\
James Amundson, Eric Stern Mixing of Particles Due to Noise in Synergia



Introduction

Working on 100,000 turn run for space charge induced trapping
benchmark

Kick placement study

Statistical noise study
Result

Computational aspects
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Kick Placement Study: The Problem

First:
e Longitudinal coordinates: cAt and %”

o Often label these “z" and “zp", respectively
Observe:

e |nstability in individual particle trajectories
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The Problem 2

e Instability extends to means quantities
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A Guess

e There is an art to choosing the frequency and placement of the
space charge kicks around a ring.
o Need to sample across a representative sample of the beam across the
beam envelope.
o Our default is usually to choose n kicks per cell, where n ~ 4.

e In early testing, n = 5 looked like a decent choice for SIS18.
e 5 kicks per cell x 12 cells = 60 kicks per turn.

. 1
* Speed is generally o¢ "

e Guess: maybe we need more kicks.

o Double to 120 kicks per turn.
o No improvement.
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Space Charge Changes 5—;

e Magnets do not change the total kinetic energy of the particles in
the bunch

o Magnets do no work

Changes in %” in one SIS18 cell in
the 5-kick scheme.
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e Space charge can change the total kinetic energy of the bunch
o Exchanges with the potential energy, which is a function (only!) of
the shape of the bunch
o I;or a matched beam space charge should not induce a net change in
P
P
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A Brute Force Approach to the SIS18 Cell

e 800 kicks per cell
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A Systematic Study
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e Integer multiples of 12: bad
e My luck: bad
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¢ (Relative) primes: good

o 71 kicks/turn is a good choice
e 1000 times smaller net change than from 60 kicks/turn
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Phase Space Trajectories Before and After
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Mean Values Before and After
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Comments
e Not satisfying: large numbers add to (near) zero
e Should be a way to make the cancellation happen automatically
o | have not found one, yet

e Not a typical feature!

Fermilab Main Injector
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Statistical Noise Study

Several issues depend on grid size in PIC calculation:
1. Accuracy of field calculation as a whole improves as grid spacing is
reduced

2. Grid spacing must be small enough to resolve any structure in the
underlying beam

3. Statistical noise in charge density calculation increases as grid
spacing is reduced

e (2) is only an issue for non-Gaussian beams

® In the past, we have typically handled (3) by keeping the number
of particles per grid cell fixed as we varied the grid spacing
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Best Answer First
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emittance growth in the GSI SIS18

262144 particles, 64° grid
1048576 particles, 64* grid
4M particles, 64° grid
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Not Enough Particles

65536 particles
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Bigger Is Not Always Better

262144 particles

— reference
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Evidence That 323 Is Not Enough

Final emittance as a function of log(number)
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Tune Evolution over 100,000 Turns

Test particle tunes in a 1024 tune moving window

034 x tune vs. starting tur for different test particles
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Optimizing Particle Propagation

Efficient tracking of many particles is now a higher priority in
Synergia than ever before

Independent-particle calculations (including drift) in Synergia
provided by CHEF

o C++, predates Synergia by over a decade
Designed for deep analysis of single-particle physics

o The genius: the same code propagates particle coordinates and
polynomials in particle coordinates

Synergia has to convert each of its particles to a CHEF particle
(and back) each half step

o 60 trillion conversions each way

This overhead is our abstraction penalty
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Optimizing Particle Propagation 2

abstraction penalty
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Optimizing Particle Propagation 3
Speedup for removing overhead + adding SIMD + fiddling

overall speedup
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Computing Resources

e 2014 INCITE Award

e Simulations of Fermilab and
CERN machines

e 50 million core-hours on
BlueGene/Q

o underspent so far this year

e Next round of proposals will be
in June. ..
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Intensity-Dependent Dynamics
in Fermilab and CERN Accelerators

are using ALCF resources to perform complex
lons for the world’s two largest
F CERN. The.
enabli

fidelity.




