961).
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