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Outline

Principle
Proof-of-principle with Henon map

Applications of dynamic aperture optimization

Dedicated light source rings (NSLS-II, or MBA)
Collider ring (BNL-EIC e-ring)

summary



Lyapunov Exponent

* |6Z(t)| = e*|SZ(0)]
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—+— |EEE754 Single Precision (32
—+— |EEE754 Double Precision (64-bit)
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From round-off to irreversibility

Laslett (1957): a linear map (no chaos) is numerically irreversible due to
round-off error, a “consistent error which grows in direct proportion to the
number of iterations executed” by computer

For a chaotic trajectory, the difference grows exponentially (LE) by scaling the
accumulated round-oft errors

Motivation: could we optimize a nonlinear lattice by control the growth rate
of irreversibility? (ie. sensitivity to initial condition)



Proof-of-principle with Henon map
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[s chaos visible with F-R integration?

How much iterations (turns) is needed to
observe chaos?

Color-bar A =logg|zo — 25/

(courtesy Y. Hao)
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diffusionRate
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optics - main modes
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optics - coupling modes




Different slicing method

“ Alarge momentum acceptance is needed,
which is difficult for FODO lattice

“ 16 turns 5D tracking is used for optimization

“ 1024 turns 6D tracking is used to confirm the
DA at with synchro-betatron coupling
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7.11 chaos_map
* type: major action command.
 function: compute chaos map from tracking. Note that the number of turns tracked is set by the run control command.
* can use parallel resources (Pelegant)

« Command syntax, including use of equations and subcommands, 1s discussed in 7.2.
- NB: this feature 1s new in 2019.4 and somewhat experimental. Please report problems on the forum.

&cha

OS_map
STRING
double
double
double
double
double
double
long nx
long ny
long nd

long forward backward

Implementation at ELEGANT

output = NULL;
xmin = -=0.1;
xmax = 0.1;

ymin = le-6;
ymax = 0.1;

delta min = 0;
delta max = 0;

= 20;
= 21;
elta = 1;

Thanks to M. Borland
Since Version 2019.4

0; +—— Mode switch between the forward-only and F-R integrations

<—— Manually input a “small” difference. Not recommended)

&end

double change x = le-6;
double change y = le-6;
long verbosity = 1;


https://ops.aps.anl.gov/manuals/elegant_latest/elegantsu12.html#x20-190007.2

Summary

A early chaos indicator using forward reversal integration has been
demonstrated to optimize DA

[t is fast because only a very few turns is needed to rule out uncompetitive
candidates

[t has been integrated into the ELEGANT code (different magnets, fringe
field, undulator - kickmap, RFC, etc. have been implemented)



