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diffusion is widely regarded as the potentially most dan g erous weak 

Instability In the beam—beam interaction. 

	

The effects of oissipation 	due 	to 	synchrotron 	radiation 	are 

routinely 	included 	only 	In models of electron—positron machines; 

these effects have systematically been neglected 	in 	the 	case 	of 

heavy 	particles, 	e.g. p—p 	or 	p—p, 	for 	which 	conservative 

(Hamiltonian) models have been uniformly employed. However In some 

recent experiments, the radiation emitted by proton beams has been 

detected and measured [9]. Moreover recent techonogical advances 

have 	achieved 	an 	exponential 	increase 	of 	the 	available 

center—of—mass energy (10]. 	These results make It quite clear that 

realistic 	models of heavy particle beam—beam machines must Include 

the effect of a 	weak 	dissipation. 	The 	inclusion 	of 	radiation 

damping 	Introduces 	a 	wide 	variety 	of 	new 	phenomena,' such as 

adiabatic transport 	of 	particles 	In 	phase 	space, 	creation 	of 

attracting 	sets 	including 	"strange 	attractors" 	C11], 	ranoot 

perturbations, etc. 	Finally 	It 	should 	be 	emphasized 	tnat 	the 

effects 	of 	small dissipation on weak instabilities are completely 

unknown. Thus, extensive studies of the cumulative effect of all 

these beam —beam phenomena seem to be In order, and even  somewhat 

urgent, we would suggest. 

	

In the following section, we discuss the work we have 	performed 

under previous award. 

II. PROGRESS REPORT ON PRLVIOUS AWARD : DE—AS05-61E1240 ■)03,4001 
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Our research has led to the following publications: 

A 	F. 	Vivaldi 	and 	Mi 	A. 	Lieberman, "Parametric Modulation in 

Nonlinear Oscillator Systems", In press. 

B 	T. 	Bountis 	and F. 	Vivaldi, "Dynamics of Cylindrical Beams t 

The Symmetrical Case", preprint (1984). 

C 	H. 	Hirooka, N. 	Saito, and J. 	Ford, "Chaos Around Hyperbolic 

Fixed Points", J. 	Phys. 	Soc. 	Japan, 11, 9b5 (1984). 

D 	G. 	Casati, 	J. 	Ford, 	F. 	Vivaldi, 	and 	w. 	M. 	Vlsscher, 

"One—Dimensional Classical Mary—Body System Having 	a Normal 

Thermal Conductivity", Phys. 	kev. 	Lett 1Z, 1861 (1'064). 

E 	B. 	Eckhardt, J. 	Ford, and F. 	Vivaldi, "Analytically Solvable 

Systems 	Which 	Are 	Not 	Integrable", 	Physica 	D 	(1984) 	(to 

appear). 

In Ref. 	A 	above 	we 	have 	extended our 	previous 	analytical 

treatment 	of the phenomenon of modulational diffusion [5,3,11], to 

include the case of small modulatIonal frequency. 	The location and 

SIZe 	of 	the 	stochastic 	domains, 	as 	well 	as tne rate at which 

particles diffuse along them 	are 	determined 	analytically, 	as 	a 

function of 	the system parameters. 	Our technique Is based on a 

resonant expansion of the HamlItcnian function, and It Is therefore 

applicable 	to a large class of beam—beam models. 	With these tools 

conditions for beam stability can be formulated 	without 	tne 	need 

for direct numerical simulations. 	The destabilizing effect of tune 

8 



9 

modulation Is found to be present in a broader range of 	parameters 

than previously conjectured C5]. 	Moreover, at selected values of 

the betatron amplitudes,Awhich constitute a Cantor 	set 	In phase 

space), 	the 	diffusion 	coefficient 	Is 	discovered 	to 	increase 

indefinitely with time, posing an additional threat 	to 	particles' 

stability. 	This 	phenomenon, 	which originates from the power—law 

decay of correlations in the stochastic aomains 0171, is 	round 	to 

be 	attenuated, 	but 	not 	eliminated, 	by a 4eile dissipation. 	The 

transition 	to 	Arnold 	diffusion 	is 	stuoleo 	In 	detail. 	Tril 

Investigation will De published srortly. 

	

In Ref. 	B, we have 	considered 	the 	stability 	problem 	for 	a 

family of models of cylindrically symmetrical beams, in presence or 

moderate dissipation. 	A general method fcr the reduction 	of 	this 

Problem 	to 	the 	study 	of 	a 	Witri 	of 	the 	plane 	Into Itself Is 

developed, which Is based on the existence of a global Invariant of 

the 	motion. 	Conditions 	for beam stability for all time are then 

derived. 	The treory 	of 	adjabatic 	invariants 	is 	then 	used 	to 

predict 	location of the various attracting sets In phase space and 

the size of the corresponding basins of attraction. 

	

In ref. 	C the nature of particle motions 	in 	the 	vicinity 	of 

nonlinear 	resonances 	Is 	examined 	in detail. 	A simple mechanism 

yielding chaotic motion and unpredictability Is illustrated. 

	

In Ref. 	D the problem of oetermining transport coefficients for 

many—particle chaotic systems Is studied. 	A numerical tecnniqua is 

Presented, which provides accurate estimates with relatively 	snort 

computation times. 
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