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One major project has b&en finished and two important projects were well underway when|

funds were cut off. ~The finished work, dealing with cross sections for scattering
from defects on surfaces, will be a classic work, since the definition of the cross
section had not been done properly before. . The second project has to do with

trapping and sticking coeff1c1ents in low and medium energy collisions of atoms and
molecules with surfaces. %my aim is to lay to rest the long standing debate regarding
the low energy asymptotlc limit of sticking coefficients: 1is it 0? or 1?

collisions, He also had started a project invelving atom scattering with a vibrating
adatom on a surface. IV Another unfinished project is inspired by some data that
Tom Engel has generated on scattering of helium from stepped surfaces. He sees, at
certain angles aimed into the steps, a scattering in non-Bragg directions, even thoughw
there is supposedly little or no disorder. The scattering is at half the momentum
transfer of the perfect surface and rather broad, suggesting that perhaps steps of
twice the usual length are involved. (',0 !
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Final Project Summary- Eric. J. Heller

We have developed the theory for cross sections for scattering from
defects on corrugated surfaces. Just as in the gas phase, one needs to
have a definition of what is meant by the "size" of an object, as
measured by collisions. The history of this problem has been fraught
with mistakes and misconceptions. The correct definition of such
cross sections had not been given before. The theory allows a
rigorous measurement of the "size" of a defect or of an adsorbate, etc,
on a surface. The optical theorem was derived for the case of
scattering from a corrugated surface. It is interesting in that the
"forward" scattering of the textbook optical theorem becomes the
Bragg scattering. The optical theorem again is the flux conserving law
which states that flux lost from the Bragg directions is recovered as
diffuse scattering in between.

The theory was applied successfully to the system CO on Pt (111),
resolving a long standing controversy on whether CO is much "larger”
on a surface than in the gas phase. In fact it is only slightly "larger".

Another project has examines trapping and sticking coefficients in low
and medium energy collisions of atoms and molecules with surfaces.
Our aim has been to lay to rest the long standing debate regarding the
low energy asymptotic limit of sticking coefficients: Is it 0? or 1? This
project is about 2/3 completed. The issue of sticking at low
temperatures and low collision energy has important space physics
applications.

Finally, the wavepacket code for atom surface collisions has bheen
significantly enhanced. Faster means of propagation have been
developed. We have begun a project involving atom scattering with a
vibrating adatom on a surface.
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Final Report- Eric. J. Heller

One major project has been finished and two important projects were
well underway when funds were cut off,

L The finished work, dealing with cross sections for scattering
from defects on surfaces, will be a classic work, since the
definition of the cross section had not been done properly
before. Anyone wishing to measure the "size" of a defect or of
an adsorbate. etc, on a surface will need the formula and
methods developed by us. Coworkers: Daniel Huber, postdoc:
Han Xu, student.

Detalils:

The first paper is finished. dealing with (1) the definition of the cross
section of a defect on a surface. and (2) specifically the system CO on
Pt {111). We could have easily split this into two papers. namely a
theory paper and an application paper, and this would have surely
helped us with those who count papers and don't assess them for
quality and impact.

No one has ever defined the cross section for surface defect scattering
on a corrugated surface before: we believe our work to be a real
landmark in this respect. Just as in the gas phase, we need to have a
definition of what is meant by the "size" of an object. The history of
this problem has already been fraught with misconceptions.

The calculations of CO on Pt (111) have been successful, and compare
well with the experiments. Semiclassical wavepackets have been used
to perform the calculations. More details are to be found in the
manuscript.

II. The second project has to do with trapping and sticking
coefficients in low and medium energy collisions of atoms and
molecules with surfaces. Our aim is to lay to rest the long
standing debate regarding the low energy asymptotic limit of
sticking coefficients: Is it O? or 1? .This project was about 2/3
completed. when funding was cut off. Coworker: John
Frederick, Postdoc.

Details:

The {ssue of sticking at low temperatures and low collision energy has
important space physics applications. Moreover, it has important
experimental consequences since atoms can be dropped onto surfaces
at very low velocity using laser atom traps with gravity as the
accelerating agent.
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A student, Colin Wright (grad student, physics) was looking at
improvements to the wavepacket code for atom surface
collisions. He also had started a project involving atom
scattering with a vibrating adatom on a surface. When his
funding AFOSR was cut off, he left graduate school. The project
is now in limbo.

Another unfinished project {s inspired by some data that Tom
Engel has generated on scattering of Helium from stepped
surfaces. He sees, at certain angles aimed into the steps, a
scattering in non-Bragg directions, even though there is
supposedly little or no disorder. The scattering is at half the
momentum transfer of the perfect surface and rather broad,
suggeséing that perhaps steps of twice the usual length are
involved.

H. Xu. D.P. Huber and E.J. Heller, "Cross Section and Optical
Theorem for Defects on a Corrugated Surface," J. Chem. Phys.,
89, 2550 (1988) '




IV 0N WY M)
g P Bt vo gy 4o ll.‘vllwll.“
94~} e0g SEpGs GIVeNVL

198-eas

TLo0-THS 904

(wosonsger pud sgwmae
Toper wes¥) JNOIGIVYS

1032227q TRoprug p pod,

%13 ONY INVYM 0FLNS MO OAL

Prons syt Wy YNy e Sussdind oy} My e
Sutyaluge portepndgwa pue Slepne ge oyt

6076607615

62 661 63 1L v96° oﬁ,

opoayptny Porm el

Voo S rgplenss g Sueue Pugrssads 1\-0\ 09 pmweims Soperm o f o 8 s iy S = S Yoy > vewnm

ARV

- oe//Yy Purs wordure) pue \3ewswd of Loder S bewi 1oB Juveed Trwewne * semomy v v . ) i
orLsmEns Wingso| TP ¢ eBpegmauy Ao 30 tooq o oy guiey § a!.:O s [ eremmer soamms (| rveormmons [(] (oot crmpdassse oy _g_womy)
19049 JIVO QIRASINTD QITIVOHENY 10 JUALYNDIS Ly Rl wwsorn o)
lOI SPUN [S50Pu § 9 Sruoreq paiunenn W
- 00°0057¢6¢ ———
SPuy 1ve 'on.l-!g'-:illl .!- '
- . < Swayy .\-0‘00\..-
00°00$°262 e oty oo ll.:n” .
— -0- oy gae v.-a!..r-.\.l.nl-nh..l%“!- ]
B lcl - q Svm v ey |l.-n|oo
i vl-o’ltl"!t‘c-oiclsnllll“.— .
—_— IQ|I oriRe potopntun rerey
N N R
- 00°006 26¢ 1 son smorm s seu ]
Dna.‘.'-’! LU LT PRI YR
- -7 - -0- e e jo sjeve 1\3.|‘-I\|(0|ll« 'm‘l.
o 00" 005262 : :wﬁ.w..l.wu )
g S P e
00°%9¢ 96 1s smp omerm g o1
POt Jrades Sy -J-.l L B
- T |°l - Sppary Swans wesbaryy tev] []
- 00°%79L96 P Vs e e
N 1 -t N % t1 007 9czce1t] vt Annvard Snre w8
- |q.:|,|l o |.l - g gﬂul..f;.‘l.%.ﬂmlm‘ﬂ“.\l
w01 (£ (&7 (] :A . .«hm o I
— 68/1€701 887 (/11 VA RETTIVIT T ST
o i v w2 e e S5O, ..H S o ZZ-ON - 4N Kep Kagsaaajun fyog
- 1wy =3} QOATRS LNYWS/LD £€925-29# Jujrunoday
feswra )¢ ey f I iqllq ﬂon:No , VILSToUIToT uojuyysey Lw >£n.o>uw
seve § ANPaw Yl © | SO InA LML ISl U9 UM RN JUASEDIY Wit 2eN V) |"l"b§ l§ hd e JIR Sy clt'““l’ll
veee | ﬂ T GL00-(8-4S04V 4JaGa aiV ‘§°a 11701 o w0 smeppinsirey 2owc s)
0910v—08 o —— 130434 SNLVIS TWIONVNI
.o tove | Forodidy GO | Senasniise: AL PO VW YWuSEIS T[] SRILINENE I LRGN IOGws Q1 ANSATID WHOUYIRYISS GV AJNOY TYURRS 1

£925-29 # M0




