AD-AL48 558 THEORETICHL STUDIES OF RYDBERG RTDH COLLISIONS(U) 1/1
MISSOURI UNIY-ROLLA DEPT_OF PHYSICS R E
R 28 NOY 84 N@9@14-81-K-0538
UNCLASSIFIED F/G 20/8 NL

END
FLMED.
ome




Ty

T

P w®

et ®

e na st al

.

A

PRI %

RSN WAV )

o e,

-

P e Lo

wg o ©
NE NH

R EE]

F | m—m—m_u_mmu.m

E——o
E——
]

e———
———
———
| ——
 —

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS - 1963~ A

22 1)




SIENI SN s Sume satet Sees oo Jeen amey o 0 (e ———
Nl A . > . s L T =
S e N . N AN Aot N GV R ey asth SN M SR tds SO sou e Denhs ST -

AD-A148 558

LEY

pJ

ikl

e

SECURITY CLASSIFICATION OF THIS PAGE (When Dets Entered)

READ INSTRUCTIONS

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
L"W NUNBER

|3. GOVY ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER ]

4. TITLE (and Subtitle) léi‘l'vﬂf ORFBRIPORY & PERMOD COVERED
Theoretical Studies of Rydberg A na port
ucle ydberg Atom Collisions |, b 1, 1979-Sept. 30, 1984

§. PERFORMING ORG. REPOART NUMBER

3. CONTRACT OR GRANT NUMBER(s)

“AU THOR(S)
R. E. Olson N0001Y§-81-K-0538
PERFORMING ORGANIZATION NAMJlr AND ADORESS 0. 'lgGI.AIl ILlllan lloJ.l.CT TASK
Physics Department : 6{15; WORK UNIT NuMs
University of Missouri-Rolla RROL 1§03_01

Rolla, MO 65401

< CONTROLLING OFFICE NAME AND ADORESS 12. REPORT DATE

Office of Naval Research 2

Physics Program Office 3. NUMBER OF PAGES

d I‘ONIEOEING AG!IE; NAME & ADORESS(I! ditferent from Cantrelling Office) 8. SECURITY CL ASS. (of this report)

Unclassified

"18a, DECL ASSIFICATION/ DOWNGRADING ‘
SCHEOULE

P ———————————————————— —
16, OISTRIBUTION STATEMENT (of thie Report)

Approved for public release, distribution unlimited

DTIC

17. DISTRIBUTION STATEMENY (of the abetract entered in Bleck 20, 1 difterent frem Repert)

DEC 1 4 1984
16. SUPPLEMENTARY NOTES — {\ﬁ B

fomee—
19. KEY WORDS (Centinue on reveree side If y and identify by biock number)

Rydberg atom collisions

ry

S ABITRACT (Continue on reverss side 1t and Idontily by block )
‘Theoretical studies were performed on a variety of topics related to colli-
ions involving Rydberg atoms. Progress was made towards the understanding of
on-Rydberg atom, Rydberg atom-Rydberg atom, and ground state atom-Rydberg atom
ollisions. A strong dc electric field was incorporated in calculations of
lectron capture and ionization cross sections for ion-Rydberg atom collisionms.
lectron capture collisions in the presence of a strong laser field were also

nvesciga%

DD ,'an'>s 1473 coimon OF 1 NOV 68 18 OBSOLETE

$/N 0102- LK 014- 6601 SECUMITY CLASHFICATION OF THIS PAGE (Wien Dote Entored)

84 12 05 029

)
. L
S

L VW T
: ,. . . "",




*pA.'_'@‘.E.“'_.,-‘._o‘_‘if_'g.'_.'f_ Aot S S g i S S R L AR At AR e s g S St S e i 0~ e g

Var a®. " avus. LR A T I L N O A P L A e

FINAL REPORT
ONR N00O14-81-K-0538
November 28, 1984
THEORETICAL STUDIES OF RYDBERG ATOM COLLISIONS
by
R. E. O1son
Physics Department
University of Missouri-Rolla
Rolla, MO 65401
Prepared for:
OFFICE OF NAVAL RESEARCH
800 North Quincy Street
Azlington, Virginia 22217
ATIN: Dr. Douglas Klein
Physics Division, Code 421
:,-: .
N =
X e
o
A
S R




CONTENTS
Page
ABSEIRCE . . ¢ ¢ 4 4 ¢ ¢ 4t e 6 b s b e e s s s e e s e e e v s e e 3
Introduotion . . . o ¢ & v v ¢ ¢ o ¢ o o 4 6 e s b b s e s e e e e e s 4
Resoarch Progress Report . . « « ¢ ¢ ¢ & + o ¢ o o ¢ ¢ o o o s o o o » o 7
List of Publications . . o o ¢ ¢ ¢ & o o o o o o ¢ o o o o o« o o « o o o 12

Abstracts from Publications . . . . ¢ & ¢ ¢ ¢ ¢ 4t v s ¢ o e s o e 0 o« 13

Accession For
. o

NTIS GRA&IL
DTI™ T2R
Unanncunaed 1
Justification o 4

By
__Pi stritut l_oAu_( 41
Avallability Codes
.\ . P O
|Ava11 snd/or
Special

Dist

|




78
A
q
4
)
L
)
A
A
A
4

4
4
]
A
|
',
’
Py
ot

N 3
oy
o ABSTRACT ]
. .
b During the five yesrs of this grant, theoretical studies were performed on i
:: a variety of topics related to collisions involving Rydberg atoms. Progress

. - was made towards the understanding of ion-Rydberg atom, Rydberg atom—Rydberg

atom, and ground state atomRydberg atom collisions, Cross sections were
caloulated for electrom capture, iomization, and excitation processes and
parametrized in terms of atomic parameters. A stromg dc electric field was
also incorporated in calculations of electron capture and ionization cross
sections for ion-Rydberg atom collisions and studies were made on collisions of
* ions with state aligned Rydberg atoms. Progress was also realized in the

t incorporation of stromg laser fields in ion-atom collisions.
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INTRODUCTION

At present, it is possible to detect single photons having wavelengths
£ 1 um., Conventional methods fail at longer wavelengths because the reduced
quantum efficiency leads to signal-to-noise problems. However, because Rydberg
atoms have large absorption cross sections for long-wavelength radiation
(> 10 pm), these atoms can be used to convert infrared and microwave photons
into either visible photons or ions that can be detected with conventional
techniques. The basic idea of a Rydberg atom infrared or microwave detector is
to make a target of these atoms that is optically thick to the radiation to be
detected at wavelength lo. Thus, the photons with wavelength xo will be
absorbed in the target of Rydberg atoms in a single n, £ quantum state. The
atoms that sbsorb the photons undergo s transition to a state of different
parity and emergy. This state can then easily be detected by taking advantage
of either the different wavelength of the optical radiation, which is
subsequently emitted by the atom, or the difference in the field ionization of
the two states.

The first question that must be asked is: Is it possible to make an
optically thick target of Rydberg atoms for long-wavelength radiation?
Experimental work has demonstrated that a Rydberg atom detector for infrared
and microwave radiation is, in primciple, quite feasible. Moreover, it can de
orders of magnitude more sensitive than other available detectors, a conditiom
that can lead to a variety of possible applications. It is only necessary to

produce 8 108 cl-3 density of Rydberg atoms in a parent gas demsity of

~ 1011 c--s in order to obtain a l-cm—long optically thick target of Rydberg
stoms. This density of Rydberg atoms is now being produced with dye laser

technology in many lsboratories.

Because it is apparent that the detector will work in principle, it is

..................
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necessary to determine its limitations. Obvious problems are collisional Tj;rf
processes that either destroy the population of the Rydberg atom in a specific

(n,£) electronic level, thereby reducing the steady state population density,

or induce the same transition that is used to observe the long-wavelength
radiation, thereby producing spurious signals. For either case, the collision
mean free time must be comparable to the radiative lifetime of the Rydberg

atom, which has been observed to be empirically given by

3
n

+
2.4 x 10
As an example of the magnitudes of the collisional deactivation cross

t= g %ec. (1)

sections that are necessary to compete with the radiative lifetime, one can use
a systom in which the Rydberg atom is in the n = 20 level. From Eq. (1), one
finds that the Rydberg atom has a radiative lifetime of 3.3 x 10-5 sec, If a

Rydberg atom density of 108 c-_3 in a ground state densit} of 1011 c-—3

is
roalistically assumed, it is easy to show that collisional deactivation would
be comparable to the radiative process if the Rydberg atomground state stom
desctivation cross section were on the order of 10-11 cnz. Because the
geometric cross section for a Rydberg atom is =« n‘aoz. for a Rydberg atom that
is in the n = 20 level the deactivation cross section conceivably could be
comparable to the geometric cross section, or ~ 1 x 10-11 cnz. Such a cross
section is extremely plausible, especially for alkali stoms, which have large
electron scattering lengths and high dipole polarizabilities and can thus
easily induce the Rydberg electron to other close-lying electronic levels. It
appesrs, therefore, that collisional processes must be seriously considered in
the design of a Rydderg atom long-wavelength photon detector.

During the last five years, we completed a series of theoretical studies

directed towards Rydberg atom coilisional processes. This work includes

ion-Rydderg atom, Rydberg atom~Rydberg atom, and ground state atom—Rydberg atom




.
s

~ scattering along with collisions in stromg electric fields, The work has been
very productive and has resulted im the publication of two Physical Review

Letters. six major Physica] Review A papers, and s review chapter ia the book
Rydberg States of Atoms and Molecnles. We thank the Office of Naval Research

for their support in these studies. The results of the research are briefly

TS S NI .

described in the next section.
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RESEARCH PROGRESS REPORT

Early in the grant period, we have focused our atteantion on several

Rydbezrg atom collision problems. Originally, our theoretical techniques were
directed toward ionization collisions involving two Rydberg atoms in the same
principal quantum numbers a:

A %@ s a%@ 2 a L (2)

A four-body classical-trajectory Monte Carlo (CIMC) code was written and
-2

applied to Resction (2) for collision velocities, v/v., from 10 © to 101 (note:

A 1/a a.8. = 2.2 x 108/n cm/s). It is of particular interest that the
ionization cross sections for (2) were approximately an order of magaitude
i larger than the geometric valuwe n n‘noz at thermal emergies. Also, the CTNC
. code inherently predicted the importance of the dipole—~induced dipole forces at
low velocities and showed that the cross section increases as the velocity

-2,3. The work was published under the title "Tomization Cross

I decreased, as v
Sections by Rydberg-Atom—Rydberg-Atom Collisions" in Phys, Rev, Lett., 43, 126
; (1979). Just recently, Wing's group confirmed the validity of the calculations

' in s report of experimental studies at the 1984 DEAP meeting.

The CMIC code was aslso applied to collisions of ions with Rydberg atoms in
the v/v. range of 1 to 10, Both electron capture,
) A e B(a) » A%y + BT, (3)

sad iomization,

AT e Ba) » A B e . (4)

o~ -

otooa'ooetlons were caloulated. The cross sections were conveniently presented
in terms of simple snalytioal expressions coataining the collision velocity,

incideat io0a charge state, and electronic level of the Rydberg atom. The most &:E:
5 interesting aspect of the caloulations was the determination of the A+q-1(n')

product iom distributions after the electrom capture resction (3). The net
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result was that the Rydberg atoms’'s electron after capture tries to preserve
its original dimensions and orbital energy. Consequently, the most probable
final state can be expressed by
n' = nqsl‘ . s
The work was published under the title "Ion-Rydberg Atom Collision Cross
Seotions" in J, Phvs, B, 13, 483 (1980).
In the area of ion-Rydberg atom excitation transfer collisions,
A"+ B(n) » A" + B2 (6)

3, E..(n) systea in the

we recently 6o-ploted benchmark calculations on the N
range of n = 9 to 24. These calculations were motivated by the work of Kim and
Meyer (Phys. Rev, Lett. 44, 1047 (1980)] who ignored the excitation tramsfer
process in the analysis of their data and incorrectly thought that their
observed cross sections were due to the ionization process. A paper that is
concerned with the excitation transfer process, "Excitation Transfer in
Ion~Rydberg Atom Collisions," was published in Phys, Rev, A 23, 3338 (1981).

It was shown the collisionally formed high-lying Rydberg levels lead to fake
signals occasioned by Stark ionization of the beam by deflector plates. Thaus,
the cross section dependences predicted in theoretical papers by several
different suthors are not in doubt.

A major portion of our time during 1980 and 1981 was spent in writing a
review on theoretical methods and results as applied to Rydberg atom
collisions. The review covers "f-chsnging" collisions between Rydberg atoms
and ground state neutral atoms, associative ionization processes between
Rydberg and ground state atoms, ion-Rydberg atom collisions, and Rydberg
stom-Rydberg stom processes. It has been included as a chapter in the book
entitled Rydbers States of Atoms snd Molecules, edited by R. Stebbings and F,
Dunning aad pnbliui;d by Cambridge University Press in 1983, Our chapter is

entitled: "Theoretical Approaches to Low Emergy Collisions of Rydberg Atoms

- -
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with Atoms and Ions" and is co-authored with A, P. Hickman and J. Pascale.

An interesting research topic for which we have completed calculations is
the effect of strong dc electric fields on ion-Rydberg atom ionization and
electron capture cross sections., This is a problem that was extremely
pertinent to a far infrared photon detector that is based on Rydberg atoms,
with the use of field ionization to determine the product state. In fact,
because the cross sections are so highly dependent on the magnitude of the
electric field, these cross sections probably determine the efficiency of the
field ionization in the detector.

The electric field calculations were accomplished by the CTMC method.
Model problems on Rydberg atoms in the n = 10 and n = 20 states were solved,
and the calculated cross sections were parameterized in terms of the quantum
levels of the Rydberg atom, the electric field strength, and the collisiom
velocity. Interestingly, the electric field caused the cross sections for
electron capture to decrease by up to fourfold, while the iomization values
increased by up to two orders of magnitude. A paper entitled "Ion Collisions
with Rydberg Atoms in Strong Electric Fields,” which is co-authored with A. D.
Mackellar, was published in Phys, Rev, Lett. 46, 1451 (1981).

The effects of core interactions in "L~changing' collisions of Rydberg
atoms with rare gases was investigated theoretically using coupled~channel and
Born approximation calculations. For low Rydberg levels, n 10, the core
interactions were found to be negligible. The work was performed by A. Hickman
and published in J, Phvs, B 14, L419 (1981) under the title "The Effect of Core
Intersctions in £-Mixing Collisions of Rydberg Atoms with Rare Gases".

We continued our investigations of ion-Rydberg atom collisions to include
state-selected Rydberg atoms. Our calculations are on collisions of protons

with Rydberg atoms in the n = 10 £ = 9 level with m = 0 and 9. The iomization

, :
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cross sections were found to be relatively insensitive to changes in the m,
levels; however, the electrom capture cross section showed considerable
enhancement if the Rydberg electron was oriented in a planme parallel to the
direction of the incident projectile. The result was unexpected, but

following the time—evolution of individual trajectories revealed the reason.

It was simply a case of velocity matching between the incident proton and the
target olectron which lead to the enhanced cross section. The paper describing
this research was published in Phys, Rev, A 28, 2526 (1983) with the title "Ion
Scattering from State—-Selected Rydberg Atoms" by G. Kohring, A. Wetmore and R.
Olson,

As a general piece of work to improve our theoretical tools, we have
incorporated the calculation of differential cross sections into the
classical-trajectory Monte Carlo method. The procedure was benchmarked against
H+ + H scattering cross sections in the intermediate energy region. The tests
were co-piotoly successful and have led to a major paper prepared by R. E,
Olson entitled "Ion-Atom Differential Cross Sections at Intermediate Emergies”.
The paper was published in Phys, Rev, A 27, 1871 (1983). Possible extensions
I of this work rest primarily in the propagation of directed particle beams.

During this last year, we directed our efforts towards the underatnndin.
of electron capture collisions in the presence of a strong laser field., We
' used pseundo-potential molecular structure calculations and coupled-channel
scattering calculations to investigate a system which can realistically be
studied theoretically: t* + Na. Of importance is we are the first to include
T both the normal dynamical coupling and the laser—assisted coupling terms in a
. single calculation. This study displayed the regions of importance of both

terms and indicated quantal interferemce effects at intermediate velocities. A

K%

mejor paper has deen accepted by Phvsical Roview A, entitled "Laser-Assisted

) +
. Chasrge-Transfer Collisions: K + Na" and suthored by Y, Hsu, N, Kismra and

]

T

‘

: 10

4

/

T Ll T I T T N e ML N R O S R R NI RV TR PO
A R A AR T S gt A SIS IS AR I S SR L AP ."a"x"\‘:;":'ﬁ."




- M ARG A NI A S A DA S i i R E et S g Sy MEEMOSO R A SRR AN AP AN AN R S~ F APl AP SR [ S5 44
R. Olson. o

S

The above research greatly increased our capabilities and lead to a nice »;:{]

series of theoretical papers on Rydberg atom collisions. I would like to thank

the Physics Division of the Office of Naval Research for stimulating and

supporting this research.
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The titles and authors of the papers attributed to this comtract over the
last five yesrs are listed below. The covering pages to the papers follow,

a. "Ionization Cross Sections for Rydberg Atom—-Rydberg Atom Collisions,”
R. E. Olson, Phys. Rev. Lett. 43, 126 (1979).
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b. "Ion-Rydberg Atom Collisiom Cross Sections," R. E. Olson, J. Phys. B 13,
483 (1980).

¢. "Excitation Transfer in Ion-Rydberg Atom Collisioms," R. E. Olson, Phys.
Rev. A 23, 3338 (1981).

d. "Iom Collisions with Rydberg Atoms in Strong Electric Fields,” R. E. Olson
and A. L. Mackellar, Phys. Rev, Lott. 46, 1451 (1981),.

e. "The Effect of Core Interactions in £-Mixing Collisions of Rydberg Atoms
with Rare Gases," A, P, Hickman, J. Phys. B 14, L419 (1981).

f. "Ion-Atom Differential Cross Sections st Intermediate Enmergies," R. E.
- Olson, Phys. Rev. A 27, 1871 (1983), .

g. "Theoretical Approaches to Low Energy Collisions of Rydberg Atoms with
Atoms and Ions,” A. P, Hickman, R, E, Olson, and J. Pascale, chapter for

Rydberg States of Atomy and Molecuvles, ed. by R. F. Stebbings and F. B.
Dunning (Cambridge University Press, 1983) pp. 187-227.

h. "Yon Scattering for State-Selected Rydberg Atoms,” G. A. Kohring, A. E.
Wetmore, and R, E. Olson, Phys. Rev., A 28, 2526 (1983).

i. "Laser-Assisted Charge~Transfer Collisions: £ + Na," Y. P. Hsu, N.
Kimura, and R, E. Olson, Phys. Rev. A (in press).




O A i < S A A e AP A i A A i S S A P i A B e e Ja A g

ABSTRACTS FROM PUBLICATIONS

VoLums 43, Numsi 2 PHYSICAL REVIEW LETTERS 9 Jury 1979

lonization Cross Sections for Rydberg-Atom-Rydberg-Atom Collisions

- R. E. Olson
- Molecuiay Physics Labovatory. SRI Iternational, Menlo Pavk, California 94025
(Received 23 April 1979)

A classical-trajectory Monte Carlo method has been applied to collisions of two Ryd-
berg atoms. Numerical caiculations were made for velocities v = 0.0lv, to 10v,, where
the Rydberg electron’s velocity v,(a.u.)=1/n and n is the principal quantum number of the
Rydberg stom. The total {onization cross sections scale as &' and show s v~ *% depea-
deace at low v, a slight maximum around v,, and a rapid decrease at high v. The cross
sections are almost an order of magnitude larger than ra'e,} at thermal energtes.

3. Pays. B: Atom. Molec. Phys. 13 (1980) 483492, Printed in Great Britain

Ion-Rydberg atom collision cross sections

R E Olson
Molecular Physics Laboratory, SRI International, Menlo Park, CA 94025, USA

o Recaived 19 June 1979, in final form 29 August 1979

" Abstract. Classical-trajectory Monte Carlo calculations have besn performed for collisions
. of ions in charge states ¢ = +1, +2, +$ and +10 with hydrogenic atoms in principal quantum
o leveis aw 1, 2, 5, 10 and 20. The collision velocity range investigated was 1 € v/¢, < 10
X where v, is the orbital velocity of the Rydberg electron (1/r in atomic units). Both
- charge-exchangs and impact jonisation cross sections were calculated with impact ion-
a : isation found to be the dominant channel for v/v,»2. For o/v,»$, the sum of the
R charge-exchange (CEX) and impact ionisation (1ON) cros sections may be represented by
@cux.1oniad) = 6mm?q/0?, where o is in atomic units. Analysis of the electronic Jevais
produced after chargs exchange by the ion indicates the capture procssds into excited levels
which tand 10 preserve the energy and orbital size of the initial Rydberg atom.
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ABSTRACTS FROM PUBLICATIONS (CONTINUED)

PHYSICAL REVIEW A VOLUME 23, NUMBER 6 JUNE 1981

Excitation transfer in ion-Rydberg-atom collisions

R. E Olson*
Molecular Physics Laboratory, SRI International, Menio Park, California 94025
{Raceived 11 September 1980)

Recently, electron-loss cross sections were presentad by Kim and Meyer {Phys. Rev. Lett. 44, 1047 (1980})] for 40
keV/amu N** 4 H*%{n) collisions which scaled as #*', where a is the principal quantum aumber of the excited H".
Such results are in contrast to an a’ scaling predicted by classical and first Bomn theorsiical methods. Our
calculations indicate that s major component of the experimentally observed ion signal was due to Stark ionization
by deflector grids of highly excited H® produced in excitation-transfer collisions. Inclusion of the excitation process
m.wmwmmmmxmwww:wmm
importance of excitation transfer in ion-Rydberg-atom collisions.

d.

Votums 46. Numsen 22 PHYSICAL REVIEW LETTERS 1 Juns 198

lon.Collisions with Rydberg Atoms in Strong Electric Fields

R. E. Olson®’
Moleculay Physics Laboretory, SRI International, Menlo Pork, Califorwia 94025

and

A. D. MacKellar
Department of Physics end Astronomy, University of Kentucky, Lexington, Kentucky 40506
. (Received 2 February 1981)

The classical-trajectory Monte Carlo method bas been used to inves oollisions of
fous and Rydberg atomas in strong de electric flelds. Cross sections a:‘c‘;‘:umd for
® = 10 and » = 20 Rydberg atoms at velocities 1€ v A, €10 where v, = n°! a.u. Electric
fields which jonize product Rydberg atoms in states ¥ = » + An witbAn =1, 2, and ¢
were used. The electric fleld caused the cross sections for electron capture to decrease
by up to fourfold while the lonization values increased by wp to two orders of magnitude.

PACS pumbers: 34.50.Hc, 34.70.+¢
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ABSTRACTS FROM PUBLICATIONS (CONTINUED)
. e. 5. Phys. B: At. Mol. Phiys. 14 (1961) L419-1424. Pristed in Great Britaia

LETTER TO THE EDITOR

The effect of core interactions in /-mixing collisions of
Rydberg atoms with rare gases

A P Hickman

Servics ds Physiqus Atomique Contre d'Etudes Nuciésires de Saclay, 91191 Gif-sur-
Yvetss Codez, France

Received 6 April 1981

Abstrast. Coupled-channsl calculations for collisions of Na Rydberg stoms with Hs sad Ar
have besa performed 10 iavestigats the effect of the interaction between the Na* core aad
the rare ges. Por & = 10, chansels correspondiag 10 the levels nd and af are included, and
calcuiations are reported both with and without terms arising from the core. It is found that
the inelastic cross sections (104 - 100) ars insensitive 1o the cors interactions, whereas the
elastic croes sections (10d - 10d) may change significantly. This result is consistent with the
prodiction of the frst-ovder Born approximstion.

PHYSICAL REVIEW A VOLUME 27, NUMBER 4 APRIL 19¢3

N lon-atom differential cross sections at intermediate energies

R. E. Olson
Physics Deparmens, University of Missouri—Rolla, Rolla, Missouri 65401
(Received 235 October 1982)

The clessical-trajectory Monte Cario method hes besn used to calcuiste H* 4 Hiis) L
electron-capture aad ionization differential cross sections in the range 25—200 keV. The ro- S
suita indicats the importsace of including excited product states 10 describe the smali-angle el
electron-capture scattering. Angular scattering of the dlectron removed by the iomization
process hes besa studied ss a function of ejected-clectron velocity v,. The classical calculs-
tions ase in ressonable agreement with coupled-channel results of Shakeshaft (Phys. Rev. A
18 1930 (1978)) as to the “slectron capture to the contingum™ (ECC) component of the joni-

' 2ation prooms whaere this term is defined as the gjected electron being more closely centered
10 the projectile thaa the target nucieus after the collision. The ECC cross section o'goc was
studied as s function of collision energy (50—3500 keV/amu) and projectile charge state
(g=1-10). At high energiss, Opcc scales 23 ¢2¥/E2S, The mazimum value for o was
determined 10 bs an ecnergy Z.., a(36 keV/amulg®’. Restricting the ECC component to
small clectron-sonttering angles, 6., <5, and electron-cjection velocities v, =v,(1.010.1),
where », is the projectile velocity, indicates this process is a minor component of the total
ionizstion cross section st intermediate energies.

[P B




ABSTRACTS FROM PUBLICATIONS (CONTINUED)

Rydberg states of
atoms and molecules

Editors

R. F. Stebbings and F. B. Dunning

Department of Space Physics and Astronomy
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Ion scattering from state-selected Rydberg atoms

S G. A. Kohring, A. E. Wetmore, and R. E. Olson
- Physics Department, University of Missouri-Rolla, Rolla, Missouri 65401
N (Received 7 April 1983)

Classical-trajectory Monte Carlo calculations have been performed for collisions of protons with state-
selected hydrogenic Rydberg atoms. The examples investigated were Rydberg atoms in the n =10, /=9
level with m;=0 and 9. The collision veiocity range was 0.1 to 1.0 s.u. (2.2x107 t0 2.2x10* cm/s). The
ionization cross sections were found to be relatively insensitive to changes in the m, levels. However, the
charge-transfer cross sections showed considerable enhancement if the Rydberg electron is orientsted in a
plane which is parailel to the direction of the incident projectile.

Laser—assisted charge-transfer collis}ons: l’ + Na
Y. P, Rsu, M, Kimura and R. E. Olson
Dopt{ of Physics
University of Missouri-Rolla

Rolla, MO 65401, U.S.A.

- A theory has been formulated to characterize charge transfer collisionms in

the presence of aa exteramal laser field. The molecular state expansion method ;*51

is used to describe the scatteriag process withia the impact parameter

formalisa. Electroa traaslation factors are iancluded in the molecular state
oxpsnsion 50 that the scatteriag wavefunction satisfies the correct boundary
conditions. The theory is applied to the process: l’ 4+ Na=>K ¢+ Nn+. In

l'-f sddition, we have made & detailed amalysis of laser—assisted charge transfer
for low-energy collisions. Ia this case, a Landau-Zener formula can be derived

which shows that the cross section increases with decreasing imcident emergy.
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Ia geaeral the laser coupliang is dominant in the low-energy region, while the -'_‘.:-'_:Z‘

dynamical coupliag becomes important as the collision emergy imcreases. S
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