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FORWARD

This Report includes copies of transparencies and notes from
the presentations made at the Symposium on_Beam Stability and
Nonlinear Dynamics, December 3 - 5, 1996 at the Institute for

Theoretical Physics, University of California, Santa Barbara
California, that was made available by the authors. Editing, reduction
and changes to the authors contributions were made only to fulfill the

printing and publication requirements.

We would like to take this opportunity to thank the speakers for their
informative presentations and for providing copies of their
transparencies and notes for inclusion in this Report.

We also would like to thank the ITP staff for their assistance, with our
special thanks to Ms. Deborah Storm for her continuous efforts and
help with the meeting, announcements and processing of this Report. .

Zohreh Parsa

Symposium Chairperson

Institute for Theoretical Physics
UC, Santa Barbara California, USA.
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SCHEDULE

Tuesday, December 3, 1996:
Time: Speaker: Title:
Convener: Z.Parsa
8:00 am Registration ITP Front Lobby
8:40 Welcome J. Hartle, ITP Director

Intro. & Welcome

Z.Parsa, BNL

9:00 J. Meiss, U Colorado Single-Particle Hamiltonian Dynamics

9:45 Refreshment Break ITP Center Patio

Convener: G. Guignard

10:15 J. Marsden, Cal Tech Symplectic Geometry, Maps, Integrators

11:00 M. Berz, Michigan State From Taylor Series to Taylor Models &
Remainder Differential Algebra with Interval
Arithmetic

11:45 A. Dragt, UM Factorization of Taylor Maps

12:25pm  Lunch Break ITP Center Patio

Convener: J.Hagel

2:00 J. Irwin, SLAC One-Tum Map Generators Aberration
Sources, Consequences, and Corrective
Actions .

2:40 E. Todesco, INFN Long-Term Orbit Stability Predictions
(Lypunov estimates, Normal Forms)

3:25 Refreshment Break ITP Center Patio :

Convener: W. Lysenko

4:00 J. Laskar, BDL Frequency Map Analysis - Theory &
Experiments

4:45 R. Warnock, SLAC The Effect of Resonances on Long-Term
Stability & Symplectic Full Turn Maps

5:30 Wine & Cheese ITP Center Patio

6:15 Conference Dinner ITP Center Patio




Wednesday, December 4, 1996

Time:
Convener:
8:30 am
9:10

9:55

Convener:

10:25

11:05

11:45

12:25pm

Convener:

1:40

2:20

3:05

Convener:;

3:35

4:20
4:55

5:30

Speaker:

D. Robin

V. Balandin, DESY
F. Schmidt, CERN

Refreshment Break
J. Ellison
F. Ruggiero, CERN

R. Siemann, SLAC
H. Yoshida, NAO

Lunch Break
J. Krommes

P. Zenkevitch, ITEP
G. Guignard, CERN

Refreshment Break
E. Lessner
M. Zeitlin, IPME

S. Andrianov, St. Petersburg

S. Heifets, SLAC

Reception

Title:

Nonlinear Spin Dynamics

Dynamic Aperture - Simulation and
Experiment

ITP Center Patio

Longitudinal Beam Echoes & Diffusion
Rates

Sawtooth Instability & Over-Shoot
Phenomena

Instability of Periodic Orbit and Non-
Integrability of Hamiltonian System

ITP Center Patio

Neutralized Beams: Landau Damping in
Systems with Strong Nonlinearity .

Stability of Beams in a High Frequency Linac
with Strong Wakefields

ITP Center Patio

Wavelet Analysis of Hamiltonian System and
its Perturbations :

Nonlinear Aberration Correction

Search of the Mechanism of the Saw-Tooth
Instability

ITP Center Patio




Thursday, December 5, 1996

Time: Speaker: Title:
Convener: A. Chao
8:30 F. Ruggiero, CERN Collective Effects in LHC
9:05 J. Hagel, Univ Maderia Galaxy Dynamics: Resonance Analysis in
Celestial Mechanics
9:50 Refreshment Break ITP Center Patio
Convener: M. Berz
10:20 A. Pankin, INR Nonlinear Structure Near Boundary of
Marginal Stability
10:40 G. Stupakov Nonlinear Dynamics of Single Bunch
Instability in Accelerators
11:10 V. Zadorozhny, IC The Dynamic 2-D Electron Beams of the
Plasma Lense
11:30 TBA Map Measurements
11:45 G. Guinard Statistical Analysis of Emittance Growth
12:20 pm  Lunch Break ITP Center Patio
Convener: R. Siemann
1:50 Round Table Discussions ~ Z. Parsa, A. Dragt, G. Guignard,
on Outstanding Issues in J. Laskar, J. Meiss, E. Todesco, &
Beam Instabilities and other speakers and participants
Nonlinear Accelerator
Dynamics
3:00 Z.Parsa, BNL Summary and Closing Talk.
Conference Ends

TBA = To be announced

* = late contributions

BNL = Brookhaven National Laboratory
FNAL = Fermi National Laboratory

LANL =Los Alamos National Laboratory
SLAC = Stanford Linear Accelerator Center
DOE = Department of Energy

NSF = National Science Foundation
UCLA = Univ. California Los Angeles
UCSB = Univ. California Santa Barbara




BEAM STABILITY & NONLINEAR DYNAMICS

INTRODUCTION

Z. Parsa, BNL/ITP
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SINGLE-PARTICLE HAMILTONIAN
DYNAMICS

J. Meiss, U Colorado
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Symplectic Maps

- Twist Mappings
D T =

x’

oy

.
Smmedi.

Consider a cylindrical phase space
With a symplectic Map T: (x,y) =(X,y") " IS

L T e,

L N ST
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T is a twist mapping if £L2K>o v.
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SYMPLECTIC GEOMETRY, MAPS,
INTEGRATORS

J. Marsden, Cal Tech
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& REMAINDER DIFFERENTIAL
ALGEBRWITH INTERVAL ARITHMETIC

M. Berz, Michigan State

FROM TAYLOR SERIES TO TAYLOR MODEL
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Dead man’s bungee co

g.
1. _ARVADA, Colo. — .Police are
rgonslderlng homiclde charges
,ualnsl a company that gave a
.man a free bungee jump that
"killed him because the cord was 70
feet too long.
Bungee America Ignored safety

ARG

standards that would have pre-
vented William Brotherton's death
Sunday when he lept from a teths
ered hot-alr balloon over & neld,
sald & report by Carl Fin:
safety committee cbalrman of the
North American Bungee
Association.
Brotherton, 20.wastakluga!ree

:;E [
S E
i
~> > = B
L S

ACCELERATION
INJECTION # ABORY

MHTERACTION AEGIONS /
+
RUFRIGERATOR ANO

POWER SUPPLY UNITS
/1‘0 ] Au.)\

RS ;v-ﬂ »'VF

rd was 70:feet too long

te Rty

jump in exchango for mtlng
ent.: Finocchiarg's

equipm

:Was turnéd ‘overito poue&’
-;concluded: £ 3
M The bau&:nmss

I.r

Be
gt"—e.— 3% 5

190 ‘feet. For: Brothérton g
have hit the ground; it needed

be 260 fest

u
lCommunlvcaUOn between' the

.

ARC

10 km

[T XTTRTY
JLETT &m, 146 Colle
"m
192 m

Clrcumieronce

Ae Length

Coll Langih, Asce

Coll tangth, 1A Aegion

LEGEND 3

Eaporimentsl Swalght ©z=8 1152 m

Uuilty Swaignt
Arc Radivg
Dipetes

- wein

- L R

vrew and balloon pllotw:g
to oquge 11‘1‘3:. b u&wﬁew%az
warsthe oul
tie bmooupm 3 low. &
Buhges America wasn't lnsured
or licensed by the state A record:
.ing on the company’s telephone
sald" ‘the” llne had been
disconnected.
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ion

structure

Intervals
ittle algebraic

xtracts Informat
considered relevant

-

Floating Point

1

Diagrams
commute
exactly!

(Interval Inclusion
Equivalence Relation)

c=
c=a-
Field

(Also want “exp”, “sin”

Number Field Inclusions (Intervals)
1

Real Numbers
a+b

etc: Banach Field)
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FACTORIZATION OF TAYLOR MAPS

A. Dragt, Univ. Maryland
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LONG-TERM ORBIT STABILITY PREDICTIONS
(LYPUNOYV ESTIMATES, NORMAL FORMS)

E. Todesco, INFN
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Figure 4

0.201. Initial conditions locked on resonances up

to order 15 are shown. Horizontal and vertical Courant-Snyder
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FREQUENCY MAP ANALYSIS -
THEORY & EXPERIMENTS

J. Laskar, BDL
Paris, France
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THE EFFECT OF RESONANCES ON
LONG-TERM STABILITY & SYMPLECTIC
FULL TURN MAPS

R. Warnock, SLAC
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RESULTS oN VALIDATION OF MAP WITH FOURIER ~SPLINIS
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(ph1l,ph12) on 1nvariant torus
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Values of (nul,nu2) on regular mesh in (J1,J2)
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Quasi-pendulum motion
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DYNAMIC APERTURE - SIMULSTION
AND EXPERIMENT

F. Schmidt, CERN
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Magnet Errors . 5‘31—(5,\«: Doz_(bmfiﬂm))}!
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¥
ersistent geometric ramp
Mean | Unce. | Rand. | Mean | Unce. | Rand. || Mean |Unce.|Random || T, M | %,,U |5, R
by 0. 5.00000 | 10.00000 || 9.00000 | O. 0. 0. =+ 5.00000 | 10.00000
by 0. 0. 0. 0. 0.50000 | 0.40000 0. 0. 0.05600 0. + 0.50000 | 0.40000
by [} -3.60000 | 0.70000 | 0.07000 0. 0.30000 | 0.50000 || 0.45000 | O. 0. -3.60000 | -+ 1.00000 | 0.50488
- by 0. 0. 0. 0. jof{ 0.10000 0. 0. 0.03400 0. 4 0.20000 } 0.10000
bg {| 0.18000 0. 0.00400 0. 0.05000 | 0.08000 |} 0.17000 | O. 0. 0.18000 { = 0.05000 ] 0.08010
be 0. 0. 0. 0. 0.00400 | 0.02000 0. 0. 0. 0. + 0.00400 | 0.02000
bs 0. 0. 0. -0.02600 0. 0.01000 0. 0. 0. -0.02600 0. 0.01000
by 0. 0. 0. 0. 0. 0.00500 0. 0. 0. 0. 0. 0.00500
bo 0. 0. 0. 0.00600 0. 0.00300 0. 0. 0. 0.00600 0. 0.00300
byo 0. 0. 0. 0. 0. 0.00200 0. 0. 0. 0. 0. 0.00200
by, 0. 0. 0. 0.00800 0. 0.00100 0. 0. 0. 0.00800 Q. 0.00100
a 0. . T 0. 0. 0. 0. . 0. 0. 0. 0 0.
az 0. 0. 0. 0. 0.30000 | 1.00000 0. 0. 1.00000 0. = 0.30000 | 1.00000
a3 0. 0. 0. 0. 0.30000 | 0.15000 0. 0. 0.11000 0. =+ 0.30000 | 0.15000
— | 0. 0 0. J. .{ogﬁfﬁ] 0.10000 0. 0. 0.11000 0. < 0.20000 | 0.10000
ag 0. 0. 0. 0. 0.05000 | 0.04000 0. 0. 0.03400 0. + 0.05000 { 0.04000
2 0. 0. 0. 0. 0.00400 | 0.01000 0. 0. 0. 0. = 0.00400 | 0.01000
ar 0. 0 0. 0. 0. 0.01000 0. 0. 0. 0. 0. 0.01000
2s 0. 0 0. 0. 0. 0.00500 0. 0. 0. 0. 0. 0.00500
39 0. 0 0. 0. 0. 0.00400 0. 0. 0. 0. 0. 0.00400
210 0. 0. 0. 0. 0. | 0.00200 0. 0. 0. 0. 0. 0.00200
ayn 0 0. 0. 0. Q. 0.00100 0. 0. 0. 0. 0. 0.00100
Table 1: Expected multipole performance for elersent (MB) at injection (in units of 10~4 relative field esror at 10 mm) from [1]
7 “”
b, : normal by = sexlupole

" v ex.
an :  skew a3 : skew quad
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Contribution to the Resonance Strength
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LONGITUDINAL BEAM ECHOES &
DIFFUSION RATES

F. Ruggiero, CERN
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SAWTOOTH INSTABILITY & OVER-SHOOT
PHENOMENA

R. Siemann, SLAC
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Typical low current streak camera profile
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INSTABILITY OF PERIODIC ORBIT
AND NON-INTEGRABILITY OF
HAMILTONIAN SYSTEM

H. Yoshido, NAO
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STABILITY OF BEAMS IN A HIGH
FREQUENCY LINAC WITH STRONG
WAKEFIELDS

G. Guignard, CERN
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High Frequency Option

¥ Improvement of RF to beam efficiency:
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B Reduced RF power requirements:
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B High Accelerating Gradient - Reduced length
- Dark current capture: G
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Beam Emittances Preservation

Misalignment of Structures, Optics, Beam Position Monitors...

W Dispersive and Chromatic Effects:

Sophisticated beam based alignment techniques:
BPM resolution (50 to 0.5 microns)

W Single Bunch Beam BreakTUp (BBU):

Tail oscillation induced by transverse wakefields from head

Precise pre-alignment of the structures: 100 to 10 microns

BNS Damping: Increage of focusing along the bunch by RF
quadrupoles or momentum

W Multibunch Beam Break-Up:

Damping of transverse wakefields between two cons. bunches
Damped or/and Detuned Structures (DDS) - Lossy iris

0 phase correlation

]

Challenges of the
High Frequency option

W Wakefields: b, oo wee

* Longitudinal:
Beam momentum spread:
Accurate Beam loading compensation

* Transverse: W, o wie (~ %‘;f
Emittance blow-up _
Precise pre-alignment of the elements 'Ae o <y
Sophisticated beam correction techniques ,

: AE = < Wi >
Emittance preservation
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Emittance dependence on parameters

- Starting cass N/bunch = 8 1049 -
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Wit(z) for undamped section
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WAVELET ANALYSIS OF HAMILTONIAN
SYSTEM AND ITS PERTURBATIONS

M. Zeitlin, IPME
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NONLINEAR ABERRATION CORRECTION

S. Andrianov, St. Petersburg
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MECHANISM OF THE SAW-TOOTH
INSTABILITY

S. HEIFETS
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Dependence of @(A) for inductive-like wake, A=2.95
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COLLECTIVE EFFECTS IN LHC

F. Ruggiero, CERN
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LHC BEAM SCREEN ]
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Table2: Surface resistance measurements and extrapolated conductivities
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No superconoluctons => ZS

Frequency] T BT T AsIN _ RsOUI| KclasN_ Kolas OUT| KanomIN Kanom OUI| RRReH RHRReft
MHz dag deg | mOhm mOhm |1E7/Ohm*m 1E7/Ohm*m 1EI/Ohm m 1E7/Ohm m] IN ouT
1 165.8465] 300 0 3.36 3.66 5.46 4.58 e
2 790.7330] 300 0 7.76 8.59 5.19 4,238
3 307.3650] 300 0 4,93 6.27 5.00 3.09¢
4 626.8761f 300 0 7.30 9.15 i
5 629.2984] 42.3 18.9 237 2.70 1
6 | 792.0576] 422 191 2.79 2.81 9
7 792.0576] 40.3 19.7 1.59 294 4
8 629.5103] 403 19.7 1.63 217 18
9 629.6039} 4.5 1.0 1.19 2.00
10 792.2774] 4.9 23 1.43 15
11 947.2647] 4.4 0.7 1.33
12 |2868.2545] 4.2 0.1 1.96
13 629,5992] 11.2 0.3 1.21 21
14 79227791 11.4 0.5 1.41 14
15 947.2674] 10.7 1.4 1.39
16 629,5890] 23.1 6.4 1.25 20
17 792.2795] 23.2 4.3 1.48 14
18 947.2718] 22.6 42 | 146
19 310.1818] 40.8 39.0 0.76 11
20 472.8598] 41.5 40.7 1.12
21 620.5129] 41.8 439 1.50 28 16
22 7922321} 41.8 453 1.68 26 11
23 947.2420f 422 457 1.58 5
Conductnv:ty extrapolated awond” ng to Conductivity
classical or anomalous regime: ratios at the
shaded regions are not relevant same fraquency
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Single Bunch Mode Coupling

LHC Injection
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Figure 24: Proton accelerating cavities
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RESONANCE ANALYSIS
IN CELESTIAL MECHANICS

J. Hagel, Univ Maderia
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NONLINEAR STRUCTURE NEAR BOUNDARY
OF MARGINAL STABILITY

A. Pankin, INR
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NONLINEAR STRUCTURE NEAR BOUNDARY
OF MARGINAL STABILITY

G. Stupakov, SLAC
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THE DYNAMIC 2-D ELECTRON BEAMS OF
THE PLASMA LENSE

V. Zadorozhny, IC
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