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I, r2iSCHNEL

in addition to the Principal Investigator, Professor Josevph
Tord, this research involved the Research Asscciate, Dr. Franco
Yivaldi,. Also inveolved were the informal consultants and collaborators,
®rofessor 3. V. Chirikov and colleagues (Fovosibirsk, USSR) and Dr.

J+ L. Tennyson and colleagves (Rerkeley, USA).

+

ranco Vivaldi attended DOE orsanized meetings at SILAC and

Termilab. de will spend the period Ausust-Cetober collaborating vwith

b3

'3

ofessor 3. V. Chirikov and his colleamues at the Institute of Yuclear

N

h Ford was an invited

Thrsics in Yovesibirsk, USS2. Frofessor Josen
ineaxer at the "Vorkshop on lonz=Time Fredictions in tonlinear Conszer-—
nive Dvmnamical Svstems,” University of Texas, ‘arch 16-12, 1781, and
15 the "Internabicrnal Symposium on Symergetics, ' Schless Zlmau, Zavaria,

il. Wnile in “Turcme, he also nrasented invited lachures

. - . ] . T 3 - LI Zmer
ma Universities in Utrecht and Zurich (5TH).



Tna followinz mapers have apoeared cor will appear:

1. J. Ford, "Ergodicity for Economists," in New Quantitative

Tochriques for Eeonomic Analysis, Edited by G. P. Szego

{icademic Press, Inc., Hew York, 1281).

2¢ J. . Oreene, Re S. MacKay, F. Vivaldi, and M. J. Feigenbaum,
"Iniversal Sehavior in Families of area-Preserving ilaps,"
aczented for publication in Physica D.

3. Te Vivald® and J. Ford, "Symmetries in 1.5 Degree of Freedom
“amiltonian Systems," J. Math. Phys. (to be submitted).

tr

lte 7 7y Chirikov, J. Ford, ¥, lf. Izrailev, and D. L. Shepelyansky,

"odulational Diffusion in lMonlinesr Cscillator Systems," to

atpear in Free. IX Intl. Conf, on Nonlinear Csecillations, Kiev,

1251,
I1D. SRITE DESCRIPTION CF THI RESEARCH

in bign energy narticle accelerators,; a weak instability—e

Arncl'd or modulational diffusion-- arises in the colliding varticle

pears wnensver tThe stochastic narticle motion orthogonal to a stochastic
lavar ig bransformed into motion (di7fusion) along it. The orieinal

crhreronal movion, whose detailsd Teabures ultimately detsr-dne the

NESR LI

i Tunion rate, can ve locally modelled hy relatively simnle two
lerraa cf [regdem systems Shat can be studied in detail. Cur initial

S

~Cferbs nave teen focused on such two dacres of frecdom systems with



tre ain of develoning technigues for determinire the stochastic
~nrasinold and the location ard shane of stechastic components
thrcuzh the analysis of =meriodic orbits and their bifurcations,

-

in collavoration with Greene, YacKay, and Teigenbaun, we have

O,

vbained resulis regarding stochastic ccmmonsnts which have a
universal character and which are; therefore, anplicable to any
neam=rean model. Sone of these tachniques have been further developed
ani noolied by us to a class of systems driven by a periodic force
ia2ldins results of particular interest for modulaticnal diffusion
in boram=dean inferactions. Specificallyv, in the case of a modulated
cvzten, we have derived a general analvtical estimate fcr the laver
widhhe A3 our first effort to observe modulstional diffusion, we
Tellowed thz earlisr work of Chirikov and Izrailev which studled

1 ~ono:limensicnal, odulated system cousled to one additional
fmamical variabhle, e therebhy not only observed modulational
1iffusicn we also immroved the vreviously gziven semi-analytical
23timates and we obtained a set of critical values for one system

~ber (deture) at  dch the diffusion rate dramatically increases.

n our most recent rasearch, we have turned to multi-dimensional
~odels, Swecifically, we have considered ccunled, rnonlinear cscillator
avasbors mlar So these studied earlisr by Chirikov. For these systems,

[

Sre liffusion arisine from the medulation of the drivinz freguency
! of Yhe counline coefficient has teen senarately investisated. Serdi-

tnairtical axmressions for the difTusicn rate have bHeen obtained fer

nach t-mz of modulation,






derived a general analytical estimate for the layer width, As our
first effort to observe modulational diffusion, we fcllowed Chirikov
and Izrailev13 in studying a monodimensional, modulated system ccupled
to one additional dynamical variable., We thereby not only observed
modulational diffusion we also improved the previously given serti-
analytical estimates and we obtained a set of critical values for

one system parameter (detune) at which the diffusior rate dramatically

increases.

In our most recent research, we have turned to multi~dimensioral
models. Snecifically, we have considered coupled, nonlinear oscillator
systems similar to those described in Ref. 3 and L. For these systems,
the diffusion arisineg frcem the modulation of the driving frequency and
of the counling coefficient has been separately investigated. Semi-

, . . . . . 217 .
analytical expressions for the diffusion rate have been obtained™’ Ior

each type of modulation,

Publications completed during the present Contract period are listed

as Ref, 15, 16, and 17,
111, PROPCSED RESEARCH

Tre principal direction of our future research lies with continuing
our systematic numerical and analytical investigations of the effects of
weak instabilities— Arnol'd and modulational diffusion-- arising in the

beam-beam interaction. Specifically, we intend to develop analytical and
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